C-10 Drainage, Erosion and Sediment Control Plan

Aim and Objective

This C-10 Drainage, Erosion and Sediment Control Plan (DESCP) sets out planning and control measures, monitoring and reporting to minimise erosion and prevent off-site sediment transport during project construction. The plan sets out:

e The principles of erosion and sediment control;
e Practical measures fo minimise erosion and retain sediment on site, thereby helping fo protect water quality, terrestrial and aquatic ecosystems and ecosystem services;
e Conftrols and monitoring to manage site drainage.

Summary of Impacts and Risks

Construction of the Project will result in extensive land disturbance, including removal of vegetation, reshaping topography, blasting and tunnelling as well as stockpiling of topsoil, spoil and aggregate. Such activities can generate sediment and make the remaining
soil vulnerable to erosion, resulting in sedimentation and airborne dust. Measures to address erosion and sediment confrol shall prioritise preventative rather than tfreatment measures. To develop effective erosion conftrols it is necessary to obtain information on the
erosion potential of the site where sail disturbance is planned. This includes soil type and structure, vegetative cover, topography, climate (rainfall and wind), and the nature of land-clearing.

C-10 DESCP covers erosion and sediment control, including from roadside drainage. It excludes the design of cross-drainage beneath roads which is covered in C-8 Watercourse Crossing Management Plan. P-2 Biodiversity Management Plan presents mitigation of
impacts to critical and natural habitat.

Mitigation and Management Actions

# Issue or Risk Action Timing / Frequency Responsibility
C-10-1. Design review * The overall Project design shall be reviewed to ensure to ensure long-term stability of final project landforms. Pre-construction HEC Design Team
e FErosion and sediment control will be designed and installed based on site conditions, including but not limited to tfreatment area, soil type, slope, and THL/OE (review)

sensitivity of the receiving environment. A combination of structural and non-structural approaches will be used fo minimize sediment mobilization:

- Non-structural approaches: minimising exposed areas and site clearance; timing and staging of works; limiting work on steep slopes (>15°) where possible;
storage of materials in stable stockpiles; setback distances from watercourses; rapidly stabilising and revegetating exposed soil.

- Structural approaches: sediment retention ponds; primary and secondary devices; decanting earth bunds; sumps; silt fences; silt socks; wheel wash areas.

- Water management controls: Separation of ‘clean’ and ‘dirty’ water through diversion channels and bunds; contour drains (cut-offs); check dams /
sumps; pipe-drop structures and flumes; concreting / surface protection; surface roughening;

- Coagulant and flocculant freatments: to increase settflement of fines prior fo discharge.

e Design specifications for erosion and sediment controls shall be included in the contractor’s detailed design submission. These shall be submitted by the
contractor for engineering review and clearance by the OE prior to commencement of land disturbing activities. At minimum, these design specifications will
include:

- Sediment basin dimensions and capacity based on Annex C-10-1 Calculation Sheet for Sediment Basin Surface Area
- Culvert dimensions and capacity

- Diversion drain cross-section and grade

- Delineation of disturbed areas

- Details of implementation activities and design details for the measures (e.g. timing/sequencing of works, sediment basin volume calculations, femporary
measures, stabilization/revegetation works).

e FErosion and sediment control devices shall be located away from community water sources (refer C-7 Water Supply Replacement Plan).

C-10-2. Site preparation o Site preparation, including installation of sediment control devices will proceed in accordance with C-3 Forest Clearance Plan and C-9 Spoil and Topsoil Vegetation clearance and HEC Construction Manager
Management Plan. Earthworks will be strictly undertaken within marked areas, avoiding vegetation and soil disturbance beyond these designated sites. earthworks
C-10-3. Erosion control and ¢ Adequate permanent and temporary drainage shall be installed to control ‘clean’ and ‘dirty’ water, including diverting runoff around sites and controlling it Throughout construction HEC Construction Manager
drainage through and off site. Specific measures shall include:

- Diversion of clean water around sites via cut-off drains (earth or vegetated spoon drains or diversion banks) installed above disturbed areas.

- Installation of temporary spoon drains and diversion bunds across large construction areas subject to earthworks or ongoing disturbance, to break the site
into sub-drainage areas, reducing overland runoff distances/volumes/velocities.

- Installation of drains to as low a grade as possible to minimise flow velocities, scouring and erosion.

- Installation of permanent lined drains as soon as possible, with outlet protection to prevent scouring.

- Construction of roadside drains and road camber to direct runoff into side drains and safely convey it to crossroad drains;

- Drains fo discharge into stable vegetated areas or natural drainage lines wherever possible;

- Road sections with a high risk of erosion (e.g. steeper grades) sealed;

- Installation of retaining structures (rock walls, gabions, etc) to stabilize cuttings and embankments; and

- Use of temporary erosion confrol measures (e.g. temporary diversion banks; plastic sheeting on exposed batters).

- Existing stable drainage lines to be used for trunk drainage where possible.
e Erosion control on steep slopes subject to gully erosion will be carried out by appropriate erosion control good practices. These measures rely on:

- Minimising stormwater volumes through peripheral drainage.

- Run-off control, including regular cut-off drains, crossroad drainage, sealed roadside drains, berms and flumes.

- For areas of earthworks, design slopes with appropriate grade, compaction and benching

- Rapid stabilisation by revegetation and engineering methods.
e Cross road drainage will be the minimum grade and length possible and will be designed in accordance with C-8 Watercourse Crossing Management Plan.
e Drainage lines shall be protected by marking off these areas from adjacent constfruction sites to ensure machinery and vehicles do not entfer these areas.
o All vehicles and machinery shall be restricted to designated accessways and areas to prevent additional ground disturbance.




Issue or Risk

Action

Timing / Frequency

Responsibility

C-10-4. Sediment confrol e Sediment confrols shall be installed across construction sites to remove sediment before runoff discharges from the site, based on the principle of dividing the Throughout construction HEC Construction Manager
cafchment info manageable areas (rather than relying on a single tfrap at the bottom of the site that may fail).
o All runoff from project work sites shall be directed into sediment traps or basins to remove coarse and suspended sediment from runoff before it is discharged.
¢ Sediment basin volume and dimensions will be designed based on catchment area, estimated storm discharge (e.g. two-year return period) and soil particle
size, in accordance with good practice.
o Sediment basins will be fitted with a runoff overflow pipe and spillway that either discharges into a secondary basin (as needed) or info a stable natural
watercourse or broad open area.
¢ Sediment basins shall be accessible by machinery so they can be cleaned.
¢ Where significant sediment volumes may be generated basins shall have primary and secondary treatment to settle out sediment before discharge.
e Sediment basins, traps and fences shall be cleaned of sediment when 50% of their available capacity is full.
¢ Removed sediment will either be deposited into an adjacent trench to dry or moved to spoil disposal sites.
C-10-5. Stockpiling of materials * Topsoil and spoil shall be stockpiled in accordance with C-9 Spoil and Topsoil Management Plan. Throughout construction HEC Construction Manager
e Erodible construction material (sand, soil, etc) will be stockpiled:
- Within Core Land or the Lot 1 right of way
- Onflat and lower slope land (<15°)
- At least 20 m from drainage lines or streams, and outside the normal Tina River flood zone (1:5 year flood), with the exception of femporary storage of
aggregate at river extraction sites.
- On sites already devoid of frees.
- Noft directly upslope of houses and other structures.
C-10-6. Temporary facilities e Erosion and sediment controls will be installed at all temporary and permanent site facilities, in accordance with this plan. Throughout construction HEC Construction Manager
e Process waters generated at concrete batch plants will be freated and reused, including removing suspended solids and neutralising pH. Ingress of
stormwater info the process water treatment stream will be minimised as much as possible. Polymer flocculants are proposed to be used.
e Process waters used in the crusher plant will be tfreated and reused. Polymer flocculants are proposed to be used.
C-10-7. Main dam works e Theriver diversion and associated in-river works shall proceed in accordance with Annex C-10-11l River Diversion Construction Method and will: Throughout construction HEC Construction Manager
- Be undertaken in the dry season to the extent possible, when the riveris at its lowest
- Use bunding, sheetpiles or similar to separate the zone of work from the active river channel.
- Minimise tracking of machinery vehicles through flowing water.
¢ Where community water sources are potentially impacted, replacement supplies will be provided in accordance with C-7 Water Supply Replacement Plan.
C-10-8. Tunnelling o Surface water and groundwater from the tunnel shall be diverted or freated to remove sediment prior to discharge. During tunnelling HEC Construction Manager
¢ Spoil and wastewater generated during tunnelling shall be disposed of in accordance with C-9 Spoil and Topsoil Management Plan and P-12 Waste
Management and Point Source Pollution Plan.
C-10-9. Site rehabilitation e Cutting and filling will be completed to final cross-sections at each site/discrete section as soon as possible, ideally in one continuous activity, to create the During and post-earthworks HEC Construction Manager
final landform and enable site stabilisation works to be undertaken as early as possible. HEC HSE Manager
e Rehabilitation of temporary facilities is fo be undertaken in accordance with the requirements of C-4 Post Construction Rehabilitation and Revegetation Plan.
Monitoring Requirements
# Title Description Target / Performance Indicator Timing / Frequency Responsibility
C-10-A. Assessment and THL will inspect each site to be cleared prior to the commencement of any clearing. They will approve and provide All confrols installed to required Once following installation THL
approval of controls signoff on HEC's IR002 (Site Specific ESMP Assessment Pre-Clearing and Grubbing) for sites that have been clearly standard of controls
marked out in accordance with:
. The Construction drawings.
e The C-3 Forest Clearance Plan;
e The correct installation of initial erosion and sediment controls before stripping and grubbing commences.
C-10-B. Erosion and sediment Inspection of erosion and sediment controls weekly as part of regular monitoring, and after each major rainfall event, No FOR A or B, NCRs or grievances Part of weekly site HEC Construction Manager
control maintenance with maintenance conducted. IR-005 Inspection Report (ESMP Controls, refer to P-1) form will be used by HEC. raised in relation to sediment inspections + inspections HEC HSE Manager
Sediment storage capacity in basins will be documented each week and after each major rainfall event. discharges / water quality. following each major rainfalll subcontractors
Where installed erosion and sediment controls are deemed inadequate, modifications to these controls or additional No exceedances in monitored water event '
confrols shall be designed and installed. quality parameters (TSS).
C-10-C. Water quality monitoring | Any discharges to the environment will comply with water quality targets in M-1 Suspended Sediment Monitoring Plan Refer details in M-2 Water Quality Monitoring Plan

and M-2 Water Quality Monitoring Plan (WQMP).

Water quality monitoring will be undertaken as detailed in M-1 Suspended Sediment Monitoring Plan and M-2 Water
Quality Monitoring Plan (WQMP).




Annex Name Description

C-10-. Calculation Sheet for Sediment Basin Surface Area Calculation of surface area for sediment basins.

C-10-I. Approved Erosion and Sediment Control Plans for Access Roads Design plans approved by OE.

C-10-I. River Diversion Constfruction Method Description of sequencing river diversion for main works construction.




ANNEX C-10-I CALCULATION SHEET FOR SEDIMENT BASIN SURFACE AREA



m Calculation of Surface Area for Sediment Basin
1. Rainfall runoff Calculation

o Formula

[1Q=CxIx Ax 1/360
Q; Discharge (m'/sec) C; Runoff coefficient
I; Rainfall Intensity (mm/hr)  A; Catchment aeaa (ha)

1) Runoff Coefficient (C)

o Runoff coefficient is applied as per access road design as follows.

Lot1 : 0.5
Lot 2 : 0.8
Lot 3 : 0.8

2) Rainfall Intensity (1)

O Rainfall intensity applied is 19.45mm/hr for 10yr, 6hour rain event.

3) Calculation of discharge (Q)

LOT No.| Location C I (mm/hr) A (ha) Q (ms) Remark
LOT1 | 01 [ 0+000.00 0.50 19.450408 2.07 0.0559
LOT1 | 02 [ 0+000.00 0.50 19.450408 2.86 0.0773
LOT1 | 03| 2+730.00 0.50 19.450408 1.56 0.0421
LOT1 | 04 | 3+740.00 0.50 19.450408 1.56 0.0421
LOT1 | 05 | 3+740.00 0.50 19.450408 1.13 0.0305
LOT1 | 06 [ 4+000.00 0.50 19.450408 0.75 0.0203
LOT1 | 07| 5+140.00 0.50 19.450408 0.50 0.0135
LOT1 | 08 | 5+140.00 0.50 19.450408 0.52 0.0140
LOT1 | 09 | 5+760.00 0.50 19.450408 0.91 0.0246
LOT1 10 | 5+760.00 0.50 19.450408 0.92 0.0249
LOT1 11 | 7+440.00 0.50 19.450408 2.42 0.0654
LOT1 12 | 8+230.00 0.50 19.450408 0.48 0.0130
LOT1 13 | 8+280.00 0.50 19.450408 0.47 0.0127
LOT1 | 14 | 8+840.00 0.50 19.450408 0.22 0.0059
LOT1 15 | 8+840.00 0.50 19.450408 0.24 0.0065
LOT1 16 | 9+110.00 0.50 19.450408 0.21 0.0057
LOT1 17 | 9+400.00 0.50 19.450408 0.97 0.0262
LOT1 | 18 [ 9+700.00 0.50 19.450408 0.12 0.0032
LOT1 19 | 9+860.00 0.50 19.450408 0.67 0.0181
LOT1 | 20 [ 9+860.00 0.50 19.450408 0.58 0.0157
LOT1 | 21 | 10+750.00 0.50 19.450408 0.90 0.0243




LOT1 | 22 | 10+830.00 0.50 19.450408 0.48 0.0130

LOT1 | 23 | 11+160.00 0.50 19.450408 0.44 0.0119

LOT1 | 24 | 11+500.00 0.50 19.450408 0.50 0.0135

LOT1 | 25 | 11+540.00 0.50 19.450408 0.43 0.0116

LOT1 | 26 | 12+140.00 0.50 19.450408 0.86 0.0232

LOT1 | 27 | 12+760.00 0.50 19.450408 0.40 0.0108

LOT1 | 28 | 12+920.00 0.50 19.450408 0.36 0.0097

LOT1 | 29 | 13+000.00 0.50 19.450408 0.74 0.0200
LOT 2-1 | 30 | 0+030.00 0.80 19.450408 0.72 0.0311
LOT2-1 | 31 [ 0+150.00 0.80 19.450408 1.09 0.0471
LOT2-1 | 32 [ 1+190.00 0.80 19.450408 0.27 0.0117
LOT2-1 | 33 [ 1+230.00 0.80 19.450408 0.20 0.0086
LOT 2-1 | 34 | 1+380.00 0.80 19.450408 0.22 0.0095
LOT 2-1 | 35 | 1+590.00 0.80 19.450408 0.05 0.0022
LOT2-1 | 36 [ 1+840.00 0.80 19.450408 0.24 0.0104
LOT 2-1 | 37 [ 1+850.00 0.80 19.450408 0.40 0.0173
LOT2-1 | 38 [ 2+070.00 0.80 19.450408 0.21 0.0091
LOT2-1 | 39 [ 0+070.00 0.80 19.450408 0.26 0.0112
LOT 2-1 | 40 [ 2+340.00 0.80 19.450408 0.29 0.0125
LOT 2-1 | 41 | 2+350.00 0.80 19.450408 0.13 0.0056
LOT 2-2 | 42 | 0+600.00 0.80 19.450408 111 0.0480
LOT 2-2 | 43 [ 0+730.00 0.80 19.450408 091 0.0393
LOT 2-2 | 44 [ 1+350.00 0.80 19.450408 0.89 0.0385
LOT 2-2 | 45 | 1+400.00 0.80 19.450408 1.32 0.0571
LOT 2-2 | 46 [ 1+760.00 0.80 19.450408 0.13 0.0056
LOT 2-2 | 47 [ 1+770.00 0.80 19.450408 0.69 0.0298
LOT 2-2 | 48 | 1+960.00 0.80 19.450408 0.05 0.0022
LOT 2-2 | 49 | 1+980.00 0.80 19.450408 0.26 0.0112
LOT 2-3 | 50 [ 2+360.00 0.80 19.450408 0.25 0.0108
LOT 2-2 | 51 [ 2+430.00 0.80 19.450408 3.07 0.1327
LOT 2-3 | 52 | 2+460.00 0.80 19.450408 0.05 0.0022
LOT 2-3 | 53 | 2+690.00 0.80 19.450408 1.52 0.0657
LOT3-1 | 54 [ 0+120.00 0.80 19.450408 0.21 0.0091
LOT3-1 | 55 [ 0+260.00 0.80 19.450408 0.42 0.0182
LOT 3-1 | 56 | 0+490.00 0.80 19.450408 0.21 0.0091
LOT3-1 | 57 [ 0+500.00 0.80 19.450408 0.44 0.0190
LOT3-1 | 58 [ 0+860.00 0.80 19.450408 0.39 0.0169
LOT 3-2 | 59 | 0+010.00 0.80 19.450408 0.59 0.0255




LOT3-1| 60 | 1+040.00 0.80 19.450408 0.13 0.0056
LOT3-1| 61 | 1+240.00 0.80 19.450408 0.48 0.0207
LOT3-1| 62 | 1+400.00 0.80 19.450408 0.26 0.0112
LOT3-1| 63 | 1+480.00 0.80 19.450408 0.53 0.0229
2. Calculation of water surface area
1) Design particle size and sedimentaion velocity
0 Design particle size applied is 0.05mm of coarse silt.
O Settling velocity applied is 0.00189m/s based on the Goldman et at. (1986).
2) Calculation of surface area required
O Formula
[ As = 1.2Q/Vs
As; Minimum surface area (m*)  Q; Discharge (m'/sec)
Vs; Settling velocity (m/s)
3) Surface area required
O Depth applied is 1.0m and basin length is a minimum of twice the basin width.

LOT | No.| Location Q (mi/sec) Vs (m/s) A (m’) reAq 1(4?;2 g Remark
LOT1 | 01| 0+000.00 0.06 0.001890 29.59 35.5
LOT1 | 02 [ 0+000.00 0.08 0.001890 40.88 49.1
LOT1 | 03 | 2+730.00 0.04 0.001890 22.30 26.8
LOT1 | 04 | 3+740.00 0.04 0.001890 22.30 26.8
LOT1 | 05| 3+740.00 0.03 0.001890 16.15 194
LOT1 | 06 | 4+000.00 0.02 0.001890 10.72 12.9
LOT1 | 07| 5+140.00 0.01 0.001890 7.15 8.6
LOT1 | 08 | 5+140.00 0.01 0.001890 7.43 8.9
LOT1 | 09 [ 5+760.00 0.02 0.001890 13.01 15.6
LOT1 | 10 [ 5+760.00 0.02 0.001890 13.15 15.8
LOT1 11 | 7+440.00 0.07 0.001890 34.59 41.5
LOT1 12 | 8+230.00 0.01 0.001890 6.86 8.2
LOT1 13 | 8+280.00 0.01 0.001890 6.72 8.1
LOT1 14 | 8+840.00 0.01 0.001890 3.14 3.8
LOT1 15 | 8+840.00 0.01 0.001890 343 4.1
LOT1 16 | 9+110.00 0.01 0.001890 3.00 3.6
LOT1 | 17 | 9+400.00 0.03 0.001890 13.87 16.6
LOT1 18 | 9+700.00 0.00 0.001890 1.72 2.1
LOT1 19 | 9+860.00 0.02 0.001890 9.58 115
LOT1 20 | 9+860.00 0.02 0.001890 8.29 9.9




LOT1 | 21 | 10+750.00 0.02 0.001890 12.87 154

LOT1 | 22 | 10+830.00 0.01 0.001890 6.86 8.2

LOT1 | 23 | 11+160.00 0.01 0.001890 6.29 7.5

LOT1 | 24 | 11+500.00 0.01 0.001890 7.15 8.6

LOT1 | 25 | 11+540.00 0.01 0.001890 6.15 74

LOT1 | 26 | 12+140.00 0.02 0.001890 12.29 148

LOT1 | 27 | 12+760.00 0.01 0.001890 5.72 6.9

LOT1 | 28 | 12+920.00 0.01 0.001890 5.15 6.2

LOT1 | 29 | 13+000.00 0.02 0.001890 10.58 12.7
LOT 2-1 | 30 | 0+030.00 0.03 0.001890 16.47 19.8
LOT2-1 | 31 [ 0+150.00 0.05 0.001890 24.93 29.9
LOT2-1 | 32 [ 1+190.00 0.01 0.001890 6.18 74
LOT 2-1 | 33 [ 1+230.00 0.01 0.001890 4.57 5.5
LOT 2-1 | 34 | 1+380.00 0.01 0.001890 5.03 6.0
LOT 2-1 | 35 [ 1+590.00 0.00 0.001890 114 14
LOT2-1 | 36 [ 1+840.00 0.01 0.001890 5.49 6.6
LOT 2-1 | 37 | 1+850.00 0.02 0.001890 9.15 11.0
LOT2-1 | 38 [ 2+070.00 0.01 0.001890 4.80 5.8
LOT2-1 | 39 [ 0+070.00 0.01 0.001890 5.95 7.1
LOT 2-1 | 40 | 2+340.00 0.01 0.001890 6.63 8.0
LOT 2-1 | 41 | 2+350.00 0.01 0.001890 297 3.6
LOT 2-2 | 42 | 0+600.00 0.05 0.001890 25.39 30.5
LOT 2-2 | 43 [ 0+730.00 0.04 0.001890 20.81 25.0
LOT 2-2 | 44 | 1+350.00 0.04 0.001890 20.36 24.4
LOT 2-2 | 45 [ 1+400.00 0.06 0.001890 30.19 36.2
LOT 2-2 | 46 [ 1+760.00 0.01 0.001890 297 3.6
LOT 2-2 | 47 | 1+770.00 0.03 0.001890 15.78 18.9
LOT 2-2 | 48 | 1+960.00 0.00 0.001890 114 14
LOT 2-2 | 49 [ 1+980.00 0.01 0.001890 5.95 7.1
LOT 2-3 | 50 [ 2+360.00 0.01 0.001890 5.72 6.9
LOT 2-2 | 51 | 2+430.00 0.13 0.001890 70.22 84.3
LOT 2-3 | 52 | 2+460.00 0.00 0.001890 114 14
LOT 2-3 | 53 [ 2+690.00 0.07 0.001890 34.77 41.7
LOT3-1 | 54 [ 0+120.00 0.01 0.001890 4.80 5.8
LOT 3-1 | 55 | 0+260.00 0.02 0.001890 9.61 115
LOT3-1 | 56 [ 0+490.00 0.01 0.001890 4.80 5.8
LOT3-1 | 57 [ 0+500.00 0.02 0.001890 10.06 121
LOT 3-1 | 58 | 0+860.00 0.02 0.001890 8.92 10.7




LOT3-2 | 59 [ 0+010.00 0.03 0.001890 13.49 16.2
LOT3-1| 60 [ 1+040.00 0.01 0.001890 2.97 3.6
LOT3-1| 61 | 1+240.00 0.02 0.001890 10.98 13.2
LOT3-1| 62 | 1+400.00 0.01 0.001890 5.95 7.1
LOT3-1| 63 | 1+480.00 0.02 0.001890 12.12 145




ANNEX C-10-I1 APPROVED EROSION AND SEDIMENT CONTROL PLANS
FOR ACCESS ROAD
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See Note #6. - § ° s DESIGNER
23 9+850.00 1.0 30 9.0 625 1.00 1.50 240 | 045 ‘8* Eiifines ling
NON_-WOVERN GEOTEXTILE SPECIFICATION 2 | oseoo0 | 2o 75 265 o126 | 200 375 TEET
* Tensile Streangth  17kn/m(ASTM D 4595) - . SUB-CONTRACTOR
DETA|L Tensie Elongation S09%(ASTM D 4505) B DETAIL 25 |10475%000] 18 30 9.0 1316 | 15 | 1% | 2% | 0%
 Tear Streangth 400N(ASTM D 4533) 26 |10+83000| 10 25 75 0.0 1.00 125 215 | 045
« Apparent opening size 0.1mm(ASTM D 4751) - PROJ. NAME
27 |1wis000) 1.0 25 s 00 | 100 ] 125 | 2715 | 048 TINA RIVER HYDROPOWER DEVELOPMENT PROJECT
C WATERINDICATOR BAR | [rww| 0 | 2o | 7o oo [ oo [ oo | e 0w ] o
20 [11+se000 10 z0 60 30 | 100 | 100 180 | 045 (ACCESS ROAD LOT 1) SEDIMENT BASIN DETAILS
3t |12s76000 1.0 as 105 76.5 1.00 175 265 | 045 GENENAL DRAWINGS
v 12+980.00 1.0 35 105 %5 1.00 1.75% 265 045 DATE SCALE DRAWING NO.

APR 06,2021

S=NONE E-PR-CVR 1-02-84400 v
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TOP WIRE \

(ACCESS ROAD) SILT FENCE

S=NONE

GEOTEXTILE SPECIFICATION

« Tensile Streangth at break = 50kn/m(EN 1SO 10319)
« Weathering Resistance = 40%(EN 1SO 12224)
« Apparent opening size = 0.4mm(EN 1SO 12956)

H

FABRIC

600mm
HEIGHT O
GEOTEXTILE

GROUND LEVEL

TRENCH GEOTEXTILE FABRIC

200mm INTO THE GROUND

GEOTEXTILE FIXED _
FIRMLY TO POSTS———

POST BACK STAYS, INSTALL AS
EXTRA SUPPORT WHERE REUQIRED
FLOW

-~
600mm HIGH
GEOTEXTILE

FABRIC

A A AN

N

COMPACTED BACKFILL

TRENCH GEOTEXTILE 200mm INTO
GROUND AND 200mm UPSLOPE

TYPICAL SECTION -SILT FENCE

at sediment basin

£| AND 200mm UPSLOPE
&
o
N
STANDARD
WOODEN FENCEPOSTS AT MAXIMUM 3.0M CENTRES
ELEVATION - SILT FENCE
GEOTEXTILE FIXED ;
FIRMLY TO POSTS——~| Ty
TES
EWE
~ =
FLow % Eot
- o w
V4 - © O

COMPACTED BACKFILL

TRENCH GEOTEXTILE 200mm INTO
GROUND AND 200mm UPSLOPE

TYPICAL SECTION - SILT FENCE
except for sediment basin
SILT FENCE DESIGN CRITERIA TABLE

SR
A

ISSUED FOR CONSTRUCTION = d ﬂ"'f' 3

B 1> >> >

DATE DESCRIPTION DRAWN DESIGNlCHECK REVIEW [APRVD

CLIENT =

Tina Hydropower Limited

OWNER'S ENGINEER

() Stamtmc

CONTRACTOR

A DD

DESIGNER

Z5 Dengin: Englneering

SUB-CONTRACTOR

Slope steepness Slope length(m)(maximum) Spacing of returns(m) Silt fence length(m) (maximum)
Flatter than 2% Unlimited N/A Unlimited
2~10% 40 60 300
10~20% 30 50 230
20~33% 20 40 150
33~50% 15 30 75
>50% 6 20 40

PROJ. NAME

TINA RIVER HYDROPOWER DEVELOPMENT PROJECT
TITLE .
(ACCESS ROAD) SILT FENCE
DATE SCALE DRAWING NO. REV.
SPRIE IR S=RONE E-PR-CVR1-D2-84420 0

\ 1
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(ACCESS ROAD) CLEAN WATER DIVERSION CHANNEL

S=NONE

STAPLE (H150mm, D4mm WIRE)

INSTALL AT OUTSIDE EDGE AND JOINT E
AT 500mm CENTRES

DIR "' CHANNEL USUALLY CONSTRUCTED
RECT]
TION oF ¢ [ LESS THAN 6% GRADE.
o '

e

g

POLYTHENE SHEET
T=0.1mm

MIN

1.5m MINIMUM

TYPICAL CROSS SECTION OF
TEMPORARY DIVERSION BANK

“ NOTES

A

TEMPORARY DIVERSION BANKS

1. LOCATIONS SELECTED CONTINUALLY DURING CONSTRUCTION ||
TO PROTECT WORKS (I.E. MAY REGULARLY CHANGE).

2. CHANNEL PROTECTION TO BE CONSIDERED IF GREATER THAN
6% GRADE.

3.BANKS TO BE ADEQUATELY COMPACTED TO PREVENT FAILURE.

4.SPACING BETWEEN BANKS TO BE DEPENDENT UPON SLOPE
AND SOIL TYPE.

5. OUTLETS FROM BANKS TO DISCHARGE ONTO A STABLE AREA
(E.G. ROCKS, NATURAL UNDISTURBED GROUND, TIMBER
WINDROW, SEDIMENT TRAP, GEOTEXTILE BATTER DRAIN).
BANK OUTLETS TO EXTEND PAST DISTURBED AREAS AND NOT
BE TOO SHORT.

6. BANKS TO BE INSPECTED AFTER STORM EVENTS AND
REPAIRED AS REQUIRED.

R ISSUED FOR CONSTRUCTION A~ # ﬂ. 2

DATE DESCRIPTION DRAWN DESIGN[CHECK REVIEW APRVD

g g g

CLIEENT

Tina Hydropower Limited

() stantec

A HADgs)
. Dengbu Englrearing

OWNER'S ENGINEER

CONTRACTOR

DESIGNER

SUB-CONTRACTOR

DIVERSION BANK AND

PROJ. NAME A

SPREADING SYSTEM OUTLET TINA RIVER HYDROPOWER DEVELOPMENT PROJECT

TITLE

(ACCESS ROAD) CLEAN WATER DIVERSION CHANNEL

DATE SCALE DRAWING NO. REV.

AFRJ5 2021 | S=NONE E-PR-CVR1-D2-84410 0
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(ACCESS ROAD) ROCK WEIR (CHECK DAM) OR IN-STREAM WEIRS

S=NONE

DIRECTION OF FLOW
—— —

s

SERIES OF ROCK WEIRS

' SPILLWAY CREATED BY:
|

WIRE MAY BE SECURED

ALONG TOP OF FENCE

FOR MORE STRENGTI—T\,‘

STAR PICKET OR WOODEN STAKE

l (I) SECURING HORIZONTAL STAKE TO VERTICAL STAKES (2) AT
|

A HEIGHT OF 1/2 TO 2/3 THE HEIGHT OF THE SEDIMENT FENCE
(I) CUTTING THE SEDIMENT FENCE AND SECURING OVER THE

HORIZONTAL STAKE TO CREATE A "WINDOW"

|
\ |
/ CEACE
NAT \ AL SV
ROCK WEIR —#’;ﬁ% SURFACE [ NAT B\ff__-mm\'
N i ' -
END OF STRUCTURE A : ass: ~ END OF
HIGHER THAN SPILLWAY . SPILLWAY STRUCTURE
HIGHER THAN
R SPILLWAY
it
S givs ave LiSes
AREA OF SEDIMENT
DEPOSITION

SEDIMENT FENCE
ENTRENCHED 200

INTO GROUND
DISSIPATOR BELOW

SPILLWAY (E.G. ROC

L SEDIMENT FENCE

AGGREGATE(l.E. MAY BE WRAPPED IN
GEOTEXTILE FOR EXTRA STRENGTH

CROSS SECTION OF SEDIMENT FENCE ROCK WEIR

AGGREGATE ROCK WEIR

NATURAL SURFACE
TANW7AN T

a

NATURAL SURFACE
* _—— SPILLWAY 150 MIN

IR

ROCK TRENCHED 200
INTO GROUND

CROSS SECTION OF AGGREGATE ROCK WEIR

I NOTES

1. ROCK WEIRS MAY BE CONSTRUCTED OF A VARIETY OF <
MATERIALS (E.G. STRAW BALES, SEDIMENT FENCE, ROCK &

GEOTEXTILE, SHEET PILING, ETC.)
2.ROCK WEIRS TO BE TRENCHED 200 mm INTO GROUND c
SURFACE ON BASE AND SIDES AND SECURELY BACKFILLED.
3. SPILLWAY TO BE OVER INVERT OF DRAIN WITH DISCHARGE
NOT PERMITTED TO FLOW AROUND ENDS.
4. SPILLWAY TO BE LESS THAN 1 METER ABOVE INVERT OF DRAIN.
5. SOME FORM OF DISSIPATION MAY BE REQUIRED BELOW
SPILLWAYS OF ROCK WEIRS (E.G. ROCK, SAND BAGS).

6. ROCK WEIRS TO BE INSPECTED AFTER STORM EVENTS AND
REPAIRED AS REQUIRED.
7. THE ROCK WEIRS MAY BE PLACED IN SERIES DOWN THE

CHANNEL AND USED DURING CONSTRUCTION TO REDUCE THE
VELOCITY IN DITCHES OR CHANNELS

A °
/N "';,EF: ISSUED FOR CONSTRUCTION #. d ﬁ_.fi 3
REV. | DATE DESCRIPTION DRAWN DESIGNlCHECK REVIEW JAPRVD
CLIENT =

Tina Hydropower Limited

() Stamtmc

A DD

OWNER'S ENGINEER

CONTRACTOR

DESIGNER

i’ Dumgins Englnsering

SUB-CONTRACTOR

PROJ. NAME

TITLE

A
TINA RIVER HYDROPOWER DEVELOPMENT PROJECT

iACCESS RCAC: ROCK WEIR {CHECK D&MW OR IN-STREAR WEIRS

DRAWING NO.

REV.
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TINA RIVER HYDROPOWER DEVELOPMENT PROJECT(TRHDP)

(ACCESS ROAD) SEDIMENT BASIN

-LOT 2 &3
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DISPOSAL AREA4 S
& . RIGHTOFWAY ¥
b -~ - BOUNDARY )
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- 2.7éha .
[oeaL [ 2] DETAIL JOS-1
e e 5 ISSUED FOR CONSTRUCTION M “ A
V%f : . Z 2 ISSUED FOR CONSTRUCTION ﬁ H{ 2_
B . A ISSUED FOR CONSTRUCTION M p g_
'm\ A ISSUED FOR CONSTRUCTION w.‘
s Water Flow REV. DESCRIPTION DRAWN[DESIGNICHECK EVIE! PRVD
D Sediment Basin CLIENT %
| — Silt Fence Tina Hydropower Limited —
OWNER'S ENGINEER
q OM
CATCHMENT AREA \
s CONTRACTOR ,‘
DETAIL IDS-Z L I o | e T — m
S NO. | LOCATION | "AREA(ha) ' | Q205" ["Depth (m)| Width (m) | Length(m) | "ok
- N 9 DESIGNER
DS-5| 0+200.00 0.28 0.071 0.8 31 9.2 Dsposal AreaS ‘ Dongbu Enginesring
@ 0+180.00 0.91 0.312 18 40 11.0 LOT 2-1
SUB-CONTRACTOR
@ 0+690.00 0.37 0.137 15 20 6.0 "
A 0S-1| 1+250.00 114 0.389 15 55 165 office site-1 | | rros. nave A
DS-3|  1+340.00 273 0.514 25 71 212 Dsposd 4z | | TINA RIVER HYDROPOWER DEVELOPMENT PROJECT
/ : 2+340.00 0.67 0.235 15 35 10.0 LOT 2-1 me
B Q)= (ACCESS ROAD LOT 2-1) SEDIMENT BASIN PLAN
A 2.66ha 0523 2+380.00 177 0377 27 60 181 | Dsposal Ara2
) 25211 2+503.92 2,66 0.553 30 6.8 203 " e p P v
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FOREBAY

(ACCESS ROAD LOT 2-1) SEDIMENT BASIN DETAIL

AN I

ATER INDICATER BAR

| SILT FENCE

S=NONE

SPILLWAY+EME RGENCY SPILLWAY

GEOTEXTILE SPECIFICATION

F\-’}
[

WIDTH
SECTIONB-B

VAR

4B

LENGTH VAR

b2

L b ]

-

BASIN BOTTOM

-

z

SILT FENCE

seuiway crest o~ Jd

- Tensile Streangth at break;?:50kn/m(EN ISO 10319)
- Weathering Resistance ;?: 40%(EN ISO 12224)

- Apparent opening size :S: 0.4mm(EN ISO 12956)

” I NOTES

WATER INDICATOR BAR

DETAIL /A

5,200

INFLOW r 7

——
FOREBAY N

LEVEL SPREADER

THE LEVEL SPREADER ON THE FOREBAY
IS TO BE CONSTRUCTED 100MM ABOVE
THE OUTLET SPILLWAY

GEOTEXTILE WRAPPED
AROU DLEVELSPREADER
AND C(\)NCRETE HAUNCHING

NON-WOVEN GEOTEXTILE..

FOREBAY

/ A"\ DETAI
N

NON_-WOVERN GEOTEXTILE SPECIFICATION
« Tensile Streangth  17kn/m(ASTM D 4595)

« Tensile Elongation 50%(ASTM D 4595)

« Tear Streangth 400N(ASTM D 4533)

« Apparent opening size 0.1mm(ASTM D 4751)

‘\‘LEVEL SPREADER

HYL in 20y

DETAIL

SILT FENCE

"o _SPILLWAY

1
U

TLING ZONE

~ 4

LENGTH

ROCK ARMOURING

GEOTEXTILE LINING &

ROCK ARMOURING 3M
AWAY FROM TOE OF FILL.

SECTION A-A

SPILLWAY STABILISED WITH GEOTEXTILE

(Dewatering, 0.5x Z)
Blue Color

See Note #6.

Red Color (Sediment C_:_' , 0.3x2)

See Note #6.

DETAIL

C "WATER INDICATOR BAR

WIDTH

e s

SECTION C-C

SPECIFICATION OF SEDIMENT BASIN

(UNITS: m)

Calchment

Ne
o

SEDIMENT SASIN DINENSIONS

SPILLWAY DIMENS IUONS

Depth

()

Wiath

{m)

Length

Volume

Z b1 b2 d
(=)

(m) {m)

01

0+130.0C

40

"o

2412 180 200 9.5C

0z

V9000

20

60

1.00 0.50

03

24340 0C

35

100

1.50 1.75 0.5C

1. DE-WATERING SYSTEM IS NOT MANDATORY FOR TYPE-3
SEDIMENT BASIN GENERALLY. HOWEVER PUMP OR S/PHON

CAN BE U

2. PRIOR TO THE DISCHARGE OF WATER FROM A SEDMENT
BASIN, SPECIFIED WATER QUALITY OBJECTIVES ARE WATER P

AND NTU.

ACCORDING TO IECA AUSTRALLA, DISCHARGE WATER QUALITY

SED FOR DE-WATERING SYSTEM

STANDARD ARE
1) WATER PHIN THE RANGE 65 TO 8.5

2) 9 PERCENTILE NTU READING NOT EXCEEDING 100, AND
50 PERCENTILE NTU READING NOT EXCEEDING E0.

3. DE-SILTING MARKER POUST SHALL BE INSTALLED IN THE BASIN
TOINDICATE THE TOP OF THE SEDIMENT STORAGE ZONE
BASIN SHALL BE DE-SILTED IF THE NEXT STORM 'S LIKELY TO
CAUSE THE SETTLED SEDIMENT TO RISE ABOVE THE MARKER
POINT, OR IF THE SETTLES SEDIMENT HAS EXCEEDED 90% OF

THE NCMINATED SEDIMENT STORAGE VOLUME,

4. REMOVED SEDIMENT WALL BE MOVED TO AN ADVACENT S5POIL

DISPOSAL SITE TO DRY, AND DISPOSAL FINALLY

5. IHE SHAPE OF IHE IHE SEDIMENT HASINS CAN BE CHANGE L
IN CONSULTATION WITH THE EMPLOYER DEFENDING ON THE

SITE CON

6 INWATER INDICATOR, THE RED COLOR OF THE WAITER LEVEL
SIGN INDICATES THE LIMIT HEIGHT OF THE SEDIMENT
CLEANING (0.3xZ) AND THE BLUE COLOR INDICATES THE LIMIT

DITIONS

HEIGHT OF THE DEWATERING(0 5xZ) *

THE

99

=h

NOVI(
2021

ISSUED FOR CONSTRUCTION

A

T ous
2020

ISSUED FOR CONSTRUCTION

2

J 0

ISSUED FOR CONSTRUCTION

0
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DESIGNER
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) LOT 2-2
DETAIL I D542 l
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. DS-1-2- 0.62ha B
= ~[STREAM LINE -~
<4
C
-_DS-1-3 2.00ha | i
A ] B
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A ISSUED FOR CONSTRUCTION M H- 2_
A oy ISSUED FOR CONSTRUCTION M H 9_
NS ISSUED FOR CONSTRUCTION M w_.
REV. | DATE DESCRIPTION DRAWN[DESIGN]CHECK EVIEW :
CLIENT
_ LEGEND \ Tina Hydropowe Limited
y .4:?:‘ : s Water Flow OWNER'S ENGINEER o
3 15 = Basin
fﬁ,x‘ - CONTRACTOR )
% :}EE , — Silt Fence Am
’I.",ﬁ DESIGNER
: :I:,,:/ SEDIMENTBASIN '\ 1l Dongie Enginecing
i
sl ‘ s T | e e e e SUB-LUNTRALTUR
A,»"// NO. | -OCATION | “AREA(ha) (Q20,ms) [ Depth (m) | width (m) Length (m) | REMARKS
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é TINA RIVER HYDROPOWER DEVELOPMENT PROJECT
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CLIENT
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SEDIMENT BASIN  \ RN - S A S S ey PROJ NAVE
T SEOWENT SRS OEE o S : 2 ol TINA RIVER HYDROPOWER DEVELOPMENT PROJECT
o I tocaTion | gkl | ofoms) [Depth (m) | Widih (m) | Lengih(my | s = == e
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FOREBAY

(ACCESS ROAD LOT 3-1) SEDIMENT BASIN DETAIL

SPILLWAY+EME RGENCY SPILLWAY

S=NONE

GEOTEXTILE SPECIFICATION

ATER INDICAFER BAR

Cl..

-

‘ SILT FENCE

VAR

4B

LENGTH

VAR

WATER INDICATOR BAR

5,200

S~ LEVEL SPREADER

INFLOW r

rif[::

%

-

H hﬂ 2

SILT FENCE

DETAIL

o~ SPILLWAY

® FOREBAY

TTLING ZONE

‘\ -

LENGTH

7
EDINNT SLARAGE ZONE

ROCK ARMOURING 3,000

LEVEL SPREADER

THE LEVEL SPREADER ON THE FOREBAY
IS TO BE CONSTRUCTED 100MM ABOVE
THE OUTLET SPILLWAY

GEOTEXTILE WRAPPED
AROU DLEVELSPREADER
AND CI\)NCRETE HAUNCHING

NON-WOVEN GEOTEXTILE

FOREBAY

NON_-WOVERN GEOTEXTILE SPECIFICATION

* Tensile Streangth 17kn/m(ASTM D 4595)

* Tensile Elongation 50%(ASTM D 4595)

* Tear Streangth 400N(ASTM D 4533)

« Apparent opening size 0.1mm(ASTM D 4751)

A  DETAIL

SECTION A-A

SPILLWAY STABILISED WITH GEOTEXTILE

NGNFIFNG
NININININE:

2R

DETAIL

GEOTEXTILE LINING &
ROCK ARMOURING 3M
AWAY FROM TOE OF FILL.

(Dewatering, 0.5x Z)
Blue Color

“See Note #6.

Red Color (Sediment Cle; , 0.3x2)

See Nole #6.

WIDTH
SECTIONB-B

b2

SILT FENCE

- Tensile Streangth at break?. 50kn/m(EN ISO 10319)
- Weathering Resistance ?. 40%(EN ISO 12224)
- Apparent opening size CC; 0.4mm(EN ISO 12956)

| b

BASIN BOTTOM

|
WJI/W

WIDTH J

SECTION C-C

SPECIFICATION OF SEDIMENT BASIN

(UNITS: m)

I I I NOTES

Calchment o
el Locanor
No Deapth Wioth

SEDIMENT SASIN DIMENSIONS

SPILLWAY DIMENSKONS

Lengih Volums L b1 b2
(m) {m) {m) (") (m {m {m)

01 1+490.0C 15 35 95 146.1 1.50 1.75 2865

C "WATER INDICATOR BAR

1. DL-WATERING SYSTEM IS NOT MANUATORY FOR TYPE.3
SEDIMENT BASIN GENERALLY. HOWEVER PUMP OR S'PHON
CAN BE USED FOR DE-WATERING SYSTEM

2. PRIOR TO THE DISCHARGE OF WATER FROM A SEDMENT
BASIN, SPECIFIED WATER QUALITY CBJECTIVES ARE WATER Pr
AND NTU
ACCORDING TO IECA AUSTRALIA, DISCHARGE WATER QUALITY
STANDARD ARE

1) WATER PHIN THE RANGE 85 TO 8.5
2} 90 PERCENTILE NTU READING NOT EXCEEDING 100, AND
S0 PERCENTILE NTU READING NOT EXCEEDING 60

DE-SILTING MARKER POST SHALL BE INSTALLED IN THE BASIN
TOINOICATE THE TOP OF THE SEDIMENT STORAGE ZONE, THE
BASIN SHALL BE DE-SILTED IF THE NEXT STORM 'S LIKELY TO
CAUSE THE SETTLED SEDIMENT TO RISE ABOVE THE MARKER
POINT, OR IF THE SETTLES SEDIMENT HAS EXCEEDED 90% OF
THE NOMINATED SEDIMENT STORAGE VOLUME.

4. REMOVED SEDIMENT WILL BE MOVED TO AN ADUACENT SPOIL
DISPOSAL SITE TO DRY, ANO OISPOSAL FINALLY

5. THE SHAPE OF THE THE SEDIMENT BASINS CAN BE CHANGED
IN CONSULTATION WITH THE EMPLOYER DEPENDING ON THE
SITE CONDITIONS

G INWATER INDICATOR, THE RED COLOR OF THE WATER LEVEL

SIGN INDICATES THE LIMIT HEIGHT OF THE SEDIMENT

CLEANING (0 3xZ) AND THE BLUE COLOR INDICATES THE LIMIT

HEIGHT OF THE DEWATERING(0.5x2).*

1
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(ACCESS ROAD LOT 3-1) SEDIMENT BASIN DETAIL

DATE SCALE DRAWING NO

NOV 10,2021|  S=NONE E-PR-CVR5-D2-84090

| A3 (420X297mm)



’ | 6 l

v 4 I 3 I

.f
' LOL I/ J
q /
—
T af i
\ “-__ -
Ly T / T _\_Q
A Y T

DIVERSION BANK AND
SPREADING SYSTEM OUTLET

(ACCESS ROAD) CLEAN WATER DIVERSION CHANNEL&OUTLET SPREADING SYSTEMS

S=NONE

E
STAPLE (H150mm, WOOD STICK)
INSTALL AT OUTSIDE EDGE AND JOINT
AT 500mm CENTRES
DIREC 'V' CHANNEL USUALLY CONSTRUCTED
TION oF [ LESS THAN 6% GRADE.
X z POLYTHENE SHEET
&8 = T=0.25mm
1.5m MINIMUM
D

TYPICAL CROSS SECTION OF

TEMPORARY DIVERSION BANK

‘\I'ABLE DRAIN—/

Il notes

TEMPORARY DIVERSION BANKS

1. LOCATIONS SELECTED CONTINUALLY DURING CONSTRUCTION
TO PROTECT WORKS (I.E. MAY REGULARLY CHANGE).

2. CHANNEL PROTECTION TO BE CONSIDERED IF GREATER THAN
6% GRADE.

3.BANKS TO BE ADEQUATELY COMPACTED TO PREVENT FAILURE.
4.SPACING BETWEEN BANKS TO BE DEPENDENT UPON SLOPE
AND SOIL TYPE.

5.OUTLETS FROM BANKS TO DISCHARGE ONTO A STABLE AREA
(E.G. ROCKS, NATURAL UNDISTURBED GROUND, TIMBER
WINDROW, SEDIMENT TRAP, GEOTEXTILE BATTER DRAIN).
BANK OUTLETS TO EXTEND PAST DISTURBED AREAS AND NOT

BE TOO SHORT.
6. BANKS TO BE INSPECTED AFTER STORM EVENTS AND

REPAIRED AS REQUIRED.

7. ACCORDING TO MONITORING RESULT, THE LENGTH, HEIGHT
AND CAPACITY OF SILT FENCE MIGHT BE LONGER AND
INCREASED THAN TYPICAL DRAWING.
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(ACCESS ROAD) SILT FENCE

S=NONE

GEOTEXTILE SPECIFICATION

« Tensile Streangth at break 50kn/m(EN ISO 10319)
« Weathering Resistance 40%(EN ISO 12224)
« Apparent opening size 0.4mm(EN ISO 12956)

TOPWIRE =

— i

GROUND LEVEL

TRENCH GEOTEXTILE FABRIC
200mm INTO THE GROUND

\ 5 AND 200mm UPSLOPE
STANDARD

WOODEN FENCEPOSTS AT MAXIMUM 3.0M CENTRES

z°°

ELEVATION - SILT FENCE

GEOTEXTILE FIXED

GEOQTEXTILE FIXED FIRMLY TO POETS TLu
FIRMLY TO POST :—,) ;’ T >_< Q P OST BACK STAYS, INSTALL AS
T ; o s g FxTRA SUPPORT WHERE REUQIRED
_, £z £52
FLOW - Eog — g5
4 = v/ ALK ‘\/; A% b
AN

I A AN A AN AN D.
COMPACTED BACKFILL — D
COMPACTED BACKFILL =
TRENCH GEOTEXTILE 200mm INTO D.
TRENCH GEOTEXTILE 200mm INTO GROUND AND 200mm UPSLOPE
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Slope steepness Slope length(m)(maximum) Spacing of returns(m) Silt fence length(m) (maximum)
Flatter than 2% Unlimited N/A Unlimited SUB-CONTRACTOR
2-10% 40 60 300
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(ACCESS ROAD) ROCK WEIR (CHECK DAM) OR IN-STREAM WEIRS

S=NONE

NATURAL SURFACE

SERIES OF ROCK WEIRS R— 1.

_—~— SPILLWAY 150 MIN

RS

DIRECTION OF FLOW —
—— —

s
e S

\ | — s . . . - o

\ | B __-----““Lm*y/}m—‘;. P P

. TRAPPED SEDIMENT ———"" —— —_——
ROCK TRENCHED 200
INTO GROUND

SERIES OF ROCK WEIRS

CROSS SECTION OF AGGREGATE ROCK WEIR

ROCK WEIR

NATURAL SURFACE

— 7}\(?/7;\\\
I NOTES

SPILLWAY CREATED BY:
(I) SECURING HORIZONTAL STAKE TO VERTICAL STAKES (2) AT
A HEIGHT OF 1/2 TO 2/3 THE HEIGHT OF THE SEDIMENT FENCE
(1) CUTTING THE SEDIMENT FENCE AND SECURING OVER THE
HORIZONTAL STAKE TO CREATE A "WINDOW"

WIRE MAY BE SECURED
ALONG TOP OF FENCE
FOR MORE STRENGTH

vJ .'u
AREA OF SEDIMENT W STAR PICKET OR WOODE—N\STAKE a0 -
DEPOSITION - \ : - EA
NATURAL s, | T NATURALSUR
R URFACE I T
e T - 8
— C END OF STRUCTURE~"/, - ~_ END OF LS
— A0 HIGHER THAN SPILLWAY._ " & SPILLWAY RIGHER Than £|O
Sy, O G i SPILLWAY g 5 =
e = 334358 { S|0 W
e fiit =
- AGGREGATE(LE. MAY BE WRAPPED IN S X To
,.', . GEOTEXTILE FOR EXTRA STRENGTH ; \, SEDIMENT FENCE v 4
W Y 4 )2 = ENTRENCHED 200
) X INTO GROUND

\
DISSIPATOR BELO \

|
SPILLWAY (E.G. ROCK) L SEDIMENT FENCE

AGGREGATE ROCK WEIR

CROSS SECTION OF SEDIMENT FENCE ROCK WEIR

GEOTEXTILE FIXED

L
FIRMLY TO POSTS Q
w
I
O
Iz
300mm £ g
N SUMP UPSTREAM (EXCAVATION TO TRAP SEDIMENT) S
Flow > 2M LONG x 1M WIDE BY 0.75M DEEP (BELOW SPILLWAY) ©o
L ROCK LINED SLOPING INLET

(THICKNESS 100~150mm)

POST BACK STAYS, INSTALL AS

BACKFILL EXTRA SUPPORT WHERE REUQIRED

RENCH GEOTEXTILE 200mm_INTO
GROUND AND 200mm UPSLOPE

L 2,000mm N
B LENGTH OF 'SUMP' PIT ]

SEDIMENT FENCE ROCK WEIR

[

ROCK WEIRS MAY BE CONSTRUCTED OF A VARIETY OF
MATERIALS (E.G. STRAW BALES, SEDIMENT FENCE, ROCK &
GEOTEXTILE, SHEET PILING, ETC.)

ROCK WEIRS TO BE TRENCHED 200 mm INTO GROUND
SURFACE ON BASE AND SIDES AND SECURELY BACKFILLED.

SPILLWAY TO BE OVER INVERT OF DRAIN WITH DISCHARGE
NOT PERMITTED TO FLOW AROUND ENDS.

. SPILLWAY TO BE LESS THAN 1 METER ABOVE INVERT OF
DRAIN.

. SOME FORM OF DISSIPATION MAY BE REQUIRED BELOW

SPILLWAYS OF ROCK WEIRS (E.G. ROCK, SAND BAGS).
. ROCK WEIRS TO BE INSPECTED AFTER STORM EVENTS AND

N

o

IN

o u

REPAIRED AS REQUIRED.

7. THE ROCK WEIRS MAY BE PLACED IN SERIES DOWN THE
CHANNEL AND USED DURING CONSTRUCTION TO REDUCE
THE VELOCITY IN DITCHES OR CHANNELS

8. AGGREGATE SIZE :100mm ~ 150mm

. SILT FENCE ROCK WEIR WILL BE INSTALLED AS A LAST
STRUCTURE PLACED ON CONCENTRATED FLOWS FROM SITE
DRAINAGE CHANNEL, OR WHERE FLOWS MAY EXIT THE SITE
AND ENTER NATURAL FLOW PATH

10. THEROCK WEIR WILL BE SPACED AT 20M INTERVAL UNDER
15% FLOW DEGREE, AND 15M INTERVAL IN STEEPER AREA
MORE THAN 15% WITH TEMPORARY ROCK LINING(BOTTOM).
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1. BOX CULVERT
I

(LOT 1)



1.1 Box Culvert 1 (STA.0+012.00)
]

2@1.5%x0.90
FH=0.42 m [SI UNIT]


mailto:2@1.5

1. Box Culvert

1.1.1 Design Conditions

1) General ltems
(1) Type of Culvert: 2 Box
(2) Width (w) : 2 @ 15m
(3) Height (h) : 090 m
(4) Underground Water Level: GL -1.000 m

2) Design Material
(1) Concrete

£ Compressive Strength . fdt = 32
26587

= Modulus of Elasticity . Ec
(2) Reinforcement bar
B> Yield Strength o fy = 420

<™ Modulus of Elasticity : Es = 200000

3) Material weight

(1) Reinforced Concrete . wec = 25.00
(2) plain concrete :yen = 2350
(3) Pavement : yasp = 23.00
(4) Subterranean . yw = 10.00
4) Soil
(1) Wet Unit Weight oyt = 19.00
(2) Submerged Unit Weight : ysub = 10.00
(3) angle of internal friction @ = 28.00
(4) coefficient of earth pressure atrest : Ko = 1-sin®
5) Live Load

Structure is to be designed by SM1600 traffic design loads in accordance with AS 5100.2

6) Method of Design

MPa
MPa

MPa
MPa

kN/m3
kN/m3
kN/m3
kN/m3

KN/m3
KN/m3

= 0.500

(1) Evaluation of stability . Allowable Strength Method

(2) Design of Cross Section . Ultimate Strength Design

7) Program (S/W)
- SAP2000 (Structure Analysis Program)

8) Reference

(1) American Concrete Institute — Code for the design of concrete structure, USA

(2) AS 3600 Concrete structures / 5100 Bridge design - Australian Standard
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1.1.2 Section Assumption

Pavement(T= 0.418 m)

ZS N ZS N
GL 1.000 m

0.418

300

200 x 200 200 x 200 ra

1.500
0.900

!

100
L
~——
~——
~——

1.500 i300l 1.500
100 300 300 100
3.900

1-2



1. Box Culvert

1.1.3 Stability Check

1) Load Summary and combinations

(1) Load Summary

Type Calculation Load(kN)
Paverment(DC) 0.418 x 3.900 X 23.0 37.495
Vertical gmNuoan\;\f;ter 0000 x 3900 x 190 0.000
earth
pr?;\sll;re Exist ( 0.000 x 19.0 + 0.000 X 10.0 ) 0.000
ground water | 3.900
Ground Water(WA") 0.000 x 3.900 x 10.0 0.000
Sub Total Surcharge Load for Bouyancy Check 37.495
Top 0.300 X 3.900 X 25.0 29.250
Slab(DC)
Bottom 0.300 X 3.900 X 25.0 29.250
Left 0.300 X 0.900 X 25.0 6.750
Wall(DC) Right 0300 x 0900 x 250 6.750
Inner 0.300 X 0.900 X 25.0 6.750
Hunch(DC) 0.200 X 0.200 / 2 x 25.0 x 4 EA 2.000
Sub Total Surcharge Load for Bouyancy Check 80.750
2) Bouyancy Check
(1) After construction (Ground water Level :GL- 1.000 m)
- Total Load for Bouyancy Check :  118.245 kN
- Uplife force : 3.900 x( 1.918 - 1.000 )% 10.0 kN/O = 35.802 kN
- Safety factor = 1.25
OF.S= 118.245 | 35.802 = 3.303 > 1.25 - O.K
(2) Under construction (Assumed Ground water Level :GL- 0.000 m)
- Total Load for Bouyancy Check :
80.750  +( 0.418 X 3.900 x 10.000 kN/O ) = 97.052 kN
- Uplife force : 3.900 X 1.500 x 10.000 KkN/O = 58500 kN
- Safety factor = 11
OF.S= 97.052 / 58.500 = 1.659 > 11 - O.K

A Securing safety at all ground water levels
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3) Allowable vertical bearing capacity check

(1) Load
- Dead load
- Self weight of Structure = 80.750 / 3.900 = 20.705 kN/mz
- Vertical earth pressure = 37495 |/ 3.900 = 9.614  kN/m2 (No exist ground water)
- Live load = 79.702  kN/m2 (Refer to 1.1.4.2)
- Water load in Culvrt = 0900 g 10.000 = 9.000  kN/m2
(2) Allowable vertical bearing capacity
- Quax = 119.021 KkN/m2
- Qa = 291.670 kN/m2 (Refer to Geotechnic Report)
[0 Qa= 291.670 KkN/O > Qmax= 119.021 kN/O - OK

1-4



1. Box Culvert

1.1.4 Load and Combination

1) Dead Load

(1) Self weight . Automatic consideration in program

(2) Vertical earth pressure

- No exist ground water

TYPE Depth (m) Unit weight (kN/J) Load (KN/m?)
Pavement 0.418 23.000 1.000 x 0.418 x 23.000 = 9.614
Vertical earth pressure 0.000 19.000 1.000 x 0.000 x 19.000 = 0.000
B 0.418 Psv = 9.614 kN/m2
- Exist ground water
TYPE Depth (m) Unit weight (kN/J) Load (kN/m2)
Pavement 0.418 23.000 1.000 x 0.418 x 23.000 = 9.614
0.000 19.000 1.000 x 0.000 x 19.000 = 0.000
Vertical earth pressure
0.000 10.000 1.000 x 0.000 x 10.000 = 0.000
0 0.418 Psvh = 9.614 kN/m?2
2) Live Load
(1) wso

| N | | T |

WaNIRTAN!

—
—
o
r

80 80

Py = = = 59.599 kN/m?2
(0.25+2D) x (0.4 + 2D) (0.25 + 0.836) x (0.4 + 0.836)
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(2) A160
‘ ol |
| ! |
160 kN % LH +
|
0 \ \ \
ELEVATION i i
I : ]
r-400 mm =
. T T
\ |
2000 e}, 3207 % eotre | | | |
- | % 5N +
| |
——u-—250 mm | |
PLAN | | |
]
80 80
Py = = = 59.599 kN/m?
(0.25 + 2D) x (0.4 + 2D) (0.25 + 0.836) x (0.4 + 0.836)
(3) M1600
360 kN 360 kN 380 kN 360 kN
AAAG.KGA"”I‘.AAAA
ELEVATION
126125 375 125125 Varies 6.25 min. 1.25 1.25 5.0 .25 1.25 0.6
o | ! o [ L1 L 1 |
7 7 7
70.2 2.0
7
0.4 L-3.2 m standard 6
design :
PLAN

- Axle group

/ \ | |
| 2.7+2D | J j
60 60
P, = = = 46.857 kN/m2
(0.2 + 2D) x (0.4 +2D) (0.2 + 0.836) x (0.4 +0.836)
- Lane uniformly distributed loads : 6.000 kKN/m2  / 3.2m = 1.875 kN/m?
- Py = 46.857 + 1.875 = 48.732 kN/m?2

1-6



1. Box Culvert

(4) S1600
240 kN 240 kN 240 kN 240 kN
ELEVATION
25125 375 125 1.25 Varies 6.25 min.1.25 1.25 5.0 25125 —08
| ] I I 11
Vs
;/2// 2.0
7/ '
0.4 3.2 m standard 0.6
design
PLAN
- Axle group
.I 9!'|mu| 25m B
L SN b SN b E—
| 4.\ | |
o + | | +
| |
| |
| | \
40 40
P, = = = 31.238 kN/m2
(0.2 + 2D) x (0.4 +2D) (0.2 + 0.836) x (0.4 +0.836)
- Lane uniformly distributed loads : 24.000 kN/m2 / 32m = 7.500 kN/m?2
- Py = 3123 + 7500 = 38.738 kN/m?
(5) HLP 320 & HLP 400
| V[ |
| i‘J |
+ ‘ + . .
o
L . | L : |
125 125
Pg = = = 53.961 kN/m?

(0.2 +2D) x (1.4 + 2D) (0.2 + 2x0.418) x (1.4 +2x0.418)
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(6) Live Load

TYPE Load Dynamic Load Allowance (a) (1+a)xLoad
w80 59.599 0.34 79.702
A160 59.599 0.34 79.702
M1600 48.732 0.26 61.314
S1600 38.738 0.00 38.738
HLP 53.961 0.10 59.357
0 Py = 79.702 kN/m? = 79.702 kN/m2
(7) Live Load Surcharge
N Pun = 79.702 kN/m2 x  0.500 = 39.851 kN/m2
3) Lateral Earth Pressure
4 coefficient of earth pressure atrest : Ko =1 - sin30 = 0.500

- No exist ground water
Ps = ke x Yt X H

Pyy =
+19 x 0.000)
Peo = 4807 + 0500
Pqps = 6232 + 0500
Pos = 9557 +  0.500
Pss = 12.882 +  0.500
Psws = 16207 +  0.500

- Exist ground water

Pav = ko x ( Yt X Hi

Pshe = 0.500 x (23 x 0.418 + 23 x 0.000 + 20 x 0.000 + 20 x 0.000
+ 19 x 0.000 + 10 x 0.000)

Psn = 4.807 + 0.500 x 19.0

Pshe = 6.232 + 0.500 x 19.0

Psha = 9.557 + 0.500 x 10.0

Pss = 11.307 + 0.500 x 10.0

Poe = 13.057 + 0.500 x 10.0

19.0
19.0
19.0
19.0
19.0

Ysub

0.500 x (23 x0.418 + 23 x 0.000 + 20 x 0.000 + 20 x 0.000

x  0.150
x  0.350
x  0.350
x  0.350
x  0.150
X H )

X 0.150
x  0.350
X 0.350
X 0.350
X 0.150

= 4.807 kN/m?
= 6.232 kKN/m?
= 9.557 KN/m?
= 12.882 kN/m?
= 16.207 kN/m?
= 17.632 kN/m?

= 4.807 kN/m?
= 6.232 kKN/m?
= 9.557 kN/m?
= 11.307 kN/m?
= 13.057 kN/m?
= 13.807 kKN/m?

1-8



1. Box Culvert

4) Ground Water Load

1) Horizontal ground Water Pressure

Pwn = Yw x Ha
Pia = 100  x 0.000 = 0.000 kN/m2
Pwz = 0.000 + 0.0 x  0.150 = 0.000 kN/m2
Pz = 0000 + 00 x 0350 = 0.000 kN/m?
Pwa = 0.000 + 10.0 x  0.350 = 3.500 kN/m2
Pas = 3500 + 100 x 0.350 = 7.000 kN/m?
Pwe = 7.000 + 100 x 0.150 = 8.500 kN/m2
2) Vertical ground Water Pressure
-Top Slab : Pwi = 10.0 x 0.000 = 0.000 kN/m?
-Bottom Slab : Pwz = 100 x  1.500 = 15.000 kN/m2
5) Load Combination
(1) Ultimate Load
o0 | oeup | oeao | WY | sor | son | so | WATER | warer
COMB 1 1.40 1.40
COMB 2 1.20 1.60 1.60 1.60 1.60
COMB 3 1.20 1.60 1.60 1.60 0.90
COMB 4 0.90 0.90 0.00
COMB 5 1.40 1.40 1.40
COMB 6 1.20 1.60 1.60 1.60 1.60 1.60 1.60
COMB 7 1.20 1.60 1.60 1.60 0.90 0.90 1.60
COMB 8 0.90 0.90 0.00 0.00 0.00
COMB 9 1.20 1.00 1.00
COMB 10 0.90 0.90 0.80
COMB 11 0.90 0.90 0.00 0.00 0.00
(2) Service Load
o0 | o | oea | UE | sor | son | son | "ATR | warer
SCOMB 1 1.00 1.000 1.00 1.00 1.00
SCOMB 2; 1.00 1.000 1.00 1.00 0.56
SCOMB 3; 1.00 1.000 0.00
SCOMB 4; 1.00 1.000 1.00 1.00 1.00 1.00 1.000
SCOMB 5; 1.00 1.000 1.00 1.00 0.56 0.56 1.000
SCOMB 6: 1.00 1.000 0.00 0.00 0.00
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1.1.5 Modeling & Loading

1) Analysis Model

.
e D D I B ][] (2] [2] (4] (2] (2] [4] «

o Y[ b Y] A ' Al 7X VA% 7z z|
n |
™ X] Y Y[ |
g [x] |
*~— X] X
o [YZ}
R .
g|T
S| x\ X
4|9
®
“ ]
*— XI XN
2 [ a N
- X7 —
o R M —/
| n n [] ]
Whe—t—s— 22—+ 3+ ¢t 3
s W A A v A A . . GO . e A
X Y Z [ \ ] n _ s XW XX XY XZ
0.150 4@0.375=1.500 0.150| 0.150 4@0.375=1.500 0.150
3.600
(1) Node
(Unit: m)
Node X Z Section Node X Z Section
1 0.150 0.150 19 1.950 1.000 | Middle wal
2 0.300 0.150 20 3.750 0.300
3 0.675 0.150 21 3.750 0.650 Right
Wall
4 1.050 0.150 2 3.750 1.000
5 1.425 0.150 23 0.150 1.350
6 1.800 0.150 24 0.500 1.350
7 1.950 0.150 Bottom 25 0.775 1.350
Slab
8 2.100 0.150 26 1.050 1.350
9 2.475 0.150 27 1.325 1.350
10 2.850 0.150 28 1.600 1.350
11 3.225 0.150 29 1.950 1.350 Top
Slab
12 3.600 0.150 30 2.300 1.350
13 3.750 0.150 31 2575 1.350
14 0.150 0.300 32 2.850 1.350
15 0.150 0.650 Left 33 3.125 1.350
Wall
16 0.150 1.000 34 3.400 1.350
17 1.950 0.300 Middle 35 3.750 1.350
18 1.950 0.650 Wall




1. Box Culvert

(2) Section
NO. H(m) B(m) A(m?) I(m?) Node Section
1 0.300 1.000 0.300 0.002250 2~5,8~11 Bottom Slab
2 0.300 1.000 0.300 0.002250 14~15 Left Wall
3 0.300 1.000 0.300 0.002250 18~19 Middle Wall
4 0.300 1.000 0.300 0.002250 22~23 Right Wall
5 0.300 1.000 0.300 0.002250 26~29, 32~35 Top Slab

2) Coefficient of subgrade reaction

(1) Vertical coefficient of subgrade reaction (Kv)

Kv =Kvo (Bv/0.3)3%

kvo = 1/0.3 xaxEo

Eo : the modulus of subgrade elasticity (kN/m?)

a : correction factor for calculating Eo

Eo = 7000 kN/m2 (Refer to Geotechnic Report)
a = 4
Kvo = 1/03xaxEo = 103 x 4 x 7000 = 93333333 [nJ.
By = W 4 B x B q] 390 x 390 = 3900 me
Kv = Kvo(Bv/0.3)%
= 93333333 x ( 3900 / 03 )¥ = 136326 KN/
. Longitudinal ez o_f
Joint No. Kv Lateral Length (m) Length (m) Area (m?) subgrade reaction
(kN/m)
1,13 13632.600 0.2250 1.0000 0.2250 3067.3
2,12 13632.600 0.2625 1.0000 0.2625 3578.6
3~5,9~11 13632.600 0.3750 1.0000 0.3750 5112.2
6,8 13632.600 0.2625 1.0000 0.2625 3578.6
7 13632.600 0.1500 1.0000 0.1500 2044.9

(2) Horizontal coefficient of subgrade reaction (Kh)

kh = Infinite rigidity = 1.0E+10 kN/m
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3) Loading

(1) LOAD-1: Self weight - Automatic consideration in program

(2) LOAD-2,3 : Vertical earth pressure
Psvh=9.614 kN/m?

Psv=9.614 kN/m2

(3) LOAD-4 : Live Load

(4) LOAD-5 : Live Load Surcharge

Pvlh=39.851 kN/m?

I ET T

( Exist ground water )

('No exist ground water )

HENNENNENNENY

A A A

Pvlh=39.851 kN/m?
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(5) LOAD-6 : Horizontal Earth Pressure (No Ground Water)

Psh2=6.232 kN/m2
Psh3=9.557 kN/m?

Psh4= 12.882 kN/m?

Psh5= 16.207 kN/m?
Psh6= 17.632 kN/m?

(6) LOAD-7 : Horizontal Earth Pressure (Ground Water)

Psh2'=6.232 kN/m?
Psh3'=9.557 kN/m?

Psh4'= 11.307 kN/m?

Psh5'= 13.057 kN/m?
Psh6'= 13.807 kN/m?

(7) LOAD-8 : Ground Water Pressure

Pwh2=0.000 kN/m?
Pwh3=0.000 kN/m2

Pwh4=3.500 kN/m2

Pwh5=7.000 kN/m2
Pwh6=8.500 kN/m2

Pwv1=0.000 kN/m?

HENEENEENEEEE

Pwv2=15.000 kN/m?

Psh2=6.232 kN/m?
Psh3=9.557 kN/m?

Psh4=12.882 kN/m?

Psh5= 16.207 kN/m?
Psh6= 17.632 kN/m?

Psh2'=6.232 kN/m?
Psh3'=9.557 kN/m?

Psh4'= 11.307 kN/m?

Psh5'= 13.057 kN/m?
Psh6'= 13.807 kN/m?

Pwh2=0.000 kN/m?
Pwh3=0.000 kN/m?

Pwh4=3.500 kN/m?

Pwh5=7.000 kN/m?
Pwh6= 8.500 kN/m?
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1.1.6 Summary of Analysis Results

1) B.M.D (Ultimate Load) - Unit : kN.m

1
R 1., 19/-13. 8¢
-7.569.83 T ¢ T 2.8%7.5
7 b ! 8.3

"
8i
26
59
.
59
N2
—
=
26,88
81
et
=R

L

> X o 55

21

2) S.F.D (Ultimate Load) - Unit : kN

n
;
J
.éfu
: ]

1 IR o R 47.43
%2 S 2514
-2.3
: .62
[} re
o = :f-i '53
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3) B.M.D (Service Load) - Unit : kKN.m

4) Summary
Division Mu(kN-m) | Vu(kN) | Mo(kN-m) | H(mm)| d(mm)| @Mn(kN-m) Bar SiE
Endof the point(-) | 4.754 | 84452 | 2513 | 367 |3105| 74.556 |D13 @ 200| 15.68
T .
SI‘:; Middle(+) 19071 | 0000 | 12200 | 300 [2135| 50907 |[D13@ 200 2.67
End of Middle Wall(-)| 37.824 | 131305 | 24522 | 367 [3105| 74.556 [D13@ 200 1.97
Top(-) 13801 | 47.429 | 8412 | 367 [3105| 74556 |D13@ 200| 5.40
Middle(+) 083 | 0000 | 0201 | 300 |2135| 25740 |D13@ 400| 30.79
Wall
Middle(-) 2528 | 0000 | 1506 | 300 [2435| 20.397 |D13@ 400| 11.63
Bottom(-) 5802 | 26424 | 3808 | 300 |2435| 58221 |D13@ 200| 10.03
Middle
Wal Top & Bottom(-) 0000 | 0000 | 0000 | 300 |2135| 25740 [D13@400| -
Endofthe point() | 3.342 | 56890 | 1.980 | 300 |2435| 58221 |D13@ 20| 17.42
Bgtlt:bm Middle(+) 26896 | 0000 | 17.388 | 300 |2135| 50.907 |D13@ 200| 1.89
End of Middle Wall(-)| 51.342 | 117.760 | 33.033 | 300 |2435| 73.622 |owiowe | 1.43
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1.1.7 Section Design

1) Top Slab - At the end of the point

(1) Section Design

f, Section specification and design condition
fo = 32 MPa fy = 420 MPa ki = 082
gf = 0.90 v = 0.75 d = 3105 mm
B e 1000 mm H = 367 mm d = 565 mm
My = 4.754 kN-m Vu = 84.452 kN Mo = 2.513 kN-m
- Check of Strength reduction factor (®)
a = 9406
Because T=C , € = 9406 [/ B1 = 9.406 / 0.821 = 11451 mm
ey = fylEs = 420.000 / 200000 = 0.0021
g = 0.0030x(dt-c)/c = 0.003 x( 3105 - 11451 ) / 11.451
= 0.0783
gt > 0.0050 Tension-controlled sections of = 0.900
a=Asxfy/(Dxfexb) e 1)
MlG= Axx(d-alz) 2 WL TOTTYKYOYZT HIE WLT
f2 M,
Y As? - fyxdxAs 4+ = 0 [ Req.As = 40546+
2x085xfexb 1%}
UseAs = D 13 @ 400 + D 13 @ 400 = 645.00 r 5 ea/m)
. Evaluation of reinforcement
Py = ki x @ x (fc/fy) x {600/(600 + f,)} = 0.03313
Phirere = 0.75-Pb = 0.0248¢ A P e = 7715.9 -
Prmin = max(14/fy,0.25fc'/fy) = 0.0033: P As min = 10455 -
Pagreq = 4/3 - Asreq / (B-d) = 0.00017 4. As 4/3req = 54.1 L
- = min ( Prin, Pajareq) = 0.0001: A A gifm = 54.1 =
Plise = As/(B-d) = 0.0020¢ A Asmin = 645.0 =
¢ 4/13xPreq<Puse<Pmax A O.K
M. Bending Check
a=Asxfy/ (D xf:xDb) = 9.406 mm
ZMn =0.9 x As x fy x (d - a/2) = 74.556 kN-m > Mu = 4.754 kN-m
A OK
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M. Shear Check
@Vc=0.75x 1/6 x V fc' x B x d = 172416 kN > Vu = 84.452 kN

A No shear reinforcement is required

(2) Crack Check
. Calculation of stress
n = 8
X = -nAgb +nAsb x [J{1+2bd/nAs}
= -8x645.00/1000 + 8 x 645.00 / 1000 x \/[ 1+2x1000x 310.5/(8 x645.00) ]
= 51.682 o
fo = 2xMo/[Bxx x(d-x/3)

= 20 x 2513 /[ 1000 x 51.682 x( 3105 - 51682 / 3 )] x 10°
= 0332 MPa

fo = Mo/[Asx (d-x3)]
= 2513 /[ 645000 x( 3105 - 51682 / 3 )] x 10°
= 13287 MPa

fst = fsx(H-d-x)/(d-x) = 13x(367-57 - 0) /(311 - 52) = 1329 MPa

. Maximum center space of reinforcement

Cc = 56.50 - 13.00/ 2 = 50.00 .

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 / fs) - 2.5 x Cc = 380x(280/13.29)-2.5x50.00 = 7882.99
300 x (280 / fs) = 300x(280/13.29) = 6322.10 .

Sa = 632210 Applying Minimum value

S =1,000/5 Ea=200.0 < Sa ( 6322.10 mm) A OK
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2) Top Slab - Middle

(1) Section Design

M, Section specification and design condition
fo = 32 MPa fy = 420 MPa ki = 0.82
gf = 0.90 v = 0.75 d = 2135 mm
B e 1000 mm H = 300 mm d = 865 mm
My = 19.071 kN-m Vu = 0.000 kN Mo = 12.290 kN-m
- Check of Strength reduction factor (®)
a = 9406
Because T=C , € = 9406 / B1 = 9.406 / 0.821 = 11451 mm
ey = fylEs = 420.000 / 200000 = 0.0021
g = 0.0030x(dt-c)/c = 0.003 x( 2135 - 11451 ) / 11.451
= 0.0529
gt > 0.0050 Tension-controlled sections of = 0.900
a=Asxfy/(Dxfexb) e 1)
Ml G= Axtx(d-alz) 2 WL TOTTYKYOYZT HIE WLT
f2 M,
Y As? - fyxdxAs 4+ = 0 [ Req.As = 233366
2x085x%xfexh %)
UseAs = D 13 @ 400 + D 13 @ 400 = 645.00 k ( 5 eam)
. Evaluation of reinforcement
Py = ki x @ x (fc/fy) x {600/(600 + f,)} = 0.03313
Phirere = 0.75-Pb = 0.0248¢ A A e = 5305.5 -
Pmn = max(1.4/fy,025[fc/fy) = 000331 4 Asmn = 718.9 b
Pagreq = 4/3 - Asreq / (B-d) = 0.0014¢ 4. As 4/3req = 317.8 -
Prmin = min ( Prin, Pajareq ) = 0.0014¢ 4. As min = 317.8 -
Plies = As/(B-d) = 0.0030z A AN = 645.0 =
¢ 4/13xPreq<Puse<Pmax A OK
M. Bending Check
a=Asxfy/ (D xf:xDb) = 9.406 mm
ZMn =0.9 x As x fy x (d - a/2) = 50.907 kN-m > Mu = 19.071 kN-m
A OK
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. Shear Check
PVe=075x%x1/6 x Vfc' x B xd = 150.967 kN > Vu = 0.000 kN

A No shear reinforcement is required

(2) Crack Check
. Calculation of stress
n = 8
X = -nAgb +nAsb x [J{1+2bd/nAs}
= -8 645.00 / 1000 + 8 x 645.00 / 1000 x \[ 1 + 2 x 1000 x 213.5 /(8 x 645.00) ]
= 42.062 o
fo = 2xMo/[Bxx x(d-x/3)

= 20 x 12290 /[ 1000  x 42062 x( 2135 - 42062 / 3 )] x 108
= 2930 MPa

fo = Mo/[Asx (d- x/3)]
= 12290 /[ 645000 x( 2135 - 42062 / 3 )] x 10°
= 95523 MPa

fst = fsx(H-d-x)/(d-x) = 96x(300 - 87 - 3) / (214 - 42) = 9552 MPa

f. Maximum center space of reinforcement

Cc = 86.50-13.00/2 = 80.00 .

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 /fs) - 2.5 x Cc = 380x(280/95.52) -2.5x80.00 = 913.87
300 x (280 / fs) = 300x(280/95.52) = 879.37

Sa = 879.37 Applying Minimum value

S =1,000/5 Ea = 200.0 < sa( 87937 mm) A OK

(3) Deflection Check

- Boundary condition : One-way Slab, Both ends continuous
- Span : L=3.900m
- Thickness : H=0.300m
4 Thin = L/28x(0.43 +fy/700) = 3.9/28x(0.43 +420/700)
= 0.143 m < H=0.300 m A OK
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3. Top Slab - At the end of middle Wall

(1) Section Design

M, Section specification and design condition

fo = 32 MPa fy = 420 MPa ki = 0.82
gf = 0.90 v = 0.75 d = 3105 mm
B e 1000 mm H = 367 mm d = 565 mm
My = 37.824 kN-m Vu = 131.395 kN Mo = 24.522 kN-m
- Check of Strength reduction factor (®)
a = 9406
Because T=C , € = 9406 / B1 = 9.406 / 0.821 = 11451 mm
ey = fylEs = 420.000 / 200000 = 0.0021
g = 0.0030x (dt-c)/c = 0.003 x( 3105 - 11451 ) / 11.451
= 0.0783
gt > 0.0050 Tension-controlled sections of = 0.900
a=Asxfy/(Dxfexb) e 1)
Ml G= Axtx(d-alz) 2 WL TOTTYKYOYZT HIE WLT
f2 M,
Y As?z - fyxdxAs + = 0 [0 Req.As = 3243888
2x085x%xfexh %)
UseAs = D 13 @ 400 + D 13 @ 400 = 645.00 k 5 ea/m)
. Evaluation of reinforcement
Py = ki x @ x (fc/fy) x {600/(600 + f,)} = 0.03313
Phirere = 0.75 - Pb = 0.0248¢ A A e = 7715.9 =
Pmn = max(1.4/fy,025[fc/fy) = 000331 4 Asmn = 1045.5 b
Pasreq = 43 Asreq/ (B-d) = 0.0014C 4. As a13req = 433.2 -
Prmin = min ( Prin, Pajareq ) = 0.0014(C 4. As min = 433.2 -
Plies = As/(B-d) = 0.0020¢ A AN = 645.0 =
¢ 4/13xPreq<Puse<Pmax A OK
. Bending Check
a=Asxfy/ (D xf:xDb) = 9.406 mm
@Mn = 0.9 x As x fy x (d - a/2) = 74.556 kN-m > Mu = 37.824 kN-m
A OK

1-20



1. Box Culvert

M. Shear Check
@Vc=075x1/6 x\Vfc' x Bxd = 172.416 kN >  Vu = 131.395 kN

A No shear reinforcement is required

(2) Crack Check
. Calculation of stress
n = 8
X = -nAgb +nAsb x [J{1+2bd/nAs}
= -8x645.00/1000 + 8 x 645.00 / 1000 x V[ 1 + 2 x 1000 x 310.5 / (8 x 645.00) |
= 51.682 S
fo = 2xMo/[Bxy x(d-x/3)]

= 20 x 24522 /[ 1000 x 51.682 x( 3105 - 51682 / 3 )] x 10°
= 323 MPa

fo = Mo/ [Asx (d - x/3)]
= 24522 /[ 645000 x( 3105 - 51.682 / 3 )] x 10°
= 129.635 MPa

fst = fsx(H-d'-x)/(d-x) = 130 (367 -57-3)/(311-52) = 12963 MPa

f. Maximum center space of reinforcement

Cc = 56.50 - 13.00/ 2 = 50.00 .

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 /fs) - 2.5 x Cc = 380x(280/129.63) -2.5x50.00 = 695.77
300 x (280 / fs) = 300x(280/129.63) = 647.97

Sa = 64797 Applying Minimum value

S =1,000/5 Ea = 200.0 < Sa( 64797 mm) A OK

1-21



TINA River Hydropower Development Project

4. Wall - Top

(1) Section Design

M, Section specification and design condition
fo = 32 MPa fy = 420 MPa ki = 082
gf = 0.90 v = 0.75 d = 3105 mm
B e 1000 mm H = 367 mm d = 565 mm
My = 13.801 kN-m Vu = 47.429 kN Mo = 8.412 kN-m
- Check of Strength reduction factor (®)
a = 9406
Because T=C , € = 9406 / B1 = 9.406 / 0.821 = 11451 mm
ey = fylEs = 420.000 / 200000 = 0.0021
g = 0.0030x(dt-c)/c = 0.003 x( 3105 - 11451 ) / 11.451
= 0.0783
gt > 0.0050 Tension-controlled sections of = 0.900
a=Asxfy/(Dxfexb) e 1)
Ml G= Axtx(d-alz) 2 WL TOTTYKYOYZT HIE WLT
f2 M,
Y As? - fyxdxAs 4+ = 0 [0 Req.As = 117.936=+
2x085x%xfexh %)
UseAs = D 13 @ 400 + D 13 @ 400 = 645.00 k 5 ea/m)
. Evaluation of reinforcement
Py = ki x @ x (fc/fy) x {600/(600 + f,)} = 0.03313
Phirere = 0.75-Pb = 0.0248¢ A A e = 7715.9 -
Pmn = max(1.4/fy,025[fc/fy) = 000331 4 Asmn = 1045.5 b
Pagreq = 4/3 - Asreq / (B-d) = 0.0005! . As 4/3req = 157.2 L
Prmin = min ( Prin, Pajareq ) = 0.00051 4. As min = 157.2 -
Plies = As/(B-d) = 0.0020¢ A AN = 645.0 =
¢ 4/13xPreq<Puse<Pmax A OK
M. Bending Check
a=Asxfy/ (D xf:xDb) = 9.406 mm
ZMn =0.9 x As x fy x (d - a/2) = 74.556 kN-m > Mu = 13.801 kN-m
A OK

1-22
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M. Shear Check
@Vec=0.75x1/6 xVfc'xBxd = 172.416 kN > Vu = 47.429 kN

A No shear reinforcement is required

(2) Crack Check

(1. Calculation of stress

8

n
X = -nAgb + nAgb x [J{1+2bd/nAg}
= -8x645.00/1000 + 8 x 645.00 / 1000 x V[ 1 + 2 x 1000 x 310.5 / ( 8 x 645.00) ]
= 51.682
fo = 2xMo/[Bxx x(d-x/3)]
= 20 x 8412 /[ 1000 x 51682 x( 3105 - 51682 /3 )] x 108
= 1110 MPa
fs = Mo/ [Asx (d - x/3)]
= 8412 /[ 645.000 x( 3105 - 51.682 /3 )] x 10°
= 44472 MPa
fst

fsx(H-d'-x)/(d-x) = 44x(367-57-1)/(311-52) = 4447 MPa

f. Maximum center space of reinforcement

Cc = 56.50-13.00/2 = 50.00

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 / fs) - 2.5 x Cc = 380x(280/44.47)-2.5x50.00 = 2267.51
300 x (280 / fs) = 300 x(280/44.47) = 188882

Sa = 1888.82 Applying Minimum value

S =1,000/5 Ea = 200.0 < Sa( 1888.82 mm) A OK

1- 23
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5. Wall - Middle(In)

(1) Section Design

M, Section specification and design condition
fo = 32 MPa fy = 420 MPa ki = 082
gf = 0.90 v = 0.75 d = 2135 mm
B e 1000 mm H = 300 mm d = 865 mm
My = 0.836 kN-m Vu = 0.000 kN Mo = 0.201 kN-m
- Check of Strength reduction factor (®)
a = 4703
Because T=C , ¢ = 4703 [/ B1 = 4703 / 0.821 = 5726 mm
ey = fylEs = 420.000 / 200000 = 0.0021
g = 0.0030x(dt-c)/c = 0.003 x( 2135 - 5.726 ) ! 5.726
= 0.1089
gt > 0.0050 Tension-controlled sections of = 0.900
a=Asxfy/(Dxfexb) e 1)
Ml G= Axtx(d-alz) 2 WL TOTTYKYOYZT HIE WLT
f2 M,
Y As? - fyxdxAs 4+ = 0 [l Req.As = 10362+
2x085x%xfexh %)
UseAs = D 13 @ 800 + D 13 @ 800 = 322.50 k 3 ea/m)
. Evaluation of reinforcement
Py = ki x @ x (fc/fy) x {600/(600 + f,)} = 0.03313
Phirere = 0.75-Pb = 0.0248¢ A A e = 5305.5 -
Pmn = max(1.4/fy,025[fc/fy) = 000331 4 Asmn = 718.9 b
Paseq = M3 Asreq/ (B-d) = 0.0000¢ 4. As 4/3req = 138 L
Prmin = min ( Prin, Pajareq ) = 0.0000¢ 4. As min = 13.8 -
Plies = As/(B-d) = 0.00151 A AN = 3225 =
¢ 4/13xPreq<Puse<Pmax A OK
M. Bending Check
a=Asxfy/ (D xf:xDb) = 4.703 mm
ZMn =0.9 x As x fy x (d - a/2) = 25.740 kN-m > Mu = 0.836 kN-m
A OK
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. Shear Check
PVe=075x%x1/6 x Vfc' x B xd = 150.967 kN > Vu = 0.000 kN

A No shear reinforcement is required

(2) Crack Check

(1. Calculation of stress
8

n
X = -nAgb + nAgb x [J{1+2bd/nAg}
= -8x322.50/1000 + 8 x 322.50 / 1000 x \[ 1 + 2 x 1000 x 213.5/( 8 x 322.50) |
= 30.711 -
fo = 2xMo/[Bxx x(d-x/3)
= 20 x 0201 /[ 1000 x 30711 x( 2135 - 30711 / 3 )] x 10°
= 0.064 MPa
fs = Mo/[Asx (d-x/3)]
= 0201 /[ 322500 x( 2135 - 30711 / 3 )] x 10°
= 3.062 MPa
fst = fsx(H-d-x)/(d-X) = 3x(300-87-0)/ (214 -31) = 3.06 MPa

. Maximum center space of reinforcement

Cc = 86.50 - 13.00/2 = 80.00 .

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 /fs) - 2.5 x Cc = 380x(280/3.06)-2.5x80.00 = 3.5E+04 .
300 x (280 / fs) = 300x(280/3.06) = 2.7E+04

Sa = 2.74E+04 | Applying Minimum value

S =1,000/ 3 Ea =400.0 < Sa ( 2.7E+04 mm) A OK
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6. Wall - Middle(Out)

(1) Section Design

M, Section specification and design condition

fo = 32 MPa fy = 420 MPa ki = 082
gf = 0.90 v = 0.75 d = 2435 mm
B e 1000 mm H = 300 mm d = 565 mm
My = 2.528 kN-m Vu = 0.000 kN Mo = 1.506 kN-m
- Check of Strength reduction factor (®)
a = 4703
Because T=C , ¢ = 4703 [/ B1 = 4703 / 0.821 = 5726 mm
ey = fylEs = 420.000 / 200000 = 0.0021
g = 0.0030x(dt-c)/c = 0.003 x( 2435 - 5.726 ) ! 5.726
= 0.1246
gt > 0.0050 Tension-controlled sections of = 0.900
a=Asxfy/(Dxfexb) e 1)
Ml G= Axtx(d-alz) 2 WL TOTTYKYOYZT HIE WLT
f2 M,
Y As? - fyxdxAs 4+ = 0 [ Req.As = 27494+
2x085x%xfexh %)
UseAs = D 13 @ 800 + D 13 @ 800 = 322.50 k ( 3 eam)

M. Evaluation of reinforcement

Py = ki x @ x (fc/fy) x {600/(600 + f,)} = 0.03313
Phirere = 0.75-Pb = 0.0248¢ A A e = 6051.0 -
Pmn = max(1.4/fy,025[fc/fy) = 000331 4 Asmn = 819.9 -
Pagreq = 4/3 - Asreq / (B-d) = 0.0001t 4. As 4/3req = 36.7 L
Prmin = min ( Prin, Pajareq ) = 0.0001f 4. As min = 36.7 L
Pue = As/(B-d) = 00013 4.  Asmn = 3225 -
¢ 4/13xPreq<Puse<Pmax A OK
M. Bending Check
a=Asxfy/ (D xf:xDb) = 4.703 mm
ZMn =0.9 x As x fy x (d - a/2) = 29.397 kN-m > Mu = 2.528 kN-m

1- 26



1. Box Culvert

M. Shear Check
@Vc=075x1/6 x\Vfc' x Bxd = 172.181 kN > Vu = 0.000 kN

A No shear reinforcement is required

(2) Crack Check
. Calculation of stress
n = 8
X = -nAgb +nAsb x [J{1+2bd/nAs}
= -8x322.50/1000 + 8 x 322.50 / 1000 x \[ 1 + 2 x 1000 x 243.5 / (8 x 322.50) ]
= 32.960 o
fo = 2xMo/[Bxx x(d-x/3)

= 20 x 1506 /[ 1000  x 32960 x( 2435 - 32960 / 3 )] x 10°
= 0393 MPa

fo = Mo/ [Asx (d-x/3)]
= 1506 /[ 322500 x( 2435 - 32960 / 3 )] x 10°
= 20078 MPa

fst = fsx(H-d-x)/(d-x) = 20x(300 - 57 - 0) / (244 - 33) = 2008 MPa

. Maximum center space of reinforcement

Cc = 56.50 - 13.00/ 2 = 50.00 .

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 /fs) - 2.5 x Cc = 380x(280/20.08) -2.5x50.00 = 5174.43
300 x (280 / fs) = 300x(280/20.08) = 4183.76

Sa = 4183.76 Applying Minimum value

S =1,000/ 3 Ea =400.0 < Sa ( 4183.76 mm) A OK
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7. Wall - Bottom

(1) Section Design

M, Section specification and design condition

fo = 32 MPa fy = 420 MPa ki = 082
gf = 0.90 v = 0.75 d = 2435 mm
B e 1000 mm H = 300 mm d = 565 mm
My = 5.802 kN-m Vu = 26.424 kN Mo = 3.808 kN-m
- Check of Strength reduction factor (®)
a = 9406
Because T=C , € = 9406 / B1 = 9.406 / 0.821 = 11451 mm
ey = fylEs = 420.000 / 200000 = 0.0021
g = 0.0030x(dt-c)/c = 0.003 x( 2435 - 11451 ) |/ 11.451
= 0.0608
gt > 0.0050 Tension-controlled sections of = 0.900
a=Asxfy/(Dxfexb) e 1)
Ml G= Axtx(d-alz) 2 WL TOTTYKYOYZT HIE WLT
f2 M,
Y As? - fyxdxAs 4+ = 0 [l Req.As = 63160+
2x085x%xfexh %)
UseAs = D 13 @ 400 + D 13 @ 400 = 645.00 k ( 5 eam)

M. Evaluation of reinforcement

Py = ki x @ x (fc/fy) x {600/(600 + f,)} = 0.03313
Phirere = 0.75-Pb = 0.0248¢ A A e = 6051.0 -
Pmn = max(1.4/fy,025[fc/fy) = 000331 4 Asmn = 819.9 -
Puseq = 43 Asreq/ (B-d) = 0.0003¢ 4. As a13req = 84.2 -
Prin = min ( Prin, Pasareq ) = 0.0003t 4. As min = 84.2 x
Pise = As/(B:d) = 0.0026: 4.  Asmin = 645.0 .
¢ 4/13xPreq<Puse<Pmax A OK
M. Bending Check
a=Asxfy/ (D xf:xDb) = 9.406 mm
ZMn =0.9 x As x fy x (d - a/2) = 58.221 kN-m > Mu = 5.802 kN-m
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. Shear Check
PVe=075x%x1/6 x Vfc' x B xd = 172.181 kN > Vu = 26.424 kN

A No shear reinforcement is required

(2) Crack Check
. Calculation of stress
n = 8
X = -nAgb +nAsb x [J{1+2bd/nAs}
= -8 645.00 / 1000 + 8 x 645.00 / 1000 x \[ 1 + 2 x 1000 x 243.5 / (8 x 645.00) ]
= 45.234 o
fo = 2xMo/[Bxx x(d-x3)

= 20 x 3808 /[ 1000 x 45234 x( 2435 - 45234 |/ 3 )] x 10°
= 0737 MPa

fs = Mo/ [Asx (d-x/3)]
= 3.808 /[ 645.000 x( 2435 - 45234 /3 )] x 108
= 25.844 MPa

fst = fsx(H-d-x)/(d-X) = 26 x(300-57 - 1)/ (244 - 45) = 25.84 MPa

f. Maximum center space of reinforcement

Cc = 56.50 - 13.00/ 2 = 50.00 .

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 / fs) - 2.5 x Cc = 380x(280/25.84)-2.5x50.00 = 3992.05
300 x (280 / fs) = 300x(280/25.84) = 3250.31 .

Sa = 325031 Applying Minimum value

S =1,000/5 Ea=200.0 < Sa ( 3250.31 mm) A OK
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8. Bottom Slab - At the end of the point

(1) Section Design

M, Section specification and design condition
fo = 32 MPa fy = 420 MPa ki = 082
gf = 0.90 v = 0.75 d = 2435 mm
B e 1000 mm H = 300 mm d = 565 mm
My = 3.342 kN-m Vu = 56.890 kN Mo = 1.989 kN-m
- Check of Strength reduction factor (®)
a = 9406
Because T=C , € = 9406 / B1 = 9.406 / 0.821 = 11451 mm
ey = fylEs = 420.000 / 200000 = 0.0021
g = 0.0030x(dt-c)/c = 0.003 x( 2435 - 11451 ) |/ 11.451
= 0.0608
gt > 0.0050 Tension-controlled sections of = 0.900
a=Asxfy/(Dxfexb) e 1)
Ml G= Axtx(d-alz) 2 WL TOTTYKYOYZT HIE WLT
f2 M,
Y As? - fyxdxAs 4+ = 0 [l Req.As = 36349+
2x085x%xfexh %)
UseAs = D 13 @ 400 + D 13 @ 400 = 645.00 k 5 ea/m)
. Evaluation of reinforcement
Py = ki x @ x (fc/fy) x {600/(600 + f,)} = 0.03313
Phirere = 0.75-Pb = 0.0248¢ A A e = 6051.0 -
Pmn = max(1.4/fy,025[fc/fy) = 000331 4 Asmn = 819.9 b
Pusieq = 43 - Asreq / (B-d) = 0.0002( 4. As a13req = 485 -
Prmin = min ( Prin, Pajareq ) = 0.0002C 4. As min = 485 -
Plies = As/(B-d) = 0.0026¢ A AN = 645.0 =
¢ 4/13xPreq<Puse<Pmax A OK
M. Bending Check
a=Asxfy/ (D xf:xDb) = 9.406 mm
ZMn =0.9 x As x fy x (d - a/2) = 58.221 kN-m > Mu = 3.342 kN-m
A OK
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1. Box Culvert

M. Shear Check
@Vc=075x1/6 x\Vfc' x Bxd = 172.181 kN > Vu = 56.890 kN

A No shear reinforcement is required

(2) Crack Check
. Calculation of stress
n = 8
X = -nAgb +nAsb x [J{1+2bd/nAs}
= -8x645.00/1000 + 8 x 645.00 / 1000 x V[ 1 + 2 x 1000 x 243.5/ (8 x 645.00) |
= 45.234 S
fo = 2xMo/[Bxy x(d-x/3)]

= 20 x 1.989 /[ 1000 x 45234 x( 2435 - 45234 /3 )] x 108
= 0.385 MPa
fs = Mo/[Asx (d-x/3)]
= 1.989 /[ 645.000 x( 2435 - 45234 /3 )] x 108
= 13.497 MPa
fst = fsx(H-d-x)/(d-X) = 13 x(300-57-0) /(244 - 45) = 13.50 MPa

f. Maximum center space of reinforcement

Cc = 56.50 - 13.00/ 2 = 50.00 .

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 /fs) - 2.5 x Cc = 380x(280/13.50) -2.5x50.00 = 7758.32
300 x (280 / fs) = 300x(280/13.50) = 6223.68

Sa = 6223.68 Applying Minimum value

S =1,000/5 Ea = 200.0 < Sa( 622368 mm) A OK
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9. Bottom Slab - Middle

(1) Section Design

M, Section specification and design condition
fo = 32 MPa fy = 420 MPa ki = 0.82
gf = 0.90 v = 0.75 d = 2135 mm
B e 1000 mm H = 300 mm d = 865 mm
My = 26.896 kN-m Vu = 0.000 kN Mo = 17.388 kN-m
- Check of Strength reduction factor (®)
a = 9406
Because T=C , € = 9406 / B1 = 9.406 / 0.821 = 11451 mm
ey = fylEs = 420.000 / 200000 = 0.0021
g = 0.0030x(dt-c)/c = 0.003 x( 2135 - 11451 ) / 11.451
= 0.0529
gt > 0.0050 Tension-controlled sections of = 0.900
a=Asxfy/(Dxfexb) e 1)
Ml G= Axtx(d-alz) 2 WL TOTTYKYOYZT HIE WLT
f2 M,
Y As? - fyxdxAs 4+ = 0 [ Req.As = 337384+
2x085x%xfexh %)
UseAs = D 13 @ 400 + D 13 @ 400 = 645.00 k ( 5 eam)
. Evaluation of reinforcement
Py = ki x @ x (fc/fy) x {600/(600 + f,)} = 0.03313
Phirere = 0.75-Pb = 0.0248¢ A A e = 5305.5 -
Pmn = max(1.4/fy,025[fc/fy) = 000331 4 Asmn = 718.9 b
Pusieq = 43 - Asreq / (B-d) = 0.00211 4. As as3req = 449.8 -
Phiim = min ( Prin, Pajareq) = 0.00211 A AN = 449.8 =
Plies = As/(B-d) = 0.0030z A AN = 645.0 =
¢ 4/13xPreq<Puse<Pmax A OK
M. Bending Check
a=Asxfy/ (D xf:xDb) = 9.406 mm
ZMn =0.9 x As x fy x (d - a/2) = 50.907 kN-m > Mu = 26.896 kN-m
A OK
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. Shear Check
PVe=075x%x1/6 x Vfc' x B xd = 150.967 kN > Vu = 0.000 kN

A No shear reinforcement is required

(2) Crack Check
. Calculation of stress
n = 8
X = -nAgb +nAsb x [J{1+2bd/nAs}
= -8x645.00/1000 + 8 x 645.00 / 1000 x V[ 1 + 2 x 1000 x 213.5/ (8 x 645.00) |
= 42.062 S
fo = 2xMo/[Bxy x(d-x/3)]

= 20 x 17388 /[ 1000 x 42062 x( 2135 - 42062 [ 3 )]
= 4145 MPa

fs = Mo/ [Asx (d-x/3)]
= 17.388 /[ 645000 x( 2135 - 42062 / 3 )] x 10°
= 135.139 MPa

fst = fsx(H-d"-x)/(d-Xx) = 135x(300-87-4)/ (214 - 42) = 135.14

f. Maximum center space of reinforcement

Cc = 86.50 - 13.00/2 = 80.00 .

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 /fs) - 2.5 x Cc = 380x(280/135.14)-2.5x80.00 = 587.34
300 x (280 / fs) = 300x(280/135.14) = 621.58

Sa = 587.34 Applying Minimum value

S =1,000/5 Ea = 200.0 < sa( 58734 mm) A OK

(3) Deflection Check

- Boundary condition . One-way Slab, Both ends continuous
- Span : L=3.900m
- Thickness : H=0.300m
4 Tmin = L/28x(0.43 + fy/700) = 3.9/28x(0.43 +420/700)
= 0.143 m < H=0.300 m A OK

X

10°

MPa
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10. Bottom Slab - At the end of middle Wall

(1) Section Design

M, Section specification and design condition

fo = 32 MPa fy = 420 MPa ki = 0.82
gf = 0.90 v = 0.75 d = 2435 mm
B e 1000 mm H = 300 mm d = 565 mm
My = 51.342 kN-m Vu = 117.760 kN Mo = 33.033 kN-m
- Check of Strength reduction factor (®)
a = 11.958
Because T=C , ¢ = 11958 / B1 = 11958 / 0.821 = 14558 mm
ey = fylEs = 420.000 / 200000 = 0.0021
g = 0.0030x (dt-c)/c = 0.003 x( 2435 - 14558 ) / 14.558
= 0.0472
gt > 0.0050 Tension-controlled sections of = 0.900
a=Asxfy/(Dxfexb) e 1)
Ml G= Axtx(d-alz) 2 WL TOTTYKYOYZT HIE WLT
f2 M,
Y As?z - fyxdxAs + = 0 [0 Req.As = 5g3.031
2x085x%xfexh %)
UseAs = D 13 @ 400 + D 16 @ 400 = 820.00 k ( 5 eam)
. Evaluation of reinforcement
Py = ki x @ x (fc/fy) x {600/(600 + f,)} = 0.03313
Phirere = 0.75 - Pb = 0.0248¢ A A e e 6051.0 =
Pmn = max(1.4/fy,025[fc/fy) = 000331 4 Asmn = 819.9 b
Pagreq = 4/3 - Asreq / (B-d) = 0.0031! 4. As 43req = 757.4 L
Prmin = min ( Prin, Pajareq ) = 0.0031! 4. As min = 757.4 L
Plies = As/(B-d) = 0.0033: A AN = 820.0 =
¢ 4/13xPreq<Puse<Pmax A OK
. Bending Check
a=Asxfy/ (D xf:xDb) = 11.958 mm
ZMn =0.9 x As x fy x (d - a/2) = 73.622 kN-m > Mu = 51.342 kN-m
A OK
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1. Box Culvert

M. Shear Check
@Vc=075x1/6 x\Vfc' x Bxd = 172.181 kN >  Vu = 117.760 kN

A No shear reinforcement is required

(2) Crack Check
. Calculation of stress
n = 8
X = -nAgb +nAsb x [J{1+2bd/nAs}
= -8x820.00/1000 + 8 x 820.00 / 1000 x V[ 1 + 2 x 1000 x 243.5/ (8 x 820.00) |
= 50.341 S
fo = 2xMo/[Bxy x(d-x/3)]

= 20 x 33033 /] 1000 x 50.341 x( 2435 - 50.341 /3 )] x 108
= 5788 MPa
fs = Mo/ [Asx (d-x/3)]
= 33.033 /[ 820.000 x( 2435 - 50.341 /3 )] x 10°
= 177.680 MPa
fst = fsx(H-d"-x)/(d-Xx) = 178 x (300 - 57 - 6) / (244 - 50) = 177.68 MPa

f. Maximum center space of reinforcement

Cc = 56.50 - 13.00/ 2 = 50.00 .

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 /fs) - 2.5 x Cc = 380x(280/177.68) -2.5x50.00 = 473.83
300 x (280 / fs) = 300x(280/177.68) = 47276

Sa = 47276 Applying Minimum value

S =1,000/5 Ea = 200.0 <  Sa( 47276 mm) A OK
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11. Middle Wall - Top & Bottom

(1) Section Design

M, Section specification and design condition
fo = 32 MPa fy = 420 MPa ki = 082
gf = 0.90 v = 0.75 d = 2135 mm
B e 1000 mm H = 300 mm d = 865 mm
My = 0.000 kN-m Vu = 0.000 kN Mo = 0.000 kN-m
- Check of Strength reduction factor (®)
a = 4703
Because T=C , ¢ = 4703 [/ B1 = 4703 / 0.821 = 5726 mm
ey = fylEs = 420.000 / 200000 = 0.0021
g = 0.0030x (dt-c)/c = 0.003 x( 2135 - 5.726 ) ! 5.726
= 0.1089
gt > 0.0050 Tension-controlled sections of = 0.900
a=Asxfy/(Dxfexb) e 1)
Ml G= Axtx(d-alz) 2 WL TOTTYKYOYZT HIE WLT
f2 M,
Y As?z - fyxdxAs + = 0 0 Req.As = (000
2x085x%xfexh %)
UseAs = D 13 @ 800 + D 13 @ 800 = 322.50 k 3 ea/m)
. Evaluation of reinforcement
Py = ki x @ x (fc/fy) x {600/(600 + f,)} = 0.03313
Phirere = 0.75 - Pb = 0.0248¢ A A e e 5305.5 =
Pmn = max(1.4/fy,025[fc/fy) = 000331 4 Asmn = 718.9 b
Pusieq = 43 - Asreq / (B-d) = 0.0000C 4. As 4/3req = 0.0 L
Prmin = min ( Prin, Pajareq ) = 0.0000C 4. As min = 0.0 -
Plies = As/(B-d) = 0.00151 A AN = 3225 =
¢ 4/13xPreq<Puse<Pmax A OK
. Bending Check
a=Asxfy/ (D xf:xDb) = 4.703 mm
ZMn =0.9 x As x fy x (d - a/2) = 25.740 kN-m > Mu = 0.000 kN-m
A OK
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. Shear Check
PVe=075x%x1/6 x Vfc' x B xd = 103.827 kN > Vu = 0.000 kN

A No shear reinforcement is required

(2) Crack Check
. Calculation of stress
n = 8
X = -nAgb +nAsb x [J{1+2bd/nAs}
= -8x322.50/1000 + 8 x 322.50 / 1000 x \[ 1 + 2 x 1000 x 213.5/ (8 x 322.50) ]
= 30.711 o
fo = 2xMo/[Bxx x(d-x3)

= 20 x 0000 /[ 1000 x 30711 x( 2135 - 30711 / 3 )] x 10°
= 0.000 MPa

fs = Mo/ [Asx (d-x/3)]
= 0.000 /[ 322500 x( 2135 - 30.711 /3 )] x 10°
= 0.000 MPa

fst = fsx(H-d-x)/(d-X) = 0x(300-87-0)/(214-31) = 0.00 MPa

f. Maximum center space of reinforcement

Cc = 86.50 - 13.00 /2 = 80.00 .

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 / fs) - 2.5 x Cc = 380x(280/0.00)-2.5x80.00 = 3.58E+15 .
300 x (280 / fs) = 300x(280/0.00) = 2.82E+15 .

Sa = 2.82335E+15 | Applying Minimum value

S =1,000/ 3 Ea = 400.0 < Sa ( 282335E+15 mm) A OK

1- 37



TINA River Hydropower Development Project

1.1.8 Distribution Reinforcement Check

1) Top Slab (H= 300 mm)
- As,min = (0.0018 x 420 /fy) x Bx H = (0.0018 x 420 / 420) x 1000 x 300 = 540.0
- The spacing of deformed shrinkage and temperature reinforcement shall not exceed
the lesser of 5h and 450mm. = 450
-Used As : Tension side H 13@ 200 = 6450 .
Compressionside H 13@ 200 = 6450
[l = 12900 > 540.0
- Bar spacing : 200 . < 450 . A OK
2) Wall (H= 300 mm)
*As,min = (0.0018 x 420 /fy) x Bx H = (0.0018 x 420/ 420) x 1000 x 300 = 540.0
- The spacing of deformed shrinkage and temperature reinforcement shall not exceed
the lesser of 5h and 450mm. = 450
-Used As : Tension side D 13@ 200 = 645.0 .
Compressionside D 13@ 200 = 6450
[] = 12900 > 540.0
- Bar spacing : 200 . < 450 A OK
3) Bottom Slab (H= 300 mm)
- As,min = (0.0018 x 420 /fy) x Bx H = (0.0018 x 420 / 420) x 1000 x 300 = 540.0
- The spacing of deformed shrinkage and temperature reinforcement shall not exceed
the lesser of 5h and 450mm. = 450
- Used As : Tension side D 13@ 200 = 645.0 .
Compressionside D 13@ 200 = 6450
[l = 12900 > 540.0
- Bar spacing : 200 . < 450 o A OK
4) Middle Wall (H= 300 mm)
- As,min = (0.0018 x 420 /fy) x Bx H = (0.0018 x 420 / 420) x 1000 x 300 = 540.0
- The spacing of deformed shrinkage and temperature reinforcement shall not exceed
the lesser of 5h and 450mm. = 450
-Used As : Tension side D 13@ 200 = 645.0 .
Compressionside D 13@ 200 = 645.0 .
[l = 12900 & > 540.0
- Bar spacing : 200 . < 450 " A OK
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1. Box Culvert

1.1.9 Corner Design

1) Top slab Cheak

Lx)]

al = 300 mm
a2 = 200 mm
b1 = 300 mm
b2 = 200 mm

2) Bottom slab Cheak

N1
—b
al = 300 mm
a2 = 0 mm
bl = 300 mm
b2 = 0 mm

ft.max

0.13 [ifc’

ft.max

w

ft.max

0.13 [ifc’

ft.max

8.412 kN-m
a2-b2+b2-al+a2-bl
x [12 = 5657 mm
a2+b2
1000  mm
5-Mo 5 x 8.412 x 10"6
= = 0131 MPa
R2.w 565.72 x 1000
0.735 MPa
0.131 < 0.13+fc' = 0.735 ANoreinforcement is requireds
3.808 kN-m
f(@lz + a2?) = 4243 mm
1000 mm
5-Mo 5 x 3.808 x 10"6
= = 0.106 MPa
R2.w 424.32 x 1000
0.735 MPa
0.106 < 0.13+fc' = 0.735  ANo reinforcement is requireds
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1.2 Box Culvert 2 (STA.1+400.00 Right)
]

1@1.2x1.2
FH=0.35m [SI UNIT]


mailto:1@1.2

1. Box Culvert

1.2.1 Design Conditions

1) General ltems
(1) Type of Culvert: 1 Box
(2) width (w) : 1 @ 12 m
(3) Height (h) : 120 m
(4) Underground Water Level : GL  -1.000 m

2) Design Material
(1) Concrete
£ Compressive Strength . fc' = 32 MPa
o Modulus of Elasticity : Ec = 26587 MPa
(2) Reinforcement bar
B> Yield Strength o fy = 420 MPa

< Modulus of Elasticity . Es = 200000 MPa

3) Material weight

(1) Reinforced Concrete © wec = 25.00 KkN/m3
(2) plain concrete :yen = 2350  kN/m3
(3) Pavement cyasp = 23.00 KkN/m3
(4) Subterranean : yw = 10.00 kN/m3
4) Soil

(1) Wet Unit Weight © oyt = 19.00  KkN/m?
(2) Submerged Unit Weight :ysub = 10.00  kN/m?3
(3) angle of internal friction ¢ = 2800 -

(4) coefficient of earth pressure atrest : Ko = 1-sind = 0.500

5) Live Load
Structure is to be designed by SM1600 traffic design loads in accordance with AS 5100.2

6) Method of Design
(1) Evaluation of stability . Allowable Strength Method
(2) Design of Cross Section . Ultimate Strength Design

7) Program (S/W)
- SAP2000 (Structure Analysis Program)

8) Reference
(1) American Concrete Institute — Code for the design of concrete structure, USA

(2) AS 3600 Concrete structures / 5100 Bridge design - Australian Standard
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1.2.2 Section Assumption

Pavement(T= 0.351 m)

SR Z2S S
GL 1000 m
—
o
™
o
o
S
Ry —
/& 200 x 200
o o
S S
@ N
— —
ce—
S
&
o
=
J 3001 1.200 1300

100

1.800

100
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1. Box Culvert

1.2.3 Stability Check

1) Load Summary and combinations

(1) Load Summary

Type Calculation Load(kN)
Paverment(DC) 0.351 x 1.800 X 23.0 14.531
Vertical grg'uonzx\;\f;ter 0000 x 1800 x 190 0.000
earth
pressure Exist ( 0.000 x 19.0 + 0.000 X 10.0 ) 0.000
(EV) ground water | 1.800
Ground Water(WA") 0.000 x 1.800 x 10.0 0.000
Sub Total Surcharge Load for Bouyancy Check 14.531
Top 0.300 X 1.800 X 25.0 13.500
Slab(DC)
Bottom 0.300 X 1.800 X 25.0 13.500
Left 0.300 X 1.200 X 25.0 9.000
Wall(DC) Inner 0.000 X 1.200 X 25.0 0.000
Right 0.300 X 1.200 X 25.0 9.000
Hunch(DC) 0.200 X 0.200 / 2 x 25.0 x 2 EA 1.000
Sub Total Surcharge Load for Bouyancy Check 46.000
2) Bouyancy Check
(1) After construction (Ground water Level :GL- 1.000 m)
- Total Load for Bouyancy Check :  60.531 kN
- Uplife force : 1.800 x( 2.151 - 1.000 )% 10.0 kN/O = 20.718 kN
- Safety factor = 1.25
OF.S= 60.531 / 20.718 = 2.922 > 1.25 - O.K
(2) Under construction (Assumed Ground water Level :GL ~ 0.000  m)
- Total Load for Bouyancy Check :
46.000  +( 0.351 X 1.800 X 10.000 kN/O ) = 52318 kN
- Uplife force : 1.800 X 1.800 X 10.000  kN/O = 32400 kN
- Safety factor = 11
OF.S= 52.318 / 32.400 = 1.615 > 11 - O.K

A Securing safety at all ground water levels
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3) Allowable vertical bearing capacity check

(1) Load
- Dead load
- Self weight of Structure = 46.000 / 1.800 = 25556 kN/m2
- Vertical earth pressure = 14531 / 1.800 = 8.073  kN/m2 (No exist ground water)
- Live load = 102.743 kN/m2 (Refer to 1.1.4.2)
- Water load in Culvrt = 1200 g 10.000 = 12.000 kN/m2

(2) Allowable vertical bearing capacity

- Qmax = 148.371 KkN/m?
- Qa = 304.170 kN/m2 (Refer to Geotechnic Report)
[0 Qa= 304.170 kN/O > Qmax= 148.371 kN/O - OK
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1. Box Culvert

1.2.4 Load and Combination

1) Dead Load

(1) Self weight

(2) Vertical earth pressure

- No exist ground water

Automatic consideration in program

TYPE Depth (m) Unit weight (kN/J) Load (KN/m?)
Pavement 0.351 23.000 1.000 x 0.351 x 23.000 = 8.073
Vertical earth pressure 0.000 19.000 1.000 x 0.000 x 19.000 = 0.000
B 0.351 Psv = 8.073 kKN/m?
- Exist ground water
TYPE Depth (m) Unit weight (kN/J) Load (kN/m2)
Pavement 0.351 23.000 1.000 x 0.351 x 23.000 = 8.073
0.000 19.000 1.000 x 0.000 x 19.000 = 0.000
Vertical earth pressure
0.000 10.000 1.000 x 0.000 x 10.000 = 0.000
0 0.351 Psvh = 8.073 kN/m?2

2) Live Load

(1) W80
. v
|

e

—
:

80

80

= 76.256 KN/m?

(0.25+2D) x (0.4 + 2D)

(0.25 + 0.702) x (0.4 + 0.702)
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(2) A160
l NS ‘
| N |
160 kN + LH +
‘ , |
| ‘ |
ELEVATION i L J i
400 mm =
R
T—_u 3200 mm1 standard l _WT w 1
2000 mm d°s|° 'ane | | | |
- | + N z
| |
——u-—250 mm | ‘
| |
PLAN \ J |
_ 80 80
Py = = = 76.256 kN/m2
(0.25 + 2D) x (0.4 + 2D) (0.25 +0.702) x (0.4 + 0.702)
(3) M1600
360 kN 360 kN 360 kN 360 kN
ELEVATION
126125 375 125125 Varies 6.25 min. 1.25 1.25 5.0 1.25 1.25 0.6
» .| | | " | ] 1 r
77 % 7
9.2 2.0
0.4 L3.2 m standard 6
design ;
PLAN
- Axle group
{.25m | .26m ]
T |
| {r | |
o | 1 OLZ‘”\\ + ! ! +
\ 1 1
2.7+2D | | \
60
P = = 60 = 60.362 KN/m?
vi (0.2 + 2D) x (0.4 +2D) (0.2 + 0.702) x (0.4 +0.702)
- Lane uniformly distributed loads : 6.000 KN/mz  / 3.2m = 1.875 kN/m?
- P, = 60.362 + 1.875 = 62.237 kN/m2
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1. Box Culvert

(4) S1600
240 kN 240 kN 240 kN 240 kN
24 kN/m N\
. ...“513‘21‘.‘.‘.““@A‘."":“?‘.
ELEVATION
125125 375 125125 Varies 6.25 min. 125 1.25 5.0 25125 —08
= ] ] 11
7/ '
0.4 3.2 m standard 0.6
design
PLAN
- Axle group
1.25m1.25m -

1 T

2.7+20

40

S

40

(0.2 + 2D) x (0.4 +2D)

- Lane uniformly distributed loads :

- Py = 40.241 +

(5) HLP 320 & HLP 400

NV
e

7.500

24.000 kN/m2 /

(0.2 + 0.702) x (0.4 +0.702)

3.2m

= 47.741 kN/m?

40.241 kKN/m2

7.500 kN/m2

—

125

—

125

(0.2 + 2D) x (1.4 + 2D)

(0.2 + 2x0.351) x (1.4 +2x0.351)

= 65.928 kN/m?
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(6) Live Load

TYPE Load Dynamic Load Allowance (a) (1+a)xLoad
W80 76.256 0.35 102.743
A160 76.256 0.35 102.743
M1600 62.237 0.26 78.723
S1600 47.741 0.00 47.741
HLP 65.928 0.10 72.521
0 Py = 102.743 kN/m2 = 102.743 kN/m2

(7) Live Load Surcharge

0 Pw = 102743kN/m® x  0.500 51.371 kN/mz

3) Lateral Earth Pressure

4 coefficient of earth pressure atrest : Ko =1 - sin30 = 0.500

- No exist ground water
Ps = ke x Yt X H

Psu = 0.500 x (23 x0.351 + 23 x 0.000 + 20 x 0.000 + 20 x 0.000

+ 19 x 0.000) = 4.037 kN/m2
Psho = 4.037 + 0.500 x 19.0 x  0.150 = 5.462 kKN/m?
Pshs = 5.462 + 0.500 x 19.0 x  0.350 = 8.787 kN/m?
Psa = 8787 + 0.500 x 19.0 x  0.250 = 11.162 kN/m?
Pgs = 11.162 + 0.500 x 19.0 x  0.250 = 13.537 kN/m?
Pse = 13.537 + 0.500 x 19.0 x  0.250 = 15.912 kN/m?
Pswv = 15912 + 0.500 x 19.0 x  0.250 = 18.287 kN/m?
Pss = 18.287 + 0.500 x 19.0 x  0.150 = 19.712 kN/m?

- Exist ground water
Pav = ko x ( Yt X Hi +  Ysub X H )

Pse = 0.500 x (23 x 0.351 + 23 x 0.000 + 20 x 0.000 + 20 x 0.000

+ 19 x 0.000 + 10 x 0.000) = 4.037 kN/m?
Psh2 = 4.037 + 0.500 x 19.0 x 0.150 = 5.462 kKN/m?
Pshs = 5.462 + 0.500 x 19.0 x  0.350 = 8.787 kN/m?
Psha = 8787 + 0.500 x 10.0 x 0.250 = 10.037 kN/m?
Pshs = 10.037 + 0.500 x 10.0 x  0.250 = 11.287 kN/m?
Pse = 11.287 + 0.500 x 10.0 x  0.250 = 12.537 kN/m?
Pshr = 12537 + 0.500 x 10.0 x  0.250 = 13.787 kN/m?
Poe = 13.787 + 0.500 x 10.0 x  0.150 = 14.537 kN/m?
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4) Ground Water Load

(1) Horizontal ground Water Pressure

Puwm = Yw x Ha
Pant = 10.0 x 0.000 0.000 kN/m?
Pwz = 0.000 + 0.0 0.150 0.000 kN/m2
Pws = 0.000 + 0.0 0.350 0.000 kN/m?
Pwa = 0.000 + 10.0 0.250 2.500 kN/m2
Pws = 2.500 + 10.0 0.250 5.000 kN/m?
Pwe = 5.000 + 10.0 0.250 7.500 kN/m2
Pwz = 7.500 + 10.0 0.250 10.000 kN/m?
Pwe = 10.000 + 10.0 0.150 11.500 kN/m2
(2) Vertical ground Water Pressure
-Top Slab : Pwi = 10.0 X 0.000 = 0.000 kN/m?
-Bottom Slab : Pmz = 100 x  1.800 = 18.000 kN/m?2
5) Load Combination
(1) Ultimate Load
o0 | oo | oen | UE | sor | son | son | WATER | wares
COMB 1 1.40 1.40
COMB 2 1.20 1.60 1.60 1.60 1.60
COMB 3 1.20 1.60 1.60 1.60 0.90
COMB 4 0.90 0.90 0.00
COMB 5 1.40 1.40 1.40
COMB 6 1.20 1.60 1.60 1.60 1.60 1.60 1.60
COMB 7 1.20 1.60 1.60 1.60 0.90 0.90 1.60
COMB 8 0.90 0.90 0.00 0.00 0.00
COMB 9 1.20 1.00 1.00
COMB 10 0.90 0.90 0.80
COMB 11 0.90 0.90 0.00 0.00 0.00
(2) Service Load
020 | oo | oeao | UE | sor | son | sob | "ATER | wares
SCOMB 1 1.00 1.000 1.00 1.00 1.00
SCOMB 2 1.00 1.000 1.00 1.00 0.56
SCOMB 3 1.00 1.000 0.00
SCOMB 4; 1.00 1.000 1.00 1.00 1.00 1.00 1.000
SCOMB 5 1.00 1.000 1.00 1.00 0.56 0.56 1.000
SCOMB 6 1.00 1.000 0.00 0.00 0.00
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1.2.5 Modeling & Loading

1) Analysis Model

[ I ) 77 IR G B T
_—

<
o
Ty) YW YX YY YZ Y Y\ <
: |
*— * X7 X ®
® XY XN »
o
o
[S) XX ] XN
BE K
8 8 * XX X] #
— | N 0
S
<
* XW X\ #
]
*—— L I X[ #
o
n
N X
z El [1]
T E—t p p4 = = 2 =
e W e b e e e -
X Y z \ 1 n _
0.150 J 5@0.240=1.200 lo.lso
1.500
(1) Node
(Unit : m)
Node X Z Section Node X Z Section
1 0.150 0.150 14 1.650 0.300
2 0.300 0.150 15 1.650 0.550
3 0.540 0.150 16 1.650 0.800 s\'gﬂt
4 0.780 0.150 Bottom 17 1.650 1.050
5 1.020 0.150 Slab 18 1.650 1.300
6 1.260 0.150 19 0.150 1.650
7 1.500 0.150 20 0.500 1.650
8 1.650 0.150 21 0.660 1.650
9 0.150 0.300 22 0.820 1.650 Top
10 0.150 0.550 23 0.980 1.650 Slab
11 0.150 0.800 \/L\?afﬁ 24 1.140 1.650
12 0.150 1.050 25 1.300 1.650
13 0.150 1.300 26 1.650 1.650
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(2) Section
NO. H(m) B(m) A(m?) I(m?) Node Section
1 0.300 1.000 0.300 0.002250 2~6 Bottom Slab
2 0.300 1.000 0.300 0.002250 9~12 Left Wall
3 0.300 1.000 0.300 0.002250 15~18 Right Wall
4 0.300 1.000 0.300 0.002250 21~25 Top Slab

2) Coefficient of subgrade reaction

(1) Vertical coefficient of subgrade reaction (Kv)

Kv = Kvo (Bv/0.3)3

kvo = 1/0.3 xaxEo

Eo : the modulus of subgrade elasticity (kN/m2)

a : correction factor for calculating Eo

Eo = 7000 kN/m2 (Refer to Geotechnic Report)
a = 4
Kvo = 1/03xaxEo = 1/03 x 4 7000 = 93333 KN/o
Bv = .| Av :J B X B =\] 180 x 180 = 1.800 m?2
Kv = Kvo (Bv/0.3)3%
= 93333.333 x 1.800 / 03 Yy = 24345.8 KN/
Longitudinal Coefficient of
Joint No. Kv Lateral Length (m) Area (m?) subgrade reaction
Length (m)
(KN/m)
1,8 24345.800 0.2250 1.0000 0.2250 5477.8
2,7 24345.800 0.1950 1.0000 0.1950 47474
3~6 24345.800 0.2400 1.0000 0.2400 5843.0

(2) Horizontal coefficient of subgrade reaction (Kh)

kh = Infinite rigidity = 1.0E+10 kN/m
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3) Loading

(1) LOAD-1 : Self weight - Automatic consideration in program

(2) LOAD-2,3 : Vertical earth pressure

(3) LOAD-4 : Live Load

(4) LOAD-5 : Live Load Surcharge

Pvlh=51.371 kN/m?

HEEEEE

Psvh=8.073 kN/m?

Psv= 8.073 kN/m?

( Exist ground water )

(' No exist ground water )

L ]

[

Pvl=102.743 kN/m?

S A I

Pvlh=51.371 kN/m?
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(5) LOAD-6 : Horizontal Earth Pressure (No Ground Water)

Psh2=5.462 kN/m?
Psh3=8.787 kN/m?
Psh4=11.162 kN/m?
Psh5= 13.537 kN/m?
Psh6=15.912 kN/m?
Psh7=18.287 kN/m?
Psh8=19.712 kN/m?

(6) LOAD-7 : Horizontal Earth Pressure (Ground Water)

Psh2'= 5.462 kN/m?
Psh3'= 8.787 kN/m?
Psh4'= 10.037 kN/m?
Psh5'= 11.287 kN/m?
Psh6'= 12.537 kN/m?
Psh7'= 13.787 kN/m?
Psh8'= 14.537 kN/m?

(7) LOAD-8 : Ground Water Pressure

Pwh2=0.000 kN/m?
Pwh3=0.000 kN/m?
Pwh4=2.500 kN/m?
Pwh5=5.000 kN/m?
Pwh6=7.500 kKN/m?
Pwh7=10.000 kN/m?
Pwh8=11.500 kN/m?

Pwv1=0.000 KN/m?

Pwv2=18.000 kKN/m?

Psh2=5.462 kN/m?
Psh3=8.787 kN/m?
Psh4=11.162 kN/m?
Psh5= 13.537 kN/m?2
Psh6=15.912 kN/m?
Psh7=18.287 kN/m?
Psh8=19.712 kN/m?

Psh2'= 5.462 kN/m?
Psh3'= 8.787 kN/m?
Psh4'=10.037 kN/m?
Psh5'= 11.287 kN/m?
Psh6'= 12.537 kN/m?
Psh7'= 13.787 kN/m?
Psh8'= 14.537 kN/m?

Pwh2=0.000 kN/m?
Pwh3=0.000 kN/m?
Pwh4=2.500 kN/m?
Pwh5=5.000 kN/m?
Pwh6=7.500 kN/m?
Pwh7=10.000 kN/m?
Pwh8= 11.500 kN/m?
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1.2.6 Summary of Analysis Results

1) B.M.D (Ultimate Load) - Unit : kN.m

2) S.F.D (Ultimate Load) - Unit : kN
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1. Box Culvert

3) B.M.D (Service Load) - Unit : kKN.m
g . N 2
v -\Lf\tl - _"E',_:f? .
“E[HHH[E*
N el B
14,78 4.7
{ |
- T—
1)
| |
-
4.{;;1‘ l;".e_’ [
|
L L]
=~\ 4 B4
H- niy
’—J -4“‘
1B |
-’“""b ‘.rﬁy.lt
b N
1 4 |
-4, A : oL
AR gitl=dE HHEE
A ==t
- T -
4) Summary
Division Mu(kN-m)| Vu(kN) [ Mo(kN-m) | H(mm)| d(mm)| @Mn(kN-m) Bar SIS
h
Top End of the point(-) . kN T 367 [3105| 74.556 |D13@ 200| 5.48
Slab _ — a4
Middle(+) o - 0 300 [2135| 50.907 |D13@ 200 3.15
h
Top(-) T & & 367 |3105| 74556 |D13@ 200 3.21
. P — o
Middle(+) d - < 300 [2135| 25.740 |D13 @ 400| 13.69
Wall
Middle(-) £ - i 300 |2435| 58221 |D13@ 200 3.41
c [
Bottom(-) 8 é E 300 |2435| 58221 |D13@ 200 2.70
u
End of the point(-) ) 4 0 300 |2435| 58.221 |D13 @ 200 3.22
Bottom - -
Slab i o _ h
Middle(+) g - a 300 |2135| 50.907 |D13@ 200 2.31
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1.2.7 Section Design

1) Top Slab - At the end of the point

(1) Section Design

f, Section specification and design condition
fo = 32 MPa fy = 420 MPa ki = 082
gf = 0.90 v = 0.75 d = 3105 mm
B e 1000 mm H = 367 mm d = 565 mm
My = 13.616 kN-m Vu = 102.629 kN Mo = 8.400 kN-m
- Check of Strength reduction factor (®)
a = 9406
Because T=C , € = 9406 [/ B1 = 9406 / 0.821 = 11451 mm
ey = fylEs = 420.000 / 200000 = 0.0021
g = 0.0030x(dt-c)/c = 0.003 x( 3105 - 11451 ) / 11.451
= 0.0783
e > 0.0050 Tension-controlled sections of = 0.900
a=Asxfy/(Dxfexb) e 1)
MlG= Axx(d-alz) 2 WL TOTYKYOYZT HIE WLT
f2 M,
Y As?z - fyxdxAs + =0 0 Req.As = 116347
2x085xfexb 1%}
UseAs = D 13 @ 400 + D 13 @ 400 = 645.00 k 5 ea/m)
. Evaluation of reinforcement
Py = ki x @ x (fc/fy) x {600/(600 + f,)} = 0.03313
Pmax = 0.75-Pb = 00248 4. Asma = 7715.9 "
Pmn = max(1.4/fy,025[fc/fy) = 00033 4 Asmin = 1045.5 b
Pagreq = 4/3 - Asreq / (B-d) = 0.0005( 4. As 4/3req = 155.1 -
Prmin = min ( Prin, Pajareq ) = 0.0005C 4. As min = 155.1 -
Pee = As/(B-d) = 000206 4.  Asmn = 645.0 -
¢ 4/13xPreq<Puse<Pmax A O.K
M. Bending Check
a=Asxfy/ (D xf:xDb) = 9.406 mm
@Mn = 0.9 x As x fy x (d - a/2) = 74.556 kN-m > Mu = 13.616 kN-m
A OK
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M. Shear Check
@Vc=0.75x 1/6 x  fc' x B x d - 172416 kN > Vu = 102629 kN

A No shear reinforcement is required

(2) Crack Check
. Calculation of stress
n = 8
X = -nAgb +nAsb x [J{1+2bd/nAs}
= -8x645.00/1000 + 8 x 645.00 / 1000 x \/[ 1+2x1000x 310.5/(8 x645.00) ]
= 51.682 o
fo = 2xMo/[Bxx x(d-x/3)

= 20 x 8400 /[ 1000  x 51.682 x( 3105 - 51682 / 3 )] x 10°
= 1108 MPa

fo = Mo/[Asx (d-x3)]
= 8400 /[ 645000 x( 3105 - 51682 / 3 )] x 10°
= 44408 MPa

fst = fsx(H-d-x)/(d-x) = 44x(367-57-1)/ (311 - 52) = 4441  MPa

. Maximum center space of reinforcement

Cc = 56.50 - 13.00/ 2 = 50.00 .

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 / fs) - 2.5 x Cc = 380x(280/44.41)-2.5x50.00 = 2270.96
300 x (280 / fs) = 300x(280/44.41) = 1891.54

Sa = 189154 | Applying Minimum value

S =1,000/5 Ea=200.0 < Sa ( 1891.54 mm) A OK
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2) Top Slab - Middle

(1) Section Design

M, Section specification and design condition

fo = 32 MPa fy = 420 MPa ki = 0.82
of = 0.90 v = 0.75 d = 2135 mm
B e 1000 mm H = 300 mm d = 865 mm
My = 16.151 kN-m Vu = 0.000 kN Mo = 10.489 kN-m
- Check of Strength reduction factor (®)
a = 9406
Because T=C , € = 9406 / B1 = 9.406 / 0.821 = 11451 mm
ey = fylEs = 420.000 / 200000 = 0.0021
g = 0.0030x(dt-c)/c = 0.003 x( 2135 - 11451 ) / 11.451
= 0.0529
gt > 0.0050 Tension-controlled sections of = 0.900
a=Asxfy/(Dxfexb) e 1)
Ml G= Axtx(d-alz) 2 WL TOTTYKYOYZT HIE WLT
f2 M,
Y As?z - fyxdxAs + = 0 [0 Req.As = 201592
2x085x%xfexh %)
UseAs = D 13 @ 400 + D 13 @ 400 = 645.00 k ( 5 eam)

M. Evaluation of reinforcement

Py = ki x @ x (fc/fy) x {600/(600 + f,)} = 0.03313
Phirere = 0.75 - Pb = 0.0248¢ A A e e 5305.5 =
Pmn = max(1.4/fy,025[fc/fy) = 000331 4 Asmn = 718.9 -
Pagreq = 4/3 - Asreq / (B-d) = 0.0012¢ 4. As 4/3req = 268.8 L
Prmin = min ( Prin, Pajareq ) = 0.0012¢ 4. As min = 268.8 L
Pise = As/(B:d) = 0.0030: 4.  Asmin = 645.0 .
¢ 4/13xPreq<Puse<Pmax A OK
. Bending Check
a=Asxfy/ (D xf:xDb) = 9.406 mm
ZMn =0.9 x As x fy x (d - a/2) = 50.907 kN-m > Mu = 16.151 kN-m

1- 57



1. Box Culvert

. Shear Check
PVe=075x%x1/6 x Vfc' x B xd = 150.967 kN > Vu = 0.000 kN

A No shear reinforcement is required

(2) Crack Check
. Calculation of stress
n = 8
X = -nAgb +nAsb x [J{1+2bd/nAs}
= -8 645.00 / 1000 + 8 x 645.00 / 1000 x \[ 1 + 2 x 1000 x 213.5 /(8 x 645.00) ]
= 42.062 o
fo = 2xMo/[Bxx x(d-x/3)

= 20 x 10489 /[ 1000 x 42062 x( 2135 - 42062 / 3 )] x 108
= 2500 MPa

fs = Mo/[Asx (d-x/3)]
= 10489 /[ 645000 x( 2135 - 42062 / 3 )] x 10°
= 81524 MPa

fst = fsx(H-d-x)/(d-x) = 82x(300-87 - 3)/ (214 - 42) = 8152 MPa

f. Maximum center space of reinforcement

Cc = 86.50-13.00/2 = 80.00 .

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 /fs) - 2.5 x Cc = 380x(280/81.52)-2.5x80.00 = 1105.13
300 x (280 / fs) = 300x(280/81.52) = 1030.37

Sa = 1030.37 Applying Minimum value

S =1,000/5 Ea = 200.0 < Sa( 1030.37 mm) A OK

(3) Deflection Check

- Boundary condition : One-way Slab, Both ends continuous
- Span : L=1.800m
- Thickness : H=0.300m
4 Thin = L/28x(0.43 +fy/700) = 1.8/28x(0.43 +420/700)
= 0.066 m < H=0.300 m A OK
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3) Wall - Top

(1) Section Design

M, Section specification and design condition

fo = 32 MPa fy = 420 MPa ki = 0.82
gf = 0.90 v = 0.75 d = 3105 mm
B e 1000 mm H = 367 mm d = 565 mm
My = 23.202 kN-m Vu = 64.182 kN Mo = 14.699 kN-m
- Check of Strength reduction factor (®)
a = 9406
Because T=C , € = 9406 / B1 = 9.406 / 0.821 = 11451 mm
ey = fylEs = 420.000 / 200000 = 0.0021
g = 0.0030x(dt-c)/c = 0.003 x( 3105 - 11451 ) / 11.451
= 0.0783
gt > 0.0050 Tension-controlled sections of = 0.900
a=Asxfy/(Dxfexb) e 1)
Ml G= Axtx(d-alz) 2 WL TOTTYKYOYZT HIE WLT
f2 M,
Y As?z - fyxdxAs + = 0 [0 Req.As = 108.668 1
2x085x%xfexh %)
UseAs = D 13 @ 400 + D 13 @ 400 = 645.00 k 5 ea/m)
. Evaluation of reinforcement
Py = ki x @ x (fc/fy) x {600/(600 + f,)} = 0.03313
Phirere = 0.75 - Pb = 0.0248¢ A A e = 7715.9 =
Pmn = max(1.4/fy,025[fc/fy) = 000331 4 Asmn = 1045.5 b
Pagreq = 4/3 - Asreq / (B-d) = 0.0008: 4. As 4/3req = 264.9 L
Prmin = min ( Prin, Pajareq ) = 0.0008: 4. As min = 264.9 -
Plies = As/(B-d) = 0.0020¢ A AN = 645.0 =
¢ 4/13xPreq<Puse<Pmax A OK
. Bending Check
a=Asxfy/ (D xf:xDb) = 9.406 mm
ZMn =0.9 x As x fy x (d - a/2) = 74.556 kN-m > Mu = 23.202 kN-m
A OK
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M. Shear Check
@Vc=075x1/6 x\Vfc' x Bxd = 172.416 kN > Vu = 64.182 kN

A No shear reinforcement is required

(2) Crack Check
. Calculation of stress
n = 8
X = -nAgb +nAsb x [J{1+2bd/nAs}
= -8 645.00 / 1000 + 8 x 645.00 / 1000 x \[ 1 + 2 x 1000 x 310.5 / (8 x 645.00) ]
= 51.682 o
fo = 2xMo/[Bxx x(d-x3)

= 20 x 14699 /[ 1000 x 51682 x( 3105 - 51.682 / 3 )] x 108
= 1940 MPa

fs = Mo/ [Asx(d-x/3)]
= 14699 /[ 645000 x( 3105 - 51682 / 3 )] x 10°
= 77704 MPa

fst = fsx(H-d-x)/(d-x) = 78x(367-57-2)/(311-52) = 7770 MPa

f. Maximum center space of reinforcement

Cc = 56.50 - 13.00/ 2 = 50.00 .

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 / fs) - 2.5 x Cc = 380x(280/77.70) - 2.5x50.00 = 1244.29
300 x (280 / fs) = 300x(280/77.70) = 1081.02

Sa = 1081.02 | Applying Minimum value

S =1,000/5 Ea = 200.0 < sa( 108L.02 mm) A OK
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4) Wall - Middle(in)

(1) Section Design

M, Section specification and design condition

fo = 32 MPa fy = 420 MPa ki = 082
of = 0.90 v = 0.75 d = 2135 mm
B e 1000 mm H = 300 mm d = 865 mm
My = 1.880 kN-m Vu = 0.000 kN Mo = 0.135 kN-m
- Check of Strength reduction factor (®)
a = 4703
Because T=C , ¢ = 4703 [/ B1 = 4703 / 0.821 = 5726 mm
ey = fylEs = 420.000 / 200000 = 0.0021
g = 0.0030x(dt-c)/c = 0.003 x( 2135 - 5.726 ) ! 5.726
= 0.1089
gt > 0.0050 Tension-controlled sections of = 0.900
a=Asxfy/(Dxfexb) e 1)
Ml G= Axtx(d-alz) 2 WL TOTTYKYOYZT HIE WLT
f2 M,
Y As?z - fyxdxAs + = 0 0 Req.As = 233104
2x085x%xfexh %)
UseAs = D 13 @ 800 + D 13 @ 800 = 322.50 k ( 3 eam)

M. Evaluation of reinforcement

Py = ki x @ x (fc/fy) x {600/(600 + f,)} = 0.03313
Pmax = 0.75-Pb = 00248 4. Agma = 53055 -
Prmin = max(1l4/fy,0.25[fc'/fy) = 0.0033: A As min = 718.9 =
Pagreq = 4/3 - Asreq / (B-d) = 0.0001f 4. As 4/3req = 31.1 L
Prmin = min ( Prin, Pajareq ) = 0.0001f 4. As min = 31.1 x
Pue = As/(B-d) = 00015! 4.  Asmn = 3225 -
¢ 4/13xPreq<Puse<Pmax A OK
. Bending Check
a=Asxfy/ (D xf:xDb) = 4.703 mm
ZMn =0.9 x As x fy x (d - a/2) = 25.740 kN-m > Mu = 1.880 kN-m
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. Shear Check
PVe=075x%x1/6 x Vfc' x B xd = 150.967 kN > Vu = 0.000 kN

A No shear reinforcement is required

(2) Crack Check
. Calculation of stress
n = 8
X = -nAgb +nAsb x [J{1+2bd/nAs}
= -8x322.50/1000 + 8 x 322,50 / 1000 x V[ 1 + 2 x 1000 x 213.5/ (8 x 322.50) |
= 30.711 S
fo = 2xMo/[Bxy x(d-x/3)]

= 20 x 0.135 /[ 1000 x 30.711 x( 2135 - 30.711 /3 )] x 108
= 0.043 MPa
fs = Mo/[Asx (d-x/3)]
= 0135 /[ 322500 x( 2135 - 30711 / 3 )] x 10°
= 2.059 MPa
fst = fsx(H-d-x)/(d-X) = 2x(300-87-0)/(214 - 31) = 2.06 MPa

f. Maximum center space of reinforcement

Cc = 86.50 - 13.00/2 = 80.00 .

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 /fs) - 2.5 x Cc = 380x(280/2.06)-2.5x80.00 = 5.1E+04 .
300 x (280 / fs) = 300x(280/2.06) = 4.1E+04 .

Sa = 4.08E+04 | Applying Minimum value

S =1,000/ 3 Ea =400.0 < Sa ( 4.1E+04 mm) A OK
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5) Wall - Middle(Out)

(1) Section Design

M, Section specification and design condition

fo = 32 MPa fy = 420 MPa ki = 0.82
of = 0.90 v = 0.75 d = 2435 mm
B e 1000 mm H = 300 mm d = 565 mm
My = 17.059 kN-m Vu = 0.000 kN Mo = 11.148 kN-m
- Check of Strength reduction factor (®)
a = 9406
Because T=C , € = 9406 / B1 = 9.406 / 0.821 = 11451 mm
ey = fylEs = 420.000 / 200000 = 0.0021
g = 0.0030x (dt-c)/c = 0.003 x( 2435 - 11451 ) |/ 11.451
= 0.0608
gt > 0.0050 Tension-controlled sections of = 0.900
a=Asxfy/(Dxfexb) e 1)
Ml G= Axtx(d-alz) 2 WL TOTTYKYOYZT HIE WLT
f2 M,
Y As?z - fyxdxAs + = 0 [0 Req.As = 186.440
2x085x%xfexh %)
UseAs = D 13 @ 400 + D 13 @ 400 = 645.00 k ( 5 eam)

M. Evaluation of reinforcement

Py = ki x @ x (fe/fy) x {600/(600 + f,)} = 0.03313
Phirere = 0.75 - Pb = 0.0248¢ A A e e 6051.0 =
Pmn = max(1.4/fy,025[fc/fy) = 000331 4 Asmn = 819.9 "
Pagreq = 4/3 - Asreq / (B-d) = 0.0010: . As 4/3req = 248.6 L
Prmin = min ( Prin, Pajareq ) = 0.0010: 4. As min = 248.6 -
Plies = As/(B-d) = 0.0026¢ A AN = 645.0 .
¢ 4/13xPreq<Puse<Pmax A OK
. Bending Check
a=Asxfy/ (D xf:xDb) = 9.406 mm
ZMn =0.9 x As x fy x (d - a/2) = 58.221 kN-m > Mu = 17.059 kN-m
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M. Shear Check
@Vc=075x1/6 x\Vfc' x Bxd = 172.181 kN > Vu = 0.000 kN

A No shear reinforcement is required

(2) Crack Check
. Calculation of stress
n = 8
X = -nAgb +nAsb x [J{1+2bd/nAs}
= -8 645.00 /1000 + 8 x 645.00 / 1000 x \[ 1 + 2 x 1000 x 243.5 / (8 x 645.00) ]
= 45.234 -
fo = 2xMo/[Bxx x(d-x/3)

= 20 x 11.148 /[ 1000 x 45234 x( 2435 - 45234 | 3 )] x 108
= 2158 MPa

fo = Mo/[Asx (d- x/3)]
= 11148 /[ 645000 x( 2435 - 45234 | 3 )] x 10°
= 75664 MPa

fst = fsx(H-d-x)/(d-x) = 76 x(300 - 57 - 2) / (244 - 45) = 7566 MPa

f. Maximum center space of reinforcement

Cc = 56.50 - 13.00/ 2 = 50.00 .

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 /fs) - 2.5 x Cc = 380x(280/75.66) -2.5x50.00 = 1281.22
300 x (280 / fs) = 300x(280/75.66) = 1110.17

Sa = 1110.17 Applying Minimum value

S =1,000/5 Ea=200.0 < Sa ( 1110.17 mm) A OK
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6) Wall - Bottom

(1) Section Design

M, Section specification and design condition
fo = 32 MPa fy = 420 MPa ki = 0.82
gf = 0.90 v = 0.75 d = 2435 mm
B e 1000 mm H = 300 mm d = 565 mm
My = 21.567 kN-m Vu = 58.338 kN Mo = 13.984 kN-m
- Check of Strength reduction factor (®)
a = 9406
Because T=C , € = 9406 / B1 = 9.406 / 0.821 = 11451 mm
ey = fylEs = 420.000 / 200000 = 0.0021
g = 0.0030x(dt-c)/c = 0.003 x( 2435 - 11451 ) |/ 11.451
= 0.0608
gt > 0.0050 Tension-controlled sections of = 0.900
a=Asxfy/(Dxfexb) e 1)
Ml G= Axtx(d-alz) 2 WL TOTTYKYOYZT HIE WLT
f2 M,
Y As?z - fyxdxAs + =0 [0 Req.As = 235087
2x085x%xfexh %)
UseAs = D 13 @ 400 + D 13 @ 400 = 645.00 k ( 5 eam)
. Evaluation of reinforcement
Py = ki x @ x (fc/fy) x {600/(600 + f,)} = 0.03313
Phirere = 0.75 - Pb = 0.0248¢ A A e e 6051.0 =
Pmn = max(1.4/fy,025[fc/fy) = 000331 4 Asmn = 819.9 b
Puseq = 43 Asreq/ (B-d) = 0.0012¢ 4. As as3req = 314.8 -
Prmin = min ( Prin, Pajareq ) = 0.0012¢ 4. As min = 314.8 -
Plies = As/(B-d) = 0.0026¢ A AN = 645.0 =
¢ 4/13xPreq<Puse<Pmax A OK
. Bending Check
a=Asxfy/ (D xf:xDb) = 9.406 mm
ZMn =0.9 x As x fy x (d - a/2) = 58.221 kN-m > Mu = 21.567 kN-m
A OK
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M. Shear Check
@Vc=075x1/6 x\Vfc' x Bxd = 172.181 kN > Vu = 58.338 kN

A No shear reinforcement is required

(2) Crack Check
. Calculation of stress
n = 8
X = -nAgb +nAsb x [J{1+2bd/nAs}
= -8 645.00 / 1000 + 8 x 645.00 / 1000 x \[ 1 + 2 x 1000 x 243.5 / (8 x 645.00) ]
= 45.234 o
fo = 2xMo/[Bxx x(d-x3)

= 20 x 13984 /[ 1000 x 45234 x( 2435 - 45234 | 3 )] x 108
= 2707 MPa

fo = Mo/[Asx (d- x/3)]
= 13984 /[ 645000 x( 2435 - 45234 | 3 )] x 10°
= 94917 MPa

fst = fsx(H-d-x)/(d-x) = 95x(300 - 57 - 3) / (244 - 45) = 9492 MPa

f. Maximum center space of reinforcement

Cc = 56.50 - 13.00/ 2 = 50.00 .

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 /fs) - 2.5 x Cc = 380x(280/94.92) -2.5x50.00 = 995.98
300 x (280 / fs) = 300x(280/94.92) = 884.98

Sa = 884.98 Applying Minimum value

S =1,000/5 Ea = 200.0 < Sa( 88498 mm) A OK
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7) Bottom Slab - At the end of the point

(1) Section Design

M, Section specification and design condition
fo = 32 MPa fy = 420 MPa ki = 0.82
gf = 0.90 v = 0.75 d = 2435 mm
B e 1000 mm H = 300 mm d = 565 mm
My = 18.091 kN-m Vu = 85.876 kN Mo = 11.604 kN-m
- Check of Strength reduction factor (®)
a = 9406
Because T=C , € = 9406 / B1 = 9.406 / 0.821 = 11451 mm
ey = fylEs = 420.000 / 200000 = 0.0021
g = 0.0030x (dt-c)/c = 0.003 x( 2435 - 11451 ) |/ 11.451
= 0.0608
gt > 0.0050 Tension-controlled sections of = 0.900
a=Asxfy/(Dxfexb) e 1)
Ml G= Axtx(d-alz) 2 WY TOMTYKYOYZT HNX UT
f2 M,
Y As? - fyxdxAs + = 0 O Reg.As = 1977884
2x085x%xfexh %)
UseAs = D 13 @ 400 + D 13 @ 400 = 645.00 k ( 5 eam)
. Evaluation of reinforcement
Py = ki x @ x (fc/fy) x {600/(600 + f,)} = 0.03313
Phirere = 0.75 - Pb = 0.0248¢ A A e e 6051.0 =
Pmn = max(1.4/fy,025[fc/fy) = 000331 4 Asmn = 819.9 b
Puseq = 413 Asreq ! (B-d) = 0.0010¢ 4.  Asaseq = 2637 -
Pmn = Min ( Prin, Paareq) = 0.0010¢ 4.  Asmn = 263.7 -
Pee = As/(B-d) = 0.0026] 4.  Asmn = 645.0 -
¢ 4/13xPreq<Puse<Pmax A OK
. Bending Check
a=Asxfy/ (D xf:xDb) = 9.406 mm
ZMn =0.9 x As x fy x (d - a/2) = 58.221 kN-m > Mu = 18.091 kN-m
A OK
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M. Shear Check
@Vc=075x1/6 x\Vfc' x Bxd = 172.181 kN >  Vu = 85.876 kN

A No shear reinforcement is required

(2) Crack Check
. Calculation of stress
n = 8
X = -nAgb +nAsb x [J{1+2bd/nAs}
= -8x645.00/1000 + 8 x 645.00 / 1000 x V[ 1 + 2 x 1000 x 243.5/ (8 x 645.00) |
= 45.234 S
fo = 2xMo/[Bxy x(d-x/3)]

= 20 x 11.604 /[ 1000  x 45234 x( 2435 - 45234 | 3 )] x  10°
= 2246 MPa

fo = Mo/ [Asx (d-x/3)]
= 11604 /[ 645000 x( 2435 - 45234 | 3 )] x 10°
= 78760 MPa

fst = fsx(H-d-x)/(d-x) = 79X (300 - 57 - 2) / (244 - 45) = 7876 MPa

f. Maximum center space of reinforcement

Cc = 56.50 - 13.00/ 2 = 50.00 .

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 /fs) - 2.5 x Cc = 380x(280/78.76) - 2.5 x 50.00 = 1225.95
300 x (280 / fs) = 300x(280/78.76) = 1066.54

Sa = 1066.54 Applying Minimum value

S =1,000/5 Ea = 200.0 < Sa( 106654 mm) A OK
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8) Bottom Slab - Middle

(1) Section Design

M, Section specification and design condition

fo = 32 MPa fy = 420 MPa ki = 0.82
gf = 0.90 v = 0.75 d = 2135 mm
B e 1000 mm H = 300 mm d = 865 mm
My = 22.055 kN-m Vu = 0.000 kN Mo = 14.499 kN-m
- Check of Strength reduction factor (®)
a = 9406
Because T=C , € = 9406 / B1 = 9.406 / 0.821 = 11451 mm
ey = fylEs = 420.000 / 200000 = 0.0021
g = 0.0030x (dt-c)/c = 0.003 x( 2135 - 11451 ) / 11.451
= 0.0529
gt > 0.0050 Tension-controlled sections of = 0.900
a=Asxfy/(Dxfexb) e 1)
Ml G= Axtx(d-alz) 2 WL TOTTYKYOYZT HIE WLT
f2 M,
Y As?z - fyxdxAs + = 0 [0 Req.As = 276039
2x085x%xfexh %)
UseAs = D 13 @ 400 + D 13 @ 400 = 645.00 k 5 eam)
. Evaluation of reinforcement
Py = ki x @ x (fc/fy) x {600/(600 + f,)} = 0.03313
Phirere = 0.75 - Pb = 0.0248¢ A A e e 5305.5 =
Pmn = max(1.4/fy,025[fc/fy) = 000331 4 Asmn = 718.9 b
Pagreq = 4/3 - Asreq / (B-d) = 0.0017: As 4/3req = 368.1 L
Phiim = min ( Prin, Pajareq) = 0.00172 A AN e 368.1 =
Plies = As/(B-d) = 0.0030z A AN = 645.0 =
¢ 4/13xPreq<Puse<Pmax A OK
. Bending Check
a=Asxfy/ (D xf:xDb) = 9.406 mm
ZMn =0.9 x As x fy x (d - a/2) = 50.907 kN-m > Mu = 22.055 kN-m
A OK
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. Shear Check
PVe=075x%x1/6 x Vfc' x B xd = 150.967 kN > Vu = 0.000 kN

A No shear reinforcement is required

(2) Crack Check
. Calculation of stress
n = 8
X = -nAgb +nAsb x [J{1+2bd/nAs}
= -8x645.00/1000 + 8 x 645.00 / 1000 x V[ 1 + 2 x 1000 x 213.5/ (8 x 645.00) |
= 42.062 S
fo = 2xMo/[Bxy x(d-x/3)]

= 20 x 14499 /[ 1000  x 42062 x( 2135 - 42062 | 3 )]
= 3456 MPa

fo = Mo/[Asx (d-x/3)]
= 14499 /[ 645000 x( 2135 - 42062 / 3 )] x 108
= 112689 MPa

fst = fsx(H-d'-x)/(d-Y) = 113 x(300 - 87 - 3) / (214 - 42) = 11269

f. Maximum center space of reinforcement

Cc = 86.50 - 13.00/2 = 80.00 .

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 /fs) - 2.5 x Cc = 380x(280/112.69) -2.5x80.00 = 744.19
300 x (280 / fs) = 300x(280/112.69) = 74541

Sa = 74419 Applying Minimum value

S =1,000/5 Ea = 200.0 <  Sa( 74419 mm) A OK

(3) Deflection Check

- Boundary condition . One-way Slab, Both ends continuous
- Span : L=1.800m
- Thickness : H=0.300m
4 Tmin = L/28x(0.43 + fy/700) = 1.8/28 x(0.43 + 420/ 700)
= 0.066 m < H=0.300 m A OK

X

10°

MPa
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1.2.8 Distribution Reinforcement Check

1) Top Slab (H= 300 mm)
« As, min = (0.0018 x 420 /fy) x Bx H = (0.0018 x 420 / 420) x 1000 x 300 = 540.0

- The spacing of deformed shrinkage and temperature reinforcement shall not exceed

the lesser of 5h and 450mm. = 450
- Used As : Tension side D 13@ 200 = 6450 .
Compressionside D 13@ 200 = 645.0 .
[l = 12900 > 540.0
- Bar spacing : 200 . < 450 A OK
2) Wall (H= 300 mm)
- As,min = (0.0018 x 420/ fy) x Bx H = (0.0018 x 420 / 420) x 1000 x 300 = 540.0
- The spacing of deformed shrinkage and temperature reinforcement shall not exceed
the lesser of 5h and 450mm. = 450
- Used As : Tension side D 13@ 200 = 6450
Compressionside D 13@ 200 = 645.0 .
[ = 12900 > 540.0
- Bar spacing : 200 . < 450 A OK

3) Bottom Slab (H= 300 mm)

- As,min = (0.0018 x 420/ fy) x Bx H = (0.0018 x 420 / 420) x 1000 x 300 = 540.0
- The spacing of deformed shrinkage and temperature reinforcement shall not exceed
the lesser of 5h and 450mm. = 450
- Used As : Tension side D 13@ 200 = 6450
Compression sidle D 13@ 200 = 645.0 .
[l = 12900 > 540.0
- Bar spacing : 200 . < 450 A OK
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1.2.9 Corner Design

1) Top slab Cheak

X LYl
al = 300 mm
a2 = 200 mm
bl = 300 mm
b2 = 200 mm

2) Bottom slab Cheak

T
I

/ (\T

ox |
al = 300 mm
a2 = 0 mm
bl = 300 mm
b2 = 0 mm

ft.max

0.13 [ifc’

ft.max

ft.max

0.13 [ifc’

ft.max

14.699 kN-m
a2-b2+b2-al+a2-bl
x [12 = 5657 mm
a2+b2
1000  mm
5-Mo 5 x 14.699 x 10"6
= = 0.230 MPa
R2.w 565.72 x 1000
0.735 MPa
0.230 < 0.13+fc' = 0.735 ANoreinforcement is requireds
13.984 kN-m
f(@lz + a2?) = 4243 mm
1000 mm
5-Mo 5 x 13.984 x 10"6
= = 0.388 MPa
R2.w 424.32 x 1000
0.735 MPa
0.388 < 0.13+fc' = 0.735  ANo reinforcementis requireds
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1.3 Box Culvert 2 (STA.1+400.00 Left)
]

1@0.9x%0.6
FH=0.43 m [SI UNIT]


mailto:1@0.9

1. Box Culvert

1.3.1 Design Conditions

1) General ltems
(1) Type of Culvert: 1 Box
(2) width (w) : 1 @ 09 m
(3) Height (h) : 0.60 m
(4) Underground Water Level : GL  -1.000 m

2) Design Material
(1) Concrete
£ Compressive Strength . fc' = 32 MPa
o Modulus of Elasticity : Ec = 26587 MPa
(2) Reinforcement bar
B> Yield Strength o fy = 420 MPa

< Modulus of Elasticity . Es = 200000 MPa

3) Material weight

(1) Reinforced Concrete © wec = 2500 KkN/m3
(2) plain concrete :yen = 2350  kN/m3
(3) Pavement cyasp = 23.00 KkN/m3
(4) Subterranean : yw = 1000 KkN/m3
4) Soil

(1) Wet Unit Weight oyt = 19.00 KN/m3
(2) Submerged Unit Weight :ysub = 10.00  KN/m3
(3) angle of internal friction ¢ = 2800 -

(4) coefficient of earth pressure atrest : Ko = 1sind = 0.500

5) Live Load
Structure is to be designed by SM1600 traffic design loads in accordance with AS 5100.2

6) Method of Design
(1) Evaluation of stability . Allowable Strength Method
(2) Design of Cross Section . Ultimate Strength Design

7) Program (S/W)
- SAP2000 (Structure Analysis Program)

8) Reference
(1) American Concrete Institute — Code for the design of concrete structure, USA

(2) AS 3600 Concrete structures / 5100 Bridge design - Australian Standard
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1.3.2 Section Assumption

Pavement(T= 0.427 m)

SN Z2S S
GL 1000 m
~
N
<
o
o
S
REY S—
/& 200 x 200
o o
S S
N ©
— o
ce—
S
&
o
=
l 3001 0.900 l300 .
100 100
1.500
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1. Box Culvert

1.3.3 Stability Check

1) Load Summary and combinations

(1) Load Summary

Type Calculation Load(kN)
Paverment(DC) 0.427 x 1.500 X 23.0 14.732
Vertical grg'uonzx\;\f;ter 0000 x 1500 x 190 0.000
earth
pressure Exist ( 0.000 x 19.0 + 0.000 X 10.0 ) 0.000
(EV) ground water | 1.500
Ground Water(WA") 0.000 x 1.500 x 10.0 0.000
Sub Total Surcharge Load for Bouyancy Check 14.732
Top 0.300 X 1.500 X 25.0 11.250
Slab(DC)
Bottom 0.300 X 1.500 X 25.0 11.250
Left 0.300 X 0.600 X 25.0 4.500
Wall(DC) Inner 0.000 X 0.600 X 25.0 0.000
Right 0.300 X 0.600 X 25.0 4.500
Hunch(DC) 0.200 X 0.200 / 2 x 25.0 x 2 EA 1.000
Sub Total Surcharge Load for Bouyancy Check 32.500
2) Bouyancy Check
(1) After construction (Ground water Level :GL- 1.000 m)
- Total Load for Bouyancy Check :  47.232 kN
- Uplife force : 1.500 x( 1.627 - 1.000 )% 10.0 kN/O = 9405 kN
- Safety factor = 1.25
OF.S= 47.232 / 9.405 = 5.022 > 1.25 - O.K
(2) Under construction (Assumed Ground water Level :GL ~ 0.000  m)
- Total Load for Bouyancy Check :
32500  +( 0.427 X 1.500 X 10.000 kN/O ) = 38.905 kN
- Uplife force : 1.500 X 1.200 X 10.000  kN/O = 18.000 kN
- Safety factor = 11
OF.S= 38.905 / 18.000 = 2.161 > 11 - O.K

A Securing safety at all ground water levels
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3) Allowable vertical bearing capacity check

(1) Load
- Dead load
- Self weight of Structure = 32500 / 1500 = 21.667 KkN/m2
- Vertical earth pressure = 14732 |/ 1500 = 9.821  kN/m2 (No exist ground water)
- Live load = 77.199 KkN/m? (Refer to 1.1.4.2)
- Water load in Culvrt = 0.600 9o 10.000 = 6.000  kN/m2
(2) Allowable vertical bearing capacity
-Quax = 114.687 kN/m2
- Qa = 279.170 kN/m2 (Refer to Geotechnic Report)
[0 Qa= 279.170 kN/O > Qmax= 114.687 kN/O - OK
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1.3.4 Load and Combination

1) Dead Load

(1) Self weight . Automatic consideration in program

(2) Vertical earth pressure

- No exist ground water

TYPE Depth (m) Unit weight (kN/J) Load (KN/m?)
Pavement 0.427 23.000 1.000 x 0.427 x 23.000 = 9.821
Vertical earth pressure 0.000 19.000 1.000 x 0.000 x 19.000 = 0.000
B 0.427 Psv = 9.821 kN/m?
- Exist ground water
TYPE Depth (m) Unit weight (kN/J) Load (kN/m?)
Pavement 0.427 23.000 1.000 x 0.427 x 23.000 = 9.821
0.000 19.000 1.000 x 0.000 x 19.000 = 0.000
Vertical earth pressure
0.000 10.000 1.000 x 0.000 x 10.000 = 0.000
0 0.427 Psvh = 9.821 kN/m?2

2) Live Load

(1) W80 .
‘ L ‘ ‘
| |

AA

—
¢

80 80
Pu = = = 57.786 kN/m?
(0.25+2D) x (0.4 + 2D) (0.25 +0.854) x (0.4 + 0.854)
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(2) A160
l Nl ‘

| ! |
160 kN + LH +
|
0 \ \ \
ELEVATION | L j |
r-400 mm =

. RONEROE
3200 mm standard l ‘H_ ‘ l
2000 mm design lane | | | |
g T + 5N +

| |
——u-—250 mm | |
| |
PLAN \ J \
|
80 80
Py = = = 57.786 kKN/m2
(0.25 + 2D) x (0.4 + 2D) (0.25 + 0.854) x (0.4 + 0.854)
(3) M1600
360 kN 360 kN 360 kN 360 kN

6 kN/m N N
"’hl..“‘..‘l@“.\" AQ‘..‘A..A’L'A""".”A.‘...
ELEVATION

.26 125 375 125125 Varies 6.25 min. 1.25 1.25 5.0 1.25 1.25 0.6
f = = {

0.4 L-3.2 m standard 0.

design
PLAN
- Axle group
T_
1.25m 1.26m
e T T |
| {T | |
1 of2fn * | | +
(&) | o | |
| |
/ X \ | |
| 2,7+20 | : |
P = 60 = 60 = 45.396 kN/m?
vi (0.2 + 2D) x (0.4 +2D) (0.2 + 0.854) x (0.4 +0.854)
- Lane uniformly distributed loads : 6.000 kKN/m2  / 3.2m = 1.875 kN/m?
- Py = 4539 + 1.875 = 47.271 kN/mz

1-78



1. Box Culvert

(4) S1600
240 kN 240 kN 240 kN 240 kN
()
A
ELEVATION
125125 375 125125 Varies 6.25 min. 1.25 1.25 5.0 .25 1.25 i_().5
| | [ |
7/ !
0.4 3.2 m standard 0.6
design
PLAN
- Axle group
-l 25m 1 Zﬁn;

Pvl

- Lane uniformly distributed loads :

- PvI

2.7+20 |

'

40

40

(0.2 + 2D) x (0.4 +2D)

24.000 kN/m2 /

30.264 + 7.500

(5) HLP 320 & HLP 400

N |

3.2m

37.764 KN/m?

(0.2 + 0.854) x (0.4 +0.854)

30.264 kN/m?

7.500 kN/m2

. |

—

125

—

125

(0.2 + 2D) x (1.4 + 2D)

(0.2 + 2x0.427) x (1.4 +2%0.427)

52.616 kN/m?
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(6) Live Load

TYPE Load Dynamic Load Allowance (a) (1+a)xLoad
W80 57.786 0.34 77.199
A160 57.786 0.34 77.199
M1600 47.271 0.26 59.433
S1600 37.764 0.00 37.764
HLP 52.616 0.10 57.877
0 Py = 77.199 kN/m? = 77.199 kN/m2

(7) Live Load Surcharge

O Puh = 77.199 kKN/m?2 x 0.500 38.600 kN/m?

3) Lateral Earth Pressure

4 coefficient of earth pressure at rest : Ko =1 - sin30 = 0.500

- No exist ground water
Ps = ke x Yt X H

Psu = 0.500 x (23 x0.427 + 23 x 0.000 + 20 x 0.000 + 20 x 0.000

+ 19 x 0.000) = 4.911 kN/m?
Psho = 4911 + 0.500 x 19.0 x  0.150 = 6.336 kKN/m2
Pshs = 6.336 + 0.500 x 19.0 x  0.350 = 9.661 kN/m?
Pssa = 9.661 + 0.500 x 19.0 x  0.100 = 10.611 kN/m?
Pss = 10.611 + 0.500 x 19.0 x  0.100 = 11.561 kN/m?
Pse = 11561 + 0.500 x 19.0 x  0.100 = 12.511 kN/m?
Pswv = 12511 + 0.500 x 19.0 x  0.100 = 13.461 kN/m?
Pos = 13.461 + 0.500 x 19.0 x  0.150 = 14.886 kN/m?

- Exist ground water
Pav = ko x ( Yt X Hi +  Ysub X H )

Pse = 0.500 x (23 x 0.427 + 23 x 0.000 + 20 x 0.000 + 20 x 0.000

+ 19 x 0.000 + 10 x 0.000) = 4.911 kN/m?
Pshz = 4911 + 0.500 x 19.0 x 0.150 = 6.336 kKN/m?
Pshe = 6.336 + 0.500 x 19.0 x  0.350 = 9.661 kN/m?
Pshe = 9.661 + 0.500 x 10.0 x 0.100 = 10.161 kN/m?
Pss = 10.161 + 0.500 x 10.0 x 0.100 = 10.661 kN/m?
Pshe = 10.661 + 0.500 x 10.0 x 0.100 = 11.161 kN/m?
Pshr = 11161 + 0.500 x 10.0 x  0.100 = 11.661 kN/m?
Poe = 11.661 + 0.500 x 10.0 x  0.150 = 12.411 kN/m?
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4) Ground Water Load

(1) Horizontal ground Water Pressure

Poh = vw X H>

Puz = 100 x  0.000 = 0.000 kN/m2
Puz = 0.000 + 0.0 x  0.150 = 0.000 kN/m?
Puz =  0.000 + 0.0 x  0.350 = 0.000 kN/m?
Puwe =  0.000 + 10.0 x  0.100 = 1.000 kN/m?
Pus =  1.000 + 10.0 x  0.100 = 2.000 kN/m?
Pus =  2.000 + 10.0 x  0.100 = 3.000 kN/m?
Puz =  3.000 + 10.0 x  0.100 = 4.000 kN/m?
Purs =  4.000 + 10.0 x  0.150 = 5.500 kN/m?

(2) Vertical ground Water Pressure

- Top Slab : Pmwi = 10.0 x 0.000 = 0.000 kN/m?

-Bottom Slab : Pwe = 10.0 x  1.200 12.000 kN/m?

5) Load Combination
(1) Ultimate Load

o0 | oeup | oeao | WY | sor | son | so | WATER | warer
COMB 1 1.40 1.40
COMB 2 1.20 1.60 1.60 1.60 1.60
COMB 3 1.20 1.60 1.60 1.60 0.90
COMB 4 0.90 0.90 0.00
COMB 5 1.40 1.40 1.40
COMB 6 1.20 1.60 1.60 1.60 1.60 1.60 1.60
COMB 7 1.20 1.60 1.60 1.60 0.90 0.90 1.60
COMB 8 0.90 0.90 0.00 0.00 0.00
COMB 9 1.20 1.00 1.00
COMB 10} 0.90 0.90 0.80
COMB 11 0.90 0.90 0.00 0.00 0.00

(2) Service Load

o0 | peap | oeao | W | sor | son | sob | WATER | warer
SCOMB 1; 1.00 1.000 1.00 1.00 1.00
SCOMB 2; 1.00 1.000 1.00 1.00 0.56
SCOMB 3; 1.00 1.000 0.00
SCOMB 4; 1.00 1.000 1.00 1.00 1.00 1.00 1.000
SCOMB 5; 1.00 1.000 1.00 1.00 0.56 0.56 1.000
SCOMB 6; 1.00 1.000 0.00 0.00 0.00
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1.3.5 Modeling & Loading

1) Analysis Model
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e W e b e e e -
X Y z \ 1 n _
0.150 J 5@0.180=0.900 JO.lSO
1.200
(1) Node
(Unit : m)
Node X Z Section Node X Z Section
1 0.150 0.150 14 1.350 0.300
2 0.300 0.150 15 1.350 0.400
3 0.480 0.150 16 1.350 0.500 s\gﬂt
4 0.660 0.150 Bottom 17 1.350 0.600
5 0.840 0.150 Slab 18 1.350 0.700
6 1.020 0.150 19 0.150 1.050
7 1.200 0.150 20 0.500 1.050
8 1.350 0.150 21 0.600 1.050
9 0.150 0.300 22 0.700 1.050 Top
10 0.150 0.400 23 0.800 1.050 Slab
11 0.150 0.500 \/L\?afltl 24 0.900 1.050
12 0.150 0.600 25 1.000 1.050
13 0.150 0.700 26 1.350 1.050
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(2) Section
NO. H(m) B(m) A(m?) I(m*) Node Section
1 0.300 1.000 0.300 0.002250 2~6 Bottom Slab
2 0.300 1.000 0.300 0.002250 9~12 Left Wall
3 0.300 1.000 0.300 0.002250 15~18 Right Wall
4 0.300 1.000 0.300 0.002250 21~25 Top Slab

2) Coefficient of subgrade reaction

(1) Vertical coefficient of subgrade reaction (Kv)

Kv = Kvo (Bv/0.3)3%

kvo = 1/0.3 xaxEo
Eo : the modulus of subgrade elasticity (kN/m2)

a : correction factor for calculating Eo

Eo = 7000 kN/m2 (Refer to Geotechnic Report)
a = 4
Kvo = 1/03xaxEo = 1/03 x 4 7000 = 93333 KN/o
Bv =. Av :J B X B :\] 150 x 150 = 1500 m2
Kv = Kvo (Bv/0.3)%
= 93333.333 x ( 1.500 / 03 Yy = 27913.2 KN/
Longitudinal Coefficient of
Joint No. Kv Lateral Length (m) : Area (m?) subgrade reaction
Length (m)
(kN/m)
1,8 27913.200 0.2250 1.0000 0.2250 6280.5
2,7 27913.200 0.1650 1.0000 0.1650 4605.7
3~6 27913.200 0.1800 1.0000 0.1800 5024.4

(2) Horizontal coefficient of subgrade reaction (Kh)

kh = Infinite rigidity = 1.0E+10 kN/m
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3) Loading

(1) LOAD-1 : Self weight - Automatic consideration in program

(2) LOAD-2,3 : Vertical earth pressure

(3) LOAD-4 : Live Load

(4) LOAD-5 : Live Load Surcharge

Pvlh=38.600 kN/m?

HEEEEE

Psvh=9.821 kN/m?

Psv=9.821 kN/m?

( Exist ground water )

(' No exist ground water )

L ]

[

Pvl=77.199 kN/m?

S A I

Pvlh=38.600 kN/m?
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(5) LOAD-6 : Horizontal Earth Pressure (No Ground Water)

Psh2= 6.336 kN/m?2
Psh3=9.661 kN/m?
Psh4=10.611 kN/m?
Psh5=11.561 kN/m?
Psh6=12.511 kN/m?
Psh7=13.461 kN/m?
Psh8=14.886 kN/m?

(6) LOAD-7 : Horizontal Earth Pressure (Ground Water)

Psh2'= 6.336 kN/m?
Psh3'= 9.661 kN/m?2
Psh4'=10.161 kN/m?
Psh5'= 10.661 kN/m?
Psh6'= 11.161 kN/m?
Psh7'= 11.661 kN/m?2
Psh8'= 12.411 kN/m?

(7) LOAD-8 : Ground Water Pressure

Pwh2=0.000 kN/m?
Pwh3=0.000 kN/m?
Pwh4=1.000 kN/m?
Pwh5=2.000 kN/m?
Pwh6= 3.000 kN/m?
Pwh7=4.000 KN/m?
Pwh8=5.500 kN/m?

Pwv1=0.000 KN/m?

Pwv2=12.000 KN/m?

Psh2=6.336 kN/m?
Psh3=9.661 kN/m?
Psh4=10.611 kN/m?
Psh5=11.561 kN/m?
Psh6=12.511 kN/m?
Psh7=13.461 kN/m?
Psh8=14.886 kN/m?

Psh2'= 6.336 kN/m?
Psh3'= 9.661 kN/m?
Psh4'=10.161 kN/m?
Psh5'= 10.661 kN/m?
Psh6'= 11.161 kN/m?
Psh7'=11.661 kN/m?2
Psh8'=12.411 kN/m?

Pwh2=0.000 kN/m?
Pwh3=0.000 kN/m?
Pwh4=1.000 kN/m?
Pwh5=2.000 kN/m?
Pwh6=3.000 kN/m?
Pwh7=4.000 kN/m?
Pwh8=5.500 kN/m?
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1.3.6 Summary of Analysis Results

1) B.M.D (Ultimate Load) - Unit : kN.m
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2) S.F.D (Ultimate Load) - Unit : kN
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3) B.M.D (Service Load) - Unit : kKN.m
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4) Summary
Division Mu(kN-m)| Vu(kN) [ Mo(kN-m) | H(mm)| d(mm)| @Mn(kN-m) Bar SIS
0 i a
- End of the point(-) 5 8 a 367 |3105| 74556 |D13 @ 200| 18.85
Slab a — §
Middle(+) ki - 8 300 |2135| 50907 [D13@ 200 6.12
a u
Top(-) & & K 367 |3105| 74.556 [D13@ 200| 6.14
Middle(+) - - - 300 (2135| 25740 |D13@ 400 -
Wall
Middle(-) D - o 300 [2435| 58221 |D13@ 200 6.32
Bottom(-) + + o | 300 [2435| 58221 [D13@ 200( 5.58
a
End of the point(-) o E o 300 |2435| 58.221 D13 @ 200| 8.13
Bottom -
Slab
Middle(+) 3 - e 300 [2135| 50.907 [D13@ 200| 4.55
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1.3.7 Section Design

1) Top Slab - At the end of the point

(1) Section Design

M, Section specification and design condition
fo = 32 MPa fy = 420 MPa ki = 082
gf = 0.90 v = 0.75 d = 3105 mm
B e 1000 mm H = 367 mm d = 565 mm
My = 3.955 kN-m Vu = 59.454 kN Mo = 2.442 kN-m
- Check of Strength reduction factor (®)
a = 9406
Because T=C , € = 9406 [/ B1 = 9.406 / 0.821 = 11451 mm
ey = fylEs = 420.000 / 200000 = 0.0021
g = 0.0030x(dt-c)/c = 0.003 x( 3105 - 11451 ) / 11.451
= 0.0783
gt > 0.0050 Tension-controlled sections of = 0.900
a=Asxfy/(@xfexb) s 1)
Mo/ @= Axtyx (d-al2) e @ VLT TOTTYKY®YZT HMZ WLT
f2 M,
Y As?z - fyxdxAs + =0 0 Req.As = 337214
2x085xfexb 1%}
UseAs = D 13 @ 400 + D 13 @ 400 = 645.00 k 5 ea/m)
. Evaluation of reinforcement
Py = ki x @ x (fc/fy) x {600/(600 + f,)} = 0.03313
Phirere = 0.75-Pb = 0.0248¢ A P e = 7715.9 -
Pmn = max(1.4/fy,025[fc/fy) = 00033 4 Asmin = 1045.5 i
Pusieq = 43 - Asreq / (B-d) = 0.0001¢ 4. As a13req = 450 -
Prmin = min ( Prin, Pajareq ) = 0.0001¢ 4. As min = 45.0 .
Pee = As/(B-d) = 000206 4.  Asmn = 645.0 -
¢ 4/3xPreq<Puse<Pmax A O.K
. Bending Check
a=Asxfy/ (D xf:xDb) = 9.406 mm
@Mn = 0.9 x As x fy x (d - a/2) = 74.556 kN-m > Mu = 3.955 kN-m
A OK
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M. Shear Check
@Vc=0.75x 1/6 x V fc' x B x d = 172416 kN > Vu = 59.454 kN

A No shear reinforcement is required

(2) Crack Check
. Calculation of stress
n = 8
X = -nAgb +nAsb x [J{1+2bd/nAs}
= -8x645.00/1000 + 8 x 645.00 / 1000 x \/[ 1+2x1000x 310.5/(8 x645.00) ]
= 51.682 o
fo = 2xMo/[Bxx x(d-x/3)

= 20 x 2442 /[ 1000 x 51.682 x( 3105 - 51682 / 3 )] x 10°
= 0322 MPa

fo = Mo/[Asx (d- x/3)]
= 2442 /[ 645000 x( 3105 - 51682 / 3 )] x 10°
= 12912 MPa

fst = fsx(H-d-x)/(d-x) = 13x(367-57 - 0) /(311 - 52) = 1291 MPa

. Maximum center space of reinforcement

Cc = 56.50 - 13.00/ 2 = 50.00 .

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 / fs) - 2.5 x Cc = 380x(280/12.91)-2.5x50.00 = 8115.65
300 x (280 / fs) = 300x(280/12.91) = 6505.78 .

Sa = 6505.78 Applying Minimum value

S =1,000/5 Ea=200.0 < Sa ( 6505.78 mm) A OK
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2) Top Slab - Middle

(1) Section Design

M, Section specification and design condition
fo = 32 MPa fy = 420 MPa ki = 082
gf = 0.90 v = 0.75 d = 2135 mm
B e 1000 mm H = 300 mm d = 865 mm
My = 8.322 kN-m Vu = 0.000 kN Mo = 5.383 kN-m
- Check of Strength reduction factor (®)
a = 9406
Because T=C , € = 9406 / B1 = 9.406 / 0.821 = 11451 mm
ey = fylEs = 420.000 / 200000 = 0.0021
g = 0.0030x (dt-c)/c = 0.003 x( 2135 - 11451 ) / 11.451
= 0.0529
gt > 0.0050 Tension-controlled sections of = 0.900
a=Asxfy/(Dxfexb) e 1)
Ml G= Axtx(d-alz) 2 WY TOMTYKYOYZT HNX UT
f2 M,
Y As?z - fyxdxAs + = 0 [0 Req.As = 103510
2x085x%xfexh %)
UseAs = D 13 @ 400 + D 13 @ 400 = 645.00 k 5 ea/m)
. Evaluation of reinforcement
Py = ki x @ x (fc/fy) x {600/(600 + f,)} = 0.03313
Phirere = 0.75 - Pb = 0.0248¢ A A e e 5305.5 =
Pmn = max(1.4/fy,025[fc/fy) = 000331 4 Asmn = 718.9 b
Pagreq = 4/3 - Asreq / (B-d) = 0.0006: 4. As 4/3req = 138.0 L
Prmin = min ( Prin, Pajareq ) = 0.0006: 4. As min = 138.0 L
Pee = As/(B-d) = 00030 4.  Asmn = 645.0 -
¢ 4/13xPreq<Puse<Pmax A OK
. Bending Check
a=Asxfy/ (D xf:xDb) = 9.406 mm
ZMn =0.9 x As x fy x (d - a/2) = 50.907 kN-m > Mu = 8.322 kN-m
A OK
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M. Shear Check
@Vec=0.75x1/6 xVfc'xBxd = 150.967 kN

(2) Crack Check

(1. Calculation of stress
8

n

X = -nAgb +nAgb x [J{1+2bd/nAs}

= -8 645.00/ 1000 + 8 x 645.00 / 1000 x \[ 1 + 2 x 1000 x 213.5/ (8 x 645.00) |

= 42062 .
fo = 2xMo/[Bxx x(d-x3)]

> Vu

= 20 x  5.383 /1 1000 x 42062 x( 2135 -

= 1283 MPa
fo = Mo/ [Asx (d-x/3)]
= 5383 /[ 645000 x( 2135 - 42062 / 3 )] x
= 41834 MPa
fst = fsx(H-d-x)/(d-x) = 42x(300 - 87 - 1)/ (214 - 42)

. Maximum center space of reinforcement

Cc = 86.50 - 13.00/2 = 80.00 .

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 /fs) - 2.5 x Cc = 380x(280/41.83)-2.5x80.00

300 x (280 / fs)
Sa = 2007.95 .

300 x (280 / 41.83 )

Applying Minimum value

42.062

108

S =1,000/5 Ea=200.0 < Sa ( 2007.95 mm) A OK
(3) Deflection Check
- Boundary condition One-way Slab, Both ends continuous
- Span : L=1500m
- Thickness : H=0.300m
4 Thin = L/28x(0.43 + fy/700) = 1.5/28 x(0.43 + 420/ 700)
= 0.055 m < H=0.300 m A OK

0.000

/

kN

A No shear reinforcement is required

3 )1 x

41.83

2343.40
2007.95

10¢

MPa
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3) Wall - Top

(1) Section Design

M, Section specification and design condition
fo = 32 MPa fy = 420 MPa ki = 082
gf = 0.90 v = 0.75 d = 3105 mm
B e 1000 mm H = 367 mm d = 565 mm
My = 12.136 kN-m Vu = 27.342 kN Mo = 7.786 kN-m
- Check of Strength reduction factor (®)
a = 9406
Because T=C , € = 9406 / B1 = 9.406 / 0.821 = 11451 mm
ey = fylEs = 420.000 / 200000 = 0.0021
g = 0.0030x(dt-c)/c = 0.003 x( 3105 - 11451 ) / 11.451
= 0.0783
gt > 0.0050 Tension-controlled sections of = 0.900
a=Asxfy/(Dxfexb) e 1)
Ml G= Axtx(d-alz) 2 WL TOTTYKYOYZT HIE WLT
f2 M,
Y As?z - fyxdxAs + = 0 [0 Req.As = 103.665
2x085x%xfexh %)
UseAs = D 13 @ 400 + D 13 @ 400 = 645.00 k 5 ea/m)
. Evaluation of reinforcement
Py = ki x @ x (fc/fy) x {600/(600 + f,)} = 0.03313
Phirere = 0.75 - Pb = 0.0248¢ A A e = 7715.9 =
Pmn = max(1.4/fy,025[fc/fy) = 000331 4 Asmn = 1045.5 b
Pagreq = 4/3 - Asreq / (B-d) = 0.0004: 4. As 4/3req = 138.2 L
Prmin = min ( Prin, Pajareq ) = 0.0004: 4. As min = 138.2 -
Plies = As/(B-d) = 0.0020¢ A AN = 645.0 =
¢ 4/13xPreq<Puse<Pmax A OK
. Bending Check
a=Asxfy/ (D xf:xDb) = 9.406 mm
ZMn =0.9 x As x fy x (d - a/2) = 74.556 kN-m > Mu = 12.136 kN-m
A OK
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. Shear Check
PVe=075x%x1/6 x Vfc' x B xd = 172.416 kN > Vu = 27.342 kN

A No shear reinforcement is required

(2) Crack Check

(1. Calculation of stress

8

n
X = -nAgb + nAgb x [J{1+2bd/nAg}
= -8x645.00/1000 + 8 x 645.00 / 1000 x V[ 1 + 2 x 1000 x 310.5 / ( 8 x 645.00) ]
= 51.682
fo = 2xMo/[Bxx x(d-x/3)]
= 20 x 778 /[ 1000 x 51682 x( 3105 - 51682 / 3 )] x 10°
= 1.027 MPa
fs = Mo/ [Asx (d - x/3)]
= 7786 /[ 645.000 x( 3105 - 51.682 /3 )] x 10°
= 41.158 MPa
fst

fsx (H-d'-x)/(d-¥) = 41x(367-57-1)/(311-52) = 4116 MPa

f. Maximum center space of reinforcement

Cc = 56.50-13.00/2 = 50.00

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 / fs) - 2.5 x Cc = 380x(280/41.16) -2.5x50.00 = 2460.15
300 x (280 / fs) = 300x(280/41.16) = 204091 .

Sa = 204091 | Applying Minimum value

S =1,000/5 Ea = 200.0 < sa( 204091 mm) A OK
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4) Wall - Middle(in)

(1) Section Design

M, Section specification and design condition
fo = 32 MPa fy = 420 MPa ki = 082
of = 0.90 v = 0.75 d = 2135 mm
B e 1000 mm H = 300 mm d = 865 mm
My = 0.000 kN-m Vu = 0.000 kN Mo = 0.000 kN-m
- Check of Strength reduction factor (®)
a = 4703
Because T=C , ¢ = 4703 [/ B1 = 4703 / 0.821 = 5726 mm
ey = fylEs = 420.000 / 200000 = 0.0021
g = 0.0030x(dt-c)/c = 0.003 x( 2135 - 5.726 ) ! 5.726
= 0.1089
gt > 0.0050 Tension-controlled sections of = 0.900
a=Asxfy/(Dxfexb) s Q)
VLT TOITYKYOYZT HMX UT
M/ @B= Asxfyx(d-al2) e 2
fyz Asz - fyxdxAs + M = 0 0 Reqg.As = 0.000 =1
2x085x%xfexh %)
UseAs = D 13 @ 800 + D 13 @ 800 = 322.50 L 3 ea/m)
. Evaluation of reinforcement
Py = ki x @ x (fc/fy) x {600/(600 + f,)} = 0.03313
[Pl = 0.75-Pb = 0.0248¢ A P e = 5305.5 -
Pmn = max(L1.4/fy,025[fc/fy) = 00033 4 Asmin = 718.9 -
Puseq = 4I3 - Asreq/ (B-d) = 0.00000 4.  Asaseq = 0.0 -
Prin = min ( Prin, Paszreq) = 0.0000C 4. Aq min = 0.0 -
[P = As/(B-d) = 0.00151 4. As min = 3225 -
¢ 4/13xPreq<Puse<Pmax A O.K
M. Bending Check
a=Asxfy/ (D xfxbh) = 4.703 mm
@Mn =0.9 x As x fy x (d - a/2) = 25.740 kN-m > Mu = 0.000 kN-m
A OK
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. Shear Check
PVe=075x%x1/6 x Vfc' x B xd = 150.967 kN > Vu = 0.000 kN

A No shear reinforcement is required

(2) Crack Check

(1. Calculation of stress
8

n
X = -nAgb + nAgb x [J{1+2bd/nAg}
= -8x322.50/1000 + 8 x 322.50 / 1000 x \[ 1 + 2 x 1000 x 213.5/( 8 x 322.50) |
= 30.711 -
fo = 2xMo/[Bxx x(d-x/3)
= 20 x 0000 /[ 1000 x 30711 x( 2135 - 30711 / 3 )] x 10°
= 0.000 MPa
fs = Mo/[Asx (d-x/3)]
= 0000 /[ 322500 x( 2135 - 30711 / 3 )] x 10°
= 0.000 MPa
fst = fsx(H-d-x)/(d-X) = 0x(300-87-0)/(214-31) = 0.00 MPa

. Maximum center space of reinforcement

Cc = 86.50 - 13.00/2 = 80.00 .

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 /fs) - 2.5 x Cc = 380x(280/0.00)-2.5x80.00 = 7.0E+08 .
300 x (280 / fs) = 300x(280/0.00) = 5.5E+08

Sa = 5.51E+08 | Applying Minimum value

S =1,000/ 3 Ea =400.0 < Sa ( 5.5E+08 mm) A OK
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5) Wall - Middle(Out)

(1) Section Design

M, Section specification and design condition
fo = 32 MPa fy = 420 MPa ki = 082
gf = 0.90 v = 0.75 d = 2435 mm
B e 1000 mm H = 300 mm d = 565 mm
My = 9.205 kN-m Vu = 0.000 kN Mo = 6.001 kN-m
- Check of Strength reduction factor (®)
a = 9406
Because T=C , € = 9406 / B1 = 9.406 / 0.821 = 11451 mm
ey = fylEs = 420.000 / 200000 = 0.0021
g = 0.0030x(dt-c)/c = 0.003 x( 2435 - 11451 ) |/ 11.451
= 0.0608
gt > 0.0050 Tension-controlled sections of = 0.900
a=Asxfy/(Dxfexb) e 1)
Ml G= Axtx(d-alz) 2 WY TOMTYKYOYZT HNX UT
f2 M,
Y As?z - fyxdxAs + = 0 0 Req.As = 100.330
2x085x%xfexh %)
UseAs = D 13 @ 400 + D 13 @ 400 = 645.00 k 5 ea/m)
. Evaluation of reinforcement
Py = ki x @ x (fc/fy) x {600/(600 + f,)} = 0.03313
Phirere = 0.75 - Pb = 0.0248¢ A A e e 6051.0 =
Pmn = max(1.4/fy,025[fc/fy) = 000331 4 Asmn = 819.9 b
Pagreq = 4/3 - Asreq / (B-d) = 0.0005¢ 4. As 4/3req = 133.8 L
Prmin = min ( Prin, Pajareq ) = 0.0005: 4. As min = 133.8 L
Pee = As/(B-d) = 0.0026] 4.  Asmn = 645.0 -
¢ 4/13xPreq<Puse<Pmax A OK
. Bending Check
a=Asxfy/ (D xf:xDb) = 9.406 mm
ZMn =0.9 x As x fy x (d - a/2) = 58.221 kN-m > Mu = 9.205 kN-m
A OK
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M. Shear Check
@Vc=075x1/6 x\Vfc' x Bxd = 172.181 kN > Vu = 0.000 kN

A No shear reinforcement is required

(2) Crack Check
. Calculation of stress
n = 8
X = -nAgb +nAsb x [J{1+2bd/nAs}
= -8 645.00 /1000 + 8 x 645.00 / 1000 x \[ 1 + 2 x 1000 x 243.5 / (8 x 645.00) ]
= 45.234 -
fo = 2xMo/[Bxx x(d-x/3)

= 20 x 6001 /[ 1000  x 45234 x( 2435 - 45234 [ 3 )] x 10°
= 1162 MPa

fo = Mo/[Asx (d- x/3)]
= 6001 /[ 645000 x( 2435 - 45234 | 3 )] x 10°
= 40731 MPa

fst = fsx(H-d-x)/(d-x) = 41x(300 - 57 - 1) / (244 - 45) = 4073  MPa

. Maximum center space of reinforcement

Cc = 56.50 - 13.00/ 2 = 50.00 .

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 /fs) - 2.5 x Cc = 380x(280/40.73) - 2.5 x50.00 = 2487.25
300 x (280 / fs) = 300x(280/40.73) = 2062.30

Sa = 2062.30 . Applying Minimum value

S =1,000/5 Ea = 200.0 < Sa( 206230 mm) A OK
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6) Wall - Bottom

(1) Section Design

M, Section specification and design condition
fo = 32 MPa fy = 420 MPa ki = 082
gf = 0.90 v = 0.75 d = 2435 mm
B e 1000 mm H = 300 mm d = 565 mm
My = 10.441 kN-m Vu = 17.099 kN Mo = 6.818 kN-m
- Check of Strength reduction factor (®)
a = 9406
Because T=C , € = 9406 / B1 = 9.406 / 0.821 = 11451 mm
ey = fylEs = 420.000 / 200000 = 0.0021
g = 0.0030x(dt-c)/c = 0.003 x( 2435 - 11451 ) |/ 11.451
= 0.0608
gt > 0.0050 Tension-controlled sections of = 0.900
a=Asxfy/(Dxfexb) e 1)
Ml G= Axtx(d-alz) 2 WY TOMTYKYOYZT HNX UT
f2 M,
Y As? - fyxdxAs + = 0 O Reg.As = 113847+
2x085x%xfexh %)
UseAs = D 13 @ 400 + D 13 @ 400 = 645.00 k 5 ea/m)
. Evaluation of reinforcement
Py = ki x @ x (fc/fy) x {600/(600 + f,)} = 0.03313
Phirere = 0.75 - Pb = 0.0248¢ A A e e 6051.0 =
Pmn = max(1.4/fy,025[fc/fy) = 000331 4 Asmn = 819.9 b
Pagreq = 4/3 - Asreq / (B-d) = 0.0006: 4. As 4/3req = 151.8 L
Prmin = min ( Prin, Pajareq ) = 0.0006: 4. As min = 151.8 L
Pee = As/(B-d) = 0.0026] 4.  Asmn = 645.0 -
¢ 4/13xPreq<Puse<Pmax A OK
. Bending Check
a=Asxfy/ (D xf:xDb) = 9.406 mm
ZMn =0.9 x As x fy x (d - a/2) = 58.221 kN-m > Mu = 10.441 kN-m
A OK

1- 98



1. Box Culvert

M. Shear Check
@Vc=075x1/6 x\Vfc' x Bxd = 172.181 kN > Vu = 17.099 kN

A No shear reinforcement is required

(2) Crack Check
. Calculation of stress
n = 8
X = -nAgb +nAsb x [J{1+2bd/nAs}
= -8 645.00 / 1000 + 8 x 645.00 / 1000 x \[ 1 + 2 x 1000 x 243.5 / (8 x 645.00) ]
= 45.234 o
fo = 2xMo/[Bxx x(d-x3)

= 20 x 6818 /[ 1000 x 45234 x( 2435 - 45234 |/ 3 )] x 10°
= 1.320 MPa

fs = Mo/ [Asx (d-x/3)]
= 6.818 /[ 645.000 x( 2435 - 45234 /3 )] x 108
= 46.278 MPa

fst = fsx(H-d-x)/(d-X) = 46 x (300 -57 - 1)/ (244 - 45) = 46.28 MPa

f. Maximum center space of reinforcement

Cc = 56.50 - 13.00/ 2 = 50.00 .

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 / fs) - 2.5 x Cc = 380x(280/46.28) -2.5x50.00 = 2174.14
300 x (280 / fs) = 300x(280/46.28) = 1815.11 _

Sa = 181511 | Applying Minimum value

S =1,000/5 Ea=200.0 < Sa (181511 mm) A OK
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7) Bottom Slab - At the end of the point

(1) Section Design

M, Section specification and design condition
fo = 32 MPa fy = 420 MPa ki = 082
of = 0.90 v = 0.75 d = 2435 mm
B e 1000 mm H = 300 mm d = 565 mm
My = 7.161 kN-m Vu = 48.568 kN Mo = 4.642 kN-m
- Check of Strength reduction factor (®)
a = 9406
Because T=C , € = 9406 / B1 = 9.406 / 0.821 = 11451 mm
ey = fylEs = 420.000 / 200000 = 0.0021
g = 0.0030x (dt-c)/c = 0.003 x( 2435 - 11451 ) |/ 11.451
= 0.0608
gt > 0.0050 Tension-controlled sections of = 0.900
a=Asxfy/(Dxfexb) s Q)
VLT TOITYKYOYZT HMX UT
M/ @B= Asxfyx(d-al2) e 2
f2 M,
Y Asz - fyxdxAs + = 0 0 Reg.As = 779924
2x085x%xfexh %)
UseAs = D 13 @ 400 + D 13 @ 400 = 645.00 L 5 ea/m)
. Evaluation of reinforcement
Py = ki x @ x (fc/fy) x {600/(600 + f,)} = 0.03313
[Pl = 0.75-Pb = 0.0248¢ A P e = 6051.0 -
Pmn = max(L1.4/fy,025[fc/fy) = 00033 4 Asmin = 819.9 -
Puseq = 4I3 - Asreq/ (B-d) = 0.0004: 4.  Asaseq = 104.0 -
Prin = min ( Prin, Pasareq ) = 0.0004: 4. Aq min = 104.0 -
[P = As/(B-d) = 0.0026¢ 4. As min = 645.0 -
¢ 4/13xPreq<Puse<Pmax A O.K
M. Bending Check
a=Asxfy/ (D xfxbh) = 9.406 mm
@Mn =0.9 x As x fy x (d - a/2) = 58.221 kN-m > Mu = 7.161 kN-m
A OK
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M. Shear Check
@Vc=075x1/6 x\Vfc' x Bxd = 172.181 kN > Vu = 48.568 kN

A No shear reinforcement is required

(2) Crack Check

(1. Calculation of stress
8

n
X = -nAgb + nAgb x [J{1+2bd/nAg}
= -8x645.00/1000 + 8 x 645.00 / 1000 x V[ 1 + 2 x 1000 x 243.5 / (8 x 645.00 ) |
= 45.234 -
fo = 2xMo/[Bxx x(d-x/3)
= 20 x 4642 /[ 1000 x 45234 x( 2435 - 45234 |/ 3 )] x 10°
= 0898 MPa
fs = Mo/[Asx (d-x/3)]
= 4642 /[ 645000 x( 2435 - 45234 / 3 )] x 10°
= 31505 MPa
fst = fsx(H-d-x)/(d-X) = 32x(300-57-1)/(244 - 45) = 31.51 MPa

. Maximum center space of reinforcement

Cc = 56.50 - 13.00/ 2 = 50.00 .

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 /fs) - 2.5 x Cc = 380x(280/31.51)-2.5x50.00 = 3252.23
300 x (280 / fs) = 300x(280/31.51) = 2666.24

Sa = 2666.24 Applying Minimum value

S =1,000/5 Ea=200.0 < Sa ( 2666.24 mm) A OK
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8) Bottom Slab - Middle

(1) Section Design

M, Section specification and design condition
fo = 32 MPa fy = 420 MPa ki = 082
gf = 0.90 v = 0.75 d = 2135 mm
B e 1000 mm H = 300 mm d = 865 mm
My = 11.182 kN-m Vu = 0.000 kN Mo = 7.315 kN-m
- Check of Strength reduction factor (®)
a = 9406
Because T=C , € = 9406 / B1 = 9.406 / 0.821 = 11451 mm
ey = fylEs = 420.000 / 200000 = 0.0021
g = 0.0030x (dt-c)/c = 0.003 x( 2135 - 11451 ) / 11.451
= 0.0529
gt > 0.0050 Tension-controlled sections of = 0.900
a=Asxfy/(Dxfexb) e 1)
Ml G= Axtx(d-alz) 2 WY TOMTYKYOYZT HNX UT
f2 M,
Y As?z - fyxdxAs + = 0 [0 Req.As = 139264
2x085x%xfexh %)
UseAs = D 13 @ 400 + D 13 @ 400 = 645.00 k 5 ea/m)
. Evaluation of reinforcement
Py = ki x @ x (fc/fy) x {600/(600 + f,)} = 0.03313
Phirere = 0.75 - Pb = 0.0248¢ A A e e 5305.5 =
Pmn = max(1.4/fy,025[fc/fy) = 000331 4 Asmn = 718.9 b
Pagreq = 4/3 - Asreq / (B-d) = 0.00087 4. As 4/3req = 185.7 L
Prmin = min ( Prin, Pajareq ) = 0.00087 4. As min = 185.7 x
Pee = As/(B-d) = 00030 4.  Asmn = 645.0 -
¢ 4/13xPreq<Puse<Pmax A OK
. Bending Check
a=Asxfy/ (D xf:xDb) = 9.406 mm
ZMn =0.9 x As x fy x (d - a/2) = 50.907 kN-m > Mu = 11.182 kN-m
A OK
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M. Shear Check
@Vec=0.75x1/6 xVfc'xBxd = 150.967 kN

(2) Crack Check

(1. Calculation of stress
8

n

X = -nAgb + nAgb x [J{1+2bd/nAg}

= -8 645.00/ 1000 + 8 x 645.00 / 1000 x \[ 1 + 2 x 1000 x 213.5/ (8 x 645.00) |

= 42062
fo = 2xMo/[Bxx x(d-x/3)]

> Vu

= 20 x  7.315 /1 1000 x 42,062 x( 2135 -

= 1.744 MPa

fs = Mo/ [Asx(d-x/3)]
= 7315 /[ 645000 x( 2135 - 42062 /| 3 )] x
= 56855 MPa

fst = fsx(H-d-x)/(d-Y) = 57x(300- 87 - 2)/ (214 - 42)

. Maximum center space of reinforcement

Cc = 86.50 - 13.00/2 = 80.00 .

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 /fs) - 2.5 x Cc = 380x(280/56.86) -2.5x80.00

300 x (280 / fs)
Sa = 1477.43

300 x (280 / 56.86 )

Applying Minimum value

42.062

108

S =1,000/5 Ea=200.0 < Sa ( 1477.43 mm) A OK
(3) Deflection Check
- Boundary condition One-way Slab, Both ends continuous
- Span : L=1500m
- Thickness : H=0.300m
4 Tmin = L/28x(0.43 + fy/700) = 1.5/28 % (0.43 + 420/ 700)
= 0.055 m < H = 0.300 m A OK

0.000

/

kN

A No shear reinforcement is required

3)] x

56.86

1671.42
1477.43

108

MPa
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1.3.8 Distribution Reinforcement Check

1) Top Slab (H= 300 mm)
« As, min = (0.0018 x 420 /fy) x Bx H = (0.0018 x 420 / 420) x 1000 x 300 = 540.0

- The spacing of deformed shrinkage and temperature reinforcement shall not exceed

the lesser of 5h and 450mm. = 450
- Used As : Tension side D 13@ 200 = 6450 .
Compressionside D 13@ 200 = 645.0 .
[l = 12900 > 540.0
- Bar spacing : 200 . < 450 A OK
2) Wall (H= 300 mm)
- As,min = (0.0018 x 420/ fy) x Bx H = (0.0018 x 420 / 420) x 1000 x 300 = 540.0
- The spacing of deformed shrinkage and temperature reinforcement shall not exceed
the lesser of 5h and 450mm. = 450
- Used As : Tension side D 13@ 200 = 6450
Compressionside D 13@ 200 = 645.0 .
[ = 12900 > 540.0
- Bar spacing : 200 . < 450 A OK

3) Bottom Slab (H= 300 mm)

- As,min = (0.0018 x 420/ fy) x Bx H = (0.0018 x 420 / 420) x 1000 x 300 = 540.0
- The spacing of deformed shrinkage and temperature reinforcement shall not exceed
the lesser of 5h and 450mm. = 450
- Used As : Tension side D 13@ 200 = 6450
Compression sidle D 13@ 200 = 645.0 .
[l = 12900 > 540.0
- Bar spacing : 200 . < 450 A OK
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1.3.9 Corner Design

1) Top slab Cheak

al = 300 mm
a2 = 200 mm
b1 = 300 mm
b2 = 200 mm

2) Bottom slab Cheak

e

x|
al = 300 mm
a2 = 0 mm
bl = 300 mm
b2 = 0 mm

ft.max

0.13 [ifc’

ft.max

w

ft.max

0.13 [ifc’

ft.max

7.786 kN-m
a2-b2+b2-al+a2-bl
x [12 = 5657 mm
a2+b2
1000  mm
5-Mo 5 x 7.786 x 10"6
= = 0122 MPa
R2.w 565.72 x 1000
0.735 MPa
0.122 < 0.13+fc' = 0.735 ANoreinforcement is requireds
6.818 kN-m
f(@lz + a2?) = 4243 mm
1000 mm
5-M X 6.818 x 10"
° o °x6BIBXI0® 4189 wmPa
R2.w 424.32 x 1000
0.735 MPa
0.189 < 0.13+fc' = 0.735 ANoreinforcement is requireds
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1.4 Box Culvert 4 (STA.3+300.00)
]

1@1.2x0.9
FH=0.39 m [SI UNIT]


mailto:1@1.2

1. Box Culvert

1.4.1 Design Conditions

1) General ltems
(1) Type of Culvert: 1 Box
(2) width (w) : 1 @ 12 m
(3) Height (h) : 090 m
(4) Underground Water Level : GL  -1.000 m

2) Design Material
(1) Concrete
£ Compressive Strength . fc' = 32 MPa
o Modulus of Elasticity : Ec = 26587 MPa
(2) Reinforcement bar
B> Yield Strength o fy = 420 MPa

< Modulus of Elasticity . Es = 200000 MPa

3) Material weight

(1) Reinforced Concrete © wec = 25.00 KkN/m3
(2) plain concrete :yen = 2350  kN/m3
(3) Pavement cyasp = 23.00 KkN/m3
(4) Subterranean : yw = 10.00 kN/m3
4) Soil

(1) Wet Unit Weight © oyt = 19.00  KkN/m?
(2) Submerged Unit Weight :ysub = 10.00  kN/m?3
(3) angle of internal friction ¢ = 2800 -

(4) coefficient of earth pressure atrest : Ko = 1-sind = 0.500

5) Live Load
Structure is to be designed by SM1600 traffic design loads in accordance with AS 5100.2

6) Method of Design
(1) Evaluation of stability . Allowable Strength Method
(2) Design of Cross Section . Ultimate Strength Design

7) Program (S/W)
- SAP2000 (Structure Analysis Program)

8) Reference
(1) American Concrete Institute — Code for the design of concrete structure, USA

(2) AS 3600 Concrete structures / 5100 Bridge design - Australian Standard
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1.4.2 Section Assumption

Pavement(T= 0.393 m)

SN Z2S S

GL 1000 m
™
o
I
o
o
S

REY S—

/‘:\\\ 200 x 200
o o
S S
0 S
— o

ce—
S
&
o
=
l 3001 1.200 l300 .
100 100
1.800
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1.4.3 Stability Check

1) Load Summary and combinations

(1) Load Summary

Type Calculation Load(kN)
Paverment(DC) 0.393 x 1.800 X 23.0 16.270
Vertical grg'uonzx\;\f;ter 0000 x 1800 x 190 0.000
earth
pressure Exist ( 0.000 x 19.0 + 0.000 X 10.0 ) 0.000
(EV) ground water | 1.800
Ground Water(WA") 0.000 x 1.800 x 10.0 0.000
Sub Total Surcharge Load for Bouyancy Check 16.270
Top 0.300 X 1.800 X 25.0 13.500
Slab(DC)
Bottom 0.300 X 1.800 X 25.0 13.500
Left 0.300 X 0.900 X 25.0 6.750
Wall(DC) Inner 0.000 X 0.900 X 25.0 0.000
Right 0.300 X 0.900 X 25.0 6.750
Hunch(DC) 0.200 X 0.200 / 2 x 25.0 x 2 EA 1.000
Sub Total Surcharge Load for Bouyancy Check 41.500
2) Bouyancy Check
(1) After construction (Ground water Level :GL- 1.000 m)
- Total Load for Bouyancy Check :  57.770 kN
- Uplife force : 1.800 x( 1.893 - 1.000 )% 10.0 kN/O = 16.074 kN
- Safety factor = 1.25
OF.S= 57.770 / 16.074 = 3.594 > 1.25 - O.K
(2) Under construction (Assumed Ground water Level :GL ~ 0.000  m)
- Total Load for Bouyancy Check :
41500  +( 0.393 X 1.800 X 10.000 kN/O ) = 48574 kN
- Uplife force : 1.800 X 1.500 X 10.000  kN/O = 27.000 kN
- Safety factor = 11
OF.S= 48.574 / 27.000 = 1.799 > 11 - O.K

A Securing safety at all ground water levels
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3) Allowable vertical bearing capacity check

(1) Load
- Dead load
- Self weight of Structure = 41500 / 1.800 = 23.056 kN/m2
- Vertical earth pressure = 16.270 / 1.800 = 9.089  kN/m2 (No exist ground water)
- Live load = 87.315 KkN/m? (Refer to 1.1.4.2)
- Water load in Culvrt = 0900 9o 10.000 = 9.000  kN/m2
(2) Allowable vertical bearing capacity
-Quax = 128410 kN/m2
- Qa = 291.670 kN/m2 (Refer to Geotechnic Report)
[0 Qa= 291.670 KkN/O > Qmax= 128.410 kN/O - OK
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1.4.4 Load and Combination

1) Dead Load

(1) Self weight

(2) Vertical earth pressure

- No exist ground water

Automatic consideration in program

TYPE Depth (m) Unit weight (kN/J) Load (KN/m?)
Pavement 0.393 23.000 1.000 x 0.393 x 23.000 = 9.039
Vertical earth pressure 0.000 19.000 1.000 x 0.000 x 19.000 = 0.000
N 0.393 Psv = 9.039 kN/m2
- Exist ground water
TYPE Depth (m) Unit weight (kN/J) Load (kN/m2)
Pavement 0.393 23.000 1.000 x 0.393 x 23.000 = 9.039
0.000 19.000 1.000 x 0.000 x 19.000 = 0.000
Vertical earth pressure
0.000 10.000 1.000 x 0.000 x 10.000 = 0.000
[ 0.393 Psvh = 9.039 kN/m?

2) Live Load

(1) W80
‘ ",

%

.

80

80

—

o

= 65.110 kN/m?

(0.25+2D) x (0.4 + 2D)

(0.25+0.786) x (0.4 + 0.786)
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(2) A160
l N ‘

160 kN + HJ +
|
0 AR
ELEVATION | L | |
r-400 mm T
o T AT
3200 mm standard | T | |
2000 mm desio 'ane | | | |
Lg T + Y\ + .
——H=—250 mm | | | |
PLAN | | |
|
Py = 80 = 80 = 65.110 kN/m?
(0.25 + 2D) x (0.4 + 2D) (0.25 +0.786) x (0.4 + 0.786)

(3) M1600
360 kN 360 kN 380 kN 360 kN
ELEVATION
125125 375 125125 Varies 6.25 min.125125 50 125125 0@
» i il || i | || {_
7 %
70.2 2.0
7
0.4 L3.2 m standard 8
design ;
PLAN
- Axle group

/ X | |
| 2.7+2D | J j
P = 60 = 60 = 51.309 kN/m2
v (0.2 + 2D) x (0.4 +2D) (0.2 + 0.786) x (0.4 +0.786)
- Lane uniformly distributed loads : 6.000 kKN/m2  / 3.2m = 1.875 kN/m?
- Py = 51309 + 1.875 = 53.184 kN/m?
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(4) S1600

240 kN 240 kN 240 kN 240 kN

ELEVATION

125125 375 125125 Varies 6.25 min. 1.25 1.25 5.0 .25 1.25 i_().5
| | [ |

2 2.0
7
0.4 3.2 m standard 0.6
design
PLAN
- Axle group
-l 25m 1.25m

' T T |

\
2.7+20 | J j
40 40
Pun = = = 34.206 kN/m?
(0.2 + 2D) x (0.4 +2D) (0.2 + 0.786) x (0.4 +0.786)
- Lane uniformly distributed loads : 24.000 kN/m2 / 32m = 7.500 kKN/m?
- Py = 34.206 + 7.500 = 41.706 kN/m2
(5) HLP 320 & HLP 400
| N |
| i‘J |
| |
| | |
125 125
Py = = = 57.994 kN/m2
(0.2 + 2D) x (1.4 + 2D) (0.2 + 2x0.393) x (1.4 +2x0.393)
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(6) Live Load

TYPE Load Dynamic Load Allowance (a) (1+a)xLoad
w80 65.110 0.34 87.315
A160 65.110 0.34 87.315
M1600 53.184 0.26 67.049
S1600 41.706 0.00 41.706
HLP 57.994 0.10 63.793
0 Py =  87.315 kN/m? = 87.315 kN/m2
(7) Live Load Surcharge
N Pun =  87.315kN/m2 x  0.500 = 43.658 kN/m2
3) Lateral Earth Pressure
4 coefficient of earth pressure at rest : Ko =1 -sin30 = 0.500

- No exist ground water
Ps = ke x \é: X H

Psw = 0.500 x (23 x0.393 + 23 x 0.000 + 20 x 0.000 + 20 x 0.000

+ 19 x 0.000) = 4.520 kN/m?
Psqo = 4520 + 0.500 x 19.0 x  0.150 = 5.945 kN/m?
Psz =  5.945 + 0.500 x 19.0 x  0.350 = 9.270 kKN/m?
Pssa = 9.270 + 0.500 x 19.0 x  0.175 = 10.933 kN/m2
Pss = 10933  + 0.500 x 19.0 x  0.175 = 12.596 kN/m?
Pse = 12596  + 0.500 x 19.0 x  0.175 = 14.259 kN/m?
Psz = 14259  + 0.500 x 19.0 x  0.175 = 15.922 kN/m2
Pee = 15922 + 0.500 x 19.0 x  0.150 = 17.347 kN/m?

- Exist ground water

Psv = ko x ( 7 x Hi  + Ysww x Hz )
Py = 0.500 x (23 x 0.393 + 23 x 0.000 + 20 x 0.000 + 20 x 0.000

+ 19 x 0.000 + 10 x 0.000) = 4.520 kN/m2
Py = 4.520 + 0.500 x 19.0 X 0.150 = 5.945 kN/mz
Psa = 5.945 + 0.500 x 19.0 X 0.350 = 9.270 kN/mz
P = 9.270 + 0.500 x 10.0 X 0.175 = 10.145 kN/m2
Pos = 10145  + 0.500 X 10.0 x  0.175 = 11.020 kN/m?
Pawe = 11020 + 0.500 X 10.0 x  0.175 = 11.895 kN/m2
Pehr = 11895 + 0.500 X 10.0 x  0.175 = 12.770 kN/m2
Pshe = 12770 + 0.500 x 10.0 x  0.150 = 13.520 kN/m?
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4) Ground Water Load

(1) Horizontal ground Water Pressure

Poh = vw X H>

Puz = 100 x  0.000 = 0.000 kN/m2
Puz = 0.000 + 0.0 x  0.150 = 0.000 kN/m?
Puz =  0.000 + 0.0 x  0.350 = 0.000 kN/m?
Puwe =  0.000 + 10.0 x  0.175 = 1.750 kN/m?
Pus = 1.750 + 10.0 x  0.175 = 3.500 kN/m?
Pus =  3.500 + 10.0 x  0.175 = 5.250 kN/m?
Puz = 5.250 + 10.0 x  0.175 = 7.000 kN/m?
Puns = 7.000 + 10.0 x  0.150 = 8.500 kN/m2

(2) Vertical ground Water Pressure

- Top Slab : Pmwi = 10.0 x 0.000 = 0.000 kN/m?

-Bottom Slab : Pwe = 10.0 x  1.500 15.000 kN/m?

5) Load Combination
(1) Ultimate Load

o0 | oeup | oeao | WY | sor | son | so | WATER | warer
COMB 1 1.40 1.40
COMB 2 1.20 1.60 1.60 1.60 1.60
COMB 3 1.20 1.60 1.60 1.60 0.90
COMB 4 0.90 0.90 0.00
COMB 5 1.40 1.40 1.40
COMB 6 1.20 1.60 1.60 1.60 1.60 1.60 1.60
COMB 7 1.20 1.60 1.60 1.60 0.90 0.90 1.60
COMB 8 0.90 0.90 0.00 0.00 0.00
COMB 9 1.20 1.00 1.00
COMB 10} 0.90 0.90 0.80
COMB 11 0.90 0.90 0.00 0.00 0.00

(2) Service Load

o0 | peap | oeao | W | sor | son | sob | WATER | warer
SCOMB 1; 1.00 1.000 1.00 1.00 1.00
SCOMB 2; 1.00 1.000 1.00 1.00 0.56
SCOMB 3; 1.00 1.000 0.00
SCOMB 4; 1.00 1.000 1.00 1.00 1.00 1.00 1.000
SCOMB 5; 1.00 1.000 1.00 1.00 0.56 0.56 1.000
SCOMB 6; 1.00 1.000 0.00 0.00 0.00
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1.4.5 Modeling & Loading

1) Analysis Model

[ I ) 77 IR G B T
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Ty) YW YX YY YZ Y Y\ <
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*— * X7 X ®
® XY XN »
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o
~ XX N XA
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<
* XW X\ #
]
*—— L I X[ #
o
3 R XI
2 El (1] 1
T E—t p p4 = = 2 =
e W e b e e e -
X Y z \ 1 n _
0.150 J 5@0.240=1.200 Jo.lso
1.500
(1) Node
(Unit : m)
Node X Z Section Node X Z Section
1 0.150 0.150 14 1.650 0.300
2 0.300 0.150 15 1.650 0.475
3 0.540 0.150 16 1.650 0.650 5:,%?
4 0.780 0.150 Bottom 17 1.650 0.825
5 1.020 0.150 Slab 18 1.650 1.000
6 1.260 0.150 19 0.150 1.350
7 1.500 0.150 20 0.500 1.350
8 1.650 0.150 21 0.660 1.350
9 0.150 0.300 22 0.820 1.350 Top
10 0.150 0.475 23 0.980 1.350 Slab
11 0.150 0.650 \/L\?afﬁ 24 1.140 1.350
12 0.150 0.825 25 1.300 1.350
13 0.150 1.000 26 1.650 1.350
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1. Box Culvert

(2) Section
NO. H(m) B(m) A(m?) I(m*) Node Section
1 0.300 1.000 0.300 0.002250 2~6 Bottom Slab
2 0.300 1.000 0.300 0.002250 9~12 Left Wall
3 0.300 1.000 0.300 0.002250 15~18 Right Wall
4 0.300 1.000 0.300 0.002250 21~25 Top Slab

2) Coefficient of subgrade reaction

(1) Vertical coefficient of subgrade reaction (Kv)

Kv = Kvo (Bv/0.3)3%

kvo = 1/0.3 xaxEo
Eo : the modulus of subgrade elasticity (kN/m2)

a : correction factor for calculating Eo

Eo = 7000 kN/m2 (Refer to Geotechnic Report)
a = 4
Kvo = 1/03xaxEo = 1/03 x 4 7000 = 93333 KN/o
B =|A = B x B =-[18 x 180 = 180 m
Kv = Kvo (Bv/0.3)%
= 93333.333 x ( 1.800 / 03 Yy = 24345.8 KN/
Longitudinal Coefficient of
Joint No. Kv Lateral Length (m) : Area (m?) subgrade reaction
Length (m)
(kN/m)
1,8 24345.800 0.2250 1.0000 0.2250 5477.8
2,7 24345.800 0.1950 1.0000 0.1950 4747.4
3~6 24345.800 0.2400 1.0000 0.2400 5843.0

(2) Horizontal coefficient of subgrade reaction (Kh)

kh = Infinite rigidity = 1.0E+10 kN/m
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3) Loading

(1) LOAD-1 : Self weight - Automatic consideration in program

(2) LOAD-2,3 : Vertical earth pressure

(3) LOAD-4 : Live Load

(4) LOAD-5 : Live Load Surcharge

Pvlh=43.658 kN/m?

HEEEEE

Psvh=9.039 kN/m?

Psv=9.039 kN/m?

( Exist ground water )

(' No exist ground water )

L ]

[

Pvl=87.315 kN/m?

S A I

Pvlh=43.658 kN/m?
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1. Box Culvert

(5) LOAD-6 : Horizontal Earth Pressure (No Ground Water)

Psh2=5.945 kN/m?
Psh3=9.270 kN/m?
Psh4=10.933 kN/m?
Psh5=12.596 kN/m?
Psh6= 14.259 kN/m?
Psh7=15.922 kN/m?
Psh8= 17.347 kN/m?

(6) LOAD-7 : Horizontal Earth Pressure (Ground Water)

Psh2'= 5.945 kN/m?
Psh3'= 9.270 kN/m?
Psh4'= 10.145 kN/m?
Psh5'= 11.020 kN/m?
Psh6'= 11.895 kN/m?
Psh7'=12.770 kN/m?
Psh8'= 13.520 kN/m?

(7) LOAD-8 : Ground Water Pressure

Pwh2=0.000 kN/m?
Pwh3=0.000 kN/m?
Pwh4=1.750 kN/m?
Pwh5= 3.500 kN/m?
Pwh6=5.250 kN/m?
Pwh7=7.000 kKN/m?
Pwh8= 8.500 kN/m?

Pwv1=0.000 KN/m?

Pwv2=15.000 kKN/m?

Psh2=5.945 kN/m?
Psh3=9.270 kN/m?
Psh4=10.933 kN/m?
Psh5=12.596 kN/m?
Psh6= 14.259 kN/m?
Psh7=15.922 kN/m?
Psh8= 17.347 kN/m?

Psh2'= 5.945 kN/m?
Psh3'=9.270 kN/m?
Psh4'= 10.145 kN/m?
Psh5'= 11.020 kN/m?
Psh6'= 11.895 kN/m?
Psh7'=12.770 kN/m2
Psh8'= 13.520 kN/m?

Pwh2=0.000 kN/m?
Pwh3=0.000 kN/m?
Pwh4=1.750 kN/m?
Pwh5= 3.500 kN/m?
Pwh6=5.250 kN/m?
Pwh7=7.000 kN/m?
Pwh8= 8.500 kN/m?
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1.4.6 Summary of Analysis Results

1) B.M.D (Ultimate Load) - Unit : KN.m

2) S.F.D (Ultimate Load) - Unit : kN
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1. Box Culvert

3) B.M.D (Service Load) - Unit : KN.m
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4) Summary
Division Mu(kN-m)[ Vu(kN) [ Mo(kN-m)|H(mm)| d(mm)| @Mn(kN-m) Bar SIS
Top End of the point(-) 8 0 o 367 |310.5| 74.556 |D13@ 200| 7.60
Slab ¢ —_
Middle(+) o - ) 300 |213.5| 50.907 |D13@ 200| 3.25
2 g
Top(-) £ & e 367 [310.5| 74.556 |D13@ 200| 3.57
Middle(+) T - - 300 [213.5| 25.740 |D13 @ 400| 537.33
Wall i 5
Middle(-) 8 _ £ 300 [243.5| 58221 |D13@ 200| 3.69
d
Bottom(-) 8 g q 300 [2435]| 58.221 |D13@ 200| 3.21
c c q
End of the point(-) d g o 300 |243.5| 58221 |D13@ 200| 4.20
Bottom - — —
Slab — —
Middle(+) D - o 300 |2135| 50.907 |D13@ 200| 2.48
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1.4.7 Section Design

1) Top Slab - At the end of the point

(1) Section Design

M, Section specification and design condition
fo = 32 MPa fy = 420 MPa ki = 082
gf = 0.90 v = 0.75 d = 3105 mm
B e 1000 mm H = 367 mm d = 565 mm
My = 9.813 kN-m Vu = 89.903 kN Mo = 6.100 kN-m
- Check of Strength reduction factor (®)
a = 9406
Because T=C , € = 9406 [/ B1 = 9.406 / 0.821 = 11451 mm
ey = fylEs = 420.000 / 200000 = 0.0021
g = 0.0030x(dt-c)/c = 0.003 x( 3105 - 11451 ) / 11.451
= 0.0783
gt > 0.0050 Tension-controlled sections of = 0.900
a=Asxfy/(@xfexb) s 1)
Mo/ @= Axtyx (d-al2) e @ VLT TOTTYKY®YZT HMZ WLT
f2 M,
Y As?z - fyxdxAs + =0 0 Req.As = g3784+
2x085xfexb 1%}
UseAs = D 13 @ 400 + D 13 @ 400 = 645.00 k 5 ea/m)
. Evaluation of reinforcement
Py = ki x @ x (fc/fy) x {600/(600 + f,)} = 0.03313
Phirere = 0.75-Pb = 0.0248¢ A P e = 7715.9 -
Pmn = max(1.4/fy,025[fc/fy) = 00033 4 Asmin = 1045.5 i
Paseq = M3 Asreq/ (B-d) = 0.0003¢ 4. As 4/3req = 111.7 L
- = min ( Prin, Pajareq ) = 0.0003¢ 4. As min = 111.7 L
Pee = As/(B-d) = 000206 4.  Asmn = 645.0 -
¢ 4/3xPreq<Puse<Pmax A O.K
. Bending Check
a=Asxfy/ (D xf:xDb) = 9.406 mm
@Mn = 0.9 x As x fy x (d - a/2) = 74.556 kN-m > Mu = 9.813 kN-m
A OK
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1. Box Culvert

M. Shear Check
@Vc=0.75x 1/6 x  fc' x B x d - 172416 kN > Vu = 89903 kN

A No shear reinforcement is required

(2) Crack Check

(1. Calculation of stress
8

n
X = -nAgb +nAgb x [J{1+2bd/nAs}
= -8x645.00/1000 + 8 x 645.00 / 1000 x V[ 1 + 2 x 1000 x 310.5 / (8 x 645.00 ) |
= 51.682 o
fo = 2xMo/[Bxx x(d-x/3)
= 20 x 6100 /[ 1000 x 51.682 x( 3105 - 51682 / 3 )] x 10°
= 0.805 MPa
fs = Mo/[Asx (d-X/3)]
= 6.100 /[ 645.000 x( 3105 - 51.682 /3 )] x 10°
= 32245 MPa
fst = fsx(H-d-x)/(d-X) = 32x(367-57-1)/(311-52) = 32.25 MPa

. Maximum center space of reinforcement

Cc = 56.50 - 13.00/ 2 = 50.00 .

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 / fs) - 2.5 x Cc = 380x(280/32.25) -2.5x50.00 = 3174.72
300 x (280 / fs) = 300x(280/32.25) = 260504

Sa = 2605.04 Applying Minimum value

S =1,000/5 Ea = 200.0 < sa( 260504 mm) A OK
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2) Top Slab - Middle

(1) Section Design

M, Section specification and design condition

fo = 32 MPa fy = 420 MPa ki = 0.82
of = 0.90 v = 0.75 d = 2135 mm
B e 1000 mm H = 300 mm d = 865 mm
My = 15.643 kN-m Vu = 0.000 kN Mo = 10.096 kN-m
- Check of Strength reduction factor (®)
a = 9406
Because T=C , € = 9406 / B1 = 9.406 / 0.821 = 11451 mm
ey = fylEs = 420.000 / 200000 = 0.0021
g = 0.0030x(dt-c)/c = 0.003 x( 2135 - 11451 ) / 11.451
= 0.0529
gt > 0.0050 Tension-controlled sections of = 0.900
a=Asxfy/(Dxfexb) e 1)
Ml G= Axtx(d-alz) 2 WL TOTTYKYOYZT HIE WLT
f2 M,
Y As?z - fyxdxAs + = 0 [0 Req.As = 195210
2x085x%xfexh %)
UseAs = D 13 @ 400 + D 13 @ 400 = 645.00 k ( 5 eam)

M. Evaluation of reinforcement

Py = ki x @ x (fc/fy) x {600/(600 + f,)} = 0.03313
Phirere = 0.75 - Pb = 0.0248¢ A A e e 5305.5 =
Pmn = max(1.4/fy,025[fc/fy) = 000331 4 Asmn = 718.9 -
Puseq = 413 Asreq ! (B-d) = 00012 4. Asuseq = 260.3 -
Pmn = Min ( Prin, Paareq) = 00012 4. Asmn = 260.3 -
Pise = As/(B:d) = 0.0030: 4.  Asmin = 645.0 .
¢ 4/13xPreq<Puse<Pmax A OK
. Bending Check
a=Asxfy/ (D xf:xDb) = 9.406 mm
ZMn =0.9 x As x fy x (d - a/2) = 50.907 kN-m > Mu = 15.643 kN-m
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1. Box Culvert

M. Shear Check
@Vec=0.75x1/6 xVfc'xBxd = 150.967 kN

(2) Crack Check
. Calculation of stress
n = 8
X = -nAgb +nAsb x [J{1+2bd/nAs}

= -8 645.00 / 1000 + 8 x 645.00 / 1000 x \[ 1 + 2 x 1000 x 213.5 /(8 x 645.00) ]

= 42062
fo = 2xMo/[Bxx x(d-x3)

> Vu

= 20 x 10.096 /] 1000 x 42.062 x( 2135 -

= 2.407 MPa

fs = Mo/[Asx (d-X/3)]
= 10096 /[ 645000 x( 2135 - 42062 [/ 3 )] «x
= 78.467 MPa

fst = fsx(H-d'-x)/(d-x) = 78x(300-87-2)/(214 - 42)

f. Maximum center space of reinforcement

Cc = 86.50-13.00/2 = 80.00 .

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 / fs) - 2.5 x Cc = 380x(280/78.47)-2.5x80.00

300 x (280 / fs)
Sa = 107051

300 x (280 / 78.47 )

Applying Minimum value

42.062

108

S =1,000/5 Ea=200.0 < Sa ( 1070.51 mm) A OK
(3) Deflection Check
- Boundary condition One-way Slab, Both ends continuous
- Span : L=1.800m
- Thickness : H=0.300m
4 Thin = L/28x(0.43 +fy/700) = 1.8/28x(0.43 +420/700)
= 0.066 m < H=0.300 m A OK

0.000

/

kN

A No shear reinforcement is required

3 )1 x

78.47

1155.98
1070.51

10°

MPa
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3) Wall - Top

(1) Section Design

M, Section specification and design condition

fo = 32 MPa fy = 420 MPa ki = 0.82
gf = 0.90 v = 0.75 d = 3105 mm
B e 1000 mm H = 367 mm d = 565 mm
My = 20.872 kN-m Vu = 43.793 kN Mo = 13.313 kN-m
- Check of Strength reduction factor (®)
a = 9406
Because T=C , € = 9406 / B1 = 9.406 / 0.821 = 11451 mm
ey = fylEs = 420.000 / 200000 = 0.0021
g = 0.0030x(dt-c)/c = 0.003 x( 3105 - 11451 ) / 11.451
= 0.0783
gt > 0.0050 Tension-controlled sections of = 0.900
a=Asxfy/(Dxfexb) e 1)
Ml G= Axtx(d-alz) 2 WY TOMTYKYOYZT HNX UT
f2 M,
Y As?z - fyxdxAs + = 0 [0 Req.As = 178629
2x085x%xfexh %)
UseAs = D 13 @ 400 + D 13 @ 400 = 645.00 k 5 ea/m)
. Evaluation of reinforcement
Py = ki x @ x (fc/fy) x {600/(600 + f,)} = 0.03313
Phirere = 0.75 - Pb = 0.0248¢ A A e = 7715.9 =
Pmn = max(1.4/fy,025[fc/fy) = 000331 4 Asmn = 1045.5 b
Pagreq = 4/3 - Asreq / (B-d) = 0.00077 As 4/3req = 238.2 L
Pmn = Min ( Prin, Paareq) = 0.00077 4.  Asmin = 238.2 -
Pee = As/(B-d) = 000206 4.  Asmn = 645.0 -
¢ 4/13xPreq<Puse<Pmax A OK
. Bending Check
a=Asxfy/ (D xf:xDb) = 9.406 mm
ZMn =0.9 x As x fy x (d - a/2) = 74.556 kN-m > Mu = 20.872 kN-m
A OK
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. Shear Check
PVe=075x%x1/6 x Vfc' x B xd = 172.416 kN > Vu = 43.793 kN

A No shear reinforcement is required

(2) Crack Check
. Calculation of stress
n = 8
X = -nAgb +nAsb x [J{1+2bd/nAs}
= -8 645.00 / 1000 + 8 x 645.00 / 1000 x \[ 1 + 2 x 1000 x 310.5 / (8 x 645.00) ]
= 51.682 o
fo = 2xMo/[Bxx x(d-x3)

= 20 x 13313 /[ 1000 x 51682 x( 3105 - 51.682 / 3 )] x 108
= 1757 MPa

fs = Mo/ [Asx(d-x/3)]
= 13313 /[ 645000 x( 3105 - 51682 / 3 )] x 10°
= 70377 MPa

fst = fsx(H-d-x)/(d-x) = 70x(367-57-2)/(311-52) = 7038 MPa

f. Maximum center space of reinforcement

Cc = 56.50 - 13.00/ 2 = 50.00 .

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 / fs) - 2.5 x Cc = 380x(280/70.38)-2.5x50.00 = 1386.86
300 x (280 / fs) = 300x(280/70.38) = 1193.58

Sa = 119358 | Applying Minimum value

S =1,000/5 Ea = 200.0 < sa( 119358 mm) A OK
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4) Wall - Middle(in)

(1) Section Design

M, Section specification and design condition
fo = 32 MPa fy = 420 MPa ki = 082
gf = 0.90 v = 0.75 d = 2135 mm
B e 1000 mm H = 300 mm d = 865 mm
My = 0.048 kN-m Vu = 0.000 kN Mo = 0.000 kN-m
- Check of Strength reduction factor (®)
a = 4703
Because T=C , ¢ = 4703 [/ B1 = 4703 / 0.821 = 5726 mm
ey = fylEs = 420.000 / 200000 = 0.0021
g = 0.0030x(dt-c)/c = 0.003 x( 2135 - 5.726 ) ! 5.726
= 0.1089
gt > 0.0050 Tension-controlled sections of = 0.900
a=Asxfy/(Dxfexb) e 1)
Ml G= Axtx(d-alz) 2 WL TOTTYKYOYZT HIE WLT
f2 M,
Y As?z - fyxdxAs + = 0 0 Req.As = 594+
2x085x%xfexh %)
UseAs = D 13 @ 800 + D 13 @ 800 = 322.50 k 3 ea/m)
. Evaluation of reinforcement
Py = ki x @ x (fc/fy) x {600/(600 + f,)} = 0.03313
Phirere = 0.75 - Pb = 0.0248¢ A A e e 5305.5 =
Pmn = max(1.4/fy,025[fc/fy) = 000331 4 Asmn = 718.9 b
Pusieq = 43 - Asreq / (B-d) = 0.0000C 4. As 4/3req = 0.8 L
Prmin = min ( Prin, Pajareq ) = 0.0000C 4. As min = 0.8 -
Plies = As/(B-d) = 0.00151 A AN = 3225 =
¢ 4/13xPreq<Puse<Pmax A OK
. Bending Check
a=Asxfy/ (D xf:xDb) = 4.703 mm
ZMn =0.9 x As x fy x (d - a/2) = 25.740 kN-m > Mu = 0.048 kN-m
A OK
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. Shear Check
PVe=075x%x1/6 x Vfc' x B xd = 150.967 kN > Vu = 0.000 kN

A No shear reinforcement is required

(2) Crack Check
. Calculation of stress
n = 8
X = -nAgb +nAsb x [J{1+2bd/nAs}
= -8x322.50/1000 + 8 x 322,50 / 1000 x V[ 1 + 2 x 1000 x 213.5/ (8 x 322.50) |
= 30.711 S
fo = 2xMo/[Bxy x(d-x/3)]

= 20 x 0.000 /[ 1000 x 30.711 x( 2135 - 30.711 /3 )] x 108
= 0.000 MPa
fs = Mo/[Asx (d-x/3)]
= 0000 /[ 322500 x( 2135 - 30711 / 3 )] x 10°
= 0.000 MPa
fst = fsx(H-d-x)/(d-X) = 0x(300-87-0)/(214-31) = 0.00 MPa

f. Maximum center space of reinforcement

Cc = 86.50 - 13.00/2 = 80.00 .

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 /fs) - 2.5 x Cc = 380x(280/0.00)-2.5x80.00 = 7.0E+08 _
300 x (280 / fs) = 300x(280/0.00) = 55E+08 .

Sa = 5.51E+08 | Applying Minimum value

S =1,000/ 3 Ea =400.0 < Sa ( 5.5E+08 mm) A OK
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5) Wall - Middle(Out)

(1) Section Design

M, Section specification and design condition

fo = 32 MPa fy = 420 MPa ki = 0.82
of = 0.90 v = 0.75 d = 2435 mm
B e 1000 mm H = 300 mm d = 565 mm
My = 15.774 kN-m Vu = 0.000 kN Mo = 10.242 kN-m
- Check of Strength reduction factor (®)
a = 9406
Because T=C , € = 9406 / B1 = 9.406 / 0.821 = 11451 mm
ey = fylEs = 420.000 / 200000 = 0.0021
g = 0.0030x (dt-c)/c = 0.003 x( 2435 - 11451 ) |/ 11.451
= 0.0608
gt > 0.0050 Tension-controlled sections of = 0.900
a=Asxfy/(Dxfexb) e 1)
Ml G= Axtx(d-alz) 2 WL TOTTYKYOYZT HIE WLT
f2 M,
Y As?z - fyxdxAs + = 0 [0 Req.As = 172320
2x085x%xfexh %)
UseAs = D 13 @ 400 + D 13 @ 400 = 645.00 k ( 5 eam)

M. Evaluation of reinforcement

Py = ki x @ x (fc/fy) x {600/(600 + f,)} = 0.03313
Phirere = 0.75 - Pb = 0.0248¢ A A e e 6051.0 =
Pmn = max(1.4/fy,025[fc/fy) = 000331 4 Asmn = 819.9 "
Paseq = M3 Asreq/ (B-d) = 0.0009¢ 4. As 4/3req = 229.8 L
Prmin = min ( Prin, Pajareq ) = 0.0009¢ 4. As min = 229.8 L
Pise = As/(B:d) = 0.0026: 4.  Asmin = 645.0 .
¢ 4/13xPreq<Puse<Pmax A OK
. Bending Check
a=Asxfy/ (D xf:xDb) = 9.406 mm
ZMn =0.9 x As x fy x (d - a/2) = 58.221 kN-m > Mu = 15.774 kN-m
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M. Shear Check
@Vc=075x1/6 x\Vfc' x Bxd = 172.181 kN > Vu = 0.000 kN

A No shear reinforcement is required

(2) Crack Check
. Calculation of stress
n = 8
X = -nAgb +nAsb x [J{1+2bd/nAs}
= -8 645.00 /1000 + 8 x 645.00 / 1000 x \[ 1 + 2 x 1000 x 243.5 / (8 x 645.00) ]
= 45.234 -
fo = 2xMo/[Bxx x(d-x/3)

= 20 x 10242 /[ 1000  x 45234 x( 2435 - 45234 | 3 )] x 108
= 1982 MPa

fo = Mo/[Asx (d- x/3)]
= 10242 /[ 645000 x( 2435 - 45234 | 3 )] x 10°
= 69514 MPa

fst = fsx(H-d-x)/(d-x) = 70x(300 - 57 - 2) / (244 - 45) = 6951 MPa

f. Maximum center space of reinforcement

Cc = 56.50 - 13.00/ 2 = 50.00 .

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 /fs) - 2.5 x Cc = 380x(280/69.51) -2.5x50.00 = 1405.62
300 x (280 / fs) = 300x(280/69.51) = 1208.39

Sa = 1208.39 Applying Minimum value

S =1,000/5 Ea = 200.0 < Sa( 120839 mm) A OK
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6) Wall - Bottom

(1) Section Design

M, Section specification and design condition

fo = 32 MPa fy = 420 MPa ki = 0.82
of = 0.90 v = 0.75 d = 2435 mm
B e 1000 mm H = 300 mm d = 565 mm
My = 18.133 kN-m Vu = 33.898 kN Mo = 11.805 kN-m
- Check of Strength reduction factor (®)
a = 9406
Because T=C , € = 9406 / B1 = 9.406 / 0.821 = 11451 mm
ey = fylEs = 420.000 / 200000 = 0.0021
g = 0.0030x(dt-c)/c = 0.003 x( 2435 - 11451 ) |/ 11.451
= 0.0608
gt > 0.0050 Tension-controlled sections of = 0.900
a=Asxfy/(Dxfexb) e 1)
Ml G= Axtx(d-alz) 2 WL TOTTYKYOYZT HIE WLT
f2 M,
Y As? - fyxdxAs + = 0 0O Reg.As = 198252~
2x085x%xfexh %)
UseAs = D 13 @ 400 + D 13 @ 400 = 645.00 k ( 5 eam)

M. Evaluation of reinforcement

Py = ki x @ x (fe/fy) x {600/(600 + f,)} = 0.03313
Phirere = 0.75 - Pb = 0.0248¢ A A e e 6051.0 =
Pmn = max(1.4/fy,025[fc/fy) = 000331 4 Asmn = 819.9 "
Pusieq = 43 - Asreq / (B-d) = 0.0010¢ 4. As aizreq = 264.3 ,_
Prmin = min ( Prin, Pajareq ) = 0.0010¢ 4 As min = 264.3 L
Plies = As/(B-d) = 0.0026¢ A AN = 645.0 .
¢ 4/13xPreq<Puse<Pmax A OK
. Bending Check
a=Asxfy/ (D xf:xDb) = 9.406 mm
ZMn =0.9 x As x fy x (d - a/2) = 58.221 kN-m > Mu = 18.133 kN-m
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M. Shear Check
@Vc=075x1/6 x\Vfc' x Bxd = 172.181 kN > Vu = 33.898 kN

A No shear reinforcement is required

(2) Crack Check
. Calculation of stress
n = 8
X = -nAgb +nAsb x [J{1+2bd/nAs}
= -8 645.00 / 1000 + 8 x 645.00 / 1000 x \[ 1 + 2 x 1000 x 243.5 / (8 x 645.00) ]
= 45.234 o
fo = 2xMo/[Bxx x(d-x3)

= 20 x 11.805 /[ 1000  x 45234 x( 2435 - 45234 | 3 )] x 108
= 2285 MPa

fs = Mo/[Asx (d-x/3)]
= 11805 /[ 645000 x( 2435 - 45234 | 3 )] x 10°
= 80125 MPa

fst = fsx(H-d-x)/(d-x) = 80x(300 - 57 - 2) / (244 - 45) = 8013 MPa

f. Maximum center space of reinforcement

Cc = 56.50 - 13.00/ 2 = 50.00 .

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 / fs) - 2.5 x Cc = 380x(280/80.13)-2.5x50.00 = 1202.92
300 x (280 / fs) = 300x(280/80.13) = 1048.36

Sa = 104836 Applying Minimum value

S =1,000/5 Ea=200.0 < Sa ( 1048.36 mm) A OK
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7) Bottom Slab - At the end of the point

(1) Section Design

M, Section specification and design condition
fo = 32 MPa fy = 420 MPa ki = 082
gf = 0.90 v = 0.75 d = 2435 mm
B e 1000 mm H = 300 mm d = 565 mm
My = 13.847 kN-m Vu = 74.227 kN Mo = 8.948 kN-m
- Check of Strength reduction factor (®)
a = 9406
Because T=C , € = 9406 / B1 = 9.406 / 0.821 = 11451 mm
ey = fylEs = 420.000 / 200000 = 0.0021
g = 0.0030x (dt-c)/c = 0.003 x( 2435 - 11451 ) |/ 11.451
= 0.0608
gt > 0.0050 Tension-controlled sections of = 0.900
a=Asxfy/(Dxfexb) e 1)
Ml G= Axtx(d-alz) 2 WY TOMTYKYOYZT HNX UT
f2 M,
Y As? - fyxdxAs + = 0 O Reg.As = 151.165%
2x085x%xfexh %)
UseAs = D 13 @ 400 + D 13 @ 400 = 645.00 k 5 ea/m)
. Evaluation of reinforcement
Py = ki x @ x (fc/fy) x {600/(600 + f,)} = 0.03313
Phirere = 0.75 - Pb = 0.0248¢ A A e e 6051.0 =
Pmn = max(1.4/fy,025[fc/fy) = 000331 4 Asmn = 819.9 b
Pagreq = 4/3 - Asreq / (B-d) = 0.0008: 4. As 4/3req = 201.6 L
Prmin = min ( Prin, Pajareq ) = 0.0008: 4. As min = 201.6 L
Pee = As/(B-d) = 0.0026] 4.  Asmn = 645.0 -
¢ 4/13xPreq<Puse<Pmax A OK
. Bending Check
a=Asxfy/ (D xf:xDb) = 9.406 mm
ZMn =0.9 x As x fy x (d - a/2) = 58.221 kN-m > Mu = 13.847 kN-m
A OK
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M. Shear Check
@Vc=075x1/6 x\Vfc' x Bxd = 172.181 kN >  Vu = 74.227 kN

A No shear reinforcement is required

(2) Crack Check
. Calculation of stress
n = 8
X = -nAgb +nAsb x [J{1+2bd/nAs}
= -8x645.00/1000 + 8 x 645.00 / 1000 x V[ 1 + 2 x 1000 x 243.5/ (8 x 645.00) |
= 45.234 S
fo = 2xMo/[Bxy x(d-x/3)]

= 20 x 8948 /[ 1000 x 45234 x( 2435 - 45234 [ 3 )] x 108
= 1.732 MPa

fs = Mo/[Asx (d-x/3)]
= 8.948 /[ 645.000 x( 2435 - 45234 /3 )] x 108
= 60.733 MPa

fst = fsx(H-d-x)/(d-X) = 61x(300-57-2)/(244 - 45) = 60.73 MPa

f. Maximum center space of reinforcement

Cc = 56.50 - 13.00/ 2 = 50.00 .

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 /fs) - 2.5 x Cc = 380x(280/60.73) - 2.5 x50.00 = 1626.93
300 x (280 / fs) = 300x(280/60.73) = 1383.11

Sa = 1383.11 Applying Minimum value

S =1,000/5 Ea = 200.0 < Sa( 138311 mm) A OK
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8) Bottom Slab - Middle

(1) Section Design

M, Section specification and design condition

fo = 32 MPa fy = 420 MPa ki = 0.82
gf = 0.90 v = 0.75 d = 2135 mm
B e 1000 mm H = 300 mm d = 865 mm
My = 20.516 kN-m Vu = 0.000 kN Mo = 13.402 kN-m
- Check of Strength reduction factor (®)
a = 9406
Because T=C , € = 9406 / B1 = 9.406 / 0.821 = 11451 mm
ey = fylEs = 420.000 / 200000 = 0.0021
g = 0.0030x (dt-c)/c = 0.003 x( 2135 - 11451 ) / 11.451
= 0.0529
gt > 0.0050 Tension-controlled sections of = 0.900
a=Asxfy/(Dxfexb) e 1)
Ml G= Axtx(d-alz) 2 WL TOTTYKYOYZT HIE WLT
f2 M,
Y As?z - fyxdxAs + = 0 [0 Req.As = 255506
2x085x%xfexh %)
UseAs = D 13 @ 400 + D 13 @ 400 = 645.00 k 5 eam)
. Evaluation of reinforcement
Py = ki x @ x (fc/fy) x {600/(600 + f,)} = 0.03313
Phirere = 0.75 - Pb = 0.0248¢ A A e e 5305.5 =
Pmn = max(1.4/fy,025[fc/fy) = 000331 4 Asmn = 718.9 b
Pasreq = 43 Asreq/ (B-d) = 0.0016( 4. As a13req = 342.1 -
Prmin = min ( Prin, Pajareq ) = 0.0016( 4. As min = 342.1 L
Plies = As/(B-d) = 0.0030z A AN = 645.0 =
¢ 4/13xPreq<Puse<Pmax A OK
. Bending Check
a=Asxfy/ (D xf:xDb) = 9.406 mm
ZMn =0.9 x As x fy x (d - a/2) = 50.907 kN-m > Mu = 20.516 kN-m
A OK
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. Shear Check
PVe=075x%x1/6 x Vfc' x B xd = 150.967 kN > Vu = 0.000 kN

A No shear reinforcement is required

(2) Crack Check
. Calculation of stress
n = 8
X = -nAgb +nAsb x [J{1+2bd/nAs}
= -8x645.00/1000 + 8 x 645.00 / 1000 x V[ 1 + 2 x 1000 x 213.5/ (8 x 645.00) |
= 42.062 S
fo = 2xMo/[Bxy x(d-x/3)]

= 20 x 13402 /] 1000 x 42062 x( 2135 - 42.062 /3 )] x 108
= 3195 MPa
fs = Mo/ [Asx (d-x/3)]
= 13402 /[ 645.000 x( 2135 - 42.062 /3 )] x 10°
= 104.163 MPa
fst = fsx(H-d"-x)/(d-Xx) = 104 x (300 - 87 - 3) / (214 - 42) = 104.16 MPa

f. Maximum center space of reinforcement

Cc = 86.50 - 13.00/2 = 80.00 .

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 /fs) - 2.5 x Cc = 380x(280/104.16) - 2.5x80.00 = 82147
300 x (280 / fs) = 300x(280/104.16) = 806.42 |

Sa = 80642 Applying Minimum value

S =1,000/5 Ea = 200.0 < sa( 80642 mm) A OK

(3) Deflection Check

- Boundary condition . One-way Slab, Both ends continuous
- Span : L=1.800m
- Thickness : H=0.300m
4 Tmin = L/28x(0.43 + fy/700) = 1.8/28 x(0.43 + 420/ 700)
= 0.066 m < H=0.300 m A OK
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1.4.8 Distribution Reinforcement Check

1) Top Slab (H= 300 mm)
« As, min = (0.0018 x 420 /fy) x Bx H = (0.0018 x 420 / 420) x 1000 x 300 = 540.0

- The spacing of deformed shrinkage and temperature reinforcement shall not exceed

the lesser of 5h and 450mm. = 450
- Used As : Tension side D 13@ 200 = 6450 .
Compressionside D 13@ 200 = 645.0 .
[l = 12900 > 540.0
- Bar spacing : 200 . < 450 A OK
2) Wall (H= 300 mm)
- As,min = (0.0018 x 420/ fy) x Bx H = (0.0018 x 420 / 420) x 1000 x 300 = 540.0
- The spacing of deformed shrinkage and temperature reinforcement shall not exceed
the lesser of 5h and 450mm. = 450
- Used As : Tension side D 13@ 200 = 6450
Compressionside D 13@ 200 = 645.0 .
[ = 12900 > 540.0
- Bar spacing : 200 . < 450 A OK

3) Bottom Slab (H= 300 mm)

- As,min = (0.0018 x 420/ fy) x Bx H = (0.0018 x 420 / 420) x 1000 x 300 = 540.0
- The spacing of deformed shrinkage and temperature reinforcement shall not exceed
the lesser of 5h and 450mm. = 450
- Used As : Tension side D 13@ 200 = 6450
Compression sidle D 13@ 200 = 645.0 .
[l = 12900 > 540.0
- Bar spacing : 200 . < 450 A OK
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1.4.9 Corner Design

1) Top slab Cheak

oX oy
al = 300 mm
a2 = 200 mm
bl = 300 mm
b2 = 200 mm

2) Bottom slab Cheak

/ Y
AN

x|
al = 300 mm
a2 = 0 mm
bl = 300 mm
b2 = 0 mm

ft.max

0.13 ofc’

ft.max

ft.max

0.13 (Ifc’

ft.max

13.313 kN-m
a2-b2+b2-al+a2-bl
x 2 = 5657 mm
a2+b2
1000  mm
5-Mo 5x 13.313 x 106
= = 0.208 MPa
R2.w 565.72 x 1000
0.735 MPa
0.208 < 0.13+fc' = 0.735  ANoreinforcement s requireds
11.805 kN-m
[(@l% + a2 = 4243 mm
1000 mm
5-Mo 5x 11.805 x 10”6
= = 0.328 MPa
R2.w 424.32 x 1000
0.735 MPa
0.328 < 0.13+Vfc' = 0.735 ANoreinforcement s requireds
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2. CORRUGATED STEEL PIPE
-



2.1 Corrugated Steel Pipe (D=1,200)
]

D=1.2M
H=1.23 m [SI UNIT]



2. Corrugated Steel Pipe

2.1.1 Design Condition

1) Section Assumption . ’g
=
QE
&
- Unit density of pavement : yp = 23.000 KN/m?
- Unit density of soil : ys = 20.000  kN/ms3
- Thickness of pavement : Hp = 0320 m
- Depth of soil : Hs = 0911 m
- Pipe span : Sc = 1200 m
- Corrugated steel pipe specifications
pitch x depth : 68x13 mm
thickness : 2.0 mm
yield strength : fy = 205 Mpa
modulus of elasticity : E = 200000 Mpa

2) Reference

Corrugated steel pipe institute — Handbook of Steel Drainage Highway Construction Products

2.1.2 Section Properties for corrugated steel pipe

Specified Thickness, mm

type
1.0 13 16 2.0 2.8 3.0 35 4.0 4.2 5.0 6.0 7.0
Moment of Inertia, mm4/mm

38x6.5 3.7 5.1 6.5 8.6

68x13 16.5 226 284 371 546 70.2 86.7

76x25 75.8 104.0 1304 1704 2497 319.8 393.1

125x25 133.3 173.7 2532 322.7 394.8

152x51 1057.3 1457.6 1867.1 2278.3 2675.1

Cross section Wall area, mm2/mm

38x6.5 0.896 1.187 1.484 1.929

68x13 0.885 1.209 1512 1966 2.852 3.621 4.411

76x25 1.016 1.389 1.736 2.259 3.281 4.169 5.084

125x25 1549 2.014 2.923 3.711 4521

152x51 3.522 4.828 6.149 7.461 8.712

Radius of Gyration, mm

38x6.5 2.063 2.075 2.087 2.109

68x13 4316 4.324 4332 4.345 4.374 4.402 4.433

76x25 8.639 8.653 8.666 8.685 8.724 8.758 8.794

125x25 9.277 9.287 9.308 9.326 9.345
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152x51 17.326 17.375 17.425 17.475 17.523
2.1.3 Loads

1) Dead Load
The dead load is considered to be the soil prism over the pipe:

DL=gH= 23.000 x 0.320 + 20.000 x 0911 = 25580 kN/O

DL = unit pressure of a soil prism acting on the horizontal plane at the top of the pip
g = unit weight of the soil
H = height of cover over the pipe

2) Live Load

(1) W80 SR

o
o

(o
L

80 80
(0.25 + 2D) x (0.4 + 2D) (0.25 +2.462) x (0.4 + 2.462)

(2) A160 | ENVE |
160 kN \‘ it \‘ ~

O AN

| |

ELEVATION L J
70 f | AN |
3200 mm standard [ [ [ |
2003_"““ design lane ir ‘
: C 7 TR
——u—-—250 mm i i
PLAN . J |
2 x 80 160
Py = = = 12.134 kKN/m?2
(0.25 + 2D) x (2.4 + 2D) (0.25 +2.462) x (2.4 + 2.462)
(3) M1600
360 kN 360 kN 360 kN 360 kN

L (I B KN/m (o
KIS ~~rrrREF E N

ELEVATION
1.25 1.25 3.75 1.25 1.25 Varies 6.25 min. 1.25 1.25 5.0 125 1.25

o
o

\

“— 2 m <etandard




2. Corrugated Steel Pipe

——EA To.£ M Stangarg I_o s
design ]
PLAN
- Axle group =

Py = 6%€0 - 360 = 14.344 kN/m?
(2.7 + 2D) x (2.4 + 2D) (2.7 +2.462) x (2.4 + 2.462)
- Lane uniformly distributed loads : 6.000 kN/m?  / 3.2m = 1.875 kN/m?
- Py = 14344 + 1.875 = 16.219 kN/m?
(4) s1600
240 kN 240 kN 240 kN 240 kN
..‘.\"’.’A&Aa‘hﬂA‘AGA‘.\"".'AQA.A‘.A.G.’A@A@‘AAA.A
ELEVATION

1.25 1.25 3.75 125 1.25 Varies 6.25 min. 1.25 1.25 50 1.25 125 o8
g ===} | I 111

%/ % 2.0

Z
0.4 3.2 m standard 0.6
design
PLAN
- Axle group =
—
Y -2hem) 25m } _U . [ | ) |
| ir | |
Y [ ‘ | C\[:’"T -' + ! ! +
=l . "/ ] b |
/ | | |
L | ra 1 1 N | | \
L 27+20 o : |
6 x 40 240
i = = = 9.563 kN/m?
(2.7 + 2D) x (2.4 + 2D) (2.7 +2.462) x (2.4 + 2.462)
- Lane uniformly distributed loads : 24.000 kKN/m2 ~ / 3.2m = 7.500 kN/m?
- Ph = 9563 + 7.500 = 17.063 kN/m2

(5) HLP 320 & HLP 400
\ N | | I l ‘
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125 125
Py = = = 12.159 kN/m?
(0.2 + 2D) x (1.4 + 2D) (0.2 + 2.462) x (1.4 +2.462)
(6) Live Load
TYPE Load Dynamic Load Allowance (a) (1+a)xLoad
w80 10.307 0.22 12.527
A160 12.134 0.22 14.747
M1600 16.219 0.18 19.088
S1600 17.063 0.00 17.063
HLP 12.159 0.10 13.375
0 LL = 19.088 kN/m? = 19.088 kN/m?

2.1.4 Minimum cover

Minim um cover for indicted Axle Loads (tonnes)

pipe span (mm)

8-22 22~34 34~50 50~68
300-1050 600 760 900 900
1200-1830 900 900 1050 1200
1980-3050 900 1050 1200 1200
3200~3660 1050 1200 1370 1370

0 Hmn= 900 _ < H= 1231 .,  AOK

2.1.5 Backfill compaction

The value chosen should reflect the importance and size of the structure, and quality of backfill
material and its installation that cn reasonably be expected. The recommended value for routine
use is 85% Standard Proctor Density.

Therefore, the design assumes a backfill compaction densit  85%

2.1.6 Design Pressure

H = 12m > S = 12m 18 \
Pv = K (DL + LL), when H > S 16 \
= 0.86x (2558 +19.088) = 38.414 kN/m? in \
:5 14 \
where: Pv = design pressure, kPa § o \
K = 086 ,load factor g
DL = dead load 10
LL = live load pal =
H = height of cover 08 \\kg
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2. Corrugated Steel Pipe

S = span or diameter | | I I\+ﬂ5 I
we 0 7 80 ) 0 95
Spacitiad Soll Compaction —% Standard AASHTO T.59
2.1.7 Ring compression
C = Pv x S | 2 = 38414 X 1.200 /| 2 = 23.049 kN/m
where: C = ring compression
Pv = design pressure
S = span or diameter

2.1.8 Allowable wall stress
The ultimate compressive stress in the pipe wall is expressed by the following equation

fo = fy, when D/r=276 <294
fb 205 MPa

A factor of safety of 2 is applied to the ultimate wall stress to obtain the allowable stress

fc=fb/2 = 102.50 MPa

where: fb = ultimate compressive stress
fc = allowable stress
fy = 230MPa ,yield strength
D = 1200 mm span or diameter

r 4.345W | radius of gyration of the pipe wall

2.1.9 Wall thickness

A required wall area A, is computed using the calculated compression in the pipe wall, C,
and allowable stress, fc

|
I
(@)
3
I

23.049 / 102500 = 0.225/W

=
>
o)
@
>
Il

required area in the pipe wall

C = ring compression
fc = allowable stress
Cross section Wall area = 1.966 /W > 0.225 /W AO.K

2.1.10 Handling stiffness

The resultant flexibility factor, FF, limits the size of pipe for each combination of corrugation
and metal thickness




TINA River Hydropower Development Project

FE=D2/El = O0.194WN < 0.245wN AO.K

where: E
D
I 37.11 ' ,moment of inertia of the pipewall
Recommended maximum allowable values of FF for ordinary round and underpass pipe installatio
are as follows:

200000 MPa , modulus of elasticity
diameter or span

68x13 mm corrugation, FF 0.245 %N

125x25 _~ mm  corrugation, 0.188 wW/N

76x25 FF e mm  0.188 W/N

152x51 corrugation, FF _. 0.114 WN
mm corrugation, FF _

2.1.11 Seam strength

The allowable ring compression accounting for the seam strength consideration, is the ultimate sea
strength, show in tables below, divided by the factor of safety of 2.0. Since helical lockseam and
continuously-welded-seam pipe have no longitudinal seams, there is no seam strength check for the
types of pipe




2.2 Corrugated Steel Pipe (D=900)
]

D=0.9M
H=1.34 m [SI UNIT]



2. Corrugated Steel Pipe

2.2.1 Design Condition

1) Section Assumption

- Unit density of pavement :

- Unit density of soil :

- Thickness of pavement :

- Depth of soil :

- Pipe span:

- Corrugated steel pipe specifications
pitch x depth :

thickness :

yield strength :
modulus of elasticity :

2) Reference
Corrugated steel pipe institute — Handbook of Steel Drainage Highway Construction Products

2.2.2 Section Properties for corrugated steel pipe

23.000 kN/md

Yp =
ys = 20.000  kN/m?
Hp = 0320 m
Hs = 1.016 m
Sc = 0.900 m
68x13 mm
1.6 mm
fy = 205 Mpa
E = 200000 Mpa

Specified Thickness, mm

type
1.0 13 16 2.0 2.8 3.0 35 4.0 4.2 5.0 6.0 7.0
Moment of Inertia, mm4/mm
38x6.5 3.7 5.1 6.5 8.6
68x13 165 226 284 371 546 70.2 86.7
76x25 75.8 1040 1304 1704 2497 319.8 393.1
125x25 133.3 173.7 253.2 322.7 394.8
152x51 1057.3 1457.6 1867.1 2278.3 2675.1
Cross section Wall area, mm2/mm
38x6.5 0.896 1.187 1.484 1.929
68x13 0.885 1.209 1512 1.966 2.852 3.621 4.411
76x25 1.016 1.389 1.736 2.259 3.281 4.169 5.084
125x25 1549 2.014 2.923 3.711 4521
152x51 3.522 4.828 6.149 7.461 8.712
Radius of Gyration, mm
38x6.5 2.063 2.075 2.087 2.109
68x13 4316 4.324 4.332 4.345 4374 4.402 4.433
76x25 8.639 8.653 8.666 8.685 8.724 8.758 8.794
125x25 9.277 9.287 9.308 9.326 9.345
152x51 17.326 17.375 17.425 17.475 17.523
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2.2.3 Loads

1) Dead Load
The dead load is considered to be the soil prism over the pipe:

DL=gH= 23.000 x 0.320 + 20.000 x 1.016 = 27.680 kN/O

DL = unit pressure of a soil prism acting on the horizontal plane at the top of the pipe
g unit weight of the soil
H height of cover over the pipe

2) Live Load

(1) W80
| [ | | [ [ |

80 80
Py = = = 8.912 kN/m?
(0.25 + 2D) x (0.4 + 2D) (0.25 + 2.672) x (0.4 + 2.672)

(2) AL60 | RNV |

160 kN EL‘J
O ! | f

ELEVATION ! , !
400 mm ]
o } | DNy |
3200 mm standard ! ! ! !
2000 mm design lane ir ‘
u T | |
| |
—-—U——zso mm i i
PLAN : | J
2 x 80 160
Pu = = = 10.796 kN/m?2
(0.25 + 2D) x (2.4 + 2D) (0.25+2.672) x (2.4 + 2.672)
(3) M1600
360 kN 360 kN 360 kN 360 kN

6 kN/m
“.‘..“".""A‘"'.o’n‘....c.""‘"".”A.‘..‘...“GA‘.G‘Q‘...A..G.’A@""’A.“‘.
ELEVATION

1.25 1.25 3.75 1.25 1.25 Varies 6.25 min. 1.25 1.25 50 1.25 1.25 0.6
i =1 1 {
TN
50.2 /
Z 7
0.4 L3.2 m standard
design

PLAN
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2. Corrugated Steel Pipe

- Axle group =

6x60 360

Pn = = = 13.213 kN/m2
(2.7 + 2D) x (2.4 + 2D) (2.7 +2.672) x (2.4 + 2.672)
- Lane uniformly distributed loads : 6.000 KN/m2z ~ / 3.2m = 1.875kN/m?
- Py = 13.213 + 1.875 = 15.088 kN/m2
(4) S1600
240 kN 240 kN 240 kN 240 kN
4 kN/
...“ska‘\”’;.....s’a@“’h.....“A@A‘.\"’l&?".A.AAG,KQAQAA...‘
ELEVATION
125125 375 125125 Varies 6.25 min. 1.25 1.25 5.0 125125 o6
7// 1--1 i—1 7 | | , ] »
% Z %
Z
0.4 “—3.2 m standard 0.6
design
PLAN
- Axle group -
R
1 :-.‘.mT| ! l _rr]_ | l
| ? | |
B 'l l X 2m Y + | | +
(=] ] - \
| ;
. 27+20 J ]
6 x 40 240
Pu = = = 8.808 kN/m2
(2.7 + 2D) x (2.4 + 2D) (2.7 +2.672) x (2.4 + 2.672)
- Lane uniformly distributed loads : 24.000 kKN/m2  / 3.2m = 7.500 kN/m?
- Pu = 8.808 + 7.500 = 16.308 kN/m?

(5) HLP 320 & HLP 400

+ 7 ol
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125

125

I:)vl =
(0.2 + 2D) x (1.4 + 2D)

(6) Live Load

(0.2 +2.672) x (1.4 +2.672)

10.689 kN/m?

TYPE Load Dynamic Load Allowance (a) (1+a)xLoad
W80 8.912 0.20 10.691
A160 10.796 0.20 12.951
M1600 15.088 0.17 17.598
S1600 16.308 0.00 16.308
HLP 10.689 0.10 11.757
O LL = 17.598 kN/m?2 = 17.598 kN/m?2

2.2.4 Minimum cover

Minimum cover for indicted Axle Loads (to nes)

pipe span (mm)

8~22 22~34 34~50 50~68
300-1050 600 760 900 900
1200-1830 900 900 1050 1200
1980-3050 900 1050 1200 1200
3200~3660 1050 1200 1370 1370

O Hmn= 600 | < H= 1336 AO.K

2.2.5 Backfill compaction

The value chosen should reflect the importance and size of the structure, and quality of backfill
material and its installation that cn reasonably be expected. The recommended value for routine

use is 85% Standard Proctor Density.

Therefore, the design assumes a backfill compaction density 85%

2.2.6 Design Pressure

H = 13m > S = 09m
Pv = K (DL + LL), whenH>S
= 0.86x(27.68+17.598 )= 38.939 kN/m?
where: Pv = design pressure, kPa
K = 0.86 , load factor
DL = dead load
LL = live load
H = height of cover
S = span or diameter

i \
& 14

9 \
5 \
Q

9 12

[}

10

09

08

\Q\_ L
\b’“

70 78 80 84 a0 9%
Spacitind Sol Compaction —% Standard AASHTO T-28
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2. Corrugated Steel Pipe

2.2.7 Ring compression
C = Pv x S / 2 = 38939 x 0900 / 2 = 17.523kN/m

where: C

ring compression

o
<
1

design pressure
S = span or diameter

2.2.8 Allowable wall stress
The ultimate compressive stress in the pipe wall is expressed by the following equation

fo = fy, when D/r =208 <294
fb 205 MPa

A factor of safety of 2 is applied to the ultimate wall stress to obtain the allowable stress

fc=fb/2 = 102.50 MPa

where: fb ultimate compressive stress

fc allowable stress

fy = 230 MPa ,yield strength

D 900 mm span or diameter

r 4.332 W , radius of gyration of the pipe wall

2.2.9 Wall thickness

Arequired wall area A, is computed using the calculated compression in the pipe wall, C,
and allowable stress, fc

=
n
(@]
)
n

17.523 / 102500 = 0.171 /W

=
>
@
@
>
1

required area in the pipe wall

C = ring compression
fc = allowable stress
Cross section Wall area = 1.512</wt > 0.171</W AO.K

2.2.10 Handling stiffness

The resultant flexibility factor, FF, limits the size of pipe for each combination of corrugation
and metal thickness
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FF=D?2/ElI = O0.143W/N < 0.245%/N AO.K

where: E
D
| 28.37 ' ,moment of inertia of the pipewall
Recommended maximum allowable values of FF for ordinary round and underpass pipe installation
are as follows:

200000 MPa , modulus of elasticity
diameter or span

68x13 mm corrugation, FF 0.245W/N

125x25 _~ mm corrugation, 0.188 W/N

76x25 FF o mm  0.188 W/N

152x51 corrugation, FF _~ 0.114 W/N
mm corrugation, FF _

2.2.11 Seam strength

The allowable ring compression accounting for the seam strength consideration, is the ultimate seam
strength, show in tables below, divided by the factor of safety of 2.0. Since helical lockseam and
continuously-welded-seam pipe have no longitudinal seams, there is no seam strength check for the
types of pipe
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2.3 Head/Wing Wall (H=1.5m)
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2. Corrugated Steel Pipe

2.3.1 Design Conditions (H=1.500m
1) General ltems

(1) Type of WingWall

(2) Height of WingWall

(3) Slope of Backfill

(4) Height of Backfill

2) Soil
(1) Unit Weight of Backfill
(2) angle of internal friction of Backfill
(3) Unit Weight of filler
(4) angle of internal friction of filler
(5) coefficient of earth pressure atrest of filler

(6) Cohesion of Soil

3) Load
(1) Surface load

(2) horizontal seismic coefficient

4) Design Material
(1) Reinforced Concrete Weight
(2) Strength of Concrete

(3) Yield Strength of Reinforcement
5) Coefficient of Earth Pressure
(1) Evaluation of serviceability

(2) Evaluation of section

6) Reference

(1) American Concrete Institute — Code for the design of concrete structure, USA

, N= 1:2.00

Cantilever Type

1.500 m

1: 200

6.370 m
yt= 19.000

= 28.000

yt= 18.500
P11 = 28.000
®s = 0.500
C = 0.000
gL = 10.000
Kh = 0.115
yc = 25.00
fck = 32.00
fy = 420.00

Wedge of Soil pressure

Wedge of Soil pressure

(2) AS 3600 Concrete structures / 5100 Bridge design - Australian Standard

. Ho= 6370 )

kN/m3

kN/m3

kN/m2

kN/m2

(0.191x0.5x1.2)

kN/ms3
MPa

MPa
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TINA River Hydropower Development Project

2.3.2 Section Assumption

B3 B4
[ -
=t -7
I - -
~
\ N
! [
o
T
T
_B1_ Bw B5 _
! _
[
i |
B _—
& Sectional specification
- Width
B1 B2 B3 B4 B5 B Bw
0.100 0.000 0.200 0.125 0.675 1.100 0.325
- Height
H1 H2 H3 H4 H Ho
0.450 0.000 1.500 0.338 1.950 6.370
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2. Corrugated Steel Pipe

2.3.3 Load Calculation

1) Self weight (D)
Automatic consideration in program

2) Earth pressure
> At Normal (H)

Pa = SIN(a-®) X W
COS(a-®-56-0)
where, Dx) B(rx) o(Jx) 6(rx)
28.00 26.565 9.33 4.764 D (5=NAXD)
a(rx) 0'(Jx) H (m) W (kN/m) Pa (kN/m) Ka Kah Kav
322 9.333 1.500 165.183 12.280 0.575 0.557 0.140
323 9.333 1.500 161.576 12.294 0.575 0.558 0.140
324 9.333 1.500 157.989 12.296 0.575 0.558 0.140
325 9.333 1.500 154.422 12.288 0.575 0.558 0.140
32.6 9.333 1.500 150.875 12.268 0.574 0.557 0.140
Coefficient of earth pressure Kah = 0.558
Horizontal earth pressure Pah= Kahxyt xH
Pahl=  0.558 x 19 x 0.000 = 0.000 kN/m3
Pah2=  0.558 x 19 x 1500 = 15.903 kN/m3
<™ At Earthquake (E)
Pa = SIN(a-®+w) w
COS(a-d-5-96) COS(w)
where, D(rx) B(x) o(Jx) 6(rx) w(x)
28.000 26.565 0.000 4.764 6.538 50 w = tan-'Kh
a(sx) o(Jx) H (m) We (KN/m) Pa (kN/m) Kae Kaeh Kaev
28.2 0.000 1.500 328.536 38.670 1.8091 | 1.803 0.150
28.3 0.000 1.500 323.922 38.684 1.8098 | 1.804 0.150
284 0.000 1.500 319.338 38.687 1.8099 | 1.804 0.150
28.5 0.000 1.500 314.783 38.677 1.8094 | 1.803 0.150
28.6 0.000 1.500 310.258 38.655 1.8084 | 1.802 0.150
Coefficient of earthquake earth pressure : Kaeh' = Kaeh - Kah = 1.246
Earthquake earth pressure Paeh'= Kaeh'xyt xH
Paehl'= 1.246 x 19 x 0.000 = 0.000 kN/m3
Paeh2'= 1.246 x 19 x 1.500 = 35.511 kN/m3

3) Inertiaforce at earthquake (E)

P= W xKh
W : Weight of structure
Kh: 0.115 horizontal seismic coefficient

2-15
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2.3.4 Modeling & Loading

1) Anaysis Model

1.
|
..
:
i

3] |
;
S |
']
i

Boundary condition : Hinge

2) Loading

(1) Self weight - Automatic consideration in program (D)

(2) Horizontal Earth Pressure at normal (H)




2. Corrugated Steel Pipe

(3) Horizontal Earth Pressure at earthquake (E)

(4) Inertia force at earthquake (E)

2.3.5 Load combination

LCB1 . Ultimate Load at nomal
LCB 2 :Ultimate Load at earthquake
LCB 3 . Service Load at nomal

(

12D
09D
10D

+

+

16L
16H
10L

+

+

+

16H )
1.0E )
10H )
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2.3.6 Summary of Analysis Results

(1) B.M.D (Ultimate Load) - Unit : kKN.m
> LCB1

‘,..a-.‘.
b 10 e 34
S L
< LCB2

SR

WIIASTiwil
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BLATE PIR(E
ATy
S, HE0Se-011
T, 05405034
T.II00%e-004
= 4,001
5463001
GoadiaRe-oul
L2ime-anl
3.5857% 012
Mo
1.2256Te-011
0,2000%e4038
4. 2¢1%e-01
o Tl oe 1)
vy Sosel
WXz e
o W
sl

T W ww
SAYE: 03/12/2080
VIS¥-SIRECTION

L

MITRI/TIVAL
FCIT-TROCEIIE
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ety
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19010 e0000
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o 1.226x0enn0
526008
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B hEEs0e-a1]
3.000%-20
£,00200en10
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2. Corrugated Steel Pipe

(2) S.F.D (Ultimate Load) - Unit : kN
> LCB1

.
<> LCB2
i
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e
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STRETS
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o
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EERNED
R i
Ml | gl .
o5 \n
u " -

SERRR-TyY
L,4538%e0000
3 ATRIe0IV
2.41%0Lee000
l.rerenneaine
LiAsd el
0,300030+090

-4, 1030%e-001

MITAS TIVAL
POST-SROCEEIE
JLATE FIRCE
SRELR -y
1.104 ety
L ORLETen 00
T MGt
B AN Tesdie
1.22933e4206
L.265¢ 00000
§,000E0e4a00
“2.04i42era0C
=4 BRI
~£.352%2m0008
~1 M Tevile
~1.060)6e0001

R

Avg Wadel

ﬁ ' ,;,

xy M

Ik 3

WIT: w

AT s L220M
V12§~ DImecTION

= b




TINA River Hydropower Development Project

(3) B.M.D (Service Load) - Unit : kN.m

> LCB3

:

g
it
Wy cfiEne;
e

(4) Summary
Division LCB1 LCB2 LCB3 Section
M(KN.m) 0.958 2.375 1.994 Middle of Wall
V(KN) 4.196 10.463 Bottom of Wall
O Mu = 2.375 kN.m
Vu = 10.463 kN
Mo = 1.994 kN.m

EIZAT/Cival
FOIT-I0CEI508
FLATE FOA(E
MMMy
135021000
1981004500
1.408L0e4310

Jall

. 1, 4331704090

=] 1222t €eridl

10281804000
2.3 %-000
SAMIe-031
duStiLte-00l
257050011
0,30003e4030

=1.3e8-000

Lo ThN Pe 1

Ay Bodal

MX : 13e

LU

| 242 S )

TN e

O O3/ 1802000
VITF-CIRZCTION

| —
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2. Corrugated Steel Pipe

2.3.7 Section Design

1) Middle of Wall

(1) Section Design

f, Section specification and design condition

f. = 32 MPa fy = 420 MPa ki = 0.82
of = 0.90 @v = 0.75 d = 1000 mm
B = 1000 mm H = 200 mm d = 100.0 mm
My = 2.375 kN-m Vu = 10.463 kN Mo = 1.994 kN-m
- Check of Strength reduction factor (®)
a = 15.050
Because T=C , € = 15050 / pB1= 15050 / 0.821 = 18.322 mm
ey = fylEs = 420.000 / 200000 =  0.0021
g = 0.0030 x (dt-c)/c = 0.003 x( 1000 - 18322 ) / 18.322
= 0.0134
et > 0.0050 Tension-controlled sections  ®f = 0.900
a=zAsxfy/(Dxfexb) s @
Mo/@= Aoxfyx(d-al2) e @ VLT TOTTYKY®YZT HNZ NLLT
f2 M,
y As? - fyxdxAs o+ = 0 0 Req.As = 3138+
2x0.85xfexb 1%}
UseAs = D 13 @ 250 + D 13 @ 250 = 1032.00 k ( 8 eam)

. Evaluation of reinforcement

Pb = ki x @ x (fe/fy) x {600/(600 + f,)} = 0.03313
Pliiex = 0.75-Pb = 0.0248t 4. - = 2485.0 I
Pmn = max(1.4/fy,0.25[fc'/fy) = 0.00337 . As min = 336.7 "
Puseq = 413 - Asreq/ (B-d) = 00008/ 4.  Asuseq = 84.2 -
Pun = Min (Ppin Paareq) = 00008 4.  Asmin = 84.2 -
Piee = As/(B-d) = 00103 4.  Asmin = 10320 -
¢ 4/3xPreq<Puse<Pmax A O.K
. Bending Check
az=Asxfy/ (@ xfexb) = 15.050 mm
@Mn = 0.9 x As x fy x (d - a/2) = 36.074 kN-m > Mu = 2.375 kN-m
A OK
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. Shear firction Check
@v Vn = @v x Avf x fy X U 325.080 > Vu = 10.463 kN A OK

(2) Crack Check
(. Calculation of stress

n = 9

X = -nAs/b + nAs/b x [J{1+2bd/nAs}
= -9x1,032.00/1000 + 9 x 1,032.00 / 1000 x \/[ 1+2x1000 % 100/(9x1,032.00)]
= 34.801 >

fe = 2xMo/[Bxx x(d-x/3)
= 20 x 1994 /[ 1000 x 34801 x( 1000 - 34801 / 3 )] x 10°
= 1296 MPa

fs = Mo/[Asx (d- X/3)]
= 1.994 /[ 1032000 x( 1000 - 34801 / 3 )] x 10
= 21.857 MPa

fst = fsx(H-d-x)/(d-X) = 22x (200 - 100 - 1) / (100 - 35) = 2186 MPa

f. Maximum center space of reinforcement
Cc = 100.00-13.00/2 = 9350 .

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 /fs) - 2.5 x Cc = 380x(280/21.86)-2.5x93.50 = 4634.21 .
300 x (280 / fs) = 300x(280/21.86) = 3843.12

Sa = 384312 | Applying Minimum value

S =1,000/8 Ea=125.0 < Sa ( 3843.12 mm) A OK
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2. Corrugated Steel Pipe

2.3.8 Distribution Reinforcement Check

1) Wall (H= 325 mm)
- As,min = (0.0018 x 420 /fy) x BxH = (0.0018 x 420/ 420) x 1000 x 325 = 5850 r
- The spacing of deformed shrinkage and temperature reinforcement shall not exceed
the lesser of 5h and 450mm. = 450 -
- Used As : D 13@ 125 = 10320 *
[ = 10320 > 5850 k A OK
- Bar spacing : 125 L < 450 . A OK

2) Bottom Slab (H= 450 mm)

- As,min = (0.0018 x 420 /fy) x BxH = (0.0018 x 420/ 420) x 1000 x 450 = 8100 r
- The spacing of deformed shrinkage and temperature reinforcement shall not exceed
the lesser of 5h and 450mm. = 450 -
- Used As : Upper side : D 13@ 250 = 5160 .
Bottom side : D 13@ 250 = 5160 .
= 10320 . > 8100 . A OK
- Bar spacing : 250 . < 450 A OK
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3. BOX CULVERT WING WALL
-



3.1 Wing Wall (H=2.2m)
]



3. Box Culvert Wing Wall

3.1.1 Design Conditions (H=2.200m

1) General ltems
(1) Type of WingWall
(2) Height of WingWall
(3) Slope of Backfill

(4) Height of Backfill

2) Soil
(1) Unit Weight of Backfill
(2) angle of internal friction of Backfill
(3) Unit Weight of filler
(4) angle of internal friction of filler
(5) coefficient of earth pressure atrest of filler

(6) Cohesion of Sail

3) Load
(1) Surface load

(2) horizontal seismic coefficient

4) Design Material
(1) Reinforced Concrete Weight
(2) Strength of Concrete

(3) Yield Strength of Reinforcement
5) Coefficient of Earth Pressure
(1) Evaluation of serviceability

(2) Evaluation of section

6) Reference

(1) American Concrete Institute — Code for the design of concrete structure, USA

, N= 1:2.00

Reverse T Type WingWall

2.200 m

1: 200

2.000 m
yt= 19.000

= 28.000

yt= 18.500
P11 = 28.000
P = 0.500
C = 0.000
gL = 10.000
Kh = 0.115
yc = 25.00
fck = 32.00
fy = 420.00

Wedge of Soil pressure

Wedge of Soil pressure

(2) AS 3600 Concrete structures / 5100 Bridge design - Australian Standard

. Ho= 2000 )

kN/m3

kN/m3

kN/m2

kN/m2

(=0.191 X 0.5 x 1.2)

kN/m3
MPa

MPa
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3.1.2 Section Assumption

B2 .B3. .B4 e
< 7
T 7
-7 e
L ®
M __Tj f::j
e -
. R BS
(35
2 NG @
— T
T e
= (&
BF1 Kb BF >
B
& Sectional specification
- Width
Bl B2 B3 B4 B5 B Bw
0.300 0.036 0.300 0.064 1.100 1.800 0.400
- Height
H1 H2 H3 H4 H Ho
0.400 0.000 1.800 0.550 2.200 2.000
- Shear Key
BF1 BF2 Kb Kh
1.000 0.400 0.400 0.400
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3. Box Culvert Wing Wall

3.1.3 Evaluation of serviceability
1) At Nomal
(1) Earth pressure

Pa = SIN(a-®) W
COS(a-®-%)
where, ®(rx) B(x) d(rx) 8(x)
28.0 26.565 23.420 2.036 5 (Apply5=B')
a(rx) 0'(Jx) H (m) W (kN/m) Pa (KN/m) Ka Kah Kav
47.7 23.337 2.750 112.538 38.013 0.529 0.486 0.210
47.8 23.379 2.750 112.005 38.014 0.529 0.486 0.210
47.9 23.420 2.750 111.473 38.015 0.529 0.486 0.210
48.0 23.462 2.750 110.942 38.014 0.529 0.486 0.210
48.1 23.503 2.750 110.413 38.012 0.529 0.486 0.210
Horizontal earth pressure Pah=1/2 x kah x yt x H? = 34.880 kN/m3
Vertical earth pressure Pav="1/2 x kav x yt x H? = 15.087 kN/m?
(2) Load
Division Calculation Unit Weight Vertical Force(kN)
> 1.800 X 0.300 = 0.540 25.00 13.500
< | 1.800 x  0.036 X Y% =] 0.032 25.00 0.810
\V4 1.800 X 0.064 X Y = 0.058 25.00 1.440
Concrete A 0.000 X 0.300 X Y = 0.000 25.00 0.000
/\ | 0.000 x  0.400 = | 0.000 25.00 0.000
A 0.000 X 1.100 X Y = 0.000 25.00 0.000
> | 0.400 X 1.800 = | 0.720 25.00 18.000
> 0.400 X 0.400 = 0.160 25.00 4.000
> | 0.550 X 1.100 X Y% =] 0303 19.00 5.748
Soi > 1.800 X 0.064 X Y = 0.058 19.00 1.094
> | 1.800 X 1.100 = 1.980 19.00 37.620
>3 0.000 X 1.100 X Y = 0.000 19.00 0.000
Surface load 0.895 = 0.895 10.00 8.950
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(3) Moment
Cicion verical | Horizental length (m) MOMENT (kN-m)

V (kN/m) H (kN/m) X Y V-X(Mr) H-Y(Mo)

> 13.500 - 0.486 - 6.561

Q@ 0.810 - 0.324 - 0.262

\V 1.440 - 0.657 - 0.947

Concrete A 0.000 - 0.200 - 0.000

A 0.000 - 0.500 - 0.000

A 0.000 - 1.067 - 0.000

> 18.000 - 0.900 - 16.200

> 4.000 - 1.200 - 4.800

Sub Total 37.750 28.770

D> 5.748 - 1.433 - 8.238

o -_r> 1.094 - 0.679 - 0.743

B>- 37.620 - 1.250 - 47.025

3 0.000 - 1.433 - 0.000

Sub Total 44.462 56.006
Earth pressure 15.087 34.880 1.800 | 0.917 27.157 31.973
Surface load 1.879 4.345 1.800 | 0.917 3.383 3.983
Total 99.179 39.225 115.316 35.957
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3. Box Culvert Wing Wall

(4) Evaluation of serviceability

> Sliding
tands = 0.500
B' = B-2xe = 1.800-2x0.100 = 1.600 m
C = 0.000 kN/m?
pav) = 99.179 kN/m
>H = 39.225 kN/m
Hu = C x A + V x tan®s = 49.589 kN/m
F.S = Hu/ZzH = 1.264 < 15 -- NG
y Need Shear Key.
<M Shear Key
\Y = 99.179 kN/m
tandB = 0.500
Kp = 3.688
cos2(p+0)
Kp = c0s% cos(0 - 5) [ .. J sin(p + 0 ) sin(p + B) ] 2
cos(B-0)cos(6-B)
Where, d(x) B(1X) d(rx) 8(rx)
28.00 0.00 9.33 0
Pp = 32.749 kN/m
Hk = V tan®s + Pp = 82.338 kN/m
F.S = Hk/ZH = 2.099 > 15 --- OK
y Stability of sliding is O.K.
= Qverturning
e = BJ/2 - (ZMr - ZMo)/2V
= 1.800/2-(115.316 - 35.957) / 99.179 = 0.100 m
B/6 = 1.800/6 = 0.300 > e - OK
F.S = XMr/ZMo = 3.207 > 2.0 - 0K
y Stability of overturning is O.K.
3 Bearing Capacity
e = 0100 m < Bl6 = 0.300 m
X = 3[Bl2-e]= 3x(1.800/2-0.100) = 2400 m > 1.800 m
[] resultant in middle one-third of base
g(max,min) = (ZV/B)x(1+6-e/B)
= 99.179 / 1.800 X ( 1+ 6 X 0.100 / 1.800 )
gmax = 73.435 kN/m2 (Toe)
gmin = 36.763 kN/m2 (Heel)
gmax = 73.435 kN/m? < ga = 320.83  kN/m2 --- OK

y Stability of bearing Capacity is O.K.
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2) At Earthquake
(1) Earth pressure

@)

@)

Pa = SIN(a-®+w) W
COS(a-d-98') COS(w)
where, D(rx) B() 5(%) 8() WX | ®(w =tankh)
28.0 26.565 28.0 2.036 6.538 E(5=0)
ifB+w @& =0
a(rx) 0'(rx) H (m) We (kN/m) | Pae (kN/m) Kae Kaeh Kaev
40.8 28.000 2.750 155.205 53.258 0.7413 | 0.655 0.348
40.9 28.000 2.750 154.517 53.260 0.7413 | 0.655 0.348
41.0 28.000 2.750 153.832 53.261 0.7413 0.655 0.348
41.1 28.000 2.750 153.149 53.261 0.7413 0.655 0.348
41.2 28.000 2.750 152.469 53.259 0.7413 | 0.655 0.348
Horizontal earth pressure Paeh= 1/2 x kaeh x yt x H? = 47.058 kN/m3
Vertical earth pressure Paev=1/2 x kaev x yt x H? = 25.002 kN/m3
Load
Cision verical | Horzenal length (m) MOMENT (kN-m)
V (kN/m) H (kN/m) X Y V- X H-Y
Concrete 37.750 28.770
Soil 44.462 56.006
Earth pressure 25.002 47.058 1.800 1.375 45.003 64.704
Total 107.214 47.058 1.210 1.375 129.779 64.704
Moment
Horizontal Horizental Force MOMENT (kN-m)
Load Calculation seismic
coefficient H (kN/m) Y H-Y
> 13.500 0.115 1.547 1.300 2.011
< 0.810 0.115 0.093 1.000 0.093
\V4 1.440 0.115 0.165 1.000 0.165
Concrete | A 0.000 0.115 0.000 0.400 0.000
N 0.000 0.115 0.000 0.400 0.000
A 0.000 0.115 0.000 0.400 0.000
> 18.000 0.115 2.063 0.200 0.413
Sub Total 33.750 3.868 - 2.682
> 5.748 0.115 0.659 2.383 1.570
) > 1.094 0.115 0.125 1.600 0.201
st > 37.620 0.115 4311 1.300 5.605
>3 0.000 0.115 0.000 0.400 0.000
Sub Total 44.462 5.095 - 7.375
Total 78.212 8.963 1.122 10.057
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3. Box Culvert Wing Wall

(4) Evaluation of serviceability

> Sliding
tands = 0.500
B' = B-2xe = 1.800 - 2 x 0.387 = 1.026 m
C = 0.000 kN/m?2
2V = 107.214  kN/m
2H = 56.021 kN/m
Hu = C x A+ V X tan®s = 53.607 kN/m --- NG
F.S = Hu/ZH = 0.957 < 11

y Need Shear Key.

< Shear Key V= 107.214
V _ tan®s = 0.500 KN/m
tandB = Kpe = 2.138
Kp =
cos2(p-w+0)
Kp - cosw cos?0 cos(d - 6 + w) [ 1 \/ Sin(@ -0 ) sin(p - w * B) ] 2
cos(0-6+w)cos(B-0)
Where, O(x) BX) 5(%) 6(m) w(rx)
28.00 0.00 9.33 0 6.538
Ppe = 18.986 kN/m
Hk = Vtan®s + Ppe = 72.593 kN/m
F.S = Hk/ZH = 1.296 > 1.1 --- OK

y Stability of sliding is O.K.

= Overturning

e = B/2-(XMr - ZMo)/zV
1.800/2- (129.779 - (64.704 + 10.057 )) / 107.214 = 0.387 m
B/3 = 1.800/3 = 0.600 > e -- OK
F.S = 2Mr/ZMo = 1.736 > 15 -- OK
y Stability of overturning is O.K.
¥ Bearing Capacity
e = 0387 m < BB = 0.600 m
x =3[Bl2-e]= 3x(1.800/2-0.387) = 1539 m < 1.800 m
[] Pressure for resultant outside middle one-third
gmax = 2:3V/X
= 107.214 x 2 | 1.539 = 139.329 kN/m?
gmax = 139.329 kN/m2 (Toe)
gmin = 0.000 kN/m2 (Heel)
gmax = 139.329 kN/m2 < ga = 320.83 kN/m2 -- OK

y Stability of bearing Capacity is O.K.
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3.1.4 Load Calculation

1) wall
(1) Earth pressure
> At Nomal
Pa = SIN(a-®) X W
COS(a-d-56-6)
where, d(Ox) B(x) o(Sx) 6(rx)
28.00 26.565 9.33 2.036 D (0=AXxD
a(rx) 0'(rx) )H (m) W (KN/m) Pa (kN/m) Ka Kah Kav
42.1 9.333 1.800 76.914 18.759 0.609 0.597 0.120
42.2 9.333 1.800 76.383 18.760 0.610 0.598 0.120
42.3 9.333 1.800 75.853 18.760 0.610 0.598 0.120
42.4 9.333 1.800 75.325 18.759 0.610 0.598 0.120
425 9.333 1.800 74.800 18.756 0.609 0.597 0.120
Horizontal earth pressure Pah= 1/2x kahxyt xH? = 18.406 KN/ms
Vertical earth pressure Pav=1/2x kavxyt xH? = 3.694 kN/m?3
< At Earthquake
Pa = SIN(a-®+w) w
COS(a-®-05-6) COS(w)
where, Dx) B(rx) o(Jx) 6(rx) w(rx)
28.000 26.565 0.000 2.036 6.538 = w = tan-Kh
a(rx) o(Jx) H (m) We (kN/m) Pa (kN/m) Kae Kaeh Kaev
37.3 0.000 1.800 104.756 28.821 0.9364 | 0.936 0.033
374 0.000 1.800 104.101 28.824 0.9364 | 0.936 0.033
375 0.000 1.800 103.449 28.825 0.9365 | 0.936 0.033
37.6 0.000 1.800 102.800 28.824 0.9365 0.936 0.033
37.7 0.000 1.800 102.154 28.823 0.9364 0.936 0.033
Horizontal earth pressure Paeh = 1/2 x kaeh x yt x H? = 28.810 kN/m3
Vertical earth pressure Paev = 1/2 x kaev x yt x H? = 1.016 kN/m3
Earthquake earth pressure Paeh'= 1/2 x kaeh'x yt x H2 = 10.404 kN/m3
. Load Horizental Force length (m) Mr (KN-m)
Division
W (kN) H (KN/m) Y HxY
> 13.500 1.547 0.900 1.392
Concrete | 0.810 0.093 0.600 0.056
\V/ 1.440 0.165 0.600 0.099
Bottom of Wall 15.750 1.805 1.547
e;?:gfé‘;kie 10.404 0.900 9.363
D 6.750 0.774 0.450 0.348
Concrete | 0.020 0.002 0.300 0.001
AV 0.360 0.041 0.300 0.012
Middle of Wall 7.130 0.817 0.361
eaEr?P:tB?:;kuere 2,601 0.450 1.170
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3. Box Culvert Wing Wall

(2) Stress Resultant

> At Nomal
Bottom of Wall (H= 1.800 m )
V= 18.406 = 18.406 kN
M= 18.406 X 1.800 /3 = 11.044 kN/m
Middle of Wall (H= 0.900 m )
V= 4.602 = 4.602 kN
M= 4.602 X 0.900 /3 = 1.380 KN/m

' At Earthquake

Bottom of Wall (H= 1.800 m )
Ve= 28.810 = 28.810 kN
Me= 28.810 X 1.800 2 = 25.929 kN/m
Middle of Wall (H= 0.900m )
Ve= 7.203 = 7.203 kN
Me= 7.203 X 0.900 /2 = 3.241 kN/m

(3) Design Load for cross section

B Load Combination

LCB1 : Ultimate Load at nomal ( 12D + 16L + 1.6H )
LCB2 :Ultimate Load at earthquake ( 09D + 16H + 10E )
LCB 3 . Service Load at nomal ( 1.0D + 1.0L + 1.0H )
< Summary
Bottom of Wall Middle of Wall
Division Horizontal . Horizontal .
earth pressure Inertial force earth pressure Inertial force

Shear force 29.450 0.000 7.363 0.000

LBt Moment 17.670 0.000 2.209 0.000

Shear force 29.450 12.209 7.363 3.418

LBz Moment 17.670 10.910 2.209 1.531

Shear force 18.406 0.000 4.602 0.000

LRI Moment 11.044 0.000 1.380 0.000

V Design Load for cross section
-Bottom of Wall
LCB1 LCB2 LCB3
Shear force Moment Shear force Moment Shear force Moment
29.450 17.670 41.659 28.580 18.406 11.044
-Middle of Wall
LCB1 LCB2 LCB3
Shear force Moment Shear force Moment Shear force Moment
7.363 2.209 10.781 3.740 4.602 1.380
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2) Foundation

(1) Stress resultant of Foundation

D\

Load
Division V(KN) H(kN) Mr(kN.m) Mo(kN.m)
Concrete 37.750 0.000 28.770 0.00
Soil 44.462 0.000 56.006 0.00
At Nomal |Earth pressure 15.087 34.880 27.157 31.973
Surface load 1.879 4.345 3.383 3.983
0 99.179 39.225 115.316 35.96
Concrete 37.750 3.868 28.770 2.682
Soil 44.462 5.095 56.006 7.375
At Earthquake Earth pressure 15.087 34.880 27.157 31.973
e;f:';?:g‘f‘sk:re 9.914 12.178 17.846 32.731
0 107.214 56.021 129.779 74.76
< Ultimate load Combination
Division av OMr [IMo e Load shape
LCB1 125.801 150.595 57.530 0.160 CASE1
LCB2 108.045 137.595 92.940 0.487 CASE2
LCB3 99.179 115.316 35.957 0.100 CASE1
V Stress resultant of Foundation
CASE1 CASE2
B B
| ! | |
gl g2 a3 q4 ql g2 g3
Division ql g2 g3 g4 e CASE
LCB1 107.164 94.739 78.173 32.615 0.160 1
LCB2 174.406 132.177 75.872 - 0.487 2
LCB3 73.466 67.343 59.181 36.733 0.100 1
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3. Box Culvert Wing Wall

(2) Heel
> Cross section force by Concrete & Soil
Load Vertical Force length (m) Mr (KN-m)
V (kKN/m) X V- X
A 0.000 0.367 0.000
Concrete | > 11.000 0.550 6.050
> 4.000 0.500 2.000
Sub Total 15.000 0.537 8.050
> 5.748 0.712 4.092
Soil > 37.620 0.550 20.691
>3 0.000 0.733 0.000
Sub Total 43.368 0.571 24.783
Total 58.368 0.563 32.833
<* Cross section force by Vertical Force
- At Nomal
V= 15.087 kN
M= 15.087 X 1.100 = 16.596 kN-m
- At Earthq ake
V= 15.087 + 9.914 = 25.002 kN
M1= 15.087 X 1.100 = 16.596 kN-m
M2 = 9.914 X 1.100 = 10.906 kN-m
V Cross section force by Stress resultant of Foundation
Load g3 g4 length(m) V (kN) M (KN-m)
LCB1 78.173 32.615 0.475 -60.933 -28.920
LCB2 75.872 0.000 0.180 -20.447 -3.674
LCB3 59.181 36.733 0.507 -52.752 -26.750
0V =(q4 +q3)/2 xB5
A Design Load for cross section
-Load Combination
LCB1 Ultimate Load at nomal ( 12D + 16L + 16H
LCB2 Ultimate Load at earthquake ( 09D + 1.6H + 10E
LCB 3 Service Load at nomal ( 1.0D + 10L + 10H
Division D L H E Stress resul_tant of Total
Foundation
LCB1 Vu 70.041 - 24.140 - -60.933 33.247
Mu 39.400 - 26.553 - -28.920 37.034
Vu 52.531 - 24.140 9.914 -20.447 66.137
HeB2 Mu 29.550 - 26.553 10.906 -3.674 63.336
LCB3 Vo 58.368 - 15.087 - -52.752 20.702
Mo 32.833 - 16.596 - -26.750 22.679
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(3) Toe
> Cross section force by Concrete & Soil
Load Vertical Force length (m) Mr (KN-m)
V' (KN/m) X V- X
A 0.000 0.100 0.000
Concrete
>' 3.000 0.150 0.450
Sub Total 3.000 0.150 0.450
<M Cross section force by Stress resultant of Foundation
Load ql q2 length(m) V (kN) M (KN-m)
LCB1 107.164 94.739 0.153 30.285 4.636
LCB2 174.406 132.177 0.157 45.987 7.215
LCB3 73.466 67.343 0.152 21.121 3.214
0V =(ql+qg2)/2xB1
V' Design Load for cross section
-Load Combination
LCB1 Ultimate Load at nomal ( 12D + 16L + 1.6H )
LCB2 Ultimate Load at earthquake ( 09D 16H 10E )
LCB 3 Service Load at nomal ( 1.0D 10L 1.0H )
Division D H Stress resul_tant of Total
Foundation
Vu -3.600 - 30.285 26.685
LCB1
Mu -0.540 - 4.636 4.096
Vu -2.700 - 45.987 43.287
LCB2
Mu -0.405 - 7.215 6.810
Vo -3.000 - 21.121 18.121
LCB3
Mo -0.450 - 3.214 2.764
(4) Shear Key
> Passive earth pressure
At Nomal : Pp = 32.749 kN/m
At Earthq : Ppe = 18.986 kN/m A Apply Cross section force at Nomal
<* Design Load for cross section
Division gkl gk2 H(m) V (kN) M (KN-m)
At Nomal 68.226 95.517 0.400 32.749 6.914
Division Mu(kN-m) Vu(kN) Mo(kN-m)
Design Load for cross section 11.062 52.398 6.914
3) Summary
Division Mu(kN-m) Vu(kN) Mo(kN-m) @Mn(KN-m) Bar S.F
Bottom of Wall 28.580 41.659 11.044 131.063 D13 @ 125 4.59
Middle of Wall 3.740 10.781 1.380 56.513 D13 @ 250 15.11
Heel 28.580 66.137 11.044 131.063 D13 @ 125 4.59
Toe 6.810 43.287 2.764 66.265 D13 @ 250 9.73
Shear Key 11.062 52.398 6.914 66.265 D13 @ 250 5.99

3- 12




3. Box Culvert Wing Wall

3.1.5 Section Design

1) Bottom of Wall

(1) Section Design

f, Section specification and design condition

f, = 32 MPa fy = 420 MPa ki = 082

gf = 0.90 ogv = 0.75 d = 3435 mm

B = 1000 mm H = 400 mm d = 565 mm

My = 28.580 kN-m Vu = 41.659 kN Mo = 11.044 kN-m

- Check of Strength reduction factor (®)

a = 15.050
Because T=C , € = 15050 / pB1= 15050 / 0.821 = 18.322 mm
ey = fylEs = 420.000 / 200000 = 0.0021
g = 0.0030x (dt-c)/c = 0.003 x( 3435 - 18322 ) |/ 18.322
= 0.0532
et > 0.0050 Tension-controlled sections  &f = 0.900
a=zAsxfy/(Dxfexb) s D
NOLT TOITYKY®YZT HNZ U.T
MU/QZAstyX(d-a/Z) --------------- (2)
f2 M,
y As? - fyxdxAs + =0 [1 Req.As = 221215+
2x0.85xfexhb (%]
UseAs = D 13 @ 250 + D 13 @ 250 = 1032.00 k ( 8 ea/m)

. Evaluation of reinforcement

Pb = ki x @ x (felfy) x {600/(600 + f,)} = 0.03313
Pmx = 0.75-Pb = 0.0248: 4. Asmx = 8536.0
Pmn = max(1.4/fy,0.25[fc'/fy) = 0.00337 . As min = 1156.6
Puseq = 43 - Asreq/ (B-d) = 0.0008¢ 4.  Asuseq = 295.0
Pun = Min (Ppin Paareq) = 00008 4. Asmin = 295.0
Pee = As/(B-d) = 00030C 4  Asmin = 10320
¢ 4/3xPreq<Puse<Pmax A O.K
. Bending Check
az=Asxfy/ (@ xfexb) = 15.050 mm
@Mn = 0.9 x As x fy x (d - a/2) = 131.063  kN:m > Mu = 28580  kNm
A OK
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. Shear Check
@Vec=0.75x 1/6 x \/ fc'xBxd = 242.891 kN > Vu = 41.659 kN

A No shear reinforcement is required

(2) Crack Check
(. Calculation of stress
n 8
X = -nAsb + nAgb x [{1+2bd/nAs}
= -8x1,032.00 /1000 + 8 x 1,032.00 / 1000 x \[ 1 + 2 x 1000 x 343.5/ (8 x 1,032.00) ]
= 67.507 -
fo = 2xMo/[Bxyx x(d-x/3)
= 20 x 11.044 /[ 1000 x 67507 x( 3435 - 67507 / 3 )] x
= 1.019 MPa
fs = Mo/[Asx (d-x/3)]
= 11.044 /[ 1032.000 x( 3435 - 67507 / 3 )] x 10°
= 33.338 MPa
fst = fsx(H-d-x)/(d-X) = 33x(400-57 - 1)/ (344 - 68) = 3334

f. Maximum center space of reinforcement
Cc = 56.50-13.00/2 = 50.00

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 /fs) - 2.5 x Cc = 380x(280/33.34)-2.5x50.00 = 3066.55
300 x (280 / fs) = 300x(280/33.34) = 2519.65

Sa = 2519.65 Applying Minimum value

S =1,000/8 Ea=125.0 < Sa ( 2519.65 mm) A OK

106

MPa

-
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3. Box Culvert Wing Wall

2) Middle of Wall

(1) Section Design

f, Section specification and design condition

f. = 32 MPa fy = 420 MPa ki = 082
of = 0.90 @v = 0.75 d = 2935 mm
B = 1000 mm H = 350 mm d = 565 mm
My = 3.740 kN-m Vu = 10.781 kN Mo = 1.380 kN-m
- Check of Strength reduction factor (®)
a = 7525
Because T=C , ¢ = 7525 [/ pB1= 7525 |/ 0821 = 9.161
ey = fylEs = 420.000 / 200000 =  0.0021
g = 0.0030 x (dt-c)/c = 0.003 x(2935 - 9161 ) [/ 9.161
= 0.0931
et > 0.0050 Tension-controlled sections  ®f = 0.900
a=zAsxfy/(Dxfexb) s @
Mo/ @= Acxtyx(d-al2) e @ VLT TOTTYKYOYZT HNZ NLLT
f2 My
y As? - fyxdxAs + =0 0 Req.As = 33743+
2x0.85xfexb 1%}
UseAs = D 13 @ 500 + D 13 @ 500 = 516.00 k 4  ea/m)
. Evaluation of reinforcement
Po = ki x @ x (fe/fy) x {600/(600 + fy)} = 0.03313
Pmx = 0.75-Pb = 002485 4. A = 72935 -
Pmn = max(1.4/fy,0.25[fc'/fy) = 0.00337 . As min = 988.3 "
Puzreq = 413 - Asreq/ (B-d) = 0.0001f 4. As aizreq = 45.0 h
Prin = min (Prin, Pareq) = 0.0001t 4. As min = 45.0 -
Puse = As/(B-d) = 0.0017¢ 4. As min = 516.0 -
¢ 4/3xPreq<Puse<Pmax A O.K
. Bending Check
a=Asxfy/ (D xfcxb) = 7.525 mm
@Mn = 0.9 x As x fy x (d - a/2) = 56.513 kN-m > Mu = 3.740 kN-m
A OK

3- 15



TINA River Hydropower Development Project

. Shear Check
@Vc=0.75x1/6 x Vfc' x B xd = 207.536 kN > Vu = 10.781 kN

A No shear reinforcement is required

(2) Crack Check

(. Calculation of stress
8

n
X = -nAs/b + nAs/b x [J{1+2bd/nAs}
= -8x516.00/1000 + 8 x 516.00 / 1000 x \[ 1 + 2 x 1000 x 293.5/ (8 x 516.00 ) ]
= 45.270 -
fo = 2xMo/[Bxyx x(d-x/3)]
= 20 x 1380 /[ 1000 x 45270 x( 2935 - 45270 [/ 3 )] x 10°
= 0219 MPa
fs = Mo/ [Asx (d-x/3)]
= 1380 /[ 516.000 x( 2935 - 45270 / 3 )] x 10°
= 9609 MPa
fst = fsx(H-d-x)/(d-Xx) = 10x(350-57-0)/ (294 - 45) = 9.61 MPa

. Maximum center space of reinforcement
Cc = 56.50-13.00/2 = 50.00 .

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 / fs) - 2.5 x Cc = 380x(280/9.61)- 2.5 x 50.00 = 10947.48 .
300 x (280 / fs) = 300x(280/9.61) = 8741.44

Sa = 874144 Applying Minimum value

S =1,000/4 Ea =250.0 < Sa ( 8741.44 mm) A OK
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3. Box Culvert Wing Wall

3) Heel

(1) Section Design

f, Section specification and design condition

f. = 32 MPa fy = 420 MPa ki = 0.82
of = 0.90 ov = 0.75 d = 3435 mm
B = 1000 mm H = 400 mm d = 565 mm
My = 28.580 kN-m Vo = 66.137 kN Mo = 11.044 kN-m
- Check of Strength reduction factor (®)
a = 15.050
Because T=C , € = 15050 / pB1= 15,050 / 0.821 = 18.322 mm
ey = fylEs = 420.000 / 200000 =  0.0021
g = 0.0030x (dt-c)/c = 0003 x(3435 - 18322 ) |/ 18.322
= 0.0532
et > 0.0050 Tension-controlled sections  ®f = 0.900
a=Asxfy/(D@xfexb) e D
Mo/@= Asxfyx(d-al2) oo @ VLT TOMTYKYOYZT HMZ UILT
f2 My
i As® - fxdxAs o+ = 0 [0 RedAs = 221215+
2x0.85xfexDb 7]
UseAs = D 13 @ 250 + D 13 @ 250 = 1032.00 k ( 8 eam)

. Evaluation of reinforcement

Pb = ki x @ x (fe/fy) x {600/(600 + f,)} = 003313
Pmax = 0.75-Pb = 00248 4. Asmax =  8536.0
Pmn = max(1.4/fy,0.25[fc'/fy) = 0.00337 . As min = 1156.6
Puseq = 413 - Asreq/ (B-d) = 0.0008€ 4. As aizreq = 295.0
Prin = min (P, Pasareq) = 0.0008¢ 4. As min = 295.0
Puee = As/(B-d) = 00030C 4.  Asmin = 1032.0
¢ 4/3xPreq<Puse<Pmax A O.K
. Bending Check
a=Asxfy/ (D xfexb) = 15050 mm
@Mn = 0.9 x As x fy x (d - a/2) = 131063 kN-m > Mu = 28580  kN:m
A OK
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. Shear Check
@Vc=0.75x1/6 x Vfc' x B xd = 242.891 kN > Vu = 66.137 kN

A No shear reinforcement is required

(2) Crack Check

(. Calculation of stress
8

n
X = -nAs/b +nAsb x [J{1+2bd/nAs}
= -8x1,032.00/1000 + 8 x 1,032.00 / 1000 x [ 1 + 2 x 1000 x 343.5/ (8 x 1,032.00) ]
= 67.507 .
fo = 2xMo/[Bxx x(d-x3)]
= 20 x 11044 /[ 1000 x 67507 x( 3435 - 67507 [/ 3 )] «x
= 1019 MPa
fs = Mo/ [Asx (d-x/3)]
= 11.044 /[ 1032.000 x( 3435 - 67507 / 3 )] x 10°
= 33338 MPa
fst = fsx(H-d-x)/(d-Xx) = 33x(400-57-1)/(344-68) = 33.34

. Maximum center space of reinforcement
Cc = 56.50-13.00/2 = 50.00 .

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 /fs) - 2.5 x Cc = 380x(280/33.34)-2.5x50.00 = 3066.55
300 x (280 / fs) = 300x(280/33.34) = 2519.65

Sa = 2519.65 Applying Minimum value

S =1,000/8 Ea = 125.0 < sa( 251965 mm) A OK

108

MPa

-
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3. Box Culvert Wing Wall

4) Toe

(1) Section Design

f, Section specification and design condition

f. = 32 MPa fy = 420 MPa ki = 082
of = 0.90 @v = 0.75 d = 3435 mm
B = 1000 mm H = 400 mm d = 565 mm
My = 6.810 kN-m Vu = 43.287 kN Mo = 2.764 kN-m
- Check of Strength reduction factor (®)
a = 7525
Because T=C , ¢ = 7525 [/ pB1= 7525 |/ 0821 = 9.161
ey = fylEs = 420.000 / 200000 =  0.0021
g = 0.0030 x (dt-c)/c = 0.003 x(3435 - 9161 ) [/ 9.161
= 0.1095
et > 0.0050 Tension-controlled sections  ®f = 0.900
a=zAsxfy/(Dxfexb) s @
Mo/ @= Acxtyx(d-al2) e @ VLT TOTTYKYOYZT HNZ NLLT
f2 My
y As? -  fyxdxAs + =0 [1 Req.As = 525004
2x0.85xfexb 1%}
UseAs = D 13 @ 500 + D 13 @ 500 = 516.00 k 4  ea/m)
. Evaluation of reinforcement
Po = ki x @ x (fe/fy) x {600/(600 + fy)} = 0.03313
Phax = 0.75-Pb = 0.0248t 4. A = 8536.0 -
Pmn = max(1.4/fy,0.25[fc'/fy) = 0.00337 . As min = 1156.6 "
Puzreq = 413 - Asreq/ (B-d) = 0.0002C 4. As aizreq = 70.0 h
Pun = Min (Ppin, Pagreq) = 000020 4. Asmin = 70.0 o
Puse = As/(B-d) = 0.0015C 4. As min = 516.0 -
¢ 4/3xPreq<Puse<Pmax A O.K
. Bending Check
a=Asxfy/ (D xfcxb) = 7.525 mm
@Mn = 0.9 x As x fy x (d - a/2) = 66.265 kN-m > Mu = 6.810 kN-m
A OK
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. Shear Check

@Vc=0.75x1/6 x Vfc' x B xd = 242.891 kN > Vu = 43.287 kN

A No shear reinforcement is required

(2) Crack Check

(. Calculation of stress

8

n
X = -nAs/b + nAs/b x [J{1+2bd/nAs}
= -8x516.00/1000 + 8 x 516.00 / 1000 x \/[ 1+2x1000 % 343.5/(8x516.00)]
= 49.285
fo = 2xMo/[BxxX x(d-x/3)]
= 20 x 2764 /[ 1000 x 49285 x( 3435 - 49285 [/ 3 )] x 108
= 0343 MPa
fs = Mo/ [Asx (d- x/3)]

= 2764 /[ 516000 x( 3435 - 49285 / 3 )] x 10
= 16378 MPa
fst = fsx(H-d-x)/(d-¥) = 16X (400 - 57 - 0) / (344 - 49) = 1638 MPa

. Maximum center space of reinforcement

Cc = 56.50-13.00/2 = 50.00

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 / fs) - 2.5 x Cc = 380x(280/16.38) - 2.5 x 50.00 =  6.4E+03 .
300 x (280 / fs) = 300x(280/16.38) = 51E+03 .

Sa = 5.13E+03 Applying Minimum value

S =1,000/4 Ea=250.0 < Sa ( 5.1E+03 mm) A OK
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3. Box Culvert Wing Wall

5) Shear Key

(1) Section Design

f, Section specification and design condition

f. = 32 MPa fy = 420 MPa ki = 0.82
of = 0.90 ov = 0.75 d = 3435 mm
B = 1000 mm H = 400 mm d = 565 mm
My = 11.062 kN-m Vu = 52.398 kN Mo = 6.914 kN-m
- Check of Strength reduction factor (®)
a = 7525
Because T=C , ¢ = 7525 [/ pB1= 7525 |/ 0821 = 9.161 mm
ey = fylEs = 420.000 / 200000 =  0.0021
g = 0.0030 x (dt-c)/c = 0.003 x(3435 - 9161 ) [/ 9.161
= 0.1095
et > 0.0050 Tension-controlled sections  ®f = 0.900
a=zAsxfy/(Dxfexb) s @
Mo/ @= Acxtyx(d-al2) e @ VLT TOTTYKYOYZT HNZ NLLT
f2 My
y As®> - fyxdxAs + = 0 [0 Req.As = g5359
2x0.85xfexb 1%}
UseAs = D 13 @ 500 + D 13 @ 500 = 516.00 k 4  ea/m)
. Evaluation of reinforcement
Po = ki x @ x (fe/fy) x {600/(600 + fy)} = 0.03313
Phax = 0.75-Pb = 0.0248t 4. A = 8536.0 -
Pmn = max(1.4/fy,0.25[fc'/fy) = 0.00337 . As min = 1156.6 "
Puseq = 43 - Asreq/ (B-d) = 0.0003: 4. Asaseq = 113.8 -
Pin = Min (Prin, Pajareq) = 0.0003: 4. - = 113.8 -
Puse = As/(B-d) = 0.0015C 4. As min = 516.0 -
¢ 4/3xPreq<Puse<Pmax A O.K
. Bending Check
a=Asxfy/ (D xfcxb) = 7.525 mm
@Mn = 0.9 x As x fy x (d - a/2) = 66.265 kN-m > Mu = 11.062 kN-m
A OK
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. Shear Check
@Vc=0.75x1/6 x Vfc' x B xd = 242.891 kN > Vu = 52.398 kN

A No shear reinforcement is required

(2) Crack Check

(. Calculation of stress
8

n
X = -nAs/b + nAs/b x [J{1+2bd/nAs}
= -8x516.00/1000 + 8 x 516.00 / 1000 x \/[ 1+2x1000 % 343.5/(8x516.00)]
= 49.285
fo = 2xMo/[BxxX x(d-x/3)]
= 20 x 6914 /[ 1000 x 49285 x( 3435 - 49285 / 3 )] x 10°
= 0.858 MPa
fs = Mo/ [Asx (d- x/3)]

= 6914 /[ 516000 x( 3435 - 49285 / 3 )] x 10°
= 40967 MPa
fst = fsx(H-d-x)/(d-¥) = 41x (400 - 57 - 1)/ (344 - 49) = 4097 MPa

. Maximum center space of reinforcement
Cc = 56.50-13.00/2 = 50.00

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 /fs) - 2.5 x Cc = 380x(280/40.97)-2.5x50.00 = 2472.20
300 x (280 / fs) = 300x(280/40.97) = 2050.42

Sa = 2050.42 Applying Minimum value

S =1,000/4 Ea = 250.0 < Sa ( 2050.42 mm) A OK
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3. Box Culvert Wing Wall

3.1.6 Distribution Reinforcement Check

1) Wall (H= 400 mm)
- As,min= (0.0018 x 420 /fy) x Bx H = (0.0018 x 420/420) x 1000 x 400 =  720.0

- The spacing of deformed shrinkage and temperature reinforcement shall not exceed

the lesser of 5h and 450mm. = 450
- Used As : Tension side D 13@ 200 = 645.0 .
Compression side D 13@ 200 = 645.0 .
[l = 12900 & > 720.0
- Bar spacing : 200 . < 450 A OK
2) Bottom Slab (H= 400 mm)
- As,min = (0.0018 x 420 /fy) x BxH = (0.0018 x 420/ 420) x 1000 x 400 = 720.0
- The spacing of deformed shrinkage and temperature reinforcement shall not exceed
the lesser of 5h and 450mm. = 450
-Used As . Tension side D 13@ 250 = 5160 .
Compressionside D 13@ 250 = 5160
[l = 10320 & > 720.0
- Bar spacing : 250 . < 450 A OK
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3. Box Culvert Wing Wall

3.2.1 Design Conditions (H=1.500m , N= 1:2.00 ,  Ho= 2.000 )

1) General ltems

(1) Type of WingWall : Reverse T Type WingWall
(2) Height of WingWall : 1.500 m
(3) Slope of Backfill : 1: 2.00
(4) Height of Backfill : 2.000 m
2) Soil
(1) Unit Weight of Backfill : yt= 19.000 kN/m3
(2) angle of internal friction of Backfill : = 28.000 °
(3) Unit Weight of filler : yt= 18.500 kN/m3
(4) angle of internal friction of filler : P11 = 28.000 °
(5) coefficient of earth pressure atrest of filler : P = 0.500
(6) Cohesion of Sail : C = 0.000 kN/m?
3) Load
(1) Surface load : qL = 10.000 kN/m2
(2) horizontal seismic coefficient : Kh = 0.115 (=0.191x0.5x1.2)

4) Design Material

(1) Reinforced Concrete Weight : yc = 25.00 kN/m?3
(2) Strength of Concrete : fck = 32.00 MPa
(3) Yield Strength of Reinforcement : fy = 420.00 MPa

5) Coefficient of Earth Pressure
(1) Evaluation of serviceability : Wedge of Soil pressure

(2) Evaluation of section : Wedge of Soil pressure

6) Reference
(1) American Concrete Institute — Code for the design of concrete structure, USA

(2) AS 3600 Concrete structures / 5100 Bridge design - Australian Standard
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3.2.2 Section Assumption

B2, B3 B4 -
< -
- 7
- =
P
=—i\b)
M __T:} f:::,'
e -
. Fw B5
(3
S — IE
— T
T i
< &
BF 1 Kb BF =~
B
& Sectional specification
- Width
B1 B2 B3 B4 B5 B Bw
0.300 0.022 0.300 0.078 0.800 1.500 0.400
- Height
H1 H2 H3 H4 H Ho
0.400 0.000 1.100 0.400 1.500 2.000
- Shear Key
BF1 BF2 Kb Kh
0.700 0.400 0.400 0.400
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3. Box Culvert Wing Wall

3.2.3 Evaluation of serviceability
1) At Nomal
(1) Earth pressure

Pa = SIN(a-®) W
COS(a-®-%)
where, ®(rx) B(x) d(rx) 8(x)
28.0 26.565 25.245 4.056 5 (Apply5=B')
a(rx) 0'(Jx) H (m) W (kN/m) Pa (KN/m) Ka Kah Kav
441 25.163 1.900 71.450 20.065 0.585 0.529 0.250
44.2 25.204 1.900 71.031 20.064 0.585 0.529 0.249
44.3 25.245 1.900 70.614 20.063 0.585 0.529 0.249
44.4 25.285 1.900 70.198 20.061 0.585 0.529 0.249
445 25.326 1.900 69.784 20.057 0.585 0.529 0.249
Horizontal earth pressure Pah=1/2 x kah x yt x H? = 18.145 kN/m3
Vertical earth pressure Pav="1/2 x kav x yt x H? = 8.539 kN/m?
(2) Load
Division Calculation Unit Weight Vertical Force(kN)
> 1.100 X 0.300 = 0.330 25.00 8.250
Q| 1.100 x  0.022 X Y% =] 0012 25.00 0.303
\V4 1.100 X 0.078 X Y = 0.043 25.00 1.073
Concrete A 0.000 X 0.300 X Y = 0.000 25.00 0.000
/\ | 0.000 x  0.400 = | 0.000 25.00 0.000
A 0.000 X 0.800 X Y = 0.000 25.00 0.000
> | 0.400 X 1.500 = | 0.600 25.00 15.000
> 0.400 X 0.400 = 0.160 25.00 4.000
> | 0.400 x  0.800 X Y% =] 0.160 19.00 3.040
) > 1.100 X 0.078 X Y = 0.043 19.00 0.815
sl > | 1.100 x  0.800 = | 0.880 19.00 16.720
>3 0.000 X 0.800 X Y = 0.000 19.00 0.000
Surface load 0.387 = 0.387 10.00 3.866
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(3) Moment
Cicion verical | Horizental length (m) MOMENT (kN-m)

V (kN/m) H (kN/m) X Y V-X(Mr) H-Y(Mo)

> 8.250 - 0.472 - 3.894

Q@ 0.303 - 0.315 - 0.095

\V 1.073 - 0.648 - 0.695

Concrete A 0.000 - 0.200 - 0.000

A 0.000 - 0.500 - 0.000

A 0.000 - 0.967 - 0.000

> 15.000 - 0.750 - 11.250

> 4.000 - 0.900 - 3.600

Sub Total 28.625 19.534

D> 3.040 - 1.233 - 3.749

o -r> 0.815 - 0.674 - 0.549

B- 16.720 - 1.100 - 18.392

3 0.000 - 1.233 - 0.000

Sub Total 20.575 22.691
Earth pressure 8.539 18.145 1.500 | 0.633 12.809 11.492
Surface load 0.963 2.045 1.500 0.633 1.444 1.295
Total 58.702 20.191 56.478 12.788

3- 27




3. Box Culvert Wing Wall

(4) Evaluation of serviceability

> Sliding
tands = 0.500
B' = B-2xe = 1.500-2x0.006 = 1.489 m
C = 0.000 kN/m?
pav) = 58.702 kN/m
>H = 20.191 kN/m
Hu = C x A + V x tan®s = 29.351 kN/m
F.S = Hu/ZzH = 1.454 < 15 -- NG
y Need Shear Key.
<M Shear Key
\Y = 58.702 kN/m
tandB = 0.500
Kp = 3.688
cos2(p+0)
Kp = c0s% cos(0 - 5) [ .. J sin(p + 0 ) sin(p + B) ] 2
cos(B-0)cos(6-B)
Where, d(x) B(1X) d(rx) 8(rx)
28.00 0.00 9.33 0
Pp = 32.749 kN/m
Hk = V tan®s + Pp = 62.100 kN/m
F.S = Hk/ZH = 3.076 > 15 --- OK
y Stability of sliding is O.K.
= Qverturning
e = BJ/2 - (ZMr - ZMo)/2V
= 1.500/2-(56.478 - 12.788) / 58.702 = 0.006 m
B/6 = 1.500/6 = 0.250 > e - OK
F.S = XMr/ZMo = 4.417 > 2.0 - 0K
y Stability of overturning is O.K.
3 Bearing Capacity
e = 0006 m < B6 = 0.250 m
X = 3[Bl2-e]= 3x(1.500/2-0.006) = 2233 m > 1500 m
[] resultant in middle one-third of base
g(max,min) = (ZV/B)x(1+6-e/B)
= 58.702 / 1.500 X ( 1+ 6 X 0.006 / 1.500 )
gmax = 40.031 kN/m2 (Toe)
gmin = 38.238 kN/m2 (Heel)
gmax = 40.031 kN/m2 < ga = 291.67 KkN/m2 -- OK

y Stability of bearing Capacity is O.K.
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2) At Earthquake
(1) Earth pressure

Pa = SIN(a-®+w) W
COS(a-d-98") COS(w)
where, D(rx) B() 5(%) 8() WX | ®(w =tankh)
28.0 26.565 28.0 4.056 6.538 E(5=0)
ifB+w @& =0
a(rx) 0'(rx) H (m) We (kN/m) | Pae (kN/m) Kae Kaeh Kaev
37.7 28.000 1.900 102.599 30.218 0.8811 | 0.778 0.414
37.8 28.000 1.900 102.053 30.220 0.8812 | 0.778 0.414
379 28.000 1.900 101.510 30.221 0.8812 0.778 0.414
38.0 28.000 1.900 100.970 30.220 0.8812 0.778 0.414
38.1 28.000 1.900 100.432 30.219 0.8811 | 0.778 0.414
Horizontal earth pressure Paeh= 1/2 x kaeh x yt x H? = 26.682 kN/m3
Vertical earth pressure Paev=1/2 x kaev x yt x H? = 14.198 kN/m3
(2) Load
Cision verical | Horzenal length (m) MOMENT (kN-m)
V (kN/m) H (kN/m) X Y V- X H-Y
Concrete 28.625 19.534
Soil 20.575 22.691
Earth pressure 14.198 26.682 1.500 0.950 21.297 25.347
Total 63.398 26.682 1.002 0.950 63.522 25.347
(3) Moment
Horizontal Horizental Force MOMENT (kN-m)
Load Calculation seismic
coefficient H (kN/m) Y H-Y
D 8.250 0.115 0.945 0.950 0.898
< 0.303 0.115 0.035 0.767 0.027
V 1.073 0.115 0.123 0.767 0.094
Concrete | A 0.000 0.115 0.000 0.400 0.000
N 0.000 0.115 0.000 0.400 0.000
A 0.000 0.115 0.000 0.400 0.000
> 15.000 0.115 1.719 0.200 0.344
Sub Total 24.625 2.822 - 1.363
> 3.040 0.115 0.348 1.633 0.569
) > 0.815 0.115 0.093 1.133 0.106
sot > 16.720 0.115 1.916 0.950 1.820
>3 0.000 0.115 0.000 0.400 0.000
Sub Total 20.575 2.358 - 2.495
Total 45.200 5.180 0.745 3.858
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3. Box Culvert Wing Wall

(4) Evaluation of serviceability

> Sliding
tands = 0.500
B' = B-2xe = 1.500-2x0.209 = 1.082 m
C = 0.000 kN/m?
pav) = 63.398 kN/m
>H = 31.861 kN/m
Hu = C x A + V x tan®s = 31.699 kN/m -- N.G
F.S = Hu/ZzH = 0.995 < 11
y Need Shear Key.
<M Shear Key
\Y, = V= 63.398 kN/m
tan®dB = tan®s = 0.500
Kp = Kpe = 2.138
cos?2(p-w+0)
“p - cosw co0s20 cos(d - 6 + w) [ 1 \/ Sin(@ -0) sin(@ - w * B) ] 2
cos(®0-6 +w)cos(B-6)
Where, (x) BX) 5(rx) () w(x)
28.00 0.00 9.33 0 6.538
Ppe = 18.986 kN/m
Hk = Vtan®s + Ppe = 50.686 kN/m
F.S = Hk/ZH = 1.591 > 11 - 0K
y Stability of sliding is O.K.
= Qverturning
e = B/2-(XMr - ZMo)/zV
1.500/2 - (63.522 - (25.347 + 3.858)) / 63.398 = 0.209 m
B/3 = 1.500/3 = 0.500 > e — OK
F.S = XMr/ZMo = 2.175 > 15 - 0K
y Stability of overturning is O.K.
3 Bearing Capacity
e = 0209 m < B3 = 0.500 m
x =3[Bf2-e]= 3x(1.500/2-0.209) = 1623 m > 1500 m
[] resultant in middle one-third of base
gmax,mi = (ZV/B)x(1+6-e/B)
= 63.398 / 1.500 X ( 1 # 6 X 0.209 / 1.500 )
gmax = 77.599 kN/m2 (Toe)
gmin = 6.932 kN/m2 (Heel)
gmax = 77.599 kN/m2 < ga = 291.67 KkN/m2 --- OK

y Stability of bearing Capacity is O.K.
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3.2.4 Load Calculation

1) Wall
(1) Earth pressure
> At Nomal
Pa = SIN(a-®) W
COS(a-®-56-0)
where, P(x) B(x) o(rx) 6(/x)
28.00 26.565 9.33 4.056 D (5=NAXD)
a(rx) 0'(/x) H (m) W (kN/m) Pa (kN/m) Ka Kah Kav
37.6 9.333 1.100 43.364 7.248 0.631 0.613 0.146
37.7 9.333 1.100 42.937 7.249 0.631 0.614 0.146
37.8 9.333 1.100 42.512 7.250 0.631 0.614 0.146
37.9 9.333 1.100 42.089 7.250 0.631 0.614 0.146
38.0 9.333 1.100 41.667 7.248 0.631 0.613 0.146
Horizontal earth pressure Pah= 1/2x kahxyt xH> = 7.058 kN/m3
Vertical earth pressure Pav="1/2x kavxyt xH?2 = 1.678 kN/m3
< At Earthquake
Pa = SIN(a-®+w) w
COS(a-®-56-6) COS(w)
where, d(Ux) B(x) o(rx) 6(/x) w(x)
28.000 26.565 0.000 4.056 6.538 50 w = tan-'Kh
a(rx) o(Jx) H (m) We (kN/m) Pa (kN/m) Kae Kaeh Kaev
331 0.000 1.100 64.465 13.007 1.1315 | 1.129 0.080
33.2 0.000 1.100 63.929 13.008 1.1316 | 1.129 0.080
33.3 0.000 1.100 63.395 13.008 1.1316 | 1.129 0.080
334 0.000 1.100 62.865 13.007 1.1316 | 1.129 0.080
335 0.000 1.100 62.337 13.005 1.1314 | 1.129 0.080
Horizontal earth pressure Paeh = 1/2 x kaeh x yt x H? = 12.978 KN/m3
Vertical earth pressure Paev = 1/2 x kaev x yt x H2 = 0.920 kN/m3
Earthquake earth pressure Paeh'= 1/2 x kaeh'x yt x H? = 5.920 kN/m3
L Load Horizental Force length (m) Mr (kN-m)
Division
W (kN) H (kN/m) Y HxY
D> 8.250 0.945 0.550 0.520
Concrete | 0.303 0.035 0.367 0.013
\V/ 1.073 0.123 0.367 0.045
Bottom of Wall 9.625 1.103 0.578
e;?:g?::sklie 5.920 0.550 3.256
D> 4,125 0.473 0.275 0.130
Concrete | 0.008 0.001 0.183 0.000
\V/ 0.268 0.031 0.183 0.006
Middle of Wall 4.401 0.504 0.136
e;?:g?::sklie 1.480 0.275 0.407
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3. Box Culvert Wing Wall

(2) Stress Resultant

> At Nomal
Bottom of Wall (H= 1.100 m )
V= 7.058 = 7.058 kN
M= 7.058 X 1.100 /3 = 2.588 kN/m
Middle of Wall (H= 0.550 m )
V= 1.764 = 1.764 kN
M= 1.764 X 0.550 /3 = 0.323 kN/m
' At Earthquake
Bottom of Wall (H= 1.100 m )
Ve= 12.978 = 12.978 kN
Me= 12.978 X 1.100 2 = 7.138 kN/m
Middle of Wall (H= 0.550m )
Ve= 3.244 = 3.244 kN
Me= 3.244 X 0.550 /2 = 0.892 kN/m
(3) Design Load for cross section
B' Load Combination
LCB1 : Ultimate Load at nomal ( 12D + 16L + 1.6H
LCB2 :Ultimate Load at earthquake ( 09D + 16H + 10E
LCB 3 . Service Load at nomal ( 1.0D + 1.0L + 1.0H
< Summary
Bottom of Wall Middle of Wall
Division Horizontal . Horizontal .
earth pressure Inertial force earth pressure Inertial force
Shear force 11.293 0.000 2.823 0.000
LBt Moment 4.141 0.000 0.518 0.000
LCB2 Shear force 11.293 7.023 2.823 1.984
Moment 4.141 3.834 0.518 0.543
LCB3 Shear force 7.058 0.000 1.764 0.000
Moment 2.588 0.000 0.323 0.000
V Design Load for cross section
-Bottom of Wall
LCB1 LCB2 LCB3
Shear force Moment Shear force Moment Shear force Moment
11.293 4.141 18.316 7.975 7.058 2.588
-Middle of Wall
LCB1 LCB2 LCB3
Shear force Moment Shear force Moment Shear force Moment
2.823 0.518 4.807 1.061 1.764 0.323
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2) Foundation
(1) Stress resultant of Foundation

D\

Load
Division V(KN) H(kN) Mr(kN.m) Mo(kN.m)
Concrete 28.625 0.000 19.534 0.00
Soil 20.575 0.000 22.691 0.00
At Nomal |Earth pressure 8.539 18.145 12.809 11.492
Surface load 0.963 2.045 1.444 1.295
0 58.702 20.191 56.478 12.79
Concrete 28.625 2.822 19.534 1.363
Soil 20.575 2.358 22.691 2.495
At Earthquake Earth pressure 8.539 18.145 12.809 11.492
e;f:';?:g‘f‘sk:re 5.659 8.536 8.488 13.855
0 63.398 31.861 63.522 29.21
< Ultimate load Combination
Division av OMr [IMo e Load shape
LCB1 74.243 73.475 20.460 0.036 CASE1
LCB2 63.602 66.985 35.715 0.258 CASE2
LCB3 58.702 56.478 12.788 0.006 CASE1
V Stress resultant of Foundation
CASE1 CASE2
B B
| ! | |
gl g2 a3 q4 ql g2 g3
Division ql g2 g3 g4 e CASE
LCB1 56.623 53.772 49.971 42.368 0.036 1
LCB2 86.181 68.665 45.309 - 0.258 2
LCB3 40.074 39.698 39.197 38.196 0.006 1
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3. Box Culvert Wing Wall

(2) Heel

> Cross section force by Concrete & Soil

Load Vertical Force length (m) Mr (KN-m)
V (kKN/m) X V- X
A 0.000 0.267 0.000
Concrete | > 8.000 0.400 3.200
> 4.000 0.200 0.800
Sub Total 12.000 0.333 4.000
> 3.040 0.507 1.542
Soil > 16.720 0.400 6.688
>3 0.000 0.533 0.000
Sub Total 19.760 0.417 8.230
Total 31.760 0.385 12.230
<* Cross section force by Vertical Force
- At Nomal
V= 8.539 kN
M= 8.539 X 0.800 = 6.832 kN-m
- At Earthquake
V= 8.539 + 5.659 = 14.198 kN
M1= 8.539 X 0.800 = 6.832 kN-m
M2 = 5.659 X 0.800 = 4.527 kN-m
V Cross section force by Stress resultant of Foundation
Load g3 g4 length(m) V (kN) M (KN-m)
LCB1 49.971 42.368 0.389 -36.936 -14.369
LCB2 45.309 0.000 0.259 -17.580 -4.547
LCB3 39.197 38.196 0.398 -30.957 -12.329
0V =(q4 +q3)/2 xB5
A Design Load for cross section
-Load Combination
LCB1 Ultimate Load at nomal ( 12D + 16L + 16H
LCB2 Ultimate Load at earthquake ( 09D + 1.6H + 10E
LCB 3 Service Load at nomal ( 1.0D + 10L + 10H
Division D L H E Stress resul_tant of Total
Foundation
LCB1 Vu 38.112 - 13.663 - -36.936 14.840
Mu 14.676 - 10.931 - -14.369 11.238
LCB2 Vu 28.584 - 13.663 5.659 -17.580 30.326
Mu 11.007 - 10.931 4.527 -4.547 21.917
LCB3 Vo 31.760 - 8.539 - -30.957 9.342
Mo 12.230 - 6.832 - -12.329 6.732
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(3) Toe
> Cross section force by Concrete & Soil
Load Vertical Force length (m) Mr (KN-m)
V' (KN/m) X V- X
A 0.000 0.100 0.000
Concrete
>' 3.000 0.150 0.450
Sub Total 3.000 0.150 0.450
<M Cross section force by Stress resultant of Foundation
Load ql q2 length(m) V (kN) M (KN-m)
LCB1 56.623 53.772 0.151 16.559 2.505
LCB2 86.181 68.665 0.156 23.227 3.615
LCB3 40.074 39.698 0.150 11.966 1.798
0V =(ql+qg2)/2xB1
V' Design Load for cross section
-Load Combination
LCB1 Ultimate Load at nomal ( 12D + 16L + 1.6H
LCB2 Ultimate Load at earthquake ( 09D 16H 10E )
LCB 3 Service Load at nomal ( 1.0D 10L 1.0H )
Division D H Stress resul_tant of Total
Foundation
LCBL Vu -3.600 - 16.559 12.959
Mu -0.540 - 2.505 1.965
Vu -2.700 - 23.227 20.527
LCB2
Mu -0.405 - 3.615 3.210
Vo -3.000 - 11.966 8.966
LCB3
Mo -0.450 - 1.798 1.348
(4) Shear Key
> Passive earth pressure
At Nomal : Pp = 32.749 kN/m
At Earthq : Ppe = 18.986 kN/m A Apply Cross section force at Nomal
<* Design Load for cross section
Division gkl gk2 H(m) V (kN) M (KN-m)
At Nomal 68.226 95.517 0.400 32.749 6.914
Division Mu(kN-m) Vu(kN) Mo(kN-m)
Design Load for cross section 11.062 52.398 6.914
3) Summary
Division Mu(kN-m) Vu(kN) Mo(kN-m) @Mn(KN-m) Bar S.F
Bottom of Wall 7.975 18.316 2.588 131.063 D13 @ 125 16.43
Middle of Wall 1.061 4.807 0.323 56.513 D13 @ 250 53.28
Heel 7.975 30.326 2.588 131.063 D13 @ 125 16.43
Toe 3.210 20.527 1.348 66.265 D13 @ 250 20.64
Shear Key 11.062 52.398 6.914 66.265 D13 @ 250 5.99
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3. Box Culvert Wing Wall

3.2.5 Section Design

1) Bottom of Wall

(1) Section Design

f, Section specification and design condition

f. = 32 MPa fy = 420 MPa ki = 0.82
of = 0.90 @v = 0.75 d = 3435 mm
B = 1000 mm H = 400 mm d = 565 mm
My = 7.975 kN-m Vu = 18.316 kN Mo = 2.588 kN-m
- Check of Strength reduction factor (®)
a = 15.050
Because T=C , € = 15050 / pB1= 15050 / 0.821 = 18.322 mm
ey = fylEs = 420.000 / 200000 =  0.0021
g = 0.0030 x (dt-c)/c = 0.003 x(3435 - 18322 ) |/ 18.322
= 0.0532
et > 0.0050 Tension-controlled sections  ®f = 0.900
a=zAsxfy/(Dxfexb) s @
Mo/@= Aoxfyx(d-al2) e @ VLT TOTTYKY®YZT HNZ NLLT
f2 M,
y As® - fyxdxAs + =0 [0 Req.As = 61502
2x0.85xfexb 1%}
UseAs = D 13 @ 250 + D 13 @ 250 = 1032.00 k ( 8 eam)

. Evaluation of reinforcement

Pb = ki x @ x (fe/fy) x {600/(600 + f,)} = 0.03313
Prax = 0.75-Pb = 00248t 4. Asmax = 8536.0 L
Pmn = max(1.4/fy,0.25[fc'/fy) = 0.00337 . As min = 1156.6 "
Puseq = 43 - Asreq/ (B-d) = 000024 4. Asaseq = 82.0 -
Pun = Min (Ppin Paareq) = 000022 4.  Asmin = 82.0 -
Piee = As/(B-d) = 00030C 4  Asmin = 10320 -
¢ 4/3xPreq<Puse<Pmax A O.K
. Bending Check
az=Asxfy/ (@ xfexb) = 15.050 mm
@Mn =0.9 x As x fy x (d - a/2) = 131.063 kN-m > Mu = 7.975 kN-m
A OK
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. Shear Check
@Vec=0.75x 1/6 x \/ fc'xBxd = 242.891 kN > Vu = 18.316 kN

A No shear reinforcement is required

(2) Crack Check

(. Calculation of stress

n = 8
X = -nAs/b + nAs/b x [J{1+2bd/nAs}
= -8x1,032.00/1000 + 8 x 1,032.00 / 1000 x \[ 1 + 2 x 1000 x 343.5 / (8 x 1,032.00 ) ]
= 67.507 -
fo = 2xMo/[Bxx x(d-x/3)
= 20 x 258 /[ 1000 x 67507 x( 3435 - 67507 [/ 3 )] x 10°
= 0239 MPa
fs = Mo/ [Asx (d-x/3)]
= 2588 /[ 1032.000 x( 3435 - 67507 / 3 )] x 10
= 7812 MPa
fst = fsx(H-d-x)/(d-Xx) = 8x(400-57- 0)/ (344 -68) = 7.81 MPa

f. Maximum center space of reinforcement
Cc = 56.50-13.00/2 = 50.00 .

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 /fs) - 2.5 x Cc = 380x(280/7.81)-2.5x50.00 = 13494.92
300 x (280 / fs) = 300x(280/7.81) = 1075257

Sa = 1075257 Applying Minimum value

S =1,000/8 Ea=125.0 < Sa ( 10752.57 mm) A OK
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3. Box Culvert Wing Wall

2) Middle of Wall

(1) Section Design

f, Section specification and design condition

f. = 32 MPa fy = 420 MPa ki = 082
of = 0.90 @v = 0.75 d = 2935 mm
B = 1000 mm H = 350 mm d = 565 mm
My = 1.061 kN-m Vu = 4.807 kN Mo = 0.323 kN-m
- Check of Strength reduction factor (®)
a = 7525
Because T=C , ¢ = 7525 [/ pB1= 7525 |/ 0821 = 9.161 mm
ey = fylEs = 420.000 / 200000 =  0.0021
g = 0.0030 x (dt-c)/c = 0.003 x(2935 - 9161 ) [/ 9.161
= 0.0931
et > 0.0050 Tension-controlled sections  ®f = 0.900
a=zAsxfy/(Dxfexb) s @
Mo/ @= Acxtyx(d-al2) e @ VLT TOTTYKYOYZT HNZ NLLT
f2 My
y As? - fyxdxAs + =0 [0 Req.As = 9524
2x0.85xfexb 1%}
UseAs = D 13 @ 500 + D 13 @ 500 = 516.00 k 4  ea/m)
. Evaluation of reinforcement
Po = ki x @ x (felfy) x {600/(600 + fy)} = 0.03313
Pmx = 0.75-Pb = 002485 4. A = 72935 -
Pmn = max(1.4/fy,0.25[fc'/fy) = 0.00337 . As min = 988.3 "
Puzreq = 413 - Asreq/ (B-d) = 0.0000¢ 4. As aizreq = 12.7 -
Prin = min (Prin, Pareq) = 0.0000¢ 4. As min = 12.7 .
Puse = As/(B-d) = 0.0017¢ 4. As min = 516.0 -
¢ 4/3xPreq<Puse<Pmax A O.K
. Bending Check
a=Asxfy/ (D xfcxb) = 7.525 mm
@Mn = 0.9 x As x fy x (d - a/2) = 56.513 kN-m > Mu = 1.061 kN-m
A OK
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. Shear Check
@Vc=0.75x1/6 x Vfc' x B xd = 207.536 kN > Vu = 4.807 kN

A No shear reinforcement is required

(2) Crack Check

(. Calculation of stress
8

n
X = -nAs/b + nAs/b x [J{1+2bd/nAs}
= -8x516.00/1000 + 8 x 516.00 / 1000 x \[ 1 + 2 x 1000 x 293.5/ (8 x 516.00 ) ]
= 45.270 -
fo = 2xMo/[Bxyx x(d-x/3)]
= 20 x 0323 /[ 1000 x 45270 x( 2935 - 45270 / 3 )] x 108
= 0051 MPa
fs = Mo/ [Asx (d-x/3)]
= 0323 /[ 516.000 x( 2935 - 45270 / 3 )] x 10°
= 2252 MPa
fst = fsx(H-d-x)/(d-Xx) = 2x(350-57-0)/(294 - 45) = 2.25 MPa

. Maximum center space of reinforcement
Cc = 56.50-13.00/2 = 50.00 .

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 /fs) - 2.5 x Cc = 380x(280/2.25)-2.5x50.00 = 47126.69 .,
300 x (280 / fs) = 300x(280/2.25) = 37303.97 .,

Sa = 37303.97 | Applying Minimum value

S =1,000/4 Ea =250.0 < Sa ( 37303.97 mm) A OK
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3. Box Culvert Wing Wall

3) Heel

(1) Section Design

f, Section specification and design condition

f. = 32 MPa fy = 420 MPa ki = 082
of = 0.90 @v = 0.75 d = 3435 mm
B = 1000 mm H = 400 mm d = 565 mm
My = 7.975 kN-m Vu = 30.326 kN Mo = 2.588 kN-m
- Check of Strength reduction factor (®)
a = 15.050
Because T=C , € = 15050 / pB1= 15,050 / 0.821 = 18.322 mm
ey = fylEs = 420.000 / 200000 =  0.0021
g = 0.0030x (dt-c)/c = 0003 x(3435 - 18322 ) |/ 18.322
= 0.0532
et > 0.0050 Tension-controlled sections  ®f = 0.900

a=Asxfy/ (@D xfexb)
M/ @= Asxfyx (d-a/2)

ULT TOITYKY®YZT HNZ ULT

f2 My
Y As? - fy x dx As + = 0 [1 Reqg.As = 61.502 =1
2x0.85xfexb (%]
UseAs = D 13 @ 250 + D 13 @ 250 = 1032.00 k ( 8 eam)
. Evaluation of reinforcement
Pb = ki x @ x (felfy) x {600/(600 + fy)} = 0.03313
Phax = 0.75-Pb = 0.0248t .. A = 8536.0 -
Prin = max(1.4/fy,025fc'/fy) = 0.00337 .. As min = 1156.6 L
P4/3req = 4/3 - As.req / (Bd) = 0.0002< A As,4/3req = 82.0 [N
P i = min (Ppin, Pasgreq) = 0.0002¢ 4. A = 82.0 I
Py = As/(B-d) = 0.0030C . A = 1032.0 -
¢ 4/3xPreq<Puse<Pmax A O.K
. Bending Check
a=Asxfy/ (D xfexDb) = 15.050 mm
@Mn = 0.9 x As x fy x (d - a/2) = 131.063 kN-m > Mu = 7.975 kN-m
A OK
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. Shear Check
@Vc=0.75x1/6 x Vfc' x B xd = 242.891 kN > Vu = 30.326 kN

A No shear reinforcement is required

(2) Crack Check

(. Calculation of stress

n = 8
X = -nAs/b + nAs/b x [J{1+2bd/nAs}
= -8x1,032.00/ 1000 + 8 x 1,032.00 / 1000 x \/[ 1+2x1000 x343.5/(8x1,032.00)]
= 67.507 >
fo = 2xMo/[BxxX x(d-x/3)]
= 20 x 2588 /[ 1000 x 67507 x(3435 - 67507 / 3 )] x 10°
= 0239 MPa
fs = Mo/ [Asx (d- x/3)]
= 2588 /[ 1032.000 x( 3435 - 67507 / 3 )] x 10°
= 7812 MPa
fst = fsx(H-d'-x)/(d-X) = 8x(400-57- 0)/ (344 - 68) = 7.81 MPa

. Maximum center space of reinforcement

Cc = 56.50-13.00/2 = 50.00 .

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 /fs) - 2.5 x Cc = 380x(280/7.81)-2.5x50.00 = 1349492
300 x (280 / fs) = 300x(280/7.81) = 1075257 .

Sa = 1075257 Applying Minimum value

S =1,000/8 Ea =125.0 < Sa ( 1075257 mm) A OK
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3. Box Culvert Wing Wall

4) Toe

(1) Section Design

f, Section specification and design condition

f. = 32 MPa fy = 420 MPa ki = 082
of = 0.90 @v = 0.75 d = 3435 mm
B = 1000 mm H = 400 mm d = 565 mm
My = 3.210 kN-m Vu = 20.527 kN Mo = 1.348 kN-m
- Check of Strength reduction factor (®)
a = 7525
Because T=C , ¢ = 7525 [/ pB1= 7525 |/ 0821 = 9.161
ey = fylEs = 420.000 / 200000 =  0.0021
g = 0.0030 x (dt-c)/c = 0.003 x(3435 - 9161 ) [/ 9.161
= 0.1095
et > 0.0050 Tension-controlled sections  ®f = 0.900
a=zAsxfy/(Dxfexb) s @
Mo/ @= Acxtyx(d-al2) e @ VLT TOTTYKYOYZT HNZ NLLT
f2 My
y As? - fyxdxAs 4+ =0 [0 Req.As = 94739+
2x0.85xfexb 1%}
UseAs = D 13 @ 500 + D 13 @ 500 = 516.00 k 4  ea/m)
. Evaluation of reinforcement
Po = ki x @ x (fe/fy) x {600/(600 + fy)} = 0.03313
Phax = 0.75-Pb = 0.0248t 4. A = 8536.0 -
Pmn = max(1.4/fy,0.25[fc'/fy) = 0.00337 . As min = 1156.6 "
Pasreq = 413 - Asreq/ (B-d) = 0.0001C 4. A 4r3req = 33.0 -
P i = min (Ppin, Pasgreq) = 0.0001C 4. AN = 33.0 I
Puse = As/(B-d) = 0.0015C 4. As min = 516.0 -
¢ 4/3xPreq<Puse<Pmax A O.K
. Bending Check
a=Asxfy/ (D xfcxb) = 7.525 mm
@Mn = 0.9 x As x fy x (d - a/2) = 66.265 kN-m > Mu = 3.210 kN-m
A OK
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. Shear Check

@Vc=0.75x1/6 x Vfc' x B xd = 242.891 kN > Vu = 20.527 kN

A No shear reinforcement is required

(2) Crack Check

(. Calculation of stress

8

n
X = -nAsb+ nAsb x [J{1+2bd/nAs}
= -8x516.00/1000 + 8 x 516.00 / 1000 x \[ 1 + 2 x 1000 x 343.5/ (8 x 516.00) ]
= 49.285 -
fo = 2xMo/[Bxx x(d-x/3)]
= 20 x 1348 /[ 1000 x 49285 x( 3435 - 4928 / 3 )] x 108
= 0.167 MPa
fs = Mo/[Asx (d-x/3)]
= 1348 /[ 516.000 x( 3435 - 4928 / 3 )] x 10
= 7.985 MPa
fst = fsx(H-d-x)/(d-x) = 8x (400-57- 0)/ (344 - 49) = 7.99 MPa

. Maximum center space of reinforcement

Cc = 56.50-13.00/2 = 50.00 .

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 /fs) - 2.5 x Cc = 380x(280/7.99)-2.5x50.00 = 1.3E+04 |
300 x (280 / fs) = 300x(280/7.99) = 1.1E+04 .,

Sa = 1.05E+04 _ Applying Minimum value

S =1,000/4 Ea = 250.0 < Sa ( 1.1E+04 mm) A OK
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3. Box Culvert Wing Wall

5) Shear Key

(1) Section Design

f, Section specification and design condition

f. = 32 MPa fy = 420 MPa ki = 0.82
of = 0.90 ov = 0.75 d = 3435 mm
B = 1000 mm H = 400 mm d = 565 mm
My = 11.062 kN-m Vu = 52.398 kN Mo = 6.914 kN-m
- Check of Strength reduction factor (®)
a = 7525
Because T=C , ¢ = 7525 [/ pB1= 7525 |/ 0821 = 9.161 mm
ey = fylEs = 420.000 / 200000 =  0.0021
g = 0.0030 x (dt-c)/c = 0.003 x(3435 - 9161 ) [/ 9.161
= 0.1095
et > 0.0050 Tension-controlled sections  ®f = 0.900
a=zAsxfy/(Dxfexb) s @
Mo/ @= Acxtyx(d-al2) e @ VLT TOTTYKYOYZT HNZ NLLT
f2 My
y As? - fyxdxAs o+ = 0 [0 Req.As = g5359+
2x0.85xfexb 1%}
UseAs = D 13 @ 500 + D 13 @ 500 = 516.00 k 4  ea/m)
. Evaluation of reinforcement
Po = ki x @ x (fe/fy) x {600/(600 + fy)} = 0.03313
Phax = 0.75-Pb = 0.0248t 4. A = 8536.0 -
Pmn = max(1.4/fy,0.25[fc'/fy) = 0.00337 . As min = 1156.6 "
Puseq = 43 - Asreq/ (B-d) = 0.0003: 4. Asaseq = 113.8 -
Pin = Min (Prin, Pajareq) = 0.0003: 4. - = 113.8 -
Puse = As/(B-d) = 0.0015C 4. As min = 516.0 -
¢ 4/3xPreq<Puse<Pmax A O.K
. Bending Check
a=Asxfy/ (D xfcxb) = 7.525 mm
@Mn = 0.9 x As x fy x (d - a/2) = 66.265 kN-m > Mu = 11.062 kN-m
A OK
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. Shear Check
@Vc=0.75x1/6 x Vfc' x B xd = 242.891 kN > Vu = 52.398 kN

A No shear reinforcement is required

(2) Crack Check

(. Calculation of stress
8

n
X = -nAs/b +nAsb x [J{1+2bd/nAs}
= -8x516.00/1000 + 8 x 516.00 / 1000 x V[ 1 + 2 x 1000 x 343.5/ (8 x 516.00) ]
= 49.285 o
fo = 2xMo/[Bxx x(d-x3)]
= 20 x  6.914 /] 1000 x 49285 x( 3435 - 49.285 /3 )] x 108
= 0.858 MPa
fs = Mo/ [Asx (d-x/3)]
= 6914 /[ 516.000 x( 3435 - 49285 [/ 3 )] x 10°
= 40.967 MPa
fst = fsx(H-d-x)/(d-Xx) = 41x(400-57-1)/ (344 - 49) = 40.97  MPa

. Maximum center space of reinforcement
Cc = 56.50-13.00/2 = 50.00 .

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 /fs) - 2.5 x Cc = 380x(280/40.97)-2.5x50.00 = 2472.20
300 x (280 / fs) = 300x(280/40.97) = 2050.42

Sa = 2050.42 Applying Minimum value

S =1,000/4 Ea = 250.0 < Sa ( 2050.42 mm) A OK
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3. Box Culvert Wing Wall

3.2.6 Distribution Reinforcement Check

1) wall (H= 400 mm)
- As,min = (0.0018 x 420 /fy) x BxH = (0.0018 x 420/ 420) x 1000 x 400 = 720.0
- The spacing of deformed shrinkage and temperature reinforcement shall not exceed
the lesser of 5h and 450mm. = 450
- Used As : Tension side D 13@ 200 = 645.0 .
Compressionside D 13@ 200 = 645.0 .
[l = 12900 & > 720.0
- Bar spacing : 200 . < 450 . A OK
2) Bottom Slab (H= 400 mm)
- As,min = (0.0018 x 420 /fy) x BxH = (0.0018 x 420/ 420) x 1000 x 400 = 720.0
- The spacing of deformed shrinkage and temperature reinforcement shall not exceed
the lesser of 5h and 450mm. = 450
- Used As : Tension side D 13@ 250 = 5160 .
Compressionside D 13@ 250 = 516.0 .
[l = 10320 & > 720.0
- Bar spacing : 250 . < 450 . A OK
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4. RETAINING WALL
I



4.1 Retaining Wall (H=3.0m)
]



4. Retaining Wall

4.1.1 Design Conditions (H=3.000m
1) General ltems

(1) Type of Retaining Wall

(2) Height of Retaining Wall

(3) Slope of Backfill

(4) Height of Backfill

2) Soil
(1) Unit Weight of Backfill
(2) angle of internal friction of Backfill
(3) Unit Weight of filler
(4) angle of internal friction of filler
(5) coefficient of earth pressure atrest of filler

(6) Cohesion of Sail

3) Load
(1) Surface load

(2) horizontal seismic coefficient

4) Design Material
(1) Reinforced Concrete Weight
(2) Strength of Concrete

(3) Yield Strength of Reinforcement
5) Coefficient of Earth Pressure
(1) Evaluation of serviceability

(2) Evaluation of section

6) Reference

N= LEVEL , Ho= 0.000 )
L Type Retaining Wall
3.000 m
LEVEL
0.000 m
yt= 19.000 kN/m3
= 28.000 °
yt= 18.500 kN/m3
P11 = 28.000 °
P = 0.500
C = 0.000 kN/m2
gL = 10.000 kN/m2
Kh = 0.115 (=0.191 x0.5x 1.2)
yc = 25.00 kN/m?
fck = 32.00 MPa
fy = 420.00 MPa

Wedge of Soil pressure

Wedge of Soil pressure

(1) American Concrete Institute — Code for the design of concrete structure, USA

(2) AS 3600 Concrete structures / 5100 Bridge design - Australian Standard
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4.1.2 Section Assumption

B1. B2 B3
T (&)
T T
L1
. Bw B4
.\.;.’.{\ —
" .—-'_'.\ L ‘-.J""-\.
o P L]
T (&
B
& Sectional specification
- Width
B1 B2 B3 B4 B Bw
0.052 0.300 0.048 1.800 2.200 0.400
- Height
H1 H2 H3 H Ho
0.400 0.000 2.600 3.000 0.000
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4. Retaining Wall

4.1.3 Evaluation of serviceability
1) At Nomal
(1) Earth pressure

Pa- SIN(a-®) X W
COS(a-®-%)
where, | o) | B | s | e |
| 280 | 0000 | 0000 | 1058 |
a(rx) o(Jx) H (m) W (kN/m) Pa (KN/m) Ka Kah Kav
58.8 0.000 3.000 51.781 30.867 0.361 0.361 0.000
58.9 0.000 3.000 51.577 30.868 0.361 0.361 0.000
59.0 0.000 3.000 51.374 30.868 0.361 | 0.361 | 0.000
59.1 0.000 3.000 51.171 30.868 0.361 0.361 0.000
59.2 0.000 3.000 50.968 30.867 0.361 0.361 0.000
Horizontal earth pressure : Pah=1/2x kahxyt x H? = 30.868 kN/m3
Vertical earth pressure ; Pav="1/2 x kav xyt x H? = 0.000 kN/m3
(2) Load
Division Calculation Unit Weight | Vertical Force(kN)
> | 2.600 x  0.300 = 0.780 25.00 19.500
< | 2.600 x  0.052 X ¥ = 0.068 25.00 1.690
vV | 2.600 x  0.048 X Y = 0.062 25.00 1.560
Concrete 5
N 0.000 X 0.400 = 0.000 25.00 0.000
N 0.000 X 1.800 X Y% = 0.000 25.00 0.000
A 0.400 X 2.200 = 0.880 25.00 22.000
> 2.600 X 0.048 X Y% = 0.062 19.00 1.186
Soil > 2.600 X 1.800 = 4.680 19.00 88.920
> | 0.000 X 1.800 X Y = 0.000 19.00 0.000
Surface load 1.848 = 1.848 10.00 18.480
(3) Moment
Svision verical | Horzena! length (m) MOMENT (kN-m)

V (kN/m) H (kN/m) X Y V-X(Mr) H-Y(Mo)
> 19.500 - 0.202 - 3.939 -
¢ 1.690 - 0.035 - 0.059 -
\V/ 1.560 - 0.368 - 0.574 -

Concrete —5

N 0.000 - 0.200 - 0.000 -
N 0.000 - 1.000 - 0.000 -
A 22.000 - 1.100 - 24.200 -

Sub Total 44.750 28.772
> 1.186 - 0.384 - 0.455 -
Soil > 88.920 - 1.300 - 115.596 -
> 0.000 - 1.600 - 0.000 -

Sub Total 90.106 116.051
Earth pressure 0.000 30.868 2.200 1.000 0.000 30.868
Surface load 18.480 10.830 1.276 1.500 23.580 16.245
Total 153.336 41.698 168.403 47.113
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(4) Evaluation of serviceability

> Sliding
tands = 0.500
B' = B-2xe = 2.200-2x0.309 = 1.582 m
C = 0.000 kN/m?
pav) = 153.336  kN/m
ZH = 41.698 kN/m
Hu = C x A + V x tan®s = 76.668 kN/m
F.S = Hu/zH = 1.839 > 15 -- OK
y Stability of sliding is O.K.
<" Overturning
e = B/2-(XMr - ZMo)/zV
= 2.200/2-(168.403 -47.113) / 153.336 = 0.309 m
B/6 = 2.200/6 = 0.367 > e --- OK
F.S = XMr/ZMo = 3.574 > 2.0 - 0K
y Stability of overturning is O.K.
V Bearing Capacity
e = 0309 m < B6 = 0.367 m
x = 3 [B/l2-e]= 3x(2.200/2-0.309) = 2373 m > 2200 m
[] resultant in middle one-third of base
g(max,min) = (2V/B)x(1+6-e/B)
= 153.336 / 2.200 X ( 1 = 6 X 0.309 / 2.200 )
gmax = 128.434 kN/m2 (Toe)
gmin = 10.962 kN/m2 (Heel)
gmax = 128.434 kN/m? < ga = 255.000 kN/m2 -- 0K

y Stability of bearing Capacity is O.K.
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4. Retaining Wall

2) At Earthquake
(1) Earth pressure

SIN(a-®+w) We
Pa= X
COS(a-®-98") COS(w)
where, d(Ox) B(x) O(1x) B(/x) w(Ix)
28.0 0.000 0.000 1.058 6.538 |50 w=tanKh

fRB+w ®, 8=0

a(rx) 0'(/x) H (m) We (KN/m) Pae (kN/m) Kae Kaeh Kaev
53.0 0.000 3.000 64.851 37.428 0.438 0.438 0.000
53.1 0.000 3.000 64.615 37.428 0.438 0.438 0.000
53.2 0.000 3.000 64.381 37.429 0.438 | 0.438 | 0.000
53.3 0.000 3.000 64.147 37.429 0.438 0.438 0.000
53.4 0.000 3.000 63.914 37.428 0.438 0.438 0.000
Horizontal earth pressure : Paeh= 1/2 x kaeh x yt x H? = 37.429 kN/m3
Vertical earth pressure : Paev=1/2 x kaev x yt x H? = 0.000 kN/m3
(2) Load
o verical | Horzenta! length (m) MOMENT (kN-m)
V (kN/m) H (kN/m) X Y V- X H-Y
Concrete 44.750 28.772
Soll 90.106 116.051
Earth pressure 0.000 37.429 2.200 1.500 0.000 56.143
Total 134.856 37.429 1.074 1.500 144.823 56.143
(3) Moment
Horizontal Horizental Force MOMENT (kN-m)
Load Calculation seismic
coefficient H (kN/m) Y H-Y
D 19.500 0.115 2.235 1.700 3.799
< 1.690 0.115 0.194 1.267 0.245
Concrete \O/ 1.560 0.115 0.179 1.267 0.226
N 0.000 0.115 0.000 0.400 0.000
N 0.000 0.115 0.000 0.400 0.000
N 22.000 0.115 2.521 0.200 0.504
Sub Total 44.750 5.128 - 4.775
> 1.186 0.115 0.136 2.133 0.290
Soil > 88.920 0.115 10.190 1.700 17.323
>- 0.000 0.115 0.000 0.400 0.000
Sub Total 90.106 10.326 - 17.613
Total 134.856 15.454 1.449 22.388
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(4) Evaluation of serviceability

> Sliding
tan®s = 0.500
B' = B-2xe = 2.200-2x0.608 = 0.984 m
C = 0.000 kN/m?
pav) = 134.856  kN/m
ZH = 52.883 kN/m
Hu = C x A + V x tan®s = 67.428 kN/m
F.S = Hu/zH = 1.275 > 11 -- OK
y Stability of sliding is O.K.
<" Overturning
e = B/2-(XMr - ZMo)/zV
2.200/2 - (144.823 - (56.143 + 22.388)) / 134.856 = 0.608 m
B/3 = 2.200/3 = 0.733 > e -- OK
F.S = XMr/ZMo = 1.844 > 15 -- OK
y Stability of overturning is O.K.
V Bearing Capacity
e = 0608 m < BB = 0.733 m
X = 3[Bl2-e]= 3x(2.200/2-0.608) = 1476 m < 2200 m
[] Pressure for resultant outside middle one-third
gmax = 232VIX
= 134.856 x 2 1.476 = 182.731 kN/m?2
gmax = 182.731 kN/m2 (Toe)
gmin = 0.000 kN/m2 (Heel)
gmax = 182.731 kN/m? < ga = 255.000 kN/m2 - OK

y Stability of bearing Capacity is O.K.
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4. Retaining Wall

4.1.4 Load Calculation

1) wall
(1) Earth pressure
> At Nomal
Pa = SIN(a-®) W
COS(a-®-56-0)
where, d(x) B(x) O(1x) B(/x)
28.00 0.000 9.33 1.058 D (5=AXD)
a(rx) 0(Jx) H (m) W (kKN/m) Pa (kN/m) Ka Kah Kav
57.1 9.333 2.600 42.731 21.941 0.342 0.336 0.062
57.2 9.333 2.600 42.573 21.941 0.342 0.336 0.062
57.3 9.333 2.600 42.414 21.941 0.342 0.336 0.062
57.4 9.333 2.600 42.256 21.940 0.342 0.336 0.062
575 9.333 2.600 42.098 21.939 0.342 0.336 0.062
Horizontal earth pressure Pah=1/2 x kahxyt x H2 = 21.578 kN/m3
Vertical earth pressure Pav="1/2 x kavxyt x H? = 3.982 kN/m3
<M At Earthquake
Pa- SIN(a-®+w) We
COS(a-d-6-96) COS(w)
where, Drx) B(rx) o(Jx) 6(rx) w(rx)
28.000 0.000 0.000 1.058 6.538 0 w = tan"Kh
a(rx) o(Jx) H (m) We (kN/m) Pa (kN/m) Kae Kaeh Kaev
53.5 0.000 2.600 49.025 28.567 0.445 0.445 0.008
53.6 0.000 2.600 48.850 28.567 0.445 0.445 0.008
537 0.000 2.600 48.676 28.567 0.445 0.445 0.008
53.8 0.000 2.600 48.503 28.567 0.445 0.445 0.008
53.9 0.000 2.600 48.330 28.567 0.445 0.445 0.008
Horizontal earth pressure Paeh = 1/2 x kaeh x yt x H? = 28.578 KN/m3
Vertical earth pressure Paev = 1/2 x kaev x yt x H2 = 0.514 kN/m?3
Earthquake earth pressure Paeh'= 1/2 x kaeh' x yt x H? = 7.000 kN/m3
L Load Horizental Force length (m) Mr (KN-m)
Division
W (kN) H (kN/m) Y HxY
D> 19.500 2.235 1.300 2.905
Concrete | 1.690 0.194 0.867 0.168
\V/ 1.560 0.179 0.867 0.155
Bottom of Wall 22.750 2.607 3.228
e;?:g?;i‘lie 7.000 1.300 9.100
D> 9.750 1.117 0.650 0.726
Concrete | 0.042 0.005 0.433 0.002
\V/ 0.390 0.045 0.433 0.019
Middle of Wall 10.182 1.167 0.748
eaErEtiP:tB?gsaskuere 1.750 0.650 1.137
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@

D\

q\

®)

D\

4\

Stress Resultant
At Nomal
Bottom of Wall (H= 2.600 m )
V= 21.578 = 21.578 kN
M= 21.578 X 2.600 /3 = 18.701 kN/m
Middle of Wall (H= 1.300 m )
V= 5.394 = 5.394 kN
M= 5.394 X 1.300 /3 = 2.338 kN/m
By surface load
Bottom of Wall (H= 2.600 m )
Vg= kahxqgLxH = 8.736 kN/m
Mg=  Phlxy = 11.357 kN.m
Middle of Wall (H= 1.300 m )
Vg=  kahxgLxH = 4.368 kN/m
Mg=  Phixy = 2.839 kN.m
At Earthquake
Bottom of Wall (H= 2600m )
Ve= 28.578 = 28.578
Me= 28.578 X 2.600 2 = 37.151
Middle of Wall (H= 1.300 m )
Ve= 7.144 = 7.144
Me= 7.144 X 1.300 /2 = 4.644
Design Load for cross section
Load Combination
LCB1 Ultimate Load at nomal 12D + + 16H
LCB2 Ultimate Load at earthquake 09D + + 10E
LCB 3 Service Load at nomal 10D + + 10H
Summary
-Bottom of Wall
Division eaﬂﬂri)zrzgtsalire Surface load Inertial force
LCBL Shear force 34.525 13.978 0.000
Moment 29.921 18.171 0.000
LcB2 Shear force 34.525 0.000 9.607
Moment 29.921 0.000 12.328
LCB3 Shear force 21.578 8.736 0.000
Moment 18.701 11.357 0.000

kN
kN/m

kN
kN/m

48



4. Retaining Wall

-Middle of Wall
Division eatit(r)\ripzrzrs]tsadre Surface load Inertial force
LCB1 Shear force 8.631 6.989 0.000
Moment 3.740 4.542 0.000
LCB2 Shear force 8.631 0.000 2.917
Moment 3.740 0.000 1.885
LCB3 Shear force 5.394 4.368 0.000
Moment 2.338 2.839 0.000
V Design Load for cross section
-Bottom of Wall
LCB1 LCB2 LCB3
Shear force Moment Shear force Moment Shear force Moment
48.502 48.093 44132 42.249 30.314 30.058
-Middle of Wall
LCB1 LCB2 LCB3
Shear force Moment Shear force Moment Shear force Moment
15.620 8.283 11.548 5.626 9.762 5.177
2) Foundation
(1) Stress resultant of Foundation
> Load
Division V(KN) H(kN) Mr(kN.m) Mo(kN.m)
Concrete 44.750 0.000 28.772 0.000
Soil 90.106 0.000 116.051 0.000
At Nomal |Earth pressure 0.000 30.868 0.000 30.868
Surface load 18.480 10.830 23.580 16.245
0 153.336 41.698 168.403 47.113
Concrete 44.750 5.128 28.772 4.775
Soil 90.106 10.326 116.051 17.613
At Earthquake Earth pressure 0.000 30.868 0.000 30.868
e;’:‘;gﬁ:j‘skjre 0.000 6.560 0.000 25.275
[ 134.856 52.883 144.823 78.53
<* Ultimate load Combination
Division av OMr [IMo e Load shape
LCB1 191.395 211.516 75.381 0.389 CASE2
LCB2 121.370 130.341 94.814 0.807 CASE2
LCB3 153.336 168.403 47.113 0.309 CASE1
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V Stress resultant of Foundation

CASE1

CASE2

R

gl 02 a3 ql q2 a3
Division ql q2 g3 e CASE
LCB1 179.461 145.806 - 0.389 2
LCB2 276.155 150.487 - 0.807 2
LCB3 128.434 107.076 10.962 0.309 1
(2) Heel
B Cross section force by Concrete & Soil
Load Vertical Force length (m) Mr (KN-m)
V (kN/m) X V- X
Concrete /\ 0.000 0.600 0.000
A 18.000 0.900 16.200
Sub Total 18.000 0.900 16.200
So > 88.920 0.900 80.028
B 0.000 1.200 0.000
Sub Total 88.920 0.900 80.028
Total 106.920 0.900 96.228
<" Cross section force by Stress resultant of Foundation
Load g2 g3 length(m) V (KN) M (KN-m)
LCB1 145.806 0.000 0.578 -126.341 -72.983
LCB2 150.487 0.000 0.160 -36.042 -5.755
LCB3 107.076 10.962 0.656 -106.234 -69.659
20V =(q3+q2)/2 x B5
V Design Load for cross section
-Load Combination
LCB1 Ultimate Load at nomal ( 12D + 16L + 16H
LCB 2 Ultimate Load at earthquake ( 09D + 16H + 10E
LCB 3 Service Load at nomal ( 1.0D + 10L + 10H




4. Retaining Wall

3) Summary

Division D L E Stress resulltant of Total
Foundation
Vu 128.304 28.8000 -126.341 30.763
LCB1
Mu 115.474 25.9200 -72.983 68.410
Vu 96.228 - -36.042 60.186
LCB2
Mu 86.605 - -5.755 80.851
Vo 106.920 18.0000 -106.234 18.686
LCB3
Mo 96.228 16.2000 -69.659 42.769
Division Mu(kN-m) Vu(kN) Mo(kN-m) @Mn(kN-m) Bar SF
Bottom of Wall 48.093 48.502 30.058 131.063 D13 @ 125 2.73
Middle of Wall 8.283 15.620 5.177 56.513 D13 @ 250 6.82
Heel 48.093 60.186 30.058 131.063 D13 @ 125 2.73
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4.1.5 Section Design

1) Bottom of Wall

(1) Section Design

f, Section specification and design condition

T = 32 MPa fy = 420 MPa ki = 082
of = 0.90 v = 0.75 d = 3435 mm
B = 1000 mm H = 400 mm d = 565 mm
My = 48.093 kN-m Vu = 48.502 kN Mo = 30.058 kN:m
- Check of Strength reduction factor (®)
a = 15.050
Because T=C , ¢ = 15050 [/ pB1= 15050 / 0.821 = 18.322 mm
ey = fylEs = 420.000 / 200000 =  0.0021
g = 0.0030 x (dt-c)/c = 0.003 x(3435 - 18322 ) |/ 18.322
= 0.0532
et > 0.0050 Tension-controlled sections  ®f = 0.900
a=Asxfy/(Dxfexb) s 1)
Mo/ @= Axfyx(d-al2) e @ VLT TOMTYKYOYZT HMZ UILT
f2 M,
y As? - fyxdxAs + = 0 [0 Req.As = 373526
2x0.85xfexb 1%}
UseAs = D 13 @ 250 + D 13 @ 250 = 1032.00 k ( 8 eam)

. Evaluation of reinforcement

Pb = ki x @ x (felfy) x {600/(600 + f,)} = 0.03313
Pnax = 0.75-Pb = 00248t 4. Asmax = 8536.0 L
Prin = max (1.4/fy,0.25]fc'/fy) = 0.00337 . A min = 1156.6 "
Puzeq = 413+ Asreq/ (B-d) = 000145 4. Assseg = 498.0 -
Pon = Min (P, Pareq) = 00014t 4. Asmn = 498.0 +
Pwe = As/(B-d) = 0.0030C 4.  Asmin = 1032.0 *
¢ 4/3xPreq<Puse<Pmax A O.K
M. Bending Check
az=Asxfy/ (@ xfexb) = 15.050 mm
@Mn =0.9 x As x fy x (d - a/2) =  131.063  kN-m > Mu = 48.093 kN-m
A OK
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4. Retaining Wall

. Shear Check
@Vc=075x%x1/6 xVfc' xB xd = 242.891 kN > Vu = 48.502 kN

A No shear reinforcement is required

(2) Crack Check
(. Calculation of stress
n 8
X = -nAsb + nAgb x [{1+2bd/nAs}
= -8x1,032.00 /1000 + 8 x 1,032.00 / 1000 x \[ 1 + 2 x 1000 x 343.5/ (8 x 1,032.00) ]
= 67.507 -
fo = 2xMo/[Bxx x(d-x3)]
= 20 x 30058 /[ 1000 x 67507 x( 3435 - 67507 / 3 )] x 10°
= 2774 MPa
fs = Mo/[Asx (d-x/3)]
= 30058 /[ 1032.000 x( 3435 - 67507 / 3 )] x 10°
= 90.735 MPa
fst = fsx(H-d-x)/(d-x) = 91x (400 - 57 - 3) / (344 - 68) = 9074 MPa

f. Maximum center space of reinforcement
Cc = 56.50-13.00/2 = 50.00

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 /fs) - 2.5 x Cc = 380x(280/90.74) - 2.5 x50.00 = 1047.64
300 x (280 / fs) = 300x(280/90.74) = 92577

Sa = 925.77 Applying Minimum value

S =1,000/8 Ea=125.0 < Sa ( 925.77 mm) A OK
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2) Middle of Wall

(1) Section Design

f, Section specification and design condition

T = 32 MPa fy = 420 MPa ki = 082
of = 0.90 v = 0.75 d = 2935 mm
B = 1000 mm H = 350 mm d = 565 mm
My = 8.283 kN-m Vo = 15.620 kN Mo = 5.177 kN-m
- Check of Strength reduction factor (®)
a = 7525
Because T=C , ¢ = 7525 |/ B1 = 7525 | 0821 = 9.161
ey = fylEs = 420.000 / 200000 =  0.0021
g = 0.0030 x (dt-c)/c = 0003 x(2935 - 9161 ) / 9.161
= 0.0931
gt > 0.0050 Tension-controlled sections  ®f = 0.900
a=Asxfy/(Bxfexb) s (1)
Mo/ @= Axfyx(d-al2) e @ VLT TOMTYKYOYZT HMZ UILT
f2 M,
y As? - fyxdxAs o+ = 0 [0 Req.As = 74803+
2x0.85xfcxb 1%}
UseAs = D 13 @ 500 + D 13 @ 500 = 516.00 k 4  ea/m)
. Evaluation of reinforcement
Po = ki x @ x (fe/fy) x {600/(600 + fy)} = 0.03313
P ax = 0.75-Pb = 0.0248t 4. A = 7293.5 L
Pmn = max(1.4/fy,0.25[fc'/fy) = 000337 4.  Asmin = 988.3 -
Puseq = 413 - Asreq/ (B-d) = 000034 4.  Asuseq = 99.7 -
Prin = min (Prin, Pareq) = 0.0003¢ 4. As min = Ce.7 I
Pee = As/(B-d) = 0.0017€ 4.  Asmin = 516.0 -
¢ 4/13xPreq<Puse<Pmax A OK
. Bending Check
az=Asxfy/ (@ xfexb) = 7.525 mm
@Mn = 0.9 x As x fy x (d - a/2) = 56.513 kN-m > Mu = 8.283 kN-m
A OK
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4. Retaining Wall

. Shear Check
@Vc=075x%x1/6 xVfc' xB xd = 207.536 kN > Vu = 15.620 kN

A No shear reinforcement is required

(2) Crack Check

. Calculation of stress

n = 8
X = -nAs/b + nAsgb x [{1+2bd/nAs}
= -8x516.00/1000 + 8 x 516.00 / 1000 x V[ 1 + 2 x 1000 x 293.5/ (8 x 516.00 ) ]
= 45.270 o
fo = 2xMo/[Bxx x(d-x3)]
= 20 x 5177 /[ 1000 x 45270 x( 2935 - 45270 / 3 )] x 106
= 0821 MPa
fs = Mo/ [Asx (d-x/3)]
= 5177 /[ 516.000 x( 2935 - 45270 / 3 )] x 10
= 36.034 MPa
fst = fsx(H-d-x)/(d-Xx) = 36x(350-57-1)/(294 - 45) = 36.03 MPa

. Maximum center space of reinforcement
Cc = 56.50-13.00/2 = 50.00 _

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 /fs) - 2.5 x Cc = 380x(280/36.03)-2.5x50.00 = 2827.78
300 x (280 / fs) = 300x(280/36.03) = 2331.14

Sa = 2331.14 | Applying Minimum value

S =1,000/4 Ea = 250.0 < Sa ( 2331.14 mm) A OK
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3) Heel

(1) Section Design

f, Section specification and design condition

T = 32 MPa fy = 420 MPa ki = 082
of = 0.90 v = 0.75 d = 3435 mm
B = 1000 mm H = 400 mm d = 565 mm
My = 48.093 kN-m Vo = 60.186 kN Mo = 30.058 kN-m
- Check of Strength reduction factor (®)
a = 15.050
Because T=C , ¢ = 15050 [/ pB1= 15050 / 0.821 = 18.322 mm
ey = fylEs = 420.000 / 200000 =  0.0021
g = 0.0030x (dt-c)/c = 0003 x(3435 - 18322 ) |/ 18.322
= 0.0532
gt > 0.0050 Tension-controlled sections  ®f = 0.900

a=Asxfy/ (@D xfexb)

ULT TOITYKY®YZT HNZ ULT

MulngsxfyX(d-a/Z) ............... (2)
f2 M,
y As? - fyxdxAs o+ = [0 Req.As = 373526
2x0.85xfexb (%]
UseAs = D 13 @ 250 + D 13 @ 250 = 1032.00 k ( 8 eam)
M. Evaluation of reinforcement
Po = ki x @ x (fe/fy) x {600/(600 + f,)} = 0.03313
P = 0.75-Pb = 0.0248% 4. A = 8536.0 -
Prin = max(1.4/fy,0.25fc'/fy) = 0.00337 g4+ As min = 1156.6 "
Puzreq = 413 - Asreq/ (B-d) = 0.0014t 4. As ai3req = 498.0 -
Prin = min (P, P4/3req) = 0.0014¢ P . As min = 498.0 k
Puse = As/(B-d) = 0.0030C 4. A = 1032.0 .
¢ 4/3xPreq<Puse<Pmax A O.K
. Bending Check
az=Asxfy/ (@ xfexb) = 15.050 mm
@Mn = 0.9 x As x fy x (d - a/2) = 131.063 kN-m > Mu = 48.093 kN-m
A OK
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4. Retaining Wall

. Shear Check
@Vc=075x%x1/6 xVfc' xB xd = 242.891 kN > Vu = 60.186 kN

A No shear reinforcement is required

(2) Crack Check

(. Calculation of stress
8

n
X = -nAs/b +nAsb x [J{1+2bd/nAs}
= -8x1,032.00/1000 + 8 x 1,032.00 / 1000 x [ 1 + 2 x 1000 x 343.5/ (8 x 1,032.00) ]
= 67.507 .
fo = 2xMo/[Bxx x(d-x/3)
= 20 x 30058 /[ 1000 x 67507 x( 3435 - 67507 [/ 3 )] x 106
= 2774 MPa
fs = Mo/ [Asx (d-x/3)]
= 30.058 /[ 1032.000 x( 3435 - 67507 [/ 3 )] x 10
= 90.735 MPa
fst = fsx(H-d-x)/(d-Xx) = 91x(400-57-3)/ (344 -68) = 90.74  MPa

. Maximum center space of reinforcement

Cc = 56.50-13.00/2 = 50.00 .

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 /fs) - 2.5 x Cc = 380x(280/90.74) - 2.5 x50.00 = 1047.64
300 x (280 / fs) = 300x(280/90.74) = 925.77

Sa = 925.77 _ Applying Minimum value

S =1,000/8 Ea=125.0 < Sa (92577 mm) A OK




TINA River Hydropower Development Project

4.1.6 Distribution Reinforcement Check

1) wall (H= 400 mm)
- As,min=(0.0018 x 420 /fy) x Bx H = (0.0018 x 420 / 420) x 1000 x 400 =
- The spacing of deformed shrinkage and temperature reinforcement shall not exceed

the lesser of 5h and 450mm. =

- Used As : Tension side D 13@ 200 = 645.0 .
Compression side D 13@ 200 = 645.0 .
U = 12900 >
- Bar spacing : 200 . < 450 . A OK

2) Bottom Slab (H= 400 mm)
- As,min = (0.0018 x 420 /fy) x BxH = (0.0018 x 420/ 420) x 1000 x 400 =
- The spacing of deformed shrinkage and temperature reinforcement shall not exceed

the lesser of 5h and 450mm. =

-Used As . Tension side D 13@ 250 = 5160
Compressionside D 13@ 250 = 516.0 .
[l = 10320 & >
- Bar spacing : 250 . < 450 . A OK

720.0

450

720.0

720.0

450

720.0
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5. GEOTECHNICAL CALCULATION



5.1 Bearing capacity & Settlement



5. Geotechnical Calculation

p Bearing Capacity : BOXCULVERT1 ( STA. 0+012.000 )

1. Ground Condition (RBH-5)

H Bottom layer :  Silty sand B Groundwater GL. : 0.0 (m)

B Friction angle : 28 ") Bl Cohesion : 22.0 (kN/m2)
Hl Bottom unit weight : 18.5 (kN/m3) Ml top unit weight : 18.5 (KN/m?3)
H N-value : 11

2. Foundation
B LlengthL : 16.60  (m) B widthB : 3.90 (m)

B Penetration depth Ds : 1.50 (m)

3. Calculation Bearing capacity through theory

1) Terzaghi's Bearing Capacity Theory

Qu = a-c Ne+qg Ng +B vy B Ny
there, v1 : Unit weight of top layer
Yo Unit weight of bottom layer
q Y1Ds
a, B: shape factor

w  Ultimate bearing capacity

du = a-c-Nc + q- Ng + By B Ny
= 745 + 227 + 230 = 1202 (kN/m?)
= Allowable bearing capacity
ordinary condition
0. = 1,202 / 30 = 400.71 (kN/m?)
seismic condition
0. = 1,202 / 20 = 601.06 (kN/m?)
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2) Hansen's Bearing Capacity Theory

Qu = c'Ne'sc'detic'gerbe + -Ng'Sq-dgrig gq-bg + 0.5y'B'*Nr-sr-dr-ir-grbr
there, S¢: Sp Sq : shape factor
dc, d, dq : Penetration depth factor
[ : load slope factor
9c O Yq : ground slope factor
b, by, by : foundation slope factor
Nc = (Ng- 1)-cote = 25.80
Ny = tanX(45+@/2)-emtane = 14.72
Nr = 1.5/(Ng-1)tang = 10.94
Ultimate bearing capacity
qu = cNesedeicgebe +  q'NgSqdg'iggqbg
+  0.5-y:B"“Nrsrdrirgrbr
= 743 + 235 + 164 = 1,143 (KN/m?)
= Allowable bearing capacity
ordinary condition
0. = 1,143 / 30 = 380.85 (kN/m2)
seismic condition
Oa = 1,143 / 2.0 = 571.28 (KN/m?)
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5. Geotechnical Calculation

4. Empirical Allowable Bearing Capacity (U. S. Navy, 1982)

. Allowable Bearing Capacity (kN/m?)
Type of Bearing Material Consistency
In Place R Recommend
ange Value for use
Well graded mixture of fine and coarse-
grained soil : glacial till, hardpan, boulder clay Very compact 800 ~ 1,200 1,000
(GW-GC, GC, SC)
Gravel, gravel-sand mixtures, Very compact 600 ~ 1,000 700
boulder gravel mixtures Medium to compact 400 ~ 700 500
(SW, SP, SW, SP) Loose 200 ~ 600 300
Coarse to medium sand, sand with Vgry compact 400 - 600 400
little gravel (SW, SP) Medium to compact 200 ~ 400 300
9 ’ Loose 100 - 300 150
Fine to medium sand, silty or Very compact 300 = 500 300
clayey medium to coarse sand Medium to compact 200 ~ 400 250 |
(SW, SM, SC) Loose 100 ~ 300 150
Homogeneous inoraanic cla Very stiff to hard 300 ~ 600 400
o dg e g(CL CHV)' Medium to stiff 100 - 300 200
y orsity clay (-4 Soft 50 - 100 50
Inoraanic silt. sandy or claye Very stiff to hard 200 ~ 400 300
silt ?/arved si’It-cIa )-/fine Se)llnc)j/ medium to stiff 100 - 300 150
’ y Soft 50 - 100 50

1. Extend footings on soft rock or on any soil to a minimum depth of 0.5m below adjacent ground surface or surface
of adjacent floor bearing on soil, whichever elevation is the lowest.

2. For footings on soft rock or on coarse-grained soil, increase allowable bearing capacity by 5 percent of the nominal
values for each 0.3m below the minimum depth

Bl Recommended Value : 250 (KN/m?)

Bl Depth to consider additional capacity : 1.00 (m)

B Additional Capacity : 41.67 (KN/m?)

Allowable Bearing Capacity Oa = 250.00 + 41.67 = 291.67 (kN/m?)

5. Conclusion

N Calculation capacity through theory (kN/m2) Empirical anclusion | Foundation 10ad
Condition . » | Bearing Capacity 5 Judgment
Terzaghi Theory Hansen Theory capacity (kN/m) (kN/m?) (kN/m?)
Ordinary 400.71 380.85 291.67 119.02 OK
291.67
Seismic 601.06 571.28 291.67 -
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P Settlement BOX CULVERT 1 (

STA.

0+012.000

1. Ground Condition of foudation layer (RBH-5)

m Top layer Silty sand m Friction angle
m Poisson's ratio 0.35 m Cohesion
m Young's modulus : 16 (MPa) = Unit weight
2. Foundation
m WwidthB 3.90 (m) m LengthL
m loadqg 119.021  (kN/m?)
3. Calculation settlement
1) Theory of elastic settlement
1-v2
s = gB —mm s
E
- 0.35 ?
= 119.02 X 3.90 x X
16000
There, ¢ load(kN/m?)
B : width(m)
E :Young's modulus(Mpa)
v . Poisson's ratio
Is . Elastic settlement coefficient
2) Schmertmann's theory
S = Ci-Cz2-(Qv-0Ovo) - Z (lz/ Ei)-Az
= 0.98 X 1.54 X 114.77 x 2.79E-04 =
There,
C; : Penetration depth factor Li
C, : Creep factor E;
Oyo' Effective stress at penetraion depth Az
% - Pressure at foundation

28 0
22.0 (kN/m?)
185 (kN/m3)
16.60 (m)
1.481 = 37.70 (mm)
48.40 (mm)

Strain factor at layer i
Young's modulus at layer i

Thickness of layer i
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5. Geotechnical Calculation

m maximum |, , depth zg, calculation

zo= 2B (LIB=1) z0= 4B (L/B = 10)

zio= {2 +0.222(L/B - 1)} B, (1<L/B<10)
- Strain factor for depth, l.0=0.1 + 0.0111(L/B - 1)
- maximum Iz depth, z = 0.5 + 0.0555(L/B - 1)

- maximum Iz = 0.5 + 0.1F(q/oyp ™)

denth Young's Strain
ze([rJn) Layer modulus factor 1z/Es Az Zz
Es (kPa) l2 0.00 0.20 0.40 0.60 0.80 1.00
0.00 Silty sand 16,000 0.136 0.00E+00 0.08 Ah
[0.136
0.88 Silty sand 16,000 0.370 2.05E-05 T \
- 0.5B -
1.77 Silty sand 16,000 0.604 3.34E-05 E 7
0.838
2.65 Silty sand 16,000 0.838 4.64E-05 7/
1.0B
3.79 Silty sand 16,000 0.718 5.11E-05 a /
4.93 Silty sand 16,000 0.599 4.26E-05 g_ /
o 1.5B
6.07 Silty sand 16,000 0.479 3.41E-05 © /
7.21 Silty sand 16,000 0.359 2.55E-05 /
2.0B
8.34 Silty sand 16,000 0.239 1.70E-05 /
9.48 Silty sand 16,000 0.120 8.51E-06 258
10.62 Silty sand 16,000 0.000 0.00E+00 / LOLﬂ
Sum 2.79E-04 3.0B
4. Conclusion
Theory Ground settlement (mm) Remark
@ Theory of elastic settlement 37.70
@ Schmertmann's theory 48.40
Maximum settlement 48.40




TINA River Hydropower Development Project

p Bearing Capacity

1. Ground Condition (RBH-5)

H Bottom layer : Silty sand
M Friction angle : 28

W Bottom unit weight : 18.5
H N-value : 11

2. Foundation

W LengthlL : 13.00

W Penetration depth Dy : 1.80

O

(KN/m?)

(m)
(m)

BOX CULVERT 2

3. Calculation Bearing capacity through theory

1) Terzaghi's Bearing Capacity Theory

Qu = a-c Ne+qg Ng +B vy B Ny
there, v1 : Unit weight of top layer
Yo @ Unit weight of bottom layer
q Y1Ds
a, B: shape factor

w  Ultimate bearing capacity

qu = a-c Nc
= 724 +
= Allowable bearing capacity
ordinary condition
Oa = 1,105 /
seismic condition
Oa = 1,105 /

+

272

3.0

2.0

(

9- Ng

STA. 1+400.00

Groundwater GL.

Cohesion

top unit weight

width B

+ By B Ny

109 = 1,105

368.48 (KN/m?)

552.72 (KN/m?)

)

0.0
22.0

18.5

1.80

(kN/m2)

(m)
(kN/m2)

(kN/m®)

(m)
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5. Geotechnical Calculation

2) Hansen's Bearing Capacity Theory

Qu = c'Ne'sc'detic'gerbe + -Ng'Sq-dgrig gq-bg + 0.5y'B'*Nr-sr-dr-ir-grbr
there, S¢: Sp Sq shape factor

dc, d, dq Penetration depth factor

[ load slope factor

9c O Yq ground slope factor

b, by, by foundation slope factor

Nc = (Ng- 1)-cote = 25.80

Ng = tan?(45+@/2)-emtne = 14.72

Nr = 1.5/(Ng-1)tang = 10.94

- Ultimate bearing capacity
Qu = ¢'Ne'Serdeicrgerbe

+ 0.5'y'B"*Nrsrdrirgrbr

= 858 + 314
= Allowable bearing capacity
ordinary condition
Ca = 1,251 / 30 =
seismic condition
Ca = 1,251 / 20 =

q'Ng'Sq*dq’iq'gabg

79 = 1251 (kN/m?)
416.92 (KN/m?)
625.38 (KN/m?)




TINA River Hydropower Development Project

4. Empirical Allowable Bearing Capacity (U. S. Navy, 1982)

) . 5
Tvoe of Bearing Materia Consistency Allowable Bearing Capacity (kN/m?)
P 9 In Place R Recommend
ange Value for use
Well graded mixture of fine and coarse-
grained soil : glacial till, hardpan, boulder clay Very compact 800 ~ 1,200 1,000
(GW-GC, GC, SC)
Gravel, gravel-sand mixtures, Very compact 600 ~ 1,000 700
boulder gravel mixtures Medium to compact 400 ~ 700 500
(SW, SP, SW, SP) Loose 200 ~ 600 300
Coarse to medium sand, sand with Vgry compact 400 - 600 400
little gravel (SW, SP) Medium to compact 200 ~ 400 300
9 ' Loose 100 ~ 300 150
Fine to medium sand, silty or Very compact 300 = 500 300
clayey medium to coarse sand Medium to compact 200 ~ 400 250 |
(SW, SM, SC) Loose 100 ~ 300 150
Homogeneous inoraanic cla Very stiff to hard 300 ~ 600 400
o dg e g(CL CHV)' Medium to stiff 100 - 300 200
yor sty clay (4 Soft 50 - 100 50
Inoraanic silt. sandy or claye Very stiff to hard 200 ~ 400 300
silt ?/arved si’It—cIa )—/ﬁne S;lnc)l/ medium to stiff 100 - 300 150
' 4 Soft 50 - 100 50

1. Extend footings on soft rock or on any soil to a minimum depth of 0.5m below adjacent ground surface or surface
of adjacent floor bearing on soil, whichever elevation is the lowest.

2. For footings on soft rock or on coarse-grained soil, increase allowable bearing capacity by 5 percent of the nominal
values for each 0.3m below the minimum depth

W Recommended Value 250 (kN/m?)
Bl Depth to consider additional capacity 1.30 (m)
HW Additional Capacity 54.17 (KN/m?)
Allowable Bearing Capacity 0. = 250.00 + 54.17 = 304.17 (kN/m?2)
5. Conclusion
Calculation capacity through theory (kN/m?2) Empirical Conclusion Foundation load
Condition ity (kN/m? Bearing Capacity KN/m2 Judgment
Terzaghi Theory Hansen Theory capacity (kN/m?) (KN/m?) (kN/m?)
Ordinary 368.48 416.92 304.17 148.37 OK
304.17
Seismic 552.72 625.38 304.17 -
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5. Geotechnical Calculation

p Settlement BOX CULVERT 2

( STA.

1. Ground Condition of foudation layer (RBH-5)

m Toplayer Silty sand m Frictionangle
m Poisson's ratio 0.35 m Cohesion
m Young's modulus : 16 (MPa) = Unit weight
2. Foundation
m WwidthB 1.80 (m) m LengthL
m loadq 148371  (kN/m?)
3. Calculation settlement
1) Theory of elastic settlement
1-v2
S = qQB ————1
E
1 - 0.35 ?
= 148.37 X 1.80 X X
16000
There, q load(kN/m?)
B : width(m)
E :Young's modulus(Mpa)
v : Poisson's ratio
Is . Elastic settlement coefficient
2) Schmertmann's theory
S = Ci-Cz2-(Qv-0Ovo) - Z (lz/ Ei)-Az
= 0.96 X 1.54 x 138.17 X 1.51E-04 =
There,
C, : Penetration depth factor i
C, : Creep factor E;
Oyo' Effective stress at penetraion depth Az
Ao - Pressure at foundation

1+400.00

28 0
22.0 (kN/m?)
185 (kN/m?3)
13.00 (m)
1.778 = 26.04 (mm)
30.85 (mm)

Strain factor at layer i
Young's modulus at layer i

Thickness of layer i




TINA River Hydropower Development Project

m maximum |z , depth zg, calculation

zo= 2B (LIB=1) z0= 4B (L/B = 10)

zio= {2 +0.222(L/B - 1)} B, (1<L/B<10)
- Strain factor for depth, l.0=0.1 + 0.0111(L/B - 1)
- maximum Iz depth, z = 0.5 + 0.0555(L/B - 1)

- maximum Iz = 0.5 + 0.1F(q/oyp ™)

denth Young's Strain
ze(’rJn) Layer modulus factor 1z/Es Az z
Es (kPa) l2 0.00 0.20 0.40 0.60 0.80 1.00
0.00 Silty sand 16,000 0.169 0.00E+00 0.0B D N
0.169 N
0.51 Silty sand 16,000 0.373 1.18E-05 0.58 — \\
1.01 Silty sand 16,000 0.578 1.83E-05
0.782 7
- 1.0B J
152 | sitysand | 16000 | 0782 | 2.48E-05 /
2.17 Silty sand 16,000 0.670 2.73E-05 o 1.5B
2.83 Silty sand 16,000 0.559 2.28E-05 = /
Q
Q ZOB 4
3.48 Silty sand 16,000 0.447 1.82E-05 © /
4.13 Silty sand 16,000 0.335 1.37E-05 2.5B /
4.78 Silty sand 16,000 0.223 9.11E-06 3.0B /
5.43 Silty sand 16,000 0.112 4.55E-06 / L0.000 ‘
6.09 Silty sand 16,000 0.000 0.00E+00 3.58
Sum 1.51E-04 4.0B
4. Conclusion
Theory Ground settlement (mm) Remark
@ Theory of elastic settlement 26.04
(@ Schmertmann's theory 30.85
Maximum settlement 30.85
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5. Geotechnical Calculation

» Bearing Capacity : BOXCULVERT3 ( STA. 1+400.00 )

1. Ground Condition (RBH-5)

H Bottom layer :  Silty sand B Groundwater GL. : 0.0 (m)

B Friction angle : 28 ") Bl Cohesion : 22.0 (kN/m2)
Hl Bottom unit weight : 18.5 (kN/m3) Ml top unit weight : 18.5 (KN/m?3)
H N-value : 11

2. Foundation

B LlengthL : 1050  (m) B widthB : 150 (m)

B Penetration depth Ds : 1.20 (m)

3. Calculation Bearing capacity through theory

1) Terzaghi's Bearing Capacity Theory

Qu = a-c Ne+qg Ng +B vy B Ny
there, v1 : Unit weight of top layer
Yo Unit weight of bottom layer
q Y1Ds
a, B: shape factor

w  Ultimate bearing capacity

du = a-c-Nc + q- Ng + By B Ny
= 725 + 182 + 20 = 997 (kN/m2)
= Allowable bearing capacity
ordinary condition
0. = 997 / 30 = 332.45 (kN/m?)
seismic condition
0. = 997 / 20 = 498.68 (kN/m?)




TINA River Hydropower Development Project

2) Hansen's Bearing Capacity Theory

Qu = c'Ne'sc'detic'gerbe + -Ng'Sq-dgrig gq-bg + 0.5y'B'*Nr-sr-dr-ir-grbr
there, S¢: Sp Sq : shape factor
dc, d, dq : Penetration depth factor
[ : load slope factor
9c O Yq : ground slope factor
b, by, by : foundation slope factor
Nc = (Ng- 1)-cote = 25.80
Ny = tanX(45+@/2)-emtane = 14.72
Nr = 1.5/(Ng-1)tang = 10.94
Ultimate bearing capacity
qu = cNesedeicgebe +  q'NgSqdg'iggqbg
+  0.5-y:B"“Nrsrdrirgrbr
= 810 + 200 + 66 = 1,076  (kN/m?)
= Allowable bearing capacity
ordinary condition
g = 1,076 / 30 = 358.80 (kN/m2)
seismic condition
g. = 1,076 / 20 = 538.20 (kN/m2)
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5. Geotechnical Calculation

4. Empirical Allowable Bearing Capacity (U. S. Navy, 1982)

Consistency

Allowable Bearing Capacity (kN/m?)

Type of Bearing Material In Place - Recormmend
ange Value for use
Well graded mixture of fine and coarse-
grained soil : glacial till, hardpan, boulder clay Very compact 800 ~ 1,200 1,000
(GW-GC, GC, SC)
Gravel, gravel-sand mixtures, Very compact 600 ~ 1,000 700
boulder gravel mixtures Medium to compact 400 ~ 700 500
(SW, SP, SW, SP) Loose 200 ~ 600 300
Coarse to medium sand, sand with Vgry compact 400 - 600 400
little gravel (SW, SP) Medium to compact 200 ~ 400 300
9 ’ Loose 100 - 300 150
Fine to medium sand, silty or Very compact 300 ~ 500 300
clayey medium to coarse sand Medium to compact 200 ~ 400 250
(SW, SM, SC) Loose 100 ~ 300 150
Homogeneous inoraanic cla Very stiff to hard 300 ~ 600 400
o dg e g(CL CHV)' Medium to stiff 100 - 300 200
y orsity clay (-4 Soft 50 - 100 50
Inoraanic silt. sandy or claye Very stiff to hard 200 ~ 400 300
silt ?/arved si’It-cIa )-/fine Se)llnc)j/ medium to stiff 100 - 300 150
’ y Soft 50 - 100 50

1. Extend footings on soft rock or on any soil to a minimum depth of 0.5m below adjacent ground surface or surface
of adjacent floor bearing on soil, whichever elevation is the lowest.

2. For footings on soft rock or on coarse-grained soil, increase allowable bearing capacity by 5 percent of the nominal

values for each 0.3m below the minimum depth

M Recommended Value 250 (kN/m?)
Bl Depth to consider additional capacity 0.70 (m)
B Additional Capacity 29.17 (kN/m?)
Allowable Bearing Capacity Ja = 250.00 + 29.17 = 279.17 (kN/m?2)
5. Conclusion
Calculation capacity through theory (kN/m?2) Empirical Conclusion Foundation load
Condition ity (kN/m? Bearing Capacity KN/m? Judgment
Terzaghi Theory Hansen Theory capacity (kN/m?) (kN/m?) (kN/m?)
Ordinary 332.45 358.80 279.17 114.69
279.17
Seismic 498.68 538.20 279.17 -
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TINA River Hydropower Development Project

P Settlement BOX CULVERT 3 (

STA.

1. Ground Condition of foudation layer (RBH-5)

1+400.00

m Top layer Silty sand m Friction angle
m Poisson's ratio 0.35 m Cohesion
m Young's modulus : 16 (MPa) = Unit weight
2. Foundation
m WwidthB 1.50 (m) m LengthL
m loadqg 114.687  (kN/m?)
3. Calculation settlement
1) Theory of elastic settlement
1-v2
s = gB —mm s
E
- 0.35 ?
= 114.69 X 1.50 x X
16000
There, ¢ load(kN/m?)
B : width(m)
E :Young's modulus(Mpa)
v . Poisson's ratio
Is . Elastic settlement coefficient
2) Schmertmann's theory
S = Ci-Cz2-(Qv-0Ovo) - Z (lz/ Ei)-Az
= 0.98 X 1.54 x 110.44 x 1.28E-04 =
There,
C; : Penetration depth factor Li
C, : Creep factor E;
Oyo' Effective stress at penetraion depth Az
% - Pressure at foundation

28 0
22.0 (kN/m?)
185 (KN/m3)
10.50 (m)
1.760 = 16.61 (mm)
21.38 (mm)

Strain factor at layer i
Young's modulus at layer i

Thickness of layer i
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5. Geotechnical Calculation

m maximum |, , depth zg, calculation

zo= 2B (LIB=1) z0= 4B (L/B = 10)

zio= {2 +0.222(L/B - 1)} B, (1<L/B<10)
- Strain factor for depth, l.0=0.1 + 0.0111(L/B - 1)
- maximum Iz depth, z = 0.5 + 0.0555(L/B - 1)

- maximum Iz = 0.5 + 0.1F(q/oyp ™)

denth Young's Strain
ze([rJn) Layer modulus factor 1z/Es Az z
Es (kPa) l2 0.00 0.20 0.40 0.60 0.80 1.00
0.00 Silty sand 16,000 0.167 0.00E+00 0.08
0.167 N
0.42 Silty sand 16,000 0.382 9.94E-06 7 \
0.5B =
0.83 Silty sand 16,000 0.597 1.55E-05 N\
0.812
1.25 Silty sand 16,000 0.812 2.11E-05 1.0B ’7
1.79 Silty sand 16,000 0.696 2.33E-05 a
) = 1.5B
2.32 Silty sand 16,000 0.580 1.94E-05 =
Q
2.86 Silty sand 16,000 0.464 1.55E-05 ©
2.0B 4
3.39 Silty sand 16,000 0.348 1.16E-05 /
3.93 Silty sand 16,000 0.232 7.77E-06 2.5B /
4.46 Silty sand 16,000 0.116 3.88E-06 /
3.0B
5.00 Silty sand 16,000 0.000 0.00E+00 / 0.000 ’
4. Conclusion
Theory Ground settlement (mm) Remark
@ Theory of elastic settlement 16.61
@ Schmertmann's theory 21.38
Maximum settlement 21.38
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TINA River Hydropower Development Project

p Bearing Capacity

1. Ground Condition (RBH-5)

H Bottom layer : Silty sand
M Friction angle : 28

W Bottom unit weight : 18.5
H N-value : 11

2. Foundation

W LengthlL : 9.50

W Penetration depth Dy : 1.50

O

(KN/m?)

(m)
(m)

BOX CULVERT 4

3. Calculation Bearing capacity through theory

1) Terzaghi's Bearing Capacity Theory

Qu = a-c Ne+qg Ng +B vy B Ny
there, v1 : Unit weight of top layer
Yo @ Unit weight of bottom layer
q Y1Ds
a, B: shape factor

w  Ultimate bearing capacity

qu = a-c Nc
= 735 +
= Allowable bearing capacity
ordinary condition
[oF = 1,070 /
seismic condition
[oF% = 1,070 /

+

227

3.0

2.0

(

9- Ng

STA. 3+300.000

Groundwater GL.

Cohesion

top unit weight

width B

+ By B Ny

107 = 1,070

356.51 (KN/m?)

534.77 (KN/m?)

)

0.0
22.0

18.5

1.80

(kN/m2)

(m)
(kN/m2)

(kN/m®)

(m)
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5. Geotechnical Calculation

2) Hansen's Bearing Capacity Theory

Qu = c'Ne'sc'detic'gerbe + -Ng'Sq-dgrig gq-bg + 0.5y'B'*Nr-sr-dr-ir-grbr
there, S¢: Sp Sq shape factor

dc, d, dq Penetration depth factor

[ load slope factor

9c O Yq ground slope factor

b, by, by foundation slope factor

Nc = (Ng- 1)-cote = 25.80

Ng = tan?(45+@/2)-emtne = 14.72

Nr = 1.5/(Ng-1)tang = 10.94

- Ultimate bearing capacity
Qu = ¢'Ne'Serdeicrgerbe

+ 0.5'y'B"*Nrsrdrirgrbr

= 839 + 258
= Allowable bearing capacity
ordinary condition
Ca = 1,174 / 30 =
seismic condition
Ca = 1,174 / 20 =

q'Ng'Sq*dq’iq'gabg

77 = 1174 (kN/m?)
391.40 (KN/m?)
587.10 (KN/m?)




TINA

River Hydropower Development Project

4. Empirical Allowable Bearing Capacity (U. S. Navy, 1982)

) . 5
Tvoe of Bearing Materia Consistency Allowable Bearing Capacity (kN/m?)
P 9 In Place R Recommend
ange Value for use
Well graded mixture of fine and coarse-
grained soil : glacial till, hardpan, boulder clay Very compact 800 ~ 1,200 1,000
(GW-GC, GC, SC)
Gravel, gravel-sand mixtures, Very compact 600 ~ 1,000 700
boulder gravel mixtures Medium to compact 400 ~ 700 500
(SW, SP, SW, SP) Loose 200 ~ 600 300
Coarse to medium sand, sand with Vgry compact 400 - 600 400
little gravel (SW, SP) Medium to compact 200 ~ 400 300
9 ' Loose 100 ~ 300 150
Fine to medium sand, silty or Very compact 300 ~ 500 300
clayey medium to coarse sand Medium to compact 200 ~ 400 250 |
(SW, SM, SC) Loose 100 ~ 300 150
Homogeneous inoraanic cla Very stiff to hard 300 ~ 600 400
o dg e g(CL CHV)' Medium to stiff 100 - 300 200
yor sty clay (4 Soft 50 - 100 50
Inoraanic silt. sandy or claye Very stiff to hard 200 ~ 400 300
silt ?/arved si’It—cIa )—/ﬁne S;lnc)l/ medium to stiff 100 - 300 150
' 4 Soft 50 - 100 50

1. Extend footings on soft rock or on any soil to a minimum depth of 0.5m below adjacent ground surface or surface
of adjacent floor bearing on soil, whichever elevation is the lowest.

2. For footings on soft rock or on coarse-grained soil, increase allowable bearing capacity by 5 percent of the nominal
values for each 0.3m below the minimum depth

W Recommended Value 250 (kN/m?)
Bl Depth to consider additional capacity 1.00 (m)
HW Additional Capacity 41.67 (KN/m?)
Allowable Bearing Capacity 0. = 250.00 + 41.67 = 291.67 (kN/m?2)
5. Conclusion
Calculation capacity through theory (kN/m?2) Empirical Conclusion Foundation load
Condition ity (kN/m? Bearing Capacity KN/m2 Judgment
Terzaghi Theory Hansen Theory capacity (kN/m?) (KN/m?) (kN/m?)
Ordinary 356.51 391.40 291.67 128.41 OK
291.67
Seismic 534.77 587.10 291.67 -
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5. Geotechnical Calculation

p Settlement BOX CULVERT 4

( STA. 3+300.000

1. Ground Condition of foudation layer (RBH-5)

m Top layer Silty sand m Friction angle
m Poisson's ratio 0.35 m Cohesion
m Young's modulus 16 (MPa) = Unit weight
2. Foundation
m WwidthB 1.80 (m) m LengthL
m loadq 128.410 (kN/m?)
3. Calculation settlement
1) Theory of elastic settlement
1-v?
s = gB —m s
E
1 - 0.35 ?
= 128.41 X 1.80 x X
16000
There, q load(kN/m?)
B : width(m)
E :Young's modulus(Mpa)
v : Poisson's ratio
Is . Elastic settlement coefficient
2) Schmertmann's theory
S = Ci-Cz2-(Qv-0Ovo) - Z (lz/ Ei)-Az
= 0.97 x 1.54 X 120.76 x 1.33E-04 S
There,
C, Penetration depth factor Lz
C, Creep factor E;
Oyo' Effective stress at penetraion depth Az
Yo Pressure at foundation

28 0
22.0 (kN/m?)
185 (kN/m?3)
9.50 (m)
1.622 = 20.56 (mm)
23.91 (mm)

Strain factor at layer i
Young's modulus at layer i

Thickness of layer i
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m maximum |z , depth zg, calculation

zo= 2B (LIB=1)

z0= 4B (L/B = 10)

zo= {2 +0.222(L/B - 1)} B, (1<L/B<10)

- Strain factor for depth, l.0=0.1 + 0.0111(L/B - 1)

- maximum Iz depth, z = 0.5 + 0.0555(L/B - 1)

- maximum Iz = 0.5 + 0.1F(q/oyp ™)

denth Young's Strain
ze(’rJn) Layer modulus factor 1z/Es Az z
Es (kPa) l2 0.00 0.20 0.40 0.60 0.80 1.00
0.00 Silty sand 16,000 0.147 0.00E+00 0.0B S h
0.1.47
0.44 Silty sand 16,000 0.363 1.00E-05 —
0.5B
0.88 Silty sand 16,000 0.579 1.60E-05 0 7£
133 | siltysand 16000 | 0.795 | 2.20E-05 1.0B 7
1.90 Silty sand 16,000 0.681 2.42E-05 @ o /
2.47 Silty sand 16,000 0.568 2.02E-05 'g_ ’
)
3.03 Silty sand 16,000 0.454 | 1.61E-05 © 208 /
3.60 Silty sand 16,000 0.341 1.21E-05 /
417 Silty sand 16,000 0.227 8.07E-06 2.5B /
4.74 Silty sand 16,000 0.114 4.04E-06 /|:0.000 ’
3.0B
5.31 Silty sand 16,000 0.000 0.00E+00
4. Conclusion
Theory Ground settlement (mm) Remark
@ Theory of elastic settlement 20.56
(@ Schmertmann's theory 23.91
Maximum settlement 23.91
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5. Geotechnical Calculation

p Bearing Capacity . Box Culvert Wing wall (Reverse T Type) (H=2.2m)

1. Ground Condition (RBH-5)

H Bottom layer :  Silty sand B Groundwater GL. : 0.0 (m)

B Friction angle : 28 ") Bl Cohesion : 22.0 (kN/m2)
Hl Bottom unit weight : 18.5 (kN/m3) Ml top unit weight : 18.5 (KN/m?3)
H N-value : 11

2. Foundation

B LlengthL : 1.80 (m) B widthB : 1.00 (m)

B Penetration depth Ds : 2.20 (m)

3. Calculation Bearing capacity through theory

1) Terzaghi's Bearing Capacity Theory

Qu = a-c Ne+qg Ng +B vy B Ny
there, v1 : Unit weight of top layer
Yo Unit weight of bottom layer
q Y1Ds
a, B: shape factor

w  Ultimate bearing capacity

du = a-c-Nc + q- Ng + By B Ny
= 811 + 333 + 55 = 1,200 (kN/m2)
= Allowable bearing capacity
ordinary condition
0. = 1,200 / 30 = 399.87 (kN/m?)
seismic condition
0. = 1,200 / 20 = 599.81 (kN/m?)
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2) Hansen's Bearing Capacity Theory

Qu = c'Ne'sc'detic'gerbe + -Ng'Sq-dgrig gq-bg + 0.5y'B'*Nr-sr-dr-ir-grbr
there, S¢: Sp Sq : shape factor
dc, d, dq : Penetration depth factor
[ : load slope factor
9c O Yq : ground slope factor
b, by, by : foundation slope factor
Nc = (Ng- 1)-cote = 25.80
Ny = tanX(45+@/2)-emtane = 14.72
Nr = 1.5/(Ng-1)tang = 10.94
Ultimate bearing capacity
qu = cNesedeicgebe +  q'NgSqdg'iggqbg
+  0.5-y:B"“Nrsrdrirgrbr
= 1,090 + 479 + 36 = 1,605 (KN/m?)
= Allowable bearing capacity
ordinary condition
0. = 1,605 / 30 = 534.87 (kN/m?)
seismic condition
g = 1,605 / 20 = 802.30 (kN/m2)
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5. Geotechnical Calculation

4. Empirical Allowable Bearing Capacity (U. S. Navy, 1982)

Consistency

Allowable Bearing Capacity (kN/m?)

Type of Bearing Material In Place - Recormmend
ange Value for use
Well graded mixture of fine and coarse-
grained soil : glacial till, hardpan, boulder clay Very compact 800 ~ 1,200 1,000
(GW-GC, GC, SC)
Gravel, gravel-sand mixtures, Very compact 600 ~ 1,000 700
boulder gravel mixtures Medium to compact 400 ~ 700 500
(SW, SP, SW, SP) Loose 200 ~ 600 300
Coarse to medium sand, sand with Vgry compact 400 - 600 400
little gravel (SW, SP) Medium to compact 200 ~ 400 300
9 ’ Loose 100 - 300 150
Fine to medium sand, silty or Very compact 300 ~ 500 300
clayey medium to coarse sand Medium to compact 200 ~ 400 250 |
(SW, SM, SC) Loose 100 ~ 300 150
Homogeneous inoraanic cla Very stiff to hard 300 ~ 600 400
o dg e g(CL CHV)' Medium to stiff 100 - 300 200
y orsity clay (-4 Soft 50 - 100 50
Inoraanic silt. sandy or claye Very stiff to hard 200 ~ 400 300
silt ?/arved si’It-cIa )-/fine Se)llnc)j/ medium to stiff 100 - 300 150
’ y Soft 50 - 100 50

1. Extend footings on soft rock or on any soil to a minimum depth of 0.5m below adjacent ground surface or surface
of adjacent floor bearing on soil, whichever elevation is the lowest.
2. For footings on soft rock or on coarse-grained soil, increase allowable bearing capacity by 5 percent of the nominal
values for each 0.3m below the minimum depth

M Recommended Value 250 (kN/m?)
Bl Depth to consider additional capacity 1.70 (m)
B Additional Capacity 70.83 (kN/m?)
Allowable Bearing Capacity Ja = 250.00 + 70.83 = 320.83 (kN/m?2)
5. Conclusion
Calculation capacity through theory (kN/m?2) Empirical Conclusion Foundation load
Condition ity (kN/m? Bearing Capacity KN/m? Judgment
Terzaghi Theory Hansen Theory capacity (kN/m?) (kN/m?) (kN/m?)
Ordinary 399.87 534.87 320.83 73.44 OK
320.83
Seismic 599.81 802.30 320.83 139.33 OK
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P Settlement : Box Culvert Wing wall (Reverse T Type) (H=2.2m)

1. Ground Condition of foudation layer (RBH-5)

m Top layer : Silty sand
m Poisson's ratio : 0.35
= Young's modulus : 16 (MPa)

2. Foundation

m Friction angle
m Cohesion

= Unit weight

m WwidthB : 1.00 (m) m LengthL
m loadqg : 73.435 (kN/m?)
3. Calculation settlement
1) Theory of elastic settlement
1-v2
s = gB —mm s
E
- 0.35 ?
= 73.44 X 1.00 x X
16000
There, q : load(kN/m?)
B : width(m)
E :Young's modulus(Mpa)
v . Poisson's ratio
Is . Elastic settlement coefficient
2) Schmertmann's theory
S = Ci-Cz2-(Qv-0Ovo) - Z (lz/ Ei)-Az
= 0.96 X 1.54 X 67.49 X 5.12E-05 =
There,
C; : Penetration depth factor Li
C, : Creep factor E;
O, : Effective stress at penetraion depth Az
% - Pressure at foundation

28
22.0
185
1.80 (m)
1.088 = 4.38
5.09 (mm)

Strain factor at layer i
Young's modulus at layer i

Thickness of layer i

0
(kN/m?)

(kN/m3)

(mm)

5- 24



5. Geotechnical Calculation

m maximum |, , depth zg, calculation

zo= 2B (LIB=1) z0= 4B (L/B = 10)

zio= {2 +0.222(L/B - 1)} B, (1<L/B<10)
- Strain factor for depth, l.0=0.1 + 0.0111(L/B - 1)
- maximum Iz depth, z = 0.5 + 0.0555(L/B - 1)

- maximum Iz = 0.5 + 0.1F(q/oyp ™)

depth Young's Strain
2 () Layer modulus factor 1z/Es Az Zz
Es (kPa) 2 000 020 0.40 060 080
0.00 Silty sand 16,000 0.109 0.00E+00 0.08 N
0.18 Silty sand 16,000 0.323 3.67E-06 ’0109[\\
0.36 Silty sand 16,000 0.538 6.10E-06 0.5B .
0.54 Silty sand 16,000 0.753 8.54E-06 @7
0.78 Silty sand 16,000 0.645 9.41E-06 @ 1.0B /
1.01 Silty sand 16,000 0.538 7.84E-06 g_ /
1.24 Silty sand 16,000 0.430 6.27E-06 % /
1.48 Silty sand 16,000 0.323 4.70E-06 158 /
1.71 Silty sand 16,000 0.215 3.14E-06 /
1.94 | silty sand 16,000 | 0.108 | 1.57E-06 2.0B / \&00 o ’
2.18 Silty sand 16,000 0.000 0.00E+00 [
Sum 5.12E-05 258
4. Conclusion
Theory Ground settlement (mm) Remark
@ Theory of elastic settlement 4.38
@ Schmertmann's theory 5.09
Maximum settlement 5.09
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p Bearing Capacity

1. Ground Condition (RBH-5)

H Bottom layer : Silty sand
M Friction angle : 28

W Bottom unit weight : 18.5
H N-value : 11

2. Foundation

W LengthlL : 150

W Penetration depth Dy : 1.50

O

(KN/m?)

(m)
(m)

3. Calculation Bearing capacity through theory

1) Terzaghi's Bearing Capacity Theory

Qu = a-c Ne+qg Ng +B vy B Ny
there, v1 : Unit weight of top layer
Yo @ Unit weight of bottom layer
q Y1Ds
a, B: shape factor

w  Ultimate bearing capacity

qu = a-c Nc
= 835 +
= Allowable bearing capacity
ordinary condition
Oa = 1,115 /
seismic condition
Oa = 1,115 /

+

227

3.0

2.0

9- Ng

Groundwater GL.

Cohesion

top unit weight

width B
+ By B Ny

54 = 1,115
371.82 (kN/m?)
557.73 (kN/m?)

Box Culvert Wing wall (Reverse T Type) (H=1.5m)

0.0
22.0

18.5

1.00

(kN/m2)

(m)
(kN/m2)

(kN/m®)

(m)

5- 26



5. Geotechnical Calculation

2) Hansen's Bearing Capacity Theory

Ou = ¢ 'NeSerdetic'ge-be + q'Ng Sq-dgrig'gq-bg + 0.5-y-B'-Nr-sr-drir-gr-br

there, Se, Sp Sq

shape factor

dc, d, dq Penetration depth factor
[ load slope factor
9c O Yq ground slope factor
b, by, by foundation slope factor
Nc = (Ng- 1)-cote = 25.80
Ny = tanX(45+@/2)-emtane = 14.72
Nr = 1.5/(Ng-1)tang = 10.94
- Ultimate bearing capacity
qu = cNesedeicgebe +  q'NgSqdg'iggqbg
+  0.5-y:B"“Nrsrdrirgrbr
= 1,092 + 329 + 34 = 1,455 (KN/m?)
= Allowable bearing capacity
ordinary condition
0. = 1,455 / 30 = 484.90 (KN/m?)
seismic condition
4 = 1,455 /20 = 727.35 (KN/m?)
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4. Empirical Allowable Bearing Capacity (U. S. Navy, 1982)

) . 5
Tvoe of Bearing Materia Consistency Allowable Bearing Capacity (kN/m?)
P 9 In Place R Recommend
ange Value for use
Well graded mixture of fine and coarse-
grained soil : glacial till, hardpan, boulder clay Very compact 800 ~ 1,200 1,000
(GW-GC, GC, SC)
Gravel, gravel-sand mixtures, Very compact 600 ~ 1,000 700
boulder gravel mixtures Medium to compact 400 ~ 700 500
(SW, SP, SW, SP) Loose 200 ~ 600 300
Coarse to medium sand, sand with Vgry compact 400 - 600 400
little gravel (SW, SP) Medium to compact 200 ~ 400 300
9 ' Loose 100 ~ 300 150
Fine to medium sand, silty or Very compact 300 = 500 300
clayey medium to coarse sand Medium to compact 200 ~ 400 250 |
(SW, SM, SC) Loose 100 ~ 300 150
Homogeneous inoraanic cla Very stiff to hard 300 ~ 600 400
o dg e g(CL CHV)' Medium to stiff 100 - 300 200
yor sty clay (4 Soft 50 - 100 50
Inoraanic silt. sandy or claye Very stiff to hard 200 ~ 400 300
silt ?/arved si’It—cIa )—/ﬁne S;lnc)l/ medium to stiff 100 - 300 150
' 4 Soft 50 - 100 50

1. Extend footings on soft rock or on any soil to a minimum depth of 0.5m below adjacent ground surface or surface
of adjacent floor bearing on soil, whichever elevation is the lowest.

2. For footings on soft rock or on coarse-grained soil, increase allowable bearing capacity by 5 percent of the nominal
values for each 0.3m below the minimum depth

W Recommended Value 250 (kN/m?)
Bl Depth to consider additional capacity 1.00 (m)
HW Additional Capacity 41.67 (KN/m?)
Allowable Bearing Capacity 0. = 250.00 + 41.67 = 291.67 (kN/m?2)
5. Conclusion
Calculation capacity through theory (kN/m?2) Empirical Conclusion Foundation load
Condition ity (kN/m? Bearing Capacity KN/m2 Judgment
Terzaghi Theory Hansen Theory capacity (kN/m?) (KN/m?) (kN/m?)
Ordinary 371.82 484.90 291.67 40.12 OK
291.67
Seismic 557.73 727.35 291.67 77.60 OK
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5. Geotechnical Calculation

p Settlement

1. Ground Condition of foudation layer (RBH-5)

m Friction angle
m Cohesion

= Unit weight

m LengthL

- 0.35 2

m Top layer Silty sand
m Poisson's ratio : 0.35
m  Young's modulus : 16 (MPa)
2. Foundation
m  widthB : 1.00 (m)
m loadq 40.115  (kN/m?)
3. Calculation settlement
1) Theory of elastic settlement
1-v2
S = gB —
E
= 40.12 X 1.00 X
There, ¢ load(kN/m?)
B : width(m)
E : Young's modulus(Mpa)
v . Poisson's ratio
Is . Elastic settlement coefficient
2) Schmertmann's theory
S = Ci1-Cz (Qo-0Ow') - Z (lzi/ Ei)-Azi
= 091 x 154 X 34.17
There,
Ci1 : Penetration depth factor
C2> : Creep factor

Ow' : Effective stress at penetraion depth

o . Pressure at foundation

16000

X 4.50E-05

Box Culvert Wing wall (Reverse T Type) (H=1.5m)

28 0
220 (kN/m?)

185 (kN/m?)

150  (m)

1.040 = 2.29 (mm)

2.16 (mm)

Strain factor at layer i

Young's modulus at layer i

. Thickness of layer i
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m maximum | , depth zg, calculation

zo= 2B (LIB=1) zio= 4B (L/B = 10)

zi0= {2 +0.222(L/B - 1)}- B, (1<L/B<10)
- Strain factor for depth, 1.0 = 0.1 + 0.0111(L/B - 1)
- maximum Iz depth, zsp = 0.5 + 0.0555(L/B - 1)

- maximum Iz = 0.5 + 0.1F(q/ow ™)

Young's Strain

(ie('r):]? Layer modulus factor Iz/Es-Az z
Es (kPa) l2 000 020 0.40 060 0.80
0.00 Silty sand 16,000 0.106 0.00E+00 0.0B Ii\l
0.106 ™|
0.18 Silty sand 16,000 0.297 3.27E-06 B \
0.35 Silty sand 16,000 0.489 5.38E-06 0.5B 0.681 ?7
0.53 Silty sand 16,000 0.681 7.49E-06 Y
0.75 Silty sand 16,000 0.584 8.25E-06 ~ /
d @ 1.0B
0.98 Silty sand 16,000 0.486 6.88E-06 %_ /
)
1.21 Silty sand 16,000 0.389 5.50E-06 © /
1.5B
1.43 Silty sand 16,000 0.292 4.13E-06 /
1.66 Silty sand 16,000 0.195 2.75E-06
1.88 | Silty sand 16,000 | 0.097 | 1.38E-06 2.0B 0.000 i
2.11 Silty sand 16,000 0.000 0.00E+00
Sum 4.50E-05 2.5B
4. Conclusion
Theory Ground settlement (mm) Remark
@ Theory of elastic settlement 2.29
@ Schmertmann's theory 2.16
Maximum settlement 2.29
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5. Geotechnical Calculation

p Bearing Capacity

1. Ground Condition (RBH-5)

B Bottom layer Silty sand
M Friction angle : 28

Hl Bottom unit weight : 18.5
H N-value : 11

2. Foundation

W LengthL 20.00
Bl Penetration depth Ds : 0.62

3. Calculation Bearing capacity through theory

1) Terzaghi's Bearing Capacity Theory

0

(kN/m3)

(m)
(m)

Qu = a-c Ne+qg Ng +B vy B Ny
there, v Unit weight of top layer
Yo Unit weight of bottom layer
q Y1Ds
a, B: shape factor

w  Ultimate bearing capacity

qu = a-c- Nc
= 718 +
= Allowable bearing capacity
ordinary condition
0. = 946 /
seismic condition
Q= 946 /

+

94

3.0

2.0

q-Ng

L-Type Retaining Wall (H=3.0m)

Groundwater GL. : 0.0 (m)
Cohesion : 22.0 (kN/m?)
top unit weight : 18.5 (KN/m3)
width B : 2.20 (m)

+ By BNy

133 = 946 (kN/m?)
315.26 (KN/m?)
472.88 (KN/m?)
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2) Hansen's Bearing Capacity Theory

Qu = c'Ne'sc'detic'gerbe + -Ng'Sq-dgrig gq-bg + 0.5y'B'*Nr-sr-dr-ir-grbr
there, S¢: Sp Sq shape factor

dc, d, dq Penetration depth factor

[ load slope factor

9c O Yq ground slope factor

b, by, by foundation slope factor

Nc = (Ng- 1)-cote = 25.80

Ng = tan?(45+@/2)-emtne = 14.72

Nr = 1.5/(Ng-1)tang = 10.94

Ultimate bearing capacity

Qu C'Ne-Serdetic gebe

+ 0.5'y'B"*Nrsrdrirgrbr

= 671 +
= Allowable bearing capacity
ordinary condition
Qo = 858 / 3.0
seismic condition
Q. = 858 / 2.0

89

+  q'Ng'sgdgia ey

+ 98 = 858  (kN/m?)
286.05 (kN/m?)
429.08 (kN/m?)
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5. Geotechnical Calculation

4. Empirical Allowable Bearing Capacity (U. S. Navy, 1982)

Type of Bearing Material

Consistency
In Place

Allowable Bearing Capacity (kN/m?)

Range

Recommend
Value for use

Well graded mixture of fine and coarse-

grained soil : glacial till, hardpan, boulder clay Very compact 800 ~ 1,200 1,000
(GW-GC, GC, SC)
Gravel, gravel-sand mixtures, Very compact 600 ~ 1,000 700
boulder gravel mixtures Medium to compact 400 ~ 700 500
(SW, SP, SW, SP) Loose 200 ~ 600 300
Coarse to medium sand, sand with Vgry compact 400 - 600 400
little gravel (SW, SP) Medium to compact 200 ~ 400 300
9 ’ Loose 100 - 300 150
Fine to medium sand, silty or Very compact 300 = 500 300
clayey medium to coarse sand Medium to compact 200 ~ 400 250 |
(SW, SM, SC) Loose 100 ~ 300 150
Homogeneous inoraanic cla Very stiff to hard 300 ~ 600 400
o dg e g(CL CHV)' Medium to stiff 100 - 300 200
y orsity clay (-4 Soft 50 - 100 50
Inoraanic silt. sandy or claye Very stiff to hard 200 ~ 400 300
silt ?/arved si’It-cIa )-/fine Se)llnc)j/ medium to stiff 100 - 300 150
’ y Soft 50 - 100 50

1. Extend footings on soft rock or on any soil to a minimum depth of 0.5m below adjacent ground surface or surface
of adjacent floor bearing on soil, whichever elevation is the lowest.
2. For footings on soft rock or on coarse-grained soil, increase allowable bearing capacity by 5 percent of the nominal

values for each 0.3m below the minimum depth

M Recommended Value 250 (kN/m?)
Bl Depth to consider additional capacity 0.12 (m)
H Additional Capacity 5 (kN/m?)
Allowable Bearing Capacity Ga = 250.00 + 5.00 = 255.00 (kN/m?)
5. Conclusion
Calculation capacity through theory (kN/m?2) Empirical Conclusion Foundation load
Condition ity (kN/m? Bearing Capacity KN/m? Judgment
Terzaghi Theory Hansen Theory capacity (kN/m) (kN/m?) (kN/m?)
Ordinary 315.26 286.05 255.00 128.43 OK
255.00
Seismic 472.88 429.08 255.00 182.73 OK
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p Settlement

L-Type Retaining Wall (H=3.0m)

1. Ground Condition of foudation layer (RBH-5)

m Top layer Silty sand m Friction angle

m Poisson's ratio : 0.35 m Cohesion

m Young's modulus : 16 (MPa) = Unit weight
2. Foundation

m WwidthB 2.20 (m) m LengthL

m loadqg 128.434  (kN/m?)

3. Calculation settlement

1) Theory of elastic settlement

There,

2) Schmertmann's theory

S =

There,
C;

G,

b

1-v?
qgB ——1s
E
1 - 0.35 ?
128.43 x 2.20 x x
16000
q : load(kN/m?)
B : width(m)
E :Young's modulus(Mpa)
v : Poisson's ratio
Is - Elastic settlement coefficient
C1-C2- (gp-0Ovo') - Z (Izi/ E)Azi
0.98 x 154 x 122.48 x 2.11E-04 =
Penetration depth factor Li
Creep factor E;
Effective stress at penetraion depth Az

Pressure at foundation

28
22.0
185
20.00 (m)
1.927 = 29.87
38.82 (mm)

Strain factor at layer i
Young's modulus at layer i

Thickness of layer i

0
(kN/m?)

(kN/m3)

(mm)
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5. Geotechnical Calculation

m maximum |, , depth zg, calculation

zo= 2B (LIB=1) z0= 4B (L/B = 10)

zio= {2 +0.222(L/B - 1)} B, (1<L/B<10)
- Strain factor for depth, l.0=0.1 + 0.0111(L/B - 1)
- maximum Iz depth, z = 0.5 + 0.0555(L/B - 1)

- maximum Iz = 0.5 + 0.1F(q/oyp ™)

denth Young's Strain
ep Layer modulus factor 1z/Es Az
z(m) Es (kPa) I,

0.00 Silty sand 16,000 0.190 0.00E+00

0.70 Silty sand 16,000 0.392 1.70E-05

1.39 Silty sand 16,000 0.594 2.58E-05

2.09 Silty sand 16,000 0.796 3.46E-05

2.98 Silty sand 16,000 0.682 3.81E-05

3.88 Silty sand 16,000 0.568 3.18E-05

477 Silty sand 16,000 0.455 2.54E-05

5.67 Silty sand 16,000 0.341 1.91E-05

6.56 Silty sand 16,000 0.227 1.27E-05

7.46 Silty sand 16,000 0.114 6.36E-06

8.35 Silty sand 16,000 0.000 0.00E+00

Sum 2.11E-04

depth(B)

Z
0.00 0.20 0..40 0.60 0.80 1.00
0.0B =~
0.190
0.5B L %\\

1.58
2.0B /
258 //
3.08
358

/ 0.000 |
408

4. Conclusion

Theory Ground settlement (mm) Remark
@ Theory of elastic settlement 29.87
@ Schmertmann's theory 38.82
Maximum settlement 38.82

5- 35



5.2 Anchored Retaining wall



5. Geotechnical Calculation

1. The internal stability of anchor(Type-1)

1-1 Anchor structure Calculation

(1) Anchor Design Tensile Force (ton)

Td =

310.00 KN

(2) Specificcations of the permanent anchor

- PS Strand : D 127 mm x 4 EA
-Tensile stress of PS Strand (Fu) = 1,895 Mpa
- Yield stress of PS Strand(Fy) = 1,611 Mpa
- Cross section area of Single PS Strand(As) = 9871 mm?
- Cross Section Area of whole PS Strand(As) = 394.8 m?
- Ultimate Tensile Load : Tus = Fux As = 7482
- Yield load : Tys = Fy x As = 636.09
0.75Tys = 477.07
0.60Tus = 448.93
- Allowable tensile force : Tas = 0.6Tus = 4489 KN

(3) Bond Length

- Bond length(Lb) is applied to the largest
@ Minimum bond length =

@ Adhesion length(Lsa) - Calculation between

Lsa =

There,

La=

There,

Calculations of Permanent Anchor

40 m

anchor and grout

of the following values.

Td 310.0 x 1000
d T } 159.6 x 0.80 )
ds = O.D of adhesion body = 314 X 4
N = Number of PS Strand = 4 EA
Th = allowable bond stress = 0.80 Mpa
® Friction length(La) - Calculation between soil and grout
Fs - Td - 3.0 x 310.0 x 1000
med, * T Tt x 127.0 x 0.25
Fs safety factor = 3.0
da : Diameter of Boring hole = 127 mm
T : Ultimate friction resistance = 0.25 Mpa
9.50 m

.. Bond Length =

KN (ASTM A416, Grade 270)
KN
> 310.0 KN -- (OK)
24281 mm = 2.50 m

X 1.27 = 16.0 cm
(Fck= 25  Mpa )

= 9,323.7 mm = 9.40
(Sand N=30)

<Table> Ultimate friction resistance due to soil

Soil Type Ultimate friction resistance(MPa)
Hard rock 1.5 ~ 25
Rock Soft rock 10 ~ 15
Weathered rock 04 ~ 10
Mud Stone 04 ~ 12
10 01 ~ 02
20 017 ~ 025
Gravel N-value 30 025 ~ 035
40 035 ~ 045
50 045 ~ 070
10 0.1 ~ 014
20 018 ~ 022
Sand N-value 30 023 ~ 027
40 029 ~ 035
50 030 ~ 040
* Ref - Structural fogméation design criterial commentary 1.0€

(Japanese Society of Soil Mechanics and Foundation Engineering)
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(3) Anchor of free length calculation

- Free length is applied to the largest of the following values.
@ Minimum Free length = 40 m
@ The ditance from ground surface to expected slip surface or bearing stratum

Free Length = TYPE-1 = 14.00 m
(4) Anchor Jacking Force (KN)
Ts1 = Td + APr + APs1 = 3724 KN

@ The loss for relaxation test (Apr)
- Loss to 90% of Yield load = 5%

APr = 0.9 x Tys x 0.05 = 09 x 636.1 x 0.05

@ The loss for setting(Aps)

APs1= As x Es x AL - 394.84 x 200000 x 6.0
Lf 14,000.0
AL : slip length = 6.0 mm
Es : Elastic coefficient of PS strand = 2.00E+05 Mpa

(5) Stability check of anchor Jacking Force
@ Maximum initial tension force is select the smaller both 0.75Tus and 0.85Tys

0.75 X 7482 = 636.0 kN > 3724 kN
0.85 X 636.1 = 5407 kN > 3724 kN

@ Maximum jacking force is select the smaller both 0.70Tus and 0.80Tys

0.7 X 7482 = 5238 kN > 3724 kN
0.8 X 636.1 = 5089 kN > 3724 kN

® Maximum efficient tension force is 0.9 multiple of maximum jacking force
09 X 5089 = 4580 kN > 3724 KN

1400 m

28.6 KN

= 33.84 KN
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5. Geotechnical Calculation

(6) Elastic enlongation

Ts x Ls
s =
Es x As
There,
Ts : Jacking Force
Ls : Total length - bond length - marginal tension length = 245 - (1400 + 058 )
Es : Elastic modulus of Strand = 20 x 10° (MPa)
As : Cross Section Area of Strand = ( 3.948 cm? )
(7) Specific of permanent Anchor
Relaxation Length(m) Bond Length Free Length | Total Length | Jacking Force Elastic
DIVISION enlongation
(m) (m) (m) (m) (KN) (cm)
TYPE-1 1.0 9.5 14.00 245 3724 6.80
X Stick out Length is Head Top to Length on structure
= Head Length for jacking+Plate thickness+Nut thickness
2.Section Design
(1) Member Force
- Calculate with simple beam considering concentrated Jacking Force
100
88.119
67.430
50 48.274
—_ 30.650
Z 14.559
In--_" o 0 0.000 0.000.#
] 8 0 1 2 3 215748% 5
gg PR -42.175 #
| S/ 2 -61.791 _+
r/ w -80.426 %
=4 N -100 -98.081 *
S IK
N -150
/ — / Distance from Bottom [m]
Yo/ N
S / Jacking Force ~— ~
o "\I‘ Type-1 // h 120 106.666
J f - “w
8 / / < 100
- [ e =
™ ! ? g =0 66.133  69.359
— / 13 a
h [/ / [} ©
‘ [/ S 60
S g 36.000 39,629
W, £. ; ‘
a 15.467 17.886
0.000 3733 45400 000
o® _ LEEIPY
0 1 2 3 4 5
20
Distance from Bottom [m]
@ Load
- Jacking Force Type - A = 3724 kN
@ Reaction
- Mo = 106.666 kN-m -V = 98.081 kN
- M, - 12 x Mo = 12 = 106666 = 127.999 kN-m (ACI 5.3.12)
v - 12 x  V, = 12 x 98081 - 117697 kN (ACI 5.3.12)
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(1) Section Design

4@ Section specification and design condition

fo - 25 MPa f, = 420 MPa kk = 085
of = 0.90 Qv = 0.75 d = 241 mm
B = 1000 mm H = 300 mm d = 60 mm
M, = 127.999 kN-m Ve = 117.697 kN My = 106.666 kN-m

- Check of Strength reduction factor (®)

a = 35342
Because T = C , ¢ = 35342 / Bl = 35342 / 0850 = 41579 mm
ey = fy/E = 420000 / 200000 = 0.0021
gt = 0.0030 x (dt - ¢) / ¢ = 0.003 x ( 2405 - 41579 ) / 41579
= 0.0144
gt > 0.0050 Tension-controlled sections of = 0.900
a=A xf,/ (0 x fo x b) @) .
My /@ = A xf,x(d-a/2) @ Eq. (B) substitutes for Eq. (A)
f? M,
y As? - =0 ~. Req. As = 1500.507 mw
2 x 085 x fo x b (%]
Use As = D 19 @ 300 + D 19 @ 300 = 1893.33 ma’ « 7 ea/m)
@ Evaluation of reinforcement
Py = ki x @ x (fo/fy) x {600/(600 + f,)} = 0.02679
Prax = 075 - Pb = 0.02009 = A max = 4831.6 m
Proin = max (14 /fy, 025V fc' / fy = 0.00333 = Asmin - 801.7 '
Pasareq = 4/3 - Asreq / (B-d) = 0.00832 = Asaareq = 2000.7 '
Prin = Min (Prin Pareq) = 0.00333 = As min = 801.7 '
Puse = A/ (B-d) = 0.00787 = Asmin = 18933 '
> Pmin < Puse < Pmax .. OK
4 Bending Check
a=Axf, /(0 x fo x b) = 35.342 mm
OMn = 0.9 x As x fy x (d - a/2) = 159474 kN-m > Mu = 127.999 kN-m
. 0K
4@ Shear Check
@Vc = 075 x 1/6 x v fc' x B x = 150313 i >ooWoo= 117697 kN
.. Need not shear reinforcement
(2) Crack Check
@ Calculation of stress
n = 9
X = - nAJ/b + nA/b x V{1+2bd/nAs}
= -9 x 1,893.33 /1000 + 9 x 1,893.33 /1000 x V[ 1 + 2 x 1000 x 240.5/ (9 x 1,893.33) 1]
= 75.083 mm
fo = 2x M/ [Bx x x(d-x/3)
= 20 x 106.666 / [ 1000 x 75.083 x ( 2405 - 75.083 / 3 )1 x 100
= 13.186 MPa
fs = Mo/ [As x (d - x/3)]
= 106.666 /[ 1893333 x ( 2405 - 75083 / 3 )] x 10°
= 261461 MPa
fst = fsx (H-d' -x)/(d-x = 2/ 3 x420 = 280.00  MPa
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5. Geotechnical Calculation

@ Maximum center space of reinforcement
C = 59.50 - 19.00 /2 = 5000 mm
Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 / fs) - 2.5 x Cc = 380 x (280 / 261.46 ) - 2.5 x 50.00 = 281.94  mm
300 x (280 / fs) = 300 x (280 / 261.46 ) = 32127 mm
Sa = 28194 mm Applying Minimum value
S = 1,000/ 7 Ea = 1500 < Sa (28194  mm) . 0K
(3) Distribution Reinforcement Check
- Ay min = (0.0018 x 420 / fy) x B x H = 0.002 x 127.999 x 300 = 540.0 m’
- The spacing of deformed shrinkage and temperature reinforcement shall not exceed
the lesser of 5h and 450mm. = 450 mm
- Used As :  Tension side D 13@ 300 = 4300 mr
Compression side D 13@ 300 = 4300 m
S = 8600 mn’ > 540.0 L . 0K
- Bar spacing : 300 mm < 450 mm . 0K
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2.

Punching failure and bearing strength Review

1) Design Conditions

- Design Strength of Concrete : fc = 25 MPa
- Yield Strength of Steel D fy = 420 MPa
- Shear Strength Reduction Factor v = 075
- Bearing Strength Reduction Factor > pb = 085
Tdy
b
4
—f
V7 17277
o // \\ %(\]
S %6 \y/ _ ,\\\ _ 1 %
/// \\\ %f\l
b+ do
2) Punching failure Review
1) Width of anchor plate ( b1 ) = 25000 mm
( b2 ) = 25000 mm
2) Effective height of beam ( d ) = 24050 mm
3) Tensile force of anchor ( Td ) = 3724 kN
- Bp =2 X ( 49 + 491 ) = 1962 mm
- PBc =10 (Aspect ratio of long ans short sides)

» Concrete Shear Strength Review
-Su=®vSc =PvX033 X Vfc XBpXd
®v Sc =075 X 017 X (1 + 2 /Bc ) X ~fc XBpX d
= 075 X 017 X (1 + 2/ 10 ) X+~ 25 X 192 X 241 =

®v Sc < 075 X 033 X +fc XBpX d

= 075 X 033 X v 25 X 1962 X 241 = 584 kN
". Shear strength of Concretdv Sc = 584 kN
~. Su = 3724 kN < Sc = 584 kN  Shear reinforcement is not necessary!!

902

kN
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5. Geotechnical Calculation

3) Bearing strength Rewivw
P Bearing strength of concrete on anchor plate
- ©@Pnb = p(0.85-fck-A1) = 085 X ( 085 X 25 X 41118 )

742685 kN > Td 3724 kN - 0K

From above, A1 = bl X b2 -1t X 1650 2/ 4 = 41118 mw
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1. The internal stability of anchor(Type-2)

1-1 Anchor structure Calculation

(1) Anchor Design Tensile Force (ton)

Td = 320.00 KN
(2) Specificcations of the permanent anchor
- PS Strand : D 127 mm X 4 EA
-Tensile stress of PS Strand (Fu) = 1,895 Mpa
- Yield stress of PS Strand(Fy) = 1,611 Mpa
- Cross section area of Single PS Strand(As) = 9871 mne
- Cross Section Area of whole PS Strand(As) = 394.8 m?
- Ultimate Tensile Load : Tus = Fu x As = 748.2 KN (ASTM A416, Grade 270)
- Yield load : Tys = Fy x As = 636.09 KN
0.75Tys = 477.07
0.60Tus = 448.93
- Allowable tensile force : Tas = 0.6Tus = 4489 KN > 320.0 KN -- (OK)
(3) Bond Length Calculations of Permanent Anchor

- Bond length(Lb) is applied to the largest of the following values.

@ Minimum bond length =

40 m

@ Adhesion length(Lsa) - Calculation between anchor and grout

Td 320.0 x 1000
Lsa = = = 25064 mm = 2.60 m
di* T 159.6 x 0.80
There, ds = O.D of adhesion body = 314 x 4 x 127 = 16.0 cm
N = Number of PS Strand = 4 EA
Tb = allowable bond stress = 0.80 Mpa (Fck= 25  Mpa )
® Friction length(La) - Calculation between soil and grout
Lo Fs - Td - 3.0 x 320.0 x 1000 . 9645 o 970
med, * T Tt x 127.0 x 0.25 '
There, Fs : safety factor = 3.0
da : Diameter of Boring hole = 127 mm
T : Ultimate friction resistance = 0.25 Mpa (Sand N=30)
.. Bond Length = 10.00 m
<Table> Ultimate friction resistance due to soil
Soil Type Ultimate friction resistance(MPa)
Hard rock 1.5 ~ 25
Rock Soft rock 10 ~ 15
Weathered rock 04 ~ 10
Mud Stone 04 ~ 12
10 01 ~ 02
20 017 ~ 025
Gravel N-value 30 025 ~ 035
40 035 ~ 045
50 045 ~ 070
10 0.1 ~ 014
20 018 ~ 022
Sand N-value 30 023 ~ 027
40 029 ~ 035
50 030 ~ 040
* Ref - Structural fogﬁéﬂation design criterial commentary 1.0¢

(Japanese Society of Soil Mechanics and Foundation Engineering)
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5. Geotechnical Calculation

(3) Anchor of free length calculation

- Free length is applied to the largest of the following values.

@ Minimum Free length = 40 m

@ The ditance from ground surface to expected slip surface or bearing stratum = 1400 m
Free Length = TYPE-1 = 12.00 m
(4) Anchor Jacking Force (KN)
Ts1 = Td + APr + APs1 = 388.1 KN
@ The loss for relaxation test (Apr)
- Loss to 90% of Yield load = 5%
APr = 0.9 x Tys x 0.05 = 09 x 636.1 x 0.05 286 KN
@ The loss for setting(Aps)
APs1= As x Es x AL 394.84 x 200000 x 6.0 _ 3948 KN
Lf 12,000.0
AL : slip length = 60 mm
Es : Elastic coefficient of PS strand = 2.00E+05 Mpa

(5) Stability check of anchor Jacking Force

@ Maximum initial tension force is select the smaller both 0.75Tus and 0.85Tys

0.75 X 0.0 = 0.0 kN > 388.1 kN
0.85 X 636.1 = 540.7 kN > 388.1 kN

@ Maximum jacking force is select the smaller both 0.70Tus and 0.80Tys

0.7 X 0.0 = 0.0 kN > 388.1 kN
0.8 X 636.1 = 5089 kN > 388.1 kN

® Maximum efficient tension force is 0.9 multiple of maximum jacking force

09 X 0.0 = 00 kN > 3881 kN
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(6)

Elastic enlongation
Ts x Ls
s =
Es x As
There,

Ts : Jacking Force

Ls : Total length - bond length - marginal tension length = 230 - (1200 + 058 )
Es : Elastic modulus of Strand = 20 x 10° (MPa)
As : Cross Section Area of Strand = ( 3.948 cm? )
(7) Specific of permanent Anchor
Relaxation Length(m) Bond Length Free Length | Total Length | Jacking Force Elastic
DIVISION enlongation
(m) (m) (m) (m) (KN) (cm)
TYPE-1 1.0 10.0 12.00 23.0 388.1 6.10
X Stick out Length is Head Top to Length on structure
= Head Length for jacking+Plate thickness+Nut thickness
2.Section Design
(1) Member Force
- Calculate with simple beam considering concentrated Jacking Force
© I T 150
S/ 105.958
1 -/ W 100 78.203 75.844
S ‘ 1 53.729 —
> 32.538 .
w0 )K 2 ° 14628 ¥
- } / g 0000 2421 0.000
S . 3 o 8 -27.885
=/ Jacking Forc o ] 303" ] !
© / — g -60.537" (4728
o o/ Type-2 & -88.002% -80.679
< -~ -105.689
(o) / -100 -129.756
o~ )K "
-150
} / Distance from Bottom [m]
& [ Jacking Forg
f 160
(g? [ Type-3 134.886
[ / 140 "
o / 9
[] / = 120 ;
o~ [ g 95.979 e
. g 100 Pl "“72 39 75.121 .
- qEJ 80 b4 /31e 617
‘ 2 R S
2 o 42.80 3t 568
- 17.744 17.338
lg 200,()040.11b" 4.308.0400
0 ¢-® L=
20 ] 2 1 5 8
Distance from Bottom [m]
@ Load
- Jacking Force Type - A = 388.1 kN
@ Reaction
W = 38653 kN/m W, = 19327 kN/m
(3 Member Force
- M = 104.675 kN-m -V, = 129.756 kN
- M, = 12 x M, = 12 x 104.675 = 125,610 kN-m (ACI 5.3.12)
-V, = 1.2 x Vy = 1.2 x 129.756 = 155.707 kN (ACI 5.3.12)
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5. Geotechnical Calculation

(1) Section Design

4@ Section specification and design condition

fo - 25 MPa f, = 420 MPa kk = 085
of = 0.90 Qv = 0.75 d = 341 mm
B = 1000 mm H = 400 mm d = 60 mm
My = 125.610 KkN-m Vu = 155.707 kN Mo = 104.675 kN-m
- Check of Strength reduction factor (®)
a = 35342
Because T = C , ¢ = 35342 / Ppl= 35342 / 0850 41579 mm
gy = fy / Es = 420000 / 200000 = 0.0021
gt = 0.0030 x (dt - ¢) / ¢ = 0.003 x ( 3405 - 41579 ) / 41.579
= 0.0216
st > 0.0050 Tension-controlled sections of = 0.900
a=Axf /(0 xfoxb --ommmmmee- [©) )
M/ B = xfyx (d-a/2) —omeee @ Eq. (B) substitutes for Eq. (A)
f? M,
y A - f xd Ay =0 Req. As = 1005251 mr
2 x 085 x fo x b (%]
Use As = D 19 @ 300 + D 19 @ 300 = 1893.33 nm ( 7 ea/m)
4 Evaluation of reinforcement
Po = ki x @ x (fo/f,) x {600/(600 + f,)} = 0.02679
Prnax = 075 - Pb = 0.02009 = As max = 6840.6 '
Prin = max (14 /fy, 025V fc' / fy = 0.00333 = Asmin - 1135.0 '
Pausea = 4/3 = Agreq / (B-d) - 0.00394 = Asasareq = 13403 m
Prin = mMin ( Prin Paszreq) = 0.00333 = Asmin = 1135.0 '
Puse = As/ (B-d) = 0.00556 = Asmin = 1893.3 '
> Pmin < Puse < Pmax OK
4 Bending Check
a=Axf, /(D x fo x b) = 35.342 mm
@OMn = 0.9 x As x fy x (d - a/2) = 231.042 kN-m > Mu = 125.610 kN-m
OK
4@ Shear Check
OVc = 075 x 1/6 x  fc' x B x = 212.813 kN > Wu = 155.707 kN
.. Need not shear reinforcement

(2) Crack Check
@ Calculation of stress
9

n

X = - nAJ/b + nA/b x V{1+2bd/nAs}
= 92.022 mm

fo =2xM/[B xXx x(d-x/3)]
= 20 x 104.675 /[ 1000 x 92022 x (
= 7.343 MPa

fs = Mo/ [As x (d - x/3)]
= 104675 /[ 1893.333 x ( 3405 - 92.022 /
= 178442 MPa

fst = fsxH-d -x)/d-x = 2 /3 x 420

340.5

3 )1 x

-9 x 1,893.33 /1000 + 9 x 1,893.33 /1000 x V[ 1+ 2 x 1000 x 3405/ (9 x 1,893.33) ]

92022 / 3 )1 x  10¢

100

280.00 MPa
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@ Maximum center space of reinforcement

C = 59.50 - 19.00 / 2 = 50.00 mm
Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)
Smin : 380 x (280 / fs) - 2.5 x Cc = 380 x (280 / 17844 ) - 2.5 x 50.00 = 47127 mm
300 x (280 / fs) = 300 x (280 / 178.44) = 47074 mm
Sa = 47074 mm Applying Minimum value
S =1,000 /7 Ea = 1500 < Sa (47074 mm) . 0K
(3) Distribution Reinforcement Check
- A min = (0.0018 x 420 / fy) x B x H = 0.002 x 125.61 x 400 = 720.0 '
- The spacing of deformed shrinkage and temperature reinforcement shall not exceed
the lesser of 5h and 450mm. = 450 mm
- Used As :  Tension side D 13@ 300 = 430.0 '
Compression side D 13@ 300 = 430.0 mn
S = 8600 mn’ > 720.0 L . 0K
- Bar spacing : 300 mm < 450 mm . 0K
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5. Geotechnical Calculation

2. Punching failure and bearing strength Review
1) Design Conditions
- Design Strength of Concrete : f'c = 25 MPa
- Yield Strength of Steel cfy = 420 MPa
- Shear Strength Reduction Factor v = 075
- Bearing Strength Reduction Factor b = 085
Tay
b
%
VzA 1774
e // \\ %[\]
_s_ﬁ_ﬁ\}/_ - I S R
/// \\\ _%E\I
b+ do
2) Punching failure Review
1) Width of anchor plate ( b1 ) = 25000 mm
( b2 ) = 25000 mm
2) Effective height of beam ( d ) = 34050 mm
3) Tensile force of anchor ( Td ) = 3881 kN
- Bp =2 X ( 59 + 591 ) = 2362 mm
- PBc =10 (Aspect ratio of long ans short sides)
» Concrete Shear Strength Review
-Su<®dvSc =PvX033 X Vfc XBpX d
®v Sc =075 X 017 X (1 + 2 /Bc ) X ~fc XBpX d
= 075 X 017 X (1 + 2/ 10 ) X+~ 25 X 2362 X 341 = 1538 kN
dv Sc =< 075 X 033 X Vfc XBpX d
= 075 X 033 X v 25 X 2362 X 341 = 99 kN
. Shear strength of Concretdv Sc = 995 kN
. Su = 3881 kN < Sc = 995 kN  Shear reinforcement is not necessary!!
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3) Bearing strength Rewivw
» Bearing strength of concrete on anchor plate
- @Pnb = p(0.85-fck-A1) = 085 X ( 085 X 25 X 41118 )

742.685 kN > Td = 388.1 kN

From above, A1 = bl X b2 -1t X 1650 2/ 4 = 41118 mr

O.K
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5. Geotechnical Calculation

1. The internal stability of anchor(Type-3)

1-1 Anchor structure Calculation

(1) Anchor Design Tensile Force (ton)

Td = 330.00 KN
(2) Specificcations of the permanent anchor
- PS Strand : D 127 mm X 4 EA
-Tensile stress of PS Strand (Fu) = 1,895 Mpa
- Yield stress of PS Strand(Fy) = 1,611 Mpa
- Cross section area of Single PS Strand(As) = 9871  mm?
- Cross Section Area of whole PS Strand(As) = 394.8 m?
- Ultimate Tensile Load : Tus = Fu x As = 7482 KN (ASTM A416, Grade 270)
- Yield load : Tys = Fy x As = 636.09 KN
0.75Tys = 477.07
0.60Tus = 448.93
- Allowable tensile force : Tas = 0.6Tus = 4489 KN > 330.0 KN
(3) Bond Length Calculations of Permanent Anchor
- Bond length(Lb) is applied to the largest of the following values.
@ Minimum bond length = 40 m
@ Adhesion length(Lsa) - Calculation between anchor and grout
Td 330.0 x 1000
Lsa = = = 2584.7 mm = 2.60
di* T, 159.6 x 0.80
There, ds = O.D of adhesion body = 3.14 X 4 X 1.27 = 16.0
N = Number of PS Strand = 4 EA
Tb = allowable bond stress = 0.80 Mpa (Fck= 25  Mpa )
® Friction length(La) - Calculation between soil and grout
Lo Fs - Td - 3.0 x 330.0 x 1000 . 99253 o -
med, - T Tt x 127.0 x 025
There, Fs safety factor = 3.0
da : Diameter of Boring hole = 127 mm
T : Ultimate friction resistance = 0.25 Mpa (Sand N=30)

.. Bond Length = 10.00 m

<Table> Ultimate friction resistance due to soil

Soil Type Ultimate friction resistance(MPa)
Hard rock 15 ~ 25
Rock Soft rock 10 ~ 15
Weathered rock 04 ~ 10
Mud Stone 04 ~ 12
10 01 ~ 02
20 017 ~ 025
Gravel N-value 30 025 ~ 035
40 035 ~ 045
50 045 ~ 070
10 0.1 ~ 014
20 018 ~ 022
Sand N-value 30 023 ~ 027
40 029 ~ 035
50 030 ~ 040
* Ref - Structural fogmﬂation design criterial commentary 1.0¢

(Japanese Society of Soil Mechanics and Foun

dation Engineering)

-- (OK)
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(3) Anchor of free length calculation

- Free length is applied to the largest of the following values.

@ Minimum Free length = 40 m

@ The ditance from ground surface to expected slip surface or bearing stratum =

Free Length = TYPE-1 = 9.00 m
(4) Anchor Jacking Force (KN)
Ts1 = Td + APr + APs1 = 4112 KN

@ The loss for relaxation test (Apr)
- Loss to 90% of Yield load = 5%

APr = 0.9 x Tys x 0.05 = 09 x 636.1 x 0.05 =

@ The loss for setting(Aps)

APs1= As x Es x AL - 394.84 x 200000 x 6.0
Lf 9,000.0
AL : slip length = 6.0 mm
Es : Elastic coefficient of PS strand = 2.00E+05 Mpa

(5) Stability check of anchor Jacking Force
@ Maximum initial tension force is select the smaller both 0.75Tus and 0.85Tys

075  x 00 = 00 kN > 4112 kN - (OK)
085  x 6361 = 5407 kN > 4112 kN - (OK)

@ Maximum jacking force is select the smaller both 0.70Tus and 0.80Tys

07  «x 00 = 00 kN > 4112 kN -~ (0K
08  «x 6361 = 5089 kN > 4112 kN -~ (0K

® Maximum efficient tension force is 0.9 multiple of maximum jacking force
09 «x 00 = 00 KN > 4112 kN Y

1400 m

28.6

52.65

KN

KN
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5. Geotechnical Calculation

(6) Elastic enlongation

Ts x Ls
S =

Es x As

There,

Ts : Jacking Force

Ls : Total length - bond length - marginal tension length = 200 - ( 900 + 058 )
Es : Elastic modulus of Strand = 20 x 10° (MPa)
As : Cross Section Area of Strand = ( 3.948 cm? )
(7) Specific of permanent Anchor
Relaxation Length(m) Bond Length Free Length | Total Length | Jacking Force Elastic
DIVISION enlongation
(m) (m) (m) (m) (KN) (cm)
TYPE-1 1.0 10.0 9.00 20.0 411.2 491
X Stick out Length is Head Top to Length on structure
= Head Length for jacking+Plate thickness+Nut thickness
2.Section Design
(1) Member Force
- Calculate with simple beam considering concentrated Jacking Force
150
105.958
100 78.203 75.844
I o 37.824"
o = 5 32.538 :
= 14.628
3 < 0000 2421 0.000
- o
~ S o0 -30.366" -27.835
}; 5 ? 2 0537 ts4.728 8
& -88.092% -80.679
- . -105.689
S -100 -129.756
w ]
o~ -150
Distance from Bottom [m]
} / i 160
i & / Jacking Forc 134.886
o/ 140 .
(=] N = 120 -
S g 95.979 e
- / += 100 C2il e :
o [ ] § 72.- 39 75.121 77 9
qEJ 80 b4 /31e 627
T S w IS
| w 2.8 3¢ 568
£ a2 s =
2 17.744 17.338
lg 200,()040.11b" 4.308.0400
0 ¢ =
20 ] 1 5 8
Distance from Bottom [m]
@ Load
- Jacking Force Type - A = 41.2 kN
@ Reaction
W= 38653 kN/m -W, = 19.327  kN/m
(3 Member Force
- M = 134.886 kN'm -V, = 105.958 kN
- M, = 1.2 x M, = 1.2 X 134.886 = 161.863 kN-m (ACI 5.3.12)
-V, = 1.2 x Vi = 1.2 x 105.958 = 127150 kN (ACI 53.12)
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(1) Section Design

4@ Section specification and design condition

fo - 25 MPa f, = 420 MPa kk = 085
of = 0.90 Qv = 0.75 d = 341 mm
B = 1000 mm H = 400 mm d = 60 mm
M, = 161.863 kN-m Ve = 127.150 kN My = 134.886 kN-m

- Check of Strength reduction factor (®)

a = 35342
Because T = C , ¢ = 35342 / Bl = 35342 / 0850 = 41579 mm
ey = fy/E = 420000 / 200000 = 0.0021
gt = 0.0030 x (dt - ¢) / ¢ = 0.003 x ( 3405 - 41579 ) / 41.579
= 0.0216
gt > 0.0050 Tension-controlled sections of = 0.900
a=A xf,/ (0 x fo x b) @) .
My /@ = A xf,x(d-a/2) @ Eq. (B) substitutes for Eq. (A)
f? M,
y As? - =20 o, Req. As = 1307.181 mv
2 x 085 x fo x b (%]
Use As = D 19 @ 300 + D 19 @ 300 = 1893.33 ma’ « 7 ea/m)
@ Evaluation of reinforcement
Py = ki x @ x (fo/fy) x {600/(600 + f,)} = 0.02679
Prax = 075 - Pb = 0.02009 = A max = 6840.6 m
Proin = max (14 /fy, 025V fc' / fy = 0.00333 = Asmin - 1135.0 '
Pigeg = 4/3 = Agreq / (B-d) - 0.00512 = Asasareq = 17429 m
Prin = Min ( Prin Pajareq) = 0.00333 = As min = 1135.0 '
Puse = As/ (B-d) = 0.00556 = Asmin = 1893.3 m’
> Pmin < Puse < Pmax .. OK
4 Bending Check
a=Axf, /(0 x fo x b) = 35.342 mm
OMn = 0.9 x As x fy x (d - a/2) = 231.042 kN-m > Mu = 161.863 kN-m
. 0K
@ Shear Check
OVC = 075 x 1/6 x ¥ fc x B x = 212813 W > W= 127150 kN
.. Need not shear reinforcement
(2) Crack Check
@ Calculation of stress
n = 9
X = - nAJ/b + nA/b x V{1+2bd/nAs}
= -9 x 1,893.33 /1000 + 9 x 1,893.33 /1000 x V[ 1 + 2 x 1000 x 3405/ (9 x 1,893.33) 1]
= 92.022 mm
fo = 2x M/ [Bx x x(d-x/3)
= 20 x 134886 /[ 1000 x 92.022 x ( 3405 - 92.022 / 3 )1 x 100
= 9.462 MPa
fs = Mo/ [As x (d - x/3)]
= 134886 /[ 1893333 «x ( 3405 - 92022 / 3 )] x 10°
= 229944 MPa
fst = fsx (H-d' -x)/(d-x = 2/ 3 x420 = 28000 Mra
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5. Geotechnical Calculation

@ Maximum center space of reinforcement
C = 59.50 - 19.00 /2 = 5000 mm
Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 / fs) - 2.5 x Cc = 380 x (280 / 229.94 ) - 2.5 x 50.00 = 337.72  mm
300 x (280 / fs) = 300 x (280 / 229.94) = 36531 mm
Sa = 33772 mm Applying Minimum value
S = 1,000/ 7 Ea = 1500 < Sa (33772 mm) . 0K
(3) Distribution Reinforcement Check
- Ay min = (0.0018 x 420 / fy) x B x H = 0.002 x 161.863 x 400 = 7200 m’
- The spacing of deformed shrinkage and temperature reinforcement shall not exceed
the lesser of 5h and 450mm. = 450 mm
- Used As :  Tension side D 13@ 300 = 4300 mr
Compression side D 13@ 300 = 4300 m
S = 8600 mn’ > 720.0 L . 0K
- Bar spacing : 300 mm < 450 mm . 0K
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2. Punching failure and bearing strength Review

1) Design Conditions

- Design Strength of Concrete i e = 25 MPa
- Yield Strength of Steel D fy = 420 MPa
- Shear Strength Reduction Factor v = 075
- Bearing Strength Reduction Factor > pb = 085
Tdy
b
4
—f
V7 17277
o // \\ %(\]
S %6 \y/ _ ,\\\ _ 1 %
/// \\\ %f\l
b+ do
2) Punching failure Review
1) Width of anchor plate ( b1 ) = 25000 mm
( b2 ) = 25000 mm
2) Effective height of beam ( d ) = 34050 mm
3) Tensile force of anchor ( Td ) = 4112 kN
- Bp =2 X ( 591 + 591 ) = 2362 mm
- PBc =10 (Aspect ratio of long ans short sides)

» Concrete Shear Strength Review
-Su=®vSc =PvX033 X Vfc XBpXd
®v Sc =075 X 017 X (1 + 2 /Bc ) X ~fc XBpX d
= 075 X 017 X (1 + 2/ 10 ) X+~ 25 X 2362 X 341 = 1538 kN

®v Sc < 075 X 033 X +fc XBpX d

= 075 X 033 X v 25 X 2362 X 341 = 99 kN
". Shear strength of Concretdv Sc = 995 kN
~. Su = 4112 kN < Sc = 99 kN  Shear reinforcement is not necessary!!
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5. Geotechnical Calculation

3) Bearing strength Rewivw
P Bearing strength of concrete on anchor plate
- @Pnb = p(0.85-fck-A1) = 085 X ( 08 X 25 X 41118 )

742685 kN > Td 411.2 kN R 0 X ¢

From above, A1 = bl X b2 -1t X 1650 2/ 4 = 41118 mr
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6. HYDRAULIC CALCULATION



6.1 Earth Drain Ditch Calculation



6. Hydraulic Calculation

Rainfall Intensity-Frequency-Duration Curves

1000.0
——2-yrARI
——5-yrARI
———10-yr ARI
\
— 1000
< 20-yr ARI
£
£ N —25yrARI
z \
2 ~
[ ——30-yr ARI
8
£
g ——— 50-yr AR
& 100
——80-yr ARI
100-yr ARI
———200-yr ARI
1.0
1 10 100 1000

Duration (minutes)

6 1297 1421 149.2 1542 155.8 156.8 1593 1619 162.9 165.6

10 1159 1279 1349 140.1 1418 1429 1457 1484 1495 152.6

60 54.3 62.0 66.9 715 730 742 774 80.3 81.7 85.9
180 259 30.0 329 358 36.8 376 399 421 432 46.6
360 14.5 16.9 18.7] 20.7 214 22.0 23.8 257 26.7 307
540 10.5 12.7] 14.7] 17.0 17.8 184 20.6 22.8 239 28.1
720 82 104 12.3 146 154 16.2 184 20.7 219 26.3
900 6.8 89 10.7] 13.0 13.8 145 16.8 19.1 204 24.8
1080 5.8 78 9.6 11.8 12.6) 133 155 17.9 19.2 236
1440 46 6.3 80 10.0 10.8 115 137 16.0 17.3 21.7




TINA River Hydropower Development Project

A. Calculation of Earth Drain & U-type Ditch

1. EARTH DRAIN

39
135 120 135
N
15 15 7
\ % g
SN 17//
U-type ditch(Concret)
100 B 10
-y
1) Flow rate in Earth drain
(@ Earth Drain Q=AXV = A x (1/n) x R* x | (n=0.020)
Depth of Area of Wetted Hydraulic 0
TYPE Flow Width(D) the flow | perimeter Radius R%
(0.8H) (m) (m) (m) (m) m/sec
TYPE-1(H=0.9M) 0.72 336 16416 3796 04325 0.5719 46.9416 x [*
@ Utype- ditch Q=A XV = A x (1/n) x R* x [ -Stonenpitching 0.025
-Concrete 0.012
Depth of Area of Wetted Hydraulic 0
TYPE Flow Width(D) | theflow | perimeter | Radius R%
(0.8H) (m) (m) (m) (m) m/sec
TYPE-4(H=0.40M)Stone 0.32 072  0.1792 1116 0.1606  0.2955 21181 x [|#
TYPE-6(H=0.60M) Con 0.48 0.600 0.2880 1.560 0.1846 0.3242 7.7808 x I*
2) The Rational Method formula for flow estimation Q(mi/sec)
@ Plain farming area (2 Paved surface
Qd1=0.278 x C1 x |1 x Ay Qd2=0.278 x C2 x I2 x A2
where, C1, C, : Run-off Coefficient C,:05 C,:09
I, I2: Rainfall intensity(mm/hr) 11(5yr) : 142.1 I2(5yr) : 142.1
A1 Az Catchment Area(kni)

@ Peak Catchment Discharge

3) Determination of Cross section

Qd =Qd, +Qd,

Compare Flow rate with the Peak Catchment Discharge according to Runoff Coefficient and Catchment Area

Q>Qd (OK)
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6. Hydraulic Calculation

Result of Side Earth Drain Analyses

Station caEE! Ruq-(_)ff Slope FI(.)W rate Peak Catchranent Discharge Determination
N Area Coefficient according to slope (m/sec)
No. Direction i Remarks
ER EP 1A (CuC2) %) Q (Qh,Qd) Qd Check

(A1,A2) 1,2 EacR2 Capacity

1 0+010.0 0+525.0 L 0.0874 0.5 0.33 2.697 1.726 1.903 OK
0.0050 0.9 0.177

2 0+525.0 0+925.0 L 0.0497 0.5 0.16 1.878 0.981 1.080 OK
0.0028 0.9 0.099

3 0+925.0 1+212.5 L 0.0293 0.5 0.25 2.347 0.578 0.627 OK
0.0014 0.9 0.049

4 0+020.0 1+710.0 R 0.0827 0.5 0.24 2.300 1.634 2.053 OK
0.0118 0.9 0.419

5 1+710.0 1+882.5 R 0.0637 0.5 0.25 2.347 1.259 1.470 OK
0.0060 0.9 0.212

6 1+882.5 2+480.0 R 0.0522 0.5 0.38 2.894 1.030 1.148 OK
0.0033 0.9 0.118

7 2+480.0 2+560.0 R 0.0157 0.5 0.45 3.149 0.311 0.322 OK
0.0003 0.9 0.011

8 2+560.0 2+734.0 R 0.0056 0.5 0.15 1.818 0.112 0.133 OK
0.0006 0.9 0.022

9 2+734.0 3+300.0 R 0.0699 0.5 0.34 2.737 1.381 1.500 OK
0.0033 0.9 0.119




U-Ditch Hydrological Caculation

. Flow rate Peak Catchment o
Station(Lot 1) CEL I R Slope according to slope Discharge (m/sec) Determination
NO. Direction |  Area(km) | Coeffiecient (O/f) - 2 g heck Remark
Checl
A1,A2 C1,C2 - L )
BP EP ( ) ( ) TYPE-4 TYPE-6 (Qd1,Qdy) Qd CaEi Apply
0.0071 0.8 0.224
1 12+120 12+139 R 1.32 0.243 0.894 0.256 U6 U6
0.0009 0.9 0.032
0.0064 0.8 0.202
2 12+139 12+407 R 4.82 0.465 1.708 0.241 U4 U4
0.0011 0.9 0.039
0.0038 0.8 0.120
3 12+407 12+670 R 9.94 0.668 2.453 0.163 U4 U4
0.0012 0.9 0.043

TINA River Hydropower Development Project
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6.2 Culvert Design Calculation



6. Hydraulic Calculation

Culvert Design Calculations

STATION : (Access Road LOT 1) 0+012.00 Desinger :
PROJECT : Tina River Hydropower Development Project Checker / Reviewer :
Designation : LOT1C-1 Date :
HYDROLOGICAL AND DESIGN INFORMATION SKETCH
Catchment Area(A) = 0.0913 kit Recurrence Interrval for Culv. 25yr
Qd =1.977 mi/sec Elev. Difference: 15.50 m - 2.34 m EL=3.400m
Arrival Distance(L) = 2620.000 m =13.16 m mWﬂ
Rational Formula STD Run-off Formula ) S \ TW = 0,340
_ : Rainfall Area Hw
Qd=0.278CIA Qd = RFXLFXFFxQ — |
Tc =0.100 hr RF = 0.000 s
| =155.80 mm/h LF =0.000 Chupu Karma EL=238m
C =0.500 FF = 0.000 gauging station
A = 0.091 kit Q = 0.000 ni/sec S0 = 0,003 m/m EL=2.288m
Qd =1.977 nilsec Qd = 0.000 ni/sec L = 16,600 rm
Water level in Culvert = 0.266
UL Qu/ HEADWATER COMPUTATION v GU=" COI[\IIIII'(F;’OL
DESCRIP cell Size DorHt |INLET CONTROL OUTLET CONTROL = HW = H + ho - SoL mgﬁt VELOCITY [ |, apwar | Comments
Uiy (ni/sec) HWD | Hw Ce H dc | @c+Dy2 | W ho SoL | HW | Hw EE ER
BOX 0.989 2@ 1.5x0.9 0.57 0.51 0.2 0.1191] 0.223 0.562 0.26 0.72 0.05 0.79 0.79 1.22 Outlet O.K

Summary and

1. Outlet velocity is 1.24 m/sec, will require a rock apron Protection Outlet.

Recommndations :

2.Qd =Avo, Qd=1.977 <AVo=2 x (B x H) x 0.8 x 1.22 = 2.635 therefore, "O.K"




TINA River Hydropower Development Project

Review the Hydrological Calculation Results

STA. 0+012.0000

© Input Sectional Shape (BOX2@ 1.5%0.9)

-Catchment Area(A) = 0.0913 kn' -Rainfall Intensity(l) = 166.4mm/hr
-Peak Discharge(Qd) = 1.977 m/sec -Rain fall Area = Chupu Karma
-Recurrence Interval = 25 years -Elevation Diffence =13.160 m

1. Hydrological Analysis
HW (0.79) < 1.2D (1.08) , So (0.0030) < Sc(0.0052)

A

dc (0.233) < TW(0.26) < D(0.9), dn (0.266) > dc (0.233) therefore,

The shape proposed is 2nd - type as follows.

Hydrological diagram

4 Outiet control
HW R ‘
v
v e T T Y ‘dr
"’C W <D
Sn( S: ST A ‘

* Common where channel is deep, narrow
and well defined with a flat slope.

In the above hydraulic diagram, Control section is the outlet, and the applied energy equation is

Vi .
PIW = he + hx + diw + —_ SalL

2g

HW can be found from the equation.

The flow velocity at this time is the flow velocity in average of the outlet

and Viw = 1.240 m / sec.

2. Analysis of the discharge area
Qd =1.977m'/sec of the drainage area at the current STA., and the box size is 2@1.5 x 0.9

Therefore, compared with the design discharge and the capacity of drainage are as follows.

Qd (1.977)<Q= AVo=2x (BxH)x0.8x2x 1.220=2.635: OK



mailto:2@1.5

Culvert Design Calculations

6. Hydraulic Calculation

STATION : (Access Road LOT 1) 1+710.00 Desinger :
PROJECT : Tina River Hydropower Development Project Checker / Reviewer :
Designation : LOT 1C-2 Date :
HYDROLOGICAL AND DESIGN INFORMATION SKETCH
Catchment Area(A) = 0.0125 ki Recurrence Interval for Culv.25yr
Qd =0.271 m/sec Elev. Diffence: 9.50 m - 6.55 m EL=8000m
Arrival Distance(L) = 205.600 m =295m 'QHI"'_I"'I—: 1.448
Rational Formula STD Runoff Formula ) S \ TW =10,120
_ : Rainfall Area Hw
Qd=0.278CIA Qd = RFXLFXFFxQ —_— |
Tc =0.100 hr RF = 0.000 ’
| =155.8 mm/h LF =0.000 Chupu Karma EL = 6,552 m
C =0.500 FF = 0.000 gauging station
A = 0.013 ki Q = 0.000 mi/sec S0 = 0.010 m/m EL=6.430m
Qd = 0.271 misec Qd = 0.000 mi/sec L=12170m
Water level in Culvert = 0.226

CULVERT od/ HEADWATER COMPUTATION OUTLET | CONTROL
DESCRIP cell Size DorHt |INLET CONTROL OUTLET CONTROL = HW = H + ho - SoL An‘:gﬁt VELOCITY HE:'B'\?V AT | Comments
Uiy (ieEs) HWD | Hw Ce H de | @c+Dy2 | TW ho soL | HW | Hw e ER
PIPE 0.271 ®900 0.42 0.37 0.5 0.009 | 0.299 0.599 0.11 0.67 0.12 0.56 0.37 2.17 Inlet oK
Summary and 1. Outlet velocity is 2.21 m/sec, will require a rock apron protection Outlet.

Recommndations : 2.2.Qd = Avo, Qd =0.271 <AVo= (md%4) x 0.75 x 2.17 = 1.035 therefore, "O.K"




TINA River Hydropower Development Project

Review the Hydrological Calculation Results

STA. 1+710.0000
© Input Sectional Shape ( ®900 )

-Catchment Area(A) = 0.0125 km' ‘Rainfall Intensity(l) = 155.8mm/hr
-Peak Discharge(Qd) = 0.289 m'/sec Rain fall Area = Chupu Karma
‘Recurrence Interval = 25 years -Elevation Diffence =2.950 m

1. Hydrological Analysis
HW (0.37) < 1.2D (1.08) , S0 (0.0100) = Sc (0.0033)
TW (0.11) < dc(0.299)<D(0.9), dn(0.226) < dc (0.299) therefore,

The shape proposed is 3rd - type as follows.

Hydrological diagram

Inlet contro

* Common in rolling or mountainous T
country.

In the above hydraulic diagram, Control section is the outlet, and the applied energy equation is

Q
D

HW can be found from the equation.

HW = 0.467 - (—=) + 0.051-(1+CJ -V.

The flow velocity at this time is the flow velocity in the critical depth of th outlet
and Vc =2.170 m / sec.
2. Analysis of the discharge area
Qd =0.271m/sec of the drainage area at the current STA., and the Pipe size is ¢900

Therefore, compared with the design discharge and the capacity of drainage are as follows.

Qd (0.271) < Q= AVo =(md?¥4) x0.75 x 2.170=1.035: O.K




6. Hydraulic Calculation

Culvert Design Calculations

STATION : (Access Road LOT 1) 1+882.50
PROJECT : Tina River Hydropower Development Project

Desinger :

Checker / Reviewer :

Designation : LOT1C-3 Date :
HYDROLOGICAL AND DESIGN INFORMATION SKETCH
Catchment Area(A) = 0.0118 ki Recurrence Interval for Culv.25yr
Qd = 0.256 mi/sec Elev. Diffence: 10.50 m - 7.09 m EL=8540m
Arrival Distance(L) = 590.700 m =3.41m AHW = 1.448
Rational Formula STD Runoff Formula . —_— TW = 0,090
Qd=0278CIA Qd = RFXLFXFFxQ Rainfall Area HW —_—_
Tc =0.100 hr RF = 0.000 /
| =155.8 mm/h LF =0.000 Chupu Karma EL=7.092m
C =0.500 FF = 0.000 gauging station
A = 0.012 kri Q = 0.000 mi/sec 50 = 0,020 m/m EL=6873m
Qd = 0.256 mi/sec Qd = 0.000 mi/sec L =10,960 m
Water level in Culvert = 0.190
UL o HEADWATER COMPUTATION _ OUTLET | CONTROL
DESCRIP cell Size DorHt |INLET CONTROL OUTLET CONTROL = HW = H + ho - SoL Anfjelﬁt VELOCITY HE'AIB'\?V | Comments
el (ni/sec) HWD | HW | ce H dc | @c+Dy2 | TW ho | SoL | HW | Hw Vo ER
PIPE 0.256 ®900 0.4 0.36 0.5 0.0048| 0.291 0.60 0.09 0.67 0.22 0.46 0.36 2.72 Inlet O.K

Summary and

1. Outlet velocity is 2.72 m/sec, will require a rock apron protection Outlet.

Recommndations :

2.Qd = AVo, Qd = 0.256 < AVo= (md*4) x 0.75 x 2.72 = 1.298 therefore, "O.K"




TINA River Hydropower Development Project

Review the Hydrological Calculation Results

STA. 1+882.5000
© Input Sectional Shape ( ®900 )

-Catchment Area(A) = 0.0118 km' ‘Rainfall Intensity(l) = 155.8mm/hr
-Peak Discharge(Qd) = 0.256 m'/sec Rain fall Area = Chupu Karma
‘Recurrence Interval = 25 years -Elevation Diffence =3.410 m

1. Hydrological Analysis
HW (0.36) < 1.2D (1.08) , S0 (0.0200) = Sc (0.0033)
TW (0.09) < dc(0.291)<D(0.9) ,dn(0.185) < dc (0.291) therefore,

The shape proposed is 3rd - type as follows.

Hydrological diagram

Inlet control

* Common in rolling or mountainous t
country.

In the above hydraulic diagram, Control section is the outlet, and the applied energy equation is

Q
D

HW can be found from the equation.

HW = 0.467 - (——) + 0.051-(1+C9 -V.

The flow velocity at this time is the flow velocity in the critical depth of th outlet
and Vc =2.720 m / sec.
2. Analysis of the discharge area
Qd =0.256m/sec of the drainage area at the current STA., and the Pipe size is ¢900

Therefore, compared with the design discharge and the capacity of drainage are as follows.

Qd (0.256) < Q= AVo =(md?¥4) x0.75 x 2.720=1.298 : OK




6. Hydraulic Calculation

Culvert Design Calculations

STATION : (Access Road LOT 1) 2+465.00
PROJECT : Tina River Hydropower Development Project

Desinger :

Checker / Reviewer :

Designation : LOT1C-4 Date :
HYDROLOGICAL AND DESIGN INFORMATION SKETCH
Catchment Area(A) = 0.0147 ki Recurrence Interval for Culv.25yr
Qd = 0.318 mi/sec Elev. Diffence: 11.50 m - 9.16 m EL = 10,660 m
Arrival Distance(L) = 294.6 m =2.34m AHW = 1,456
Rational Formula STD Runoff Formula ) - TW=0120
Qd=0278CIA Qd = RFXLFXFFxQ Rainfall Area HW —_
Tc =0.100 hr RF = 0.000 /
| =155.8 mm/h LF =0.000 Chupu Karma EL = 9165 m
C =0.500 FF = 0.000 gauging station
A = 0.015 kri Q = 0.000 mi/sec S0 =0.010 m/m EL=9039m
Qd = 0.318 mi/sec Qd = 0.000 ni/sec L=12612m
Water level in Culvert = 0.245
CULVERT Qu/ HEADWATER COMPUTATION i GU=" COII\IIIII'EOL
DESCRIP cell Size DorHt |INLET CONTROL OUTLET CONTROL = HW = H + ho - SoL mgﬁt VELOCITY [ |, apwar | Comments
Uiy (ni/sec) HWD | Hw Ce H de | @c+Dy2 | TW ho soL | HW | Hw e ER
BOX 0.318 ®900 0.46 0.41 0.5 0.0068] 0.325 0.612 0.12 0.67 0.13 0.56 0.41 2.27 Inlet oK

Summary and

1. Outlet velocity is 2.50 m/sec, will require a rock apron protection Outlet.

Recommndations :

2.Qd = AVo, Qd = 0.318 < AVo= (md*4) x 0.75 x 2.27 = 1.083 therefore, "O.K"
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TINA River Hydropower Development Project

Review the Hydrological Calculation Results

STA. 2+465.0000
© Input Sectional Shape ( ®900 )

-Catchment Area(A) = 0.0147 km ‘Rainfall Intensity(l) = 155.8mm/hr
-Peak Discharge(Qd) = 0.340 m'/sec Rain fall Area = Chupu Karma
‘Recurrence Interval = 25 years -Elevation Diffence =4.340 m

1. Hydrological Analysis
HW(0.41)< 12D (1.08) ,S0(0.0100) = Sc (0.0034)
TW (0.12) < dc (0.325)<D(0.9) , dn(0.245) < dc (0.325) therefore,

The shape proposed is 3rd - type as follows.

Hydrological diagram

Inlet control

* Commeon in rolling or mountainous 7
country.

In the above hydraulic diagram, Control section is the outlet, and the applied energy equation is

HW = n,4ﬁ7-{%ﬁ +0.051-(1+C9 -V

HW can be found from the equation.
The flow velocity at this time is the flow velocity in the critical depth of th outlet
and Vc =2.270 m / sec.
2. Analysis of the discharge area
Qd =0.180m/sec of the drainage area at the current STA., and the Pipe size is ¢900

Therefore, compared with the design discharge and the capacity of drainage are as follows.

Qd (0.318) <Q = AVo = (Trd?/4) x 0.75 x 2.270 = 1.083 : O.K




6. Hydraulic Calculation

Culvert Design Calculations

STATION : (Access Road LOT 1) 2+734.00
PROJECT : Tina River Hydropower Development Project

Desinger :

Checker / Reviewer :

Designation : LOT1C-5 Date :
HYDROLOGICAL AND DESIGN INFORMATION SKETCH
Catchment Area(A) = 0.0670 ki Recurrence Interval for Culv.25yr
Qd =1.451 m/sec Elev. Diffence: 12.50 m - 9.74 m EL=11.470m
Arrival Distance(L) = 376.500 m =2.76m '&'HW = 1,728
Rational Formula STD Runoff Formula . R TW = 0,200
Qd=0278CIA Qd = RFXLFXFFxQ Rainfall Area HW —_—_
Tc =0.100 hr RF = 0.000 /
| =155.8 mm/h LF =0.000 Chupu Karma EL =9742 m
C =0.500 FF = 0.000 gauging station
A = 0.067 kri Q = 0.000 mi/sec S0 = 0,038 m/m EL=9323m
Qd = 1.451 mi/sec Qd = 0.000 mi/sec L =11.090m
Water level in Culvert = 0.341
CULVERT od/ HEADWATER COMPUTATION _ OUTLET | CONTROL
DESCRIP cell Size Dor Ht [INLET CONTROL OUTLET CONTROL = HW = H + ho - SoL Anfgﬁt VELOCITY HE'A'B'\?V AT | Comments
el (ni/sec) HWD | HW | ce H dc | @c+Dy2 | Tw ho | SoL | HW | Hw Vo ER
PIPE 1.451 d900 3.15 2.84 05 0.7837| 0.712 0.806 0.20 0.67 0.42 1.04 2.84 5.58 INLET N.G
PIPE 1.451 ®1200 0.77 0.93 05 0.2091| 0.658 0.929 0.20 0.90 0.42 0.69 0.93 5.47 INLET oK

Summary and

Recommndations :

1. Outlet velocity is 5.47 m/sec, will require a rock apron protection Outlet.

2.Qd = AVo, Qd = 1.451 < AVo= (md*4) x 0.75 x 5.47 = 4.640 therefore, "O.K"
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TINA River Hydropower Development Project

Review the Hydrological Calculation Results

STA. 2+734.0000
© Input Sectional Shape (®1200)

-Catchment Area(A) = 0.0670 km' ‘Rainfall Intensity(l) = 155.8mm/hr
-Peak Discharge(Qd) = 1.451 m/sec Rain fall Area = Chupu Karma
‘Recurrence Interval = 25 years -Elevation Diffence =2.760 m

1. Hydrological Analysis
HW (0.93) < 1.2D (1.44) ,S0(0.0378) = Sc (0.0035)
TW (0.20) < dc (0.658)<D(1.2), dn(0.341) < dc (0.658) therefore,

The shape proposed is 3rd - type as follows.

Hydrological diagram

Inlet control

* Common in rolling or mountainous t
country.

In the above hydraulic diagram, Control section is the outlet, and the applied energy equation is

Q
D

HW can be found from the equation.

HW = 0.467 - (——) + 0.051-(1+C9 -V.

The flow velocity at this time is the flow velocity in the critical depth of th outlet
and Vc =5.470 m / sec.
2. Analysis of the discharge area
Qd =1.451m/sec of the drainage area at the current STA., and the Pipe size is ¢1200

Therefore, compared with the design discharge and the capacity of drainage are as follows.

Qd (1.451) <Q = AVo = (rd?4) x 0.75 x 5.470 = 4.640 : OK




6. Hydraulic Calculation

Culvert Design Calculations

STATION : (Access Road LOT 1) 3+300.00
PROJECT : Tina River Hydropower Development Project

Desinger :

Checker / Reviewer :

Designation : LOT 1C-6 Date :
HYDROLOGICAL AND DESIGN INFORMATION SKETCH
Catchment Area(A) = 0.0198 ki Recurrence Interval for Culv.25yr
Qd = 0.429 milsec Elev. Diffence: 14.50 m - 11.25 m EL =12.300 m
Arrival Distance(L) = 161.677 m =3.25m AHV_\" = 1,046
Rational Formula STD Runoff Formula ) - TW = 0,170
Rainfall Area Hi
Qd=0.278CIA Qd = RFXLFXFFxQ _—_—
Tc =0.100 hr RF = 0.000 /
| =155.8 mm/h LF =0.000 Chupu Karma EL=1124m
C =0.500 FF = 0.000 gauging station
A = 0.020 krf Q = 0.000 m/sec SU = U. DUS m;’m EL = H, ]g? m
Qd = 0.429 mi/sec Qd = 0.000 mi/sec L =9500 m
Water level in Culvert = 0.197
HEADWATER COMPUTATION OUTLET | CONTROL
il Q/ . Adjust | VELOCITY LING
DESCRIP cell SizeDorHt [INLET CONTROL OUTLET CONTROL = HW = H + ho - SoL ment HEADWAT | Comments
el CaiteEe) HWD | Hw Ce H de | @c+Dy2 | TW ho soL | HW | Hw Vo ER
BOX 0.429 1.2x0.9 0.36 0.32 0.2 0.0169]| 0.235 0.568 0.17 0.72 0.06 0.68 0.32 1.81 Inlet O.K

Summary and

1. Outlet velocity is 1.85 m/sec, will require a rock apron protection Outlet.

Recommndations :

2.Qd =AVo, Qd =0.429 <AVo=(B x H) x 0.8 x 1.81 = 1.564 therefore, "O.K"
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TINA River Hydropower Development Project

Review the Hydrological Calculation Results

STA. 3+300.0000
© Input Sectional Shape (BOX 1.2x0.9)

-Catchment Area(A) = 0.0198 km' -Rainfall Intensity(l) = 155.8mm/hr
-Peak Discharge(Qd) = 0.429 m/sec ‘Rain fall Area = Chupu Karma
‘Recurrence Interval = 25 years -Elevation Diffence =3.250 m

1. Hydrological Analysis
HW (0.32) < 1.2D (1.08) , S0 (0.0060) = Sc (0.0036)
TW (0.17) < dc (0.235)<D(0.9) , dn(0.197) < dc (0.235) therefore,

The shape proposed is 3rd - type as follows.

Hydrological diagram

Inlet control

* Common in rolling or mountainous : t
country.

In the above hydraulic diagram, Control section is the outlet, and the applied energy equation is

9
HU= (0.701 + 0234 - C)) - ( Q ) ?
S D
HW can be found from the equation.
The flow velocity at this time is the uniform flow velocity of the outlet
and Vn = 1.810 m/ sec.
2. Analysis of the discharge area
Qd =0.429m/sec of the drainage area at the current STA., and the Box culvert size is 1.2 x 0.9

Therefore, compared with the design discharge and the capacity of drainage are as follows.

Qd (0.429)<Q= AVo=(BxH)x0.8x 1.810=1.564: OK




6. Hydraulic Calculation

Culvert Design Calculations

STATION : (Access Road LOT 1) 7+463.00
PROJECT : Tina River Hydropower Development Project

Desinger :

Checker / Reviewer :

Designation : LOT 1C-7 Date :
HYDROLOGICAL AND DESIGN INFORMATION SKETCH
Catchment Area(A) = 0.1044 ki Recurrence Interval for Culv.25yr
Qd =3.165 m/sec Elev. Diffence: 100.50 m - 53.36 m EL =54.460 m
Arrival Distance(L) = 689.000 m =47.14m AHW = 1,098
Rational Formula STD Runoff Formula ) S \ T = 0,000
_ : Rainfall Area Hw
Qd=0.278CIA Qd = RFXLFXFFxQ — [
Tc =0.100 hr RF = 0.000 s
| =155.8 mm/h LF =0.000 Chupu Karma EL =53.361 m
C =0.700 FF = 0.000 gauging station
A = 0.104 kit Q= 0.000 misec 50 = 0,030 m/m EL =53.067 m
Qd = 3.165 mi/sec Qd = 0.000 mi/sec L =8800m
Water level in Culvert = 0.296
CULVERT Qu/ HEADWATER COMPUTATION . OUTLET | CONTROL
DESCRIP cell Size D or Ht INLET CONTROL OUTLET CONTROL = HW =H + ho - SoL An(:gftt VELOCITY HEIAIIIZ\)I\(I;VAT Comments
el (ni/sec) HWD | HW | ce H dc | @c+Dy2 | TW ho | SoL | HW | Hw Vo ER
PIPE 3.165 ®1200 2.98 3.58 0.5 | 0.9489| 0.976 1.088 0.20 0.90 0.29 155 3.58 6.24 Inlet N.G
PIPE 1.583 2@ P900 1.12 1.01 05 0.531 | 0.524 0.712 0.08 0.67 0.29 0.91 1.05 4.36 Inlet O.K

Summary and

Recommndations :

1. Outlet velocity is 4.36 m/sec, will require a rock apron protection Outlet.

2.Qd = AVo, Qd = 3.165 <AVo=2 x (md*4) x 0.75 x 4.36 = 4.160 therefore, "O.K"
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TINA River Hydropower Development Project

Review the Hydrological Calculation Results

STA. 7+463.0000
© Input Sectional Shape (2@ ®900)

-Catchment Area(A) = 0.1044 km ‘Rainfall Intensity(l) = 155.8mm/hr
-Peak Discharge(Qd) = 3.165 m'/sec Rain fall Area = Chupu Karma
‘Recurrence Interval = 25 years -Elevation Diffence =47.14 m

1. Hydrological Analysis
HW (1.01) < 1.2D (1.08) ,S0(0.0300) = Sc (0.0040)
TW (0.08) < dc (0.542)<D(0.9), dn(0.296) < dc (0.524) therefore,

The shape proposed is 3rd - type as follows.

Hydrological diagram

Inlet control

* Common in rolling or mountainous t
country.

In the above hydraulic diagram, Control section is the outlet, and the applied energy equation is

HW = n,4ﬁ7-{%ﬁ £ 0.051-(1+C9 -V

HW can be found from the equation.
The flow velocity at this time is the flow velocity in the critical depth of th outlet
and Vc =4.360 m / sec.
2. Analysis of the discharge area
Qd =3.165m/sec of the drainage area at the current STA., and the Pipe size is 2@ ¢900

Therefore, compared with the design discharge and the capacity of drainage are as follows.

Qd (3.165) < Q = AVo = (Trd/4 ) x 0.75 x 2 x 4.360 = 4.161 : O.K




Culvert Design Calculations

6. Hydraulic Calculation

STATION : (Access Road LOT 1) 7+664.00 Desinger :
PROJECT : Tina River Hydropower Development Project Checker / Reviewer :
Designation : LOT 1C-8 Date :
HYDROLOGICAL AND DESIGN INFORMATION SKETCH
Catchment Area(A) = 0.0064 ki Recurrence Interval for Culv.25yr
Qd =0.222 m/sec Elev. Diffence: 91.50 m - 65.99 m EL =66.970m
Arrival Distance(L) = 164.500 m =2551m AHI"'_I"'I—: 1.010
Rational Formula STD Runoff Formula ) —_— \ TW = 0,040
_ : Rainfall Area HW
Qd=0.278CIA Qd = RFXLFXFFxQ —_— I
Tc =0.100 hr RF = 0.000 o
| =155.8 mm/h LF =0.000 Chupu Karma EL = £5.9%4 m
C =0.800 FF = 0.000 gauging station
A = 0.006 ki Q = 0.000 mi/sec So=0113m/m EL = 64,686 m
Qd = 0.222 misec Qd = 0.000 mi/sec L = 11,604 m
Water level in Culvert = 0.113

6- 19

CULVERT o/ HEADWATER COMPUTATION OUTLET | CONTROL
: — Adjust | VELOCITY| LING
DESCRIP cell Size DorHt |INLET CONTROL OUTLET CONTROL = HW = H + ho - SoL ment HEADWAT | Comments
el CaiteEe) HWD | Hw Ce H dc | @e+Dy2 | W ho SoL HW | HW Vo ER
PIPE 0.222 ®900 0.37 0.33 0.5 |0.0188| 0.27 0.585 0.04 0.67 1.31 -0.61 0.33 4.79 Inlet oK
Summary and 1. Outlet velocity is 4.79 m/sec, will require a rock apron protection Outlet.

Recommndations : 2. Qd = AVo, Qd =0.222 < AVo= (11d*4) x 0.75 x 4.79 = 2.285 therefore, "O.K"




TINA River Hydropower Development Project

Review the Hydrological Calculation Results

STA. 7+664.0000
© Input Sectional Shape ( ®900 )

-Catchment Area(A) = 0.0064 km' ‘Rainfall Intensity(l) = 155.8mm/hr
-Peak Discharge(Qd) = 0.222 m'/sec Rain fall Area = Chupu Karma
‘Recurrence Interval = 25 years -Elevation Diffence =25.510 m

1. Hydrological Analysis
HW (0.33) < 1.2D (1.08) ,S0(0.1127) = Sc (0.0033)
TW (0.04) < dc (0.279)<D(0.9) , dn(0.113) < dc (0.270) therefore,

The shape proposed is 3rd - type as follows.

Hydrological diagram

Inlat control

* Common in rolling or mountainous t
country.

In the above hydraulic diagram, Control section is the outlet, and the applied energy equation is

HW = 0.467 - (%) -+ 0.051-(1+C9y - V¢
HW can be found from the equation.
The flow velocity at this time is the flow velocity in the critical depth of th outlet
and Vc =4.790 m / sec.
2. Analysis of the discharge area

Qd =0.222m/sec of the drainage area at the current STA., and the Pipe size is ¢900

Therefore, compared with the design discharge and the capacity of drainage are as follows.

Qd (0.222) <Q = AVo = (Trd?/4 ) x 0.75 x 4.790 = 2.285 : O.K

6- 20



6. Hydraulic Calculation

Culvert Design Calculations

STATION : (Access Road LOT 1) 7+846.00
PROJECT : Tina River Hydropower Development Project

Desinger :

Checker / Reviewer :

Designation : LOT 1C-9 Date :
HYDROLOGICAL AND DESIGN INFORMATION SKETCH
Catchment Area(A) = 0.0197 ki Recurrence Interval for Culv.25yr
Qd = 0.683 mi/sec Elev. Diffence: 100.50 m - 87.30 m EL=31.020m
Arrival Distance(L) = 225.600 m =13.20m AHV_\" = 3,725
Rational Formula STD Runoff Formula . - TW = 0,090
Rainfall Area Hi
Qd=0278CIA Qd = RFXLFXFFxQ —_—_—
Tc =0.100 hr RF = 0.000 £
| =155.8 mm/h LF =0.000 Chupu Karma EL =87 295 m
C =0.800 FF = 0.000 gauging station
A = 0.0197 ki Q = 0.000 mi/sec S0 = 0,086 m/m EL =85745m
Qd = 0.683 mi/sec Qd = 0.000 ni/sec L=18.109 m
Water level in Culvert = 0.210
HEADWATER COMPUTATION OUTLET | CONTROL
CULVERT Qd/ : Adjust | VELOCITY| LING
DESCRIP cell Size Dor Ht |INLET CONTROL OUTLET CONTROL = HW = H + ho - SoL ment HEADWAT | Comments
el CaiteEe) HWD | Hw Ce H de | @c+Dy2 | TW ho soL | HW | Hw Vo ER
PIPE 0.683 ®900 0.76 0.68 0.5 0.2277] 0.485 0.692 0.09 0.67 1.55 -0.62 0.68 6.07 Inlet O.K

Summary and

1. Outlet velocity is 6.07 m/sec, will require a rock apron protection Outlet.

Recommndations :

2.Qd = AVo, Qd = 0.683 < AVo= (md*4) x 0.75 x 6.07 = 2.896 therefore, "O.K"
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TINA River Hydropower Development Project

Review the Hydrological Calculation Results

STA. 7+846.0000
© Input Sectional Shape ( ®900 )

-Catchment Area(A) = 0.0197 km' ‘Rainfall Intensity(l) = 155.8mm/hr
-Peak Discharge(Qd) = 0.683 m'/sec Rain fall Area = Chupu Karma
‘Recurrence Interval = 25 years -Elevation Diffence =13.29 m

1. Hydrological Analysis
HW (0.68) < 1.2D (1.08) , S0 (0.0856) = Sc (0.0038)
TW (0.09) < dc (0.485)<D(0.9), dn(0.210) < dc (0.485) therefore,

The shape proposed is 3rd - type as follows.

Hydrological diagram

Inlet control
A
HW
v
h 4
TW<D
* Common in rolling or mountainous t
country.

In the above hydraulic diagram, Control section is the outlet, and the applied energy equation is

HW = n,4ﬁ7-{%ﬁ £ 0.051-(1+C9 -V

HW can be found from the equation.
The flow velocity at this time is the flow velocity in the critical depth of th outlet
and Vc = 6,070 m / sec.
2. Analysis of the discharge area
Qd =0.683m/sec of the drainage area at the current STA., and the Pipe size is ¢900

Therefore, compared with the design discharge and the capacity of drainage are as follows.

Qd (0.683) <Q = AVo = (Trd?/4 ) x 0.75 x 6.070 = 2.896 : O.K
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6. Hydraulic Calculation

Culvert Design Calculations

STATION : (Access Road LOT 1) 7+984.00
PROJECT : Tina River Hydropower Development Project

Desinger :

Checker / Reviewer :

Designation : LOT 1 C-10 Date :
HYDROLOGICAL AND DESIGN INFORMATION SKETCH
Catchment Area(A) = 0.0084 ki Recurrence Interval for Culv.25yr
Qd = 0.291 mi/sec Elev. Diffence: 102.53 m - 95.94 m EL = 37.760 m
Arrival Distance(L) = 190.400 m =6.56 m AHW = 1.837
Rational Formula STD Runoff Formula ) —_— \ TW = 0,000
_ : Rainfall Area HW
Qd=0.278CIA Qd = RFXLFXFFxQ — I
Tc =0.100 hr RF = 0.000 iy
| =155.8 mm/h LF =0.000 Chupu Karma EL = 95,943 m
C =0.800 FF = 0.000 gauging station
A = 0.008 ki Q = 0.000 nilsec 50 = 0,054 m/m EL=95348 m
Qd = 0.291 mi/sec Qd = 0.000 mi/sec L = 10,960
Water level in Culvert = 0.154
e Qdl HEADWATER COMPUTATION _ OUTLET | CONTROL
DESCRIP cell Size DorHt  |INLET CONTROL OUTLET CONTROL = HW = H + ho - SoL Anfgﬁt VELOCITY HE:'B'\?V | Comments
el (ni/sec) HWD | HW | ce H dc | @c+Dy2 | TW ho | SoL | HW | Hw Vo ER
PIPE 0.291 ®900 0.43 0.39 0.5 0.0313] 0.311 0.605 0.07 0.67 0.6 0.11 0.39 4.02 Inlet O.K

Summary and

1. Outlet velocity is 4.02 m/sec, will require a rock apron protection Outlet.

Recommndations :

2.Qd = AVo, Qd =0.291 <AVo= (md*4) x 0.75 x 4.02 = 1.918 therefore,"O.K"
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TINA River Hydropower Development Project

Review the Hydrological Calculation Results

STA. 7+984.0000
© Input Sectional Shape ( ®900 )

-Catchment Area(A) = 0.0084 km' ‘Rainfall Intensity(l) = 155.8mm/hr
-Peak Discharge(Qd) = 0.291 m'/sec Rain fall Area = Chupu Karma
‘Recurrence Interval = 25 years -Elevation Diffence = 6.65 m

1. Hydrological Analysis
HW (0.39) < 1.2D (1.08) ,S0(0.0543) = Sc (0.0034)
TW (0.07) < dc (0.311)<D(0.9) , dn(0.154) < dc (0.311) therefore,

The shape proposed is 3rd - type as follows.

Hydrological diagram

Inlet control

* Common in rolling or mountainous t
country.

In the above hydraulic diagram, Control section is the outlet, and the applied energy equation is

Q
D

HW can be found from the equation.

HW = 0.467 - (—=) + 0.051-(1+CJ -V.

The flow velocity at this time is the flow velocity in the critical depth of th outlet
and Vc =4.020 m / sec.
2. Analysis of the discharge area
Qd =0.291m/sec of the drainage area at the current STA., and the Pipe size is ¢900

Therefore, compared with the design discharge and the capacity of drainage are as follows.

Qd (0.291) <Q = AVo = (Trd?/4) x 0.75 x 4.020 = 1.918 : O.K
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6. Hydraulic Calculation

Culvert Design Calculations

STATION : (Access Road LOT 1) 9+395.00
PROJECT : Tina River Hydropower Development Project

Desinger :

Checker / Reviewer :

Designation : LOT1C-11 Date :
HYDROLOGICAL AND DESIGN INFORMATION SKETCH
Catchment Area(A) = 0.0058 ki Recurrence Interval for Culv.25yr
Qd =0.215 m/sec Elev. Diffence: 134.08 m - 117.02 m EL=118510m
Arrival Distance(L) = 88.500 m =17.06 m AHV_\" = 1.487
Rational Formula STD Runoff Formula . R TW = 0,090
Rainfall Area Hi
Qd=0278CIA Qd = RFXLFXFFxQ —_—_
Tc =0.100 hr RF = 0.000 £
| =155.8 mm/h LF =0.000 Chupu Karma EL=117023m
C =0.800 FF = 0.000 gauging station
A = 0.006 ki Q = 0.000 m/sec SU = U.DID m;’m EL = ”8,930 m
Qd = 0.201 mi/sec Qd = 0.000 mi/sec L =9300m
Water level in Culvert = 0.195
HEADWATER COMPUTATION OUTLET | CONTROL
S Qa/ . Adjust | VELOCITY LING
DESCRIP cell Size DorHt |[INLET CONTROL OUTLET CONTROL = HW =H + ho - SoL P HEADWAT | Comments
el CaiteEe) HWD | Hw Ce H de | @c+dy2 | TW ho soL | HW | Hw Vo ER
PIPE 0.201 ®900 0.34 0.31 05 0.0136| 0.257 0.579 0.09 0.67 0.09 0.60 0.31 1.99 Inlet O.K

Summary and

1. Outlet velocity is 1.99 m/sec, will require a rock apron protection Outlet.

Recommndations :

2.Qd = AVo, Qd =0.201 < AVo= (md*4) x 0.75 x 1.99 = 0.949 therefore,"O.K"
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TINA River Hydropower Development Project

Review the Hydrological Calculation Results

STA. 9+395.0000
© Input Sectional Shape ( ®900 )

-Catchment Area(A) = 0.0058 km' ‘Rainfall Intensity(l) = 155.8mm/hr
-Peak Discharge(Qd) = 0.201 m'/sec Rain fall Area = Chupu Karma
‘Recurrence Interval = 25 years -Elevation Diffence =17.06 m

1. Hydrological Analysis
HW (0.31) < 1.2D (1.08) ,S0(0.0100) = Sc (0.0033)
TW (0.09) < dc (0.257)<D(0.9) , dn(0.195) < dc (0.257) therefore,

The shape proposed is 3rd - type as follows.

Hydrological diagram

Inlet control

* Common in rolling or mountainous t
country.

In the above hydraulic diagram, Control section is the outlet, and the applied energy equation is

Q
D

HW can be found from the equation.

HW = 0.467 - (——) + 0.051-(1+C9 -V.

The flow velocity at this time is the flow velocity in the critical depth of th outlet
and Vc =1.990 m / sec.
2. Analysis of the discharge area
Qd =0.201m/sec of the drainage area at the current STA., and the Pipe size is ¢900

Therefore, compared with the design discharge and the capacity of drainage are as follows.

Qd (0.201) <Q = AVo = (Trd?/4) x 0.75 x 1.990 = 0.949 : O.K
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6. Hydraulic Calculation

Culvert Design Calculations

STATION : (Access Road LOT 1) 12+139.00
PROJECT : Tina River Hydropower Development Project

Desinger :

Checker / Reviewer :

Designation : LOT 1 C-12 Date :
HYDROLOGICAL AND DESIGN INFORMATION SKETCH
Catchment Area(A) = 0.0157 ki Recurrence Interval for Culv.25yr
Qd =0.544 m/sec Elev. Diffence: 243.19 m - 220.71 m EL = 221,620 m
Arrival Distance(L) = 90.800 m =22.48m AHV_\" = 0.906
Rational Formula STD Runoff Formula ) - TW =0,130
Rainfall Area Hi
Qd=0278CIA Qd = RFXLFXFFXQ —_—_—
Tc =0.100 hr RF = 0.000 /
C =0.800 FF = 0.000 gauging station
A = 0.0157 kit Q = 0.000 m/sec S0 = U. 050 m;’m El:= 220.254 m
Qd = 0.544 mi/sec Qd = 0.000 ni/sec L=9200m
Water level in Culvert = 0.214
HEADWATER COMPUTATION OUTLET | CONTROL
S Qa/ . Adjust | VELOCITY LING
DESCRIP cell Size D or Ht INLET CONTROL OUTLET CONTROL = HW =H + ho - SoL R HEADWAT Comments
el CaiteEe) HWD | Hw Ce H dc | @e+Dy2 | W ho SoL HW | HW Vo ER
PIPE 0.544 ®900 0.65 0.58 0.5 0.1009| 0.43 0.665 0.13 0.67 0.46 0.32 0.58 4.69 Inlet oK

Summary and

1. Outlet velocity is 4.69 m/sec, will require a rock apron protection Outlet.

Recommndations :

2.Qd = AVo, Qd =0.544 < AVo= (md*4) x 0.75 x 4.69 = 2.238 therefore,"O.K"

6- 27



TINA River Hydropower Development Project

Review the Hydrological Calculation Results

STA. 12+139.0000
© Input Sectional Shape ( ®900)

-Catchment Area(A) = 0.0157 kn' -Rainfall Intensity(l) = 155.8mm/hr
-Peak Discharge(Qd) = 0.544 m'/sec Rain fall Area = Chupu Karma
‘Recurrence Interval = 25 years -Elevation Diffence =22.480 m

1. Hydrological Analysis
HW (0.58) < 1.2D (1.08) ,So (0.0500) = Sc (0.0036)
TW (0.13) < dc(0.430)<D(0.9), dn(0.214) < dc (0.430) therefore,

The shape proposed is 3rd - type as follows.

Hydrological diagram

Inlet control

* Common in rolling or mountainous t
country

In the above hydraulic diagram, Control section is the outlet, and the applied energy equation is

Q
D

HW can be found from the equation.

HW = 0.467 - (-2 + 0.051-(1+C3 -V,

The flow velocity at this time is the flow velocity in the critical depth of th outlet
and Vc = 4.690 m/ sec.
2. Analysis of the discharge area
Qd =0.544m/sec of the drainage area at the current STA., and the Pipe size is ¢900

Therefore, compared with the design discharge and the capacity of drainage are as follows.

Qd (0.544) < Q = AVo = (Td?/4) x 0.75 x 4.690 = 2.238 : O.K
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6. Hydraulic Calculation

C. Calculation of Longitudinal Pipes

1) Design Discharge of Flow

Qd=1/360x CxrxWxLx 10*

Qd : Design Discharge (m®/sec)

C : Run-off Coefficient(0.9)

r : Rainfall Intensity(5yr) :142.1mm/hr

W : Width of Catchment

L : Length of longitudinal pipe(m)

2) Flow rate

Q=AXV=AXx(1/n)x R¥#: x|

Calculation of flow rate by diameter

- —
// ™ \
."/-'/ \\'-
£ 145 R
N (]
) - e [l
I ~aT
\ ., T || [an)
W e 1) Ko}
K s w
'\-\, /F =
N /4
o
e == [ §

R=A/P = 0.2882D

P=mxDx215/360 = 1.87623D

n=0.012 Fully pave C.S.P

A =1D?4 x 215/360 + D/2 x sin72.5 x D/2 x cos72.5 = 0.5407D?

Depth :0.65 D
Depthof | Area of Wetted | Hydraulic 1/n Q
DIA Flow the flow | perimeter | Radius o3
(mm) R Remarks
(0.65D)m |  (A)m (P)m (R)m 0.012 (m3/sec)
300 0.1950 | 0.0487 0.5629 0.0865 0.1955 | 83.333 0.7929 x |2
450 0.2925 | 0.1095 0.8443 0.1297 0.2562 | 83.333 2.3377 x |2
600 0.3900 | 0.1947 1.1257 0.1729 0.3104 | 83.333 5.0345 x |12
900 0.5850 | 0.4380 1.6886 | 0.2594 | 0.4067 | 83.333 14.8435 x |12
1200 0.7800 | 0.7786 | 2.2515 | 0.3458 | 0.4927 | 83.333 31.9672 x |2

6- 29



Longitudinal Pipe List

Beginnin

Run-off

Peak Catchment

tch t . i

NO. g Er?d Direction O Spec Slope Aoty el GRS Coefficie | Discharge (m'/sec) Dete_rml Remarks

; Point (m) (m3/sec) | Area(Km?) nation
Point nt Qd1,Qd2 Qd

1 0+108 0+120 LHS 12 900 0.0020 0.663 0.0061 09 0.218 041 (04
0.0098 0.5 0.192

2 0+214 0+230 LHS 16 900 0.0020 0.663 0.0056 09 02 0.38 (04
0.0092 0.5 0.18

3 0+319 0+331 LHS 12 900 0.0040 0.938 0.0052 09 0.185 0.354 (014
0.0086 0.5 0.169

4 0+491 0+503 LHS 12 900 0.0040 0.938 0.0045 09 0.161 0.311 oK
0.0076 0.5 0.15

5 0+591 0+603 LHS 12 900 0.0020 0.663 0.0041 09 0.146 0.281 oK
0.0068 0.5 0.135

6 0+685 0+697 LHS 12 900 0.0015 0.574 0.0037 09 0.132 0.256 (014
0.0063 0.5 0.124

7 0+942 0+958 LHS 16 900 0.0020 0.663 0.0028 09 0.097 0.188 (014
0.0046 0.5 0.091

8 1+934 1+942 RHS 8 900 0.0035 0.878 00032 09 0.114 0.822 oK
0.0358 0.5 0.708

9 2+468 2+478 RHS 10 600 0.0075 0.436 0.0004 09 0012 0.322 oK
0.0157 0.5 0.31

10 | 2+991 3+003 RHS 12 900 0.0025 0.742 0.0040 09 0.142 0.54 oK
0.0202 0.5 0.398

TINA River Hydropower Development Project
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1 .Box Culvert
]

(LOT 2-2)



1.1 Box Culvert 1 (STA.2+423.00)
-

2@2.0x2.00
FH=2.57 m [SI UNIT]


mailto:2@2.0

1. Box Culvert

1.1.1 Design Conditions

1) General Items
(1) Type of Culvert : 2 Box
(2) Width (w) : 2 @ 20m
(3) Height (h) : 200 m
(4) Underground Water Level : GL  -1.000 m

2) Design Material
(1) Concrete
£ Compressive Strength : fe' =
= Modulus of Elasticity . Ec =
(2) Reinforcement bar
> Yield Strength oy =

<* Modulus of Elasticity . Es =

3) Material weight

(1) Reinforced Concrete . we =
(2) plain concrete :yen =
(3) Pavement :yasp =
(4) Subterranean oyw =
4) Soil
(1) Wet Unit Weight oyt =
(2) Submerged Unit Weight : ysub =
(3) angle of internal friction e =
(4) coefficient of earth pressure atrest : Ko =
5) Live Load

Structure is to be designed by SM1600 traffic design loads in accordance with AS 5100.2

6) Method of Design
(1) Evaluation of stability

(2) Design of Cross Section

7) Program (S/W)
- SAP2000 (Structure Analysis Program)

8) Reference

(1) American Concrete Institute — Code for the design of concrete structure, USA
(2) AS 3600 Concrete structures / 5100 Bridge design - Australian Standard

32
26587

420
200000

25.00
23.50
23.00
10.00

19.00
10.00
28.00
1-sin®

MPa
MPa

MPa
MPa

kN/m3
kN/m3
kN/m3
kN/m3

kN/m3
kN/m3

o

= 0.500

. Allowable Strength Method
. Ultimate Strength Design




TINA River Hydropower Development Project

1.1.2 Section Assumption

Pavement(T= 05 m)
N ZZ N
° GL- 1.000 m
O
Ln
N
o
o
™M o —
200 x 200 200 x 200 ol
o o
o o
© o
[N N
o 0—
o
o
o
I 3] Ll
. . 2.000 4300, 2.000 . .
100 | 300 300 | 100
4.900
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1. Box Culvert

1.1.3 Stability Check

1) Load Summary and combinations

(1) Load Summary

Type Calculation Load(kN)
Paverment(DC) 0.500 x 4.900 x 23.0 56.350
Vertical gr(’)\'lj’nzx\:vs;ter 2066 x 4900 x 190 192.345
earth
pressure Exist | 0500 x 190 + 1566 x 100 ) 13 284
(EV) ground water | 4.900
Ground Water(WA') 1.566 X 4.900 X 10.0 76.734
Sub Total Surcharge Load for Bouyancy Check 256.368
Top 0.300 X 4.900 X 25.0 36.750
Slab(DC)
Bottom 0.300 X 4.900 X 25.0 36.750
Left 0.300 X 2.000 X 25.0 15.000
Wall(DC) Right 0300  x 2000  x 25.0 15.000
Inner 0.300 X 2.000 X 25.0 15.000
Hunch(DC) 0.200 X 0.200 / 2 x 25.0 x 4 EA 2.000
Sub Total Surcharge Load for Bouyancy Check 120.500
2) Bouyancy Check
(1) After construction (Ground water Level :GL- 1.00 m)
- Total Load for Bouyancy Check : 376.868 kN
- Uplife force : 4.900 x( 5.166 - 1.000 )x 10.0 kN/O = 204.134 kN
- Safety factor = 1.25
OFS= 376.868 / 204.134 = 1.846 > 1.25 - O.K
(2) Under construction (Assumed Ground water Level :GL- 3.000 m)
- Total Load for Bouyancy Check :
120.500 +( 0.000 X 4.900 X 10.000 kN/O ) = 120.500 kN
- Uplife force : 4.900 x( 5.166 - 3.000 )x 10.0 kN/O = 106.134 kN
- Safety factor = 1.1
OFS= 120.500 / 106.134 = 1.135 > 11 - O.K

A Ground water level should not exceed GL- 3.000m
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3) Allowable vertical bearing capacity check
(1) Load
- Dead load

- Self weight of Structure = 120.500 / 4.900 24592 KkN/mz

248.695 [/ 4.900

- Vertical earth pressure 50.754  kN/m2 (No exist ground water)

- Live load 11.568 kN/m2 (Referto 1.1.4.2)

- Water load in Culvrt 2.000 g 10.000 = 20.000 kN/m2

(2) Allowable vertical bearing capacity

-Qmnax = 106.914 KN/m?
- Qa = 337.500 kN/m2 (Refer to Geotechnic Report)
0 Qa= 337500 kN/O > Qpax= 106.914 kN/O - OK

1-4
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1.1.4 Load and Combination

1) Dead Load

(1) Self weight : Automatic consideration in program

(2) Vertical earth pressure

- No exist ground water

TYPE Depth (m) [ unit weight (kN/.) Load (kN/m?)
Pavement 0.500 23.000 1.000 x 0.500 x 23.000 = 11.500
Vertical earth pressure 2.066 19.000 1.000 x 2.066 x 19.000 = 39.254
0 2.566 Psv = 50.754 kN/m?2

- Exist ground water

TYPE Depth (m) Unit weight (kN/.) Load (kN/m?)
Pavement 0.500 23.000 1.000 x 0.500 % 23.000 = 11.500
0.500 19.000 1.000 x 0.500 x 19.000 = 9.500
Vertical earth pressure
1.566 10.000 1.000 x 1.566 x 10.000 = 15.660
0 2.566 Psvh = 36.660 kN/m?2

2) Live Load

(1) wao .
‘ Mo ‘ ‘
| |

A A

—

80 80
Pu = = = 2.687 kN/m2
(0.25 + 2D) x (0.4 +2D) (0.25 +5.132) x (0.4 + 5.132)
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2) A160
@ l \ [/ |
| - | |
160 kN + 'LH +
|
® \ \ \
ELEVATION | L | |
I—400 mm =
IR
T—U:‘r T T |
2000 3200 mm standard | | ‘ }
mm design lane
Lo T + |\
| |
——H——zso mm | |
| |
PLAN ! ‘ | |
|
2x80 160
Pu = = = 3.947 kN/m?
! (0.25 + 2D) x (2.4 + 2D) (0.25 + 2x2.566) x (2.4 + 2x2.566)
(3) M1600
360 kN 360 kN 360 kN 360 kN

AAAAA.\"’.’A"‘.'A'!’IAAAA‘..\A'I.’A\"'A"IAAA.AAAAAAAcA\sAQAAAAAAA.\’I,’A@A‘C’AAAAAA
ELEVATION
125125 375 125125 Varies 6.25 min.1.25 1.25 5.0 .25 1.25 0.6
i I . e
7 %
9.2 2.0
0.4 L3.2 m standard 6
design t
PLAN
- Axle group
1.25im1.25m [ ]
a
6 x 60 360
Pu = = = 6.103 kN/m?
(2.7 + 2D) x (2.4 + 2D) (2.7+5.132) x (2.4 + 5.132)
- Lane uniformly distributed loads : 6.000 kN/mz 32m = 1.875 kN/m2
- Py = 6103 + 1875 = 7.978 kN/m?

1-6
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(4) S1600
240 kN 240 kN 240 kN 240 kN
@
ELEVATION
“_25."2"? 3.75 1.251.25 Varies 6.25 min. 1.25 1.25 5.0 25125 —08
i I ] 1 11
2 i
0.4 3.2 m standard 0.6
design
PLAN
- Axle group
1.25m 1.25m r—i-‘
YD) B
| VAR
= | | +
i | |
| |
2.7+20 | j |
6 x 40 240
Pu = = = 4.068 kN/m?
(2.7 + 2D) x (2.4 + 2D) (2.7 +5.132) x (2.4 + 5.132)
- Lane uniformly distributed loads : ~ 24.000 kN/m2 / 3.2m = 7.500 kN/m?
- Py = 4068 + 7500 = 11.568 kN/m?
(5) HLP 320 & HLP 400
| LN s ‘
| #—‘J |
+ ! + . .
|
| ‘ |
L J L ~ J
125 125
Py = = = 3.589 kN/m?
(0.2 + 2D) x (1.4 + 2D) (0.2 + 2x2.566) x (1.4 +2%2.566)
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(6) Live Load

TYPE Load Dynamic Load Allowance (a) (1+a)xLoad
w80 2.687 0.10 2.956
A160 3.947 0.10 4.342
M1600 7.978 0.10 8.775
S1600 11.568 0.00 11.568
HLP 3.589 0.10 3.948
O Py = 11.568 kN/m2 = 11.568 kN/m2

(7) Live Load Surcharge

0 Pun = 11.568 kN/mz X 0.500 = 5.784 kN/m?
3) Lateral Earth Pressure
4 coefficient of earth pressure atrest : Ko=1-sin30=  0.500
- No exist ground water
Psh = ko x 'y x H
Pss = 0.500 x (23 x 0.500 + 23 x 0.000 + 20 x 0.000 + 20 x 0.000
+19 x 2.066) = 25.377 kN/m2

Ps2 = 25.377 + 0.500 X 19.0 x  0.150 = 26.802 kN/m?
Pshs = 26.802 + 0.500 X 19.0 x  0.350 = 30.127 kN/m?
Psa = 30.127 + 0.500 X 19.0 x 0.900 = 38.677 kN/m?
Pss = 38.677 + 0.500 X 19.0 x 0.900 = 47.227 KN/m2
Pae = 47.227 + 0.500 X 19.0 x  0.150 = 48.652 kN/m?

- Exist ground water
Psv = ko x ( \ x Hi +  VYsub X Hz )
Pshtt = 0.500 x (23 x 0.500 + 23 x 0.000 + 20 x 0.000 + 20 x 0.000

+ 19 x 0.500 + 10 x 1.566) = 18.330 kN/m?

Psh2 = 18330 + 0.500 X 10.0 x  0.150 = 19.080 kN/m?
Psy = 19.080 + 0500 x 10.0 x  0.350 = 20.830 kN/m2
Psw = 20830 + 0500 x 10.0 x 0.900 = 25.330 kN/m2
Pshs = 25330 + 0.500 X 10.0 x 0.900 = 29.830 kN/m?
Pshe = 29.830 + 0.500 X 10.0 x  0.150 = 30.580 kN/m?2

1-8
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4) Ground Water Load

1) Horizontal ground Water Pressure

Ph = yw x He
Pwu = 100 x  1.566 = 15.660 kN/m?
Pw2 = 15.660 + 10.0 0.150 = 17.160 kN/m?
Pws = 17.160 + 10.0 0.350 = 20.660 kN/m?
Pwa = 20.660 + 10.0 0.900 = 29.660 kN/m?
Pws = 29.660 + 10.0 0.900 = 38.660 kN/m?
Pune = 38.660 + 10.0 0.150 = 40.160 kN/m?
2) Vertical ground Water Pressure
-Top Slab : Pwi = 10.0 x  1.566 = 15.660 kN/m?
-Bottom Slab : Pwz = 100 x 4.166 = 41.660 kN/m?
5) Load Combination
(1) Ultimate Load
o0 | o2 | oeap | UVE | son | son | son | ATR | warer
COMB 1 1.40 1.40
COMB 2 1.20 1.58 1.60 1.60 1.60
COMB 3 1.20 1.58 1.60 1.60 0.90
COMB 4 0.90 0.90 0.00
COMB 5 1.40 1.40 1.40
COMB 6 1.20 1.58 1.60 1.60 1.60 1.60 1.58
COMB 7 1.20 1.58 1.60 1.60 0.90 0.90 1.60
COMB 8 0.90 0.90 0.00 0.00 0.00
COMB 9 1.20 1.00 1.00
COMB 10 0.90 0.90 0.80
COMB 11 0.90 0.90 0.00 0.00 0.00
(2) Service Load
o0 | o2 | oeap | UVE | son | sob | son | “ATR | warer
SCOMB 1| 1.00 0.986 1.00 1.00 1.00
SCOMB 2| 1.00 0.986 1.00 1.00 0.56
SCOMB 3| 1.00 0.986 0.00
SCOMB 4| 1.00 0.986 1.00 1.00 1.00 1.00 0.986
SCOMB 5[ 1.00 0.986 1.00 1.00 0.56 0.56 1.000
SCOMB 6| 1.00 0.986 0.00 0.00 0.00
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1.1.5 Modeling & Loading

1) Analysis Model

-
e D [ ] Y] [w] [&] (8] |z [a] [2] [4]
L y

5 Y| A Y] YA 2 W 7X w7z Zl
m
*~— ' X] s X YY
.
2 .
oW
IS ¢ X\ L ¢+ X 3%
= 0
®
.
- ¢ X] » X» !YW
g
° [ ane E] [ ] [x] [w]
X Y z [ \ 1 > XW XX XY Xz
0.150 4@0.500=2.000 ‘ 0.150{0 150 4@0.500=2.000 L) 150

4.600




1. Box Culvert

(1) Node
(Unit : m)
Node X Z Section Node X Z Section
1 0.150 0.150 19 2.450 2.100 Middle Wall
2 0.300 0.150 20 4.750 0.300
3 0.800 0.150 21 4.750 1.200 Right
Wall
4 1.300 0.150 22 4.750 2.100
5 1.800 0.150 23 0.150 2.450
6 2.300 0.150 24 0.500 2.450
7 2.450 0.150 Bottom 25 0.900 2.450
Slab
8 2.600 0.150 26 1.300 2.450
9 3.100 0.150 27 1.700 2.450
10 3.600 0.150 28 2.100 2.450
11 4.100 0.150 29 2.450 2.450 Top
Slab
12 4.600 0.150 30 2.800 2.450
13 4.750 0.150 31 3.200 2.450
14 0.150 0.300 32 3.600 2.450
15 0.150 1.200 Left 33 4.000 2.450
Wall
16 0.150 2.100 34 4.400 2.450
17 2.450 0.300 Middle 35 4.750 2.450
18 2.450 1.200 Wall
(2) Section
NO. H(m) B(m) A(m2) I(m?) Node Section
1 0.300 1.000 0.300 0.002250 2-5,8~11 Bottom Slab
2 0.300 1.000 0.300 0.002250 14~15 Left Wall
3 0.300 1.000 0.300 0.002250 18~19 Middle Wall
4 0.300 1.000 0.300 0.002250 22~23 Right Wal
5 0.300 1.000 0.300 0.002250 26~29 , 32~35 Top Slab

2) Coefficient of subgrade reaction

(1) Vertical coefficient of subgrade reaction (Kv)

Kv = Kvo (Bv/0.3 )34

kvo = 1/0.3 xaxEo

Eo : the modulus of subgrade elasticity (kN/m?2)

a : correction factor for calculating Eo
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Eo = 7000 kN/m2 (Refer to Geotechnic Report)
a = 4
Kvo = 1/03xaxEo = 1/03 x 4 x 7000 = 93333.333 KN/
Bv = W :J B x B :J 490 x 490 = 4.900
Kv = Kvo (Bv/0.3)%
= 93333333 x ( 4.900 /03 )% = 114876  KkN/.
. Longitudinal CoBiE ! of
Joint No. Kv Lateral Length (m) Length (m) Area (m?) subgrade reaction
(kN/m)
1,13 11487.600 0.2250 1.0000 0.2250 2584.7
2,12 11487.600 0.3250 1.0000 0.3250 37335
3~5,9~11 | 11487.600 0.5000 1.0000 0.5000 5743.8
6,8 11487.600 0.3250 1.0000 0.3250 37335
7 11487.600 0.1500 1.0000 0.1500 1723.1

(2) Horizontal coefficient of subgrade reaction (Kh)

kh = Infinite rigidity = 1.0E+10 kN/m
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3) Loading

(1) LOAD-1 : Self weight - Automatic consideration in program

(2) LOAD-2,3 : Vertical earth pressure

Psvh=36.660 kN/m? ( Exist ground water )
Psv=50.754 kN/m? ( No exist ground water )

L ]
J
¢

(3) LOAD-4 : Live Load
Pvl= 11.568 kN/m?

(4) LOAD-5 : Live Load Surcharge

Pvih=5.784 kN/m?

LT T TTT T

by v byl

Pvih=5.784 kN/m?
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(5) LOAD-6 : Horizontal Earth Pressure (No Ground Water)

Psh2=26.802 kN/m?
Psh3=30.127 kN/m?

Psh4=38.677 kN/m?

Psh5=47.227 kN/m2
Psh6=48.652 kN/m?2

(6) LOAD-7 : Horizontal Earth Pressure

(Ground Water)

Psh2'=19.080 kN/m?
Psh3'= 20.830 kN/m?

Psh4'= 25.330 kN/m?

Psh5'=29.830 kN/m?
Psh6'= 30.580 kN/m?

"\I\l\l\l\'\l\l
. 2 . 2 -

) [ ]

) [

¢
L ]
L ]
L
4
4

[ ]
L]
[ ]

]

[ ]
[ ]
[ ]

(7) LOAD-8 : Ground Water Pressure

Pwv1= 15.660 kN/m?

Pwh2=17.160 kN/m?
Pwh3=20.660 kN/m? .
Pwh4=29.660 kN/m? »
Pwh5= 38.660 kN/m? ’
Pwh6=40.160 kN/m?

Pwv2=41.660 kN/m?

Psh2=26.802 kN/m?
Psh3=30.127 kN/m?

Psh4=38.677 kN/m?

Psh5=47.227 kN/m?
Psh6=48.652 kN/m?

Psh2'=19.080 kN/m?
Psh3'=20.830 kN/m?

Psh4'= 25.330 kN/m?

Psh5'=29.830 kN/m?
Psh6'= 30.580 kN/m?

Pwh2=17.160 kN/m?
Pwh3=20.660 kN/m?

Pwh4=29.660 kN/m?

Pwh5= 38.660 kN/m?
Pwh6=40.160 kN/m?
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1.1.6 Summary of Analysis Results

1) B.M.D (Ultimate Load) - Unit : KN.m

.18
7
8.60

-57
9. 68

]

;ﬁﬁ.ﬁ?_'.l

2q- 26 5\2. 18

2425

24,01
é
6.8

NrC

12
6. 7%
|

2) S.F.D (Ultimate Load) - Unit : kN
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3) B.M.D (Service Load) - Unit : KN.m

4) Summary
Division Mu(kN-m)| Vu(kN) | Mo(kN-m)| H(mm)| d(mm)| @Mn(kN-m) Bar SIF
End of the point(-) | 42.167 | 108.764 | 25.045 | 367 |3105| 98.899 |D13 @ 150| 2.35
STIZ'E Middle(+) 32352 | 0000 | 15630 | 300 [213.5| 67.366 |D13 @ 150| 2.08
End of Middle Wall(-)| 48.708 | 120.801 | 31.125 | 367 |310.5| 98.899 |D13 @ 150| 2.03
Top() 46.940 | 86.935 | 28625 | 367 |3105| 98.899 |pi3 @ 150| 2.11
Middle(+) 1.206 0.000 0.000 | 300 |2135| 34.193 [p13 @ 300 28.34
Wall
Middle(-) 11.081 | 0.000 7231 | 300 |2435| 39.069 |D13 @ 300| 353
Bottom(-) 51.813 | 99.170 | 33.045 | 300 [2435| 77.118 |D13 @ 150 1.49
Middle
Wal Top & Bottom(-) 0.000 0.000 0.000 | 300 |2135| 34.193 |[p13 @300 -
End of the point(-) | 50.129 | 108.166 | 31.759 | 300 |2435| 77.118 |D13 @ 150| 1.54
Bgf;%m Middle(+) 43177 | 0000 | 25328 | 300 |2135| 67.366 |Di3 @ 150| 1.56
End of Middle Wall(-)| 57.005 | 117.926 | 37.147 | 300 |2435| 77.118 |p13 @ 150| 1.35
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1.1.7 Section Design

1) Top Slab - At the end of the point

(1) Section Design

(. Section specification and design condition

fo = 32 MPa fy = 420 MPa ki = 082
of = 0.90 Qv = 0.75 d = 3105 mm
B = 1000 mm H = 367 mm d = 565 mm
Mu = 42.167 kN-m Vu = 108.764 kN Mo = 25.045 kN-m
- Check of Strength reduction factor (P)
a = 12542
Because T=C , ¢Cc = 12542 |/ B1 = 12542 | 0.821 = 15.268 mm
ey = fylEs = 420.000 / 200000 = 0.0021
g = 0.0030x (dt-c)/c = 0003 x(3105 - 15268 ) |/ 15.268
= 0.0580
gt > 0.0050 Tension-controlled sections  Of = 0.900
a=zAsxfy/(@xfexb) e )
NT TOFTYKYOYZT HN NLT
Mu/@= Asxfyx(d-al2) = e 2
f2 M,
Y As? - fyxdxAs + = 0 [1 Req.As = 352535+
2x%0.85x fo x b @
UseAs = D 183 @ 300 + D 13 @ 300 = 860.00 I ( 7 eam)
. Evaluation of reinforcement
Po = k1 x @ x (fo/fy) x {600/(600 + f,)} = ).03313
Pmax = 0.75-Pb = 002485 4.  Asmx = 77159 o
Pmn = max(1.4/fy,025fc /fy) = 0.00337 . Ag min = 1045.5 -
P4/3req = 4/3 - As_req / (Bd) = 0.0015¢ A As,4/3req = 483.4 F
Pon = Min (Prin, Pagreq) = 00015€ 4.  Asmin = 483.4 -
Pise = As/(B-d) = 000277 4. Asmin = 860.0 -
¢ 413xPreq<Puse<Pmax A O.K
. Bending Check
a=Asxfy/ (D xfexh) = 12.542 mm
@Mn = 0.9 x As x fy x (d - a/2) = 98.899 kN-m > Mu = 42.167 kN-m
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. Shear Check
@Ve=0.75x%x1/6 xVfc'x Bxd = 172.416 kN > Vu = 108.764 kN

A No shear reinforcement is required

(2) Crack Check
. Calculation of stress
n = 8
X = -nAsb + nAs/b x [J{1+2bd/nAs}
= -8x860.00/1000 + 8 x 860.00 / 1000 x [ 1 + 2 x 1000 x 310.5/ (8 x 860.00 ) ]
= 58.845 -
fo = 2xMo/[Bxx x(d-x/3)
= 20 x 25045 /[ 1000 x 58845 x( 3105 - 58845 / 3 )] x 10
= 2926 MPa
fs = Mo/[Asx (d-x/3)]
= 25045 /[ 860.000 x( 3105 - 58.845 [/ 3 )] x 106
= 100.114 MPa
fst = fsx (H-d'-x)/(d-X) = 100 x (367 - 57 - 3) / (311 - 59) = 10011 MPa

. Maximum center space of reinforcement

Cc = 56.50-13.00/2 = 50.00 _

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 / fs) - 2.5 x Cc = 380x(280/100.11) - 2.5 x 50.00 = 937.79
300 x (280 / fs) = 300x(280/100.11) = 839.05

Sa = 839.05 Applying Minimum value
S =1,000/7 Ea=150.0 < Sa ( 839.05 mm) A OK
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2) Top Slab - Middle

(1) Section Design

(., Section specification and design condition

fo = 32 MPa fy = 420 MPa ki = 082

of = 0.90 ov = 0.75 d = 2135 mm

B = 1000 mm H = 300 mm d = 865 mm
My = 32.352 kN-m Vu = 0.000 kN Mo = 15.630 kN-m

- Check of Strength reduction factor (®)

a = 12542
BecauseT=C , ¢ = 12542 |/ pB1= 12542 / 0.821 = 15268 mm
ey = fy/Es = 420.000 / 200000 = 0.0021
g = 0.0030x (dt-c)/c = 0.003 x( 2135 - 15268 ) / 15.268
= 0.0390
et > 0.0050 Tension-controlled sections &f = 0.900
a=Asxfy/(Dxfexb) s (1)
AT TOFTYKYOYZT HNX UT
Mu/@zAsxfyx(d-a/Z) --------------- (2)
f2 My
y As? - fyxdxAs + =0 [0 Req.As = 406.865 %
2x0.85xfexb 0]
UseAs = D 183 @ 300 + D 13 @ 300 = 860.00 k ( 7 eam)

f. Evaluation of reinforcement

Pp = ki x @ x (felfy) x {600/(600 + f,)} - 103313
P = 0.75:-Pb = 0.0248t 4. A max = 5305.5 L
Pmin = max (1.4/fy,0.25[]fc'/fy) = 0.00337 g As min = 718.9 L
Puseq = 43 - Asreq/ (B-d) = 00025/ 4. Awmes = 5425 .
Pun = Min (Prin, Pasgreq) = 000254 4.  Asmn = 5425 .
P = As/(B-d) = 0.0040: 4. As min = 860.0 L
¢ 4/3xPreq<Puse<Pmax A OK
. Bending Check
a=Asxfy/ (D xfexb) = 12542  mm
@Mn =0.9 x As x fy x (d - &/2) = 67.366 kN-m > Mu = 32.352 kN-m
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. Shear Check
@Vc=0.75x 1/6 x \ fc' x B x d - 150.967 kN > Vu = 0.000 kN

A No shear reinforcement is required

(2) Crack Check

(1, Calculation of stress

n = 8
X = -nAs/b + nAs/b x [J{1+2bd/nAs}
= -8x860.00/1000 + 8 x 860.00 / 1000 x \/[ 1+2x1000x%213.5/(8x860.00)]
= 47.756 -
fo = 2xMo/[Bxy x(d-x/3)]
= 20 x 15630 /[ 1000 x 47756 x( 2135 - 4775 / 3 )] x 108
= 3313 MPa
fs = Mo/ [Asx (d-x/3)]
= 15630 /[ 860.000 x( 2135 - 4775 [/ 3 )] x 10°
= 91986 MPa
fst = fsx(H-d-x)/(d-X) = 92x(300-87-3)/(214 - 48) = 91.99 MPa

. Maximum center space of reinforcement

Cc = 56.50-13.00/2 = 80.00 _

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 / fs) - 2.5 x Cc = 380x(280/91.99)-2.5x80.00 = 956.70
300 x (280 / fs) = 300x(280/91.99) = 91318

Sa = 913.18 Applying Minimum value
S =1,000/7 Ea=150.0 < Sa ( 913.18 mm) A OK

(3) Deflection Check

- Boundary condition  : One-way Slab, Both ends continuous

- Span : L=4.900m

- Thickness : H=0.300 m

4 Tmn = L/28x(0.43+fy/700) = 4.9/28 % (0.43 + 420/ 700)
= 0180 m < H=0.300 m A OK

1-20
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3. Top Slab - At the end of middle Wall

(1) Section Design

(., Section specification and design condition

fo = 32 MPa fy = 420 MPa ki = 082
of = 0.90 ov = 0.75 d = 3105 mm
B = 1000 mm H = 367 mm d = 565 mm
My = 48.708 kN-m Vu = 120.801 kN Mo = 31.125 kN-m
- Check of Strength reduction factor (®)
a = 12542
Because T=C , € = 12542 | B1 = 12542 | 0.821 = 15.268 mm
ey = fyl/Es = 420.000 / 200000 = 0.0021
g = 0.0030 x (dt-c)/c = 0003 x(3105 - 15268 ) |/ 15.268
= 0.0580
et > 0.0050 Tension-controlled sections &f = 0.900
a=zAsxfy/(@xfexb) e )
ViD= Axtx(d-al2) 2 WILT TOITYKYOYZT HNX MLT
f2 My
y As? - fyxdxAs + = 0 [0 Req.As = 419370+
2x085xfexb %)
UseAs = D 13 @ 300 + D 13 @ 300 = 860.00 k 7 ea/m)
. Evaluation of reinforcement
Po = ki x @ x (fo/fy) x {600/(600 + fy)} = ).03313
P = 0.75:-Pb = 0.0248t 4. A max = 7715.9 -
Pmn = max(1.4/fy,0.25[fc /fy) = 000337 4. Ag min = 1045.5 -
Pazreq = 413 - Asreq/ (B-d) = 0.0018C 4. As 43req = 559.2 L
Pmin = Min (P, Pasareq) = 00018C 4. As min = 559.2 -
Pue = As/(B-d) = 000277 v Asmin = 860.0 -
4/3 x Preq < Puse < Pmax A O.K
. Bending Check
a=Asxfy/ (D xfexb) = 12.542 mm
@Mn =0.9 x As x fy x (d - a/2) = 98.899 kN-m > Mu = 48.708 kN-m
A OK
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TINA River Hydropower Development Project

. Shear Check
@Ve=0.75x%x1/6 xVfc'x Bxd = 172.416 kN > Vu = 120.801 kN

A No shear reinforcement is required

(2) Crack Check

(1, Calculation of stress

n = 8
X = -nAs/b + nAs/b x [J{1+2bd/nAs}
= -8x860.00/1000 + 8 x 860.00 / 1000 x \/[ 1+2x1000 % 310.5/(8x860.00)]
= 58.845 .
fo = 2xMo/[Bxy x(d-x/3)]
= 20 x 31125 /[ 1000 x 58845 x( 3105 - 58845 / 3 )] x 10°
= 3.637 MPa
fs = Mo/[Asx (d - x/3)]
= 31125 /[ 860.000 x( 3105 - 58845 [/ 3 )] x 10°
= 124.418 MPa
fst = fsx(H-d'-x)/(d-X) = 124X (367 - 57 - 4)/ (311 - 59) = 12442 MPa

. Maximum center space of reinforcement

Cc = 56.50-13.00/2 = 50.00 _

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 /fs) - 2.5 x Cc = 380 x(280/124.42)-2.5x50.00 = 730.18
300 x (280 / fs) = 300x(280/124.42) = 675.14

Sa = 67514 Applying Minimum value
S =1,000/7 Ea=150.0 < Sa ( 67514 mm) A OK
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1. Box Culvert

4. Wall - Top

(1) Section Design

(., Section specification and design condition

fo = 32 MPa fy = 420 MPa ki = 082
of = 0.90 Qv = 0.75 d = 3105 mm
B = 1000 mm H = 367 mm d = 565 mm
My = 46.940 kN:m Vu = 86.935 kN Mo = 28.625 kN-m
- Check of Strength reduction factor (®)
a = 12542
Because T=C , € = 12542 | B1 = 12542 | 0.821 = 15.268 mm
ey = fyl/Es = 420.000 / 200000 = 0.0021
g = 0.0030 x (dt-c)/c = 0003 x(3105 - 15268 ) |/ 15.268
= 0.0580
et > 0.0050 Tension-controlled sections &f = 0.900
a=zAsxfy/(@xfexb) e )
ViD= Axtx(d-al2) 2 WILT TOITYKYOYZT HNX MLT
f2 My
y As? - fyxdxAs + = 0 00 Req.As = 403.997 4
2x085xfexb %)
UseAs = D 13 @ 300 + D 13 @ 300 = 860.00 k 7 ea/m)
. Evaluation of reinforcement
Po = ki x @ x (fo/fy) x {600/(600 + fy)} = ).03313
P = 0.75:-Pb = 0.0248t 4. A max = 7715.9 -
Pmn = max(1.4/fy,0.25[fc /fy) = 000337 4. Ag min = 1045.5 -
Pazreq = 413 - Asreq/ (B-d) = 0.0017¢ 4. As 43req = 538.7 L
Pmin = Min (P, Pasareq) = 00017¢ 4. As min = 538.7 -
Pue = As/(B-d) = 000277 v Asmin = 860.0 -
¢ 4/3xPreq<Puse<Pmax A OK
. Bending Check
a=Asxfy/ (@ xfexb) = 12.542  mm
@Mn =0.9 x As x fy x (d - &/2) = 98.899 kN-m > Mu = 46.940 kN-m
A OK
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TINA River Hydropower Development Project

. Shear Check
@Vc=0.75x 1/6 x \ fc' x B x d = 172416 kN > Vu = 86.935 kN

A No shear reinforcement is required

(2) Crack Check

., Calculation of stress
n = 8
- nAs/b + nAs/b x [J{1+2bd/nAs}
= -8x860.00/1000 + 8 x 860.00 /1000 x \[ 1 + 2 x 1000 x 310.5/ (8 x 860.00 ) ]

X

= 58.845 -
fo = 2xMo/[Bxy x(d- x/3)]
= 20 x 28625 /[ 1000 x 58845 x(3105 - 58845 / 3 )] x 108
= 3.345 MPa
fs = Mo/[Asx(d- x/3)]
= 28625 /[ 860.000 x( 3105 - 58.845 /3 )] x 108

= 114.426 MPa
fst = fsx(H-d-x)/(d-X) = 114 x (367 - 57 - 3) / (311 - 59) = 11443 MPa

. Maximum center space of reinforcement

Cc = 56.50-13.00/2 = 50.00 ,

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 / fs) - 2.5 x Cc = 380x(280/114.43)-2.5x50.00 = 804.86
300 x (280 / fs) = 300x(280/114.43) = 734.10

Sa = 73410 Applying Minimum value
S =1,000/7 Ea=150.0 < Sa ( 73410 mm) A OK
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1. Box Culvert

5. Wall - Middle(In)

(1) Section Design

(., Section specification and design condition

fo = 32 MPa fy = 420 MPa ki = 082
of = 0.90 ov = 0.75 d = 2135 mm
B = 1000 mm H = 300 mm d = 865 mm
My = 1.206 kN-m Vu = 0.000 kN Mo = 0.000 kN-m
- Check of Strength reduction factor (®)
a = 6271
Because T=C , ¢ = 6271 [/ B1 = 6.271 /| 0.821 = 7.634 mm
ey = fyl/Es = 420.000 / 200000 = 0.0021
g = 0.0030x (dt-c)/c = 0003 x(2135 - 7634 ) | 7.634
= 0.0809
et > 0.0050 Tension-controlled sections &f = 0.900
a=Asxfy/(@xfexb) s 1)
Mo/@= Asxtyx(d-al2) e @ VLT TOTTYKYOYZT HMZ VT
f2 My
y As? - fyxdxAs + = 0 00 Req.As = 140564
2x085xfexb %)
UseAs = D 183 @ 600 + D 13 @ 600 = 430.00 I ( 3 eam)
. Evaluation of reinforcement
Po = ki x @ x (fo/fy) x {600/(600 + fy)} = ).03313
P = 0.75:-Pb = 0.0248t 4. A max = 5305.5 -
Pmn = max(1.4/fy,0.25[fc /fy) = 0.00337 . Ag min = 718.9 -
Pusreq = 413 - Asreq/ (B-d) = 0.0000¢ 4. As 43req = 19.9 L
P = min (Ppin, Pajzreq) = 0.0000¢ 4. As min = 19.9 -
P = As/(B-d) = 0.00201 4. As min = 430.0 =
¢ 413xPreq<Puse<Pmax A O.K
. Bending Check
a=Asxfy/ (D xfexDb) = 6.271 mm
@Mn = 0.9 x As x fy x (d - a/2) = 34193  kNm > Mu = 1.206 kN-m
A OK
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TINA River Hydropower Development Project

. Shear Check
@Vc=0.75x 1/6 x \ fc' x B x d - 150.967 kN > Vu = 0.000 kN

A No shear reinforcement is required

(2) Crack Check

(1, Calculation of stress

n = 8
X = -nAs/b + nAs/b x [J{1+2bd/nAs}
= -8x430.00/1000 + 8 x 430.00 / 1000 x \/[ 1+2x1000x%213.5/(8x%430.00)]
= 35.040 .
fo = 2xMo/[Bxy x(d-x/3)]
= 20 x 0.000 /[ 1000 x 35040 x( 2135 - 35040 / 3 )] x 10°
= 0.000 MPa
fs = Mo/[Asx (d - x/3)]
= 0.000 /[ 430.000 x( 2135 - 35040 / 3 )] x 10°
= 0.000 MPa
fst = fsx(H-d'-x)/(d-X) = 0x(300-87-0)/(214-35) = 0.00  MPa

. Maximum center space of reinforcement

Cc = 56.50-13.00/2 = 80.00

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 /fs) - 2.5 x Cc = 380x(280/0.00)-2.5x80.00 = 4.0E+17
300 x (280 / fs) = 300x(280/0.00) = 3.2E+17

Sa = 3.18E+17 Applying Minimum value

S =1,000/3 Ea=300.0 < Sa (  3.2E+17 mm) A OK
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1. Box Culvert

6. Wall - Middle(Out)

(1) Section Design

(., Section specification and design condition

fo = 32 MPa fy = 420 MPa ki = 082
of = 0.90 ov = 0.75 d = 2435 mm
B = 1000 mm H = 300 mm d = 565 mm
My = 11.081 kN-m Vu = 0.000 kN Mo = 7.231 kN-m
- Check of Strength reduction factor (®)
a = 6271
Because T=C , ¢ = 6271 [/ B1 = 6.271 /| 0.821 = 7.634 mm
ey = fyl/Es = 420.000 / 200000 = 0.0021
g = 0.0030x (dt-c)/c = 0003 x(2435 - 7634 ) | 7.634
= 0.0927
et > 0.0050 Tension-controlled sections &f = 0.900
a=Asxfy/(@xfexb) s 1)
Mo/@= Asxtyx(d-al2) e @ VLT TOTTYKYOYZT HMZ VT
f2 My
y As? - fyxdxAs + = 0 0 Req.As = 120.848
2x085xfexb %)
UseAs = D 13 @ 600 + D 13 @ 600 = 430.00 I 3 eam)
. Evaluation of reinforcement
Po = ki x @ x (fo/fy) x {600/(600 + fy)} = ).03313
P = 0.75:-Pb = 0.0248t 4. A max = 6051.0 -
Pmn = max(1.4/fy,0.25[fc /fy) = 0.00337 . Ag min = 819.9 -
Pusreq = 413 - Asreq/ (B-d) = 0.0006€ 4. As 43req = 161.1 L
P = min (Ppin, Pajzreq) = 0.0006€ 4. As min = 161.1 -
P = As/(B-d) = 0.00177 g As min = 430.0 =
¢ 413xPreq<Puse<Pmax A O.K
. Bending Check
a=Asxfy/ (D xfexDb) = 6.271 mm
@Mn = 0.9 x As x fy x (d - a/2) = 39069 kNm > Mu = 11.081  kN'm
A OK

1- 27



TINA River Hydropower Development Project

. Shear Check
@Vc=0.75x 1/6 x \ fc' x B x d - 172181 kN > Vu = 0.000 kN

A No shear reinforcement is required

(2) Crack Check

(1, Calculation of stress

n = 8
X = -nAs/b + nAs/b x [J{1+2bd/nAs}
= -8x430.00/1000 + 8 x 430.00/ 1000 x \[ 1 + 2 x 1000 x 243.5/ (8 x 430.00)]
= 37.634 .
fo = 2xMo/[Bxx x(d-x/3)
= 20 x 7231 /[ 1000 x 37.634 x( 2435 - 37634 [/ 3 )] x 10°
= 1664 MPa
fs = Mo/[Asx (d-X/3)]
= 7231 /[ 430000 x( 2435 - 37634 / 3 )] x 108
= 72811 MPa
fst = fsx(H-d'-x)/(d-x) = 73x(300-57-2)/ (244 - 38) = 72.81 MPa

. Maximum center space of reinforcement

Cc = 56.50-13.00/2 = 50.00

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 /fs) - 2.5 x Cc = 380x(280/72.81)-2.5x50.00 = 1336.31
300 x (280 / fs) = 300x(280/72.81) = 1153.67 .

Sa = 1153.67 Applying Minimum value
S =1,000/3 Ea=300.0 < Sa ( 1153.67 mm) A OK
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1. Box Culvert

7. Wall - Bottom

(1) Section Design

(., Section specification and design condition

fo = 32 MPa fy = 420 MPa ki = 082

of = 0.90 Qv = 0.75 d = 2435 mm

B = 1000 mm H = 300 mm d = 565 mm
My = 51.813 kN-m Vu = 99.170 kN Mo = 33.045 kN-m

- Check of Strength reduction factor (®)

a = 12542
BecauseT=C , ¢ = 12542 |/ pB1= 12542 / 0.821 = 15268 mm
ey = fy/Es = 420.000 / 200000 = 0.0021
g = 0.0030x (dt-c)/c = 0.003 x(2435 - 15268 ) |/ 15.268
= 0.0448
et > 0.0050 Tension-controlled sections &f = 0.900
a=Asxfy/(Dxfexb) s (1)
AT TOFTYKYOYZT HNX UT
Mi/@=Asxfyx(d-al2) = ceemeeeeen @)
f2 My
y As? - fyxdxAs + =0 [0 Req.As = 573341+
2x0.85xfexb 0]
UseAs = D 183 @ 300 + D 13 @ 300 = 860.00 k ( 7 eam)

f. Evaluation of reinforcement

Pp = ki x @ x (felfy) x {600/(600 + f,)} - 103313
P = 0.75:-Pb = 0.0248t 4. A max = 6051.0 L
Pmin = max (1.4/fy,0.25[]fc'/fy) = 0.00337 g As min = 819.9 L
Puseq = 43 - Asreq/ (B-d) = 000314 4. Awme = 7645 .
Pun = Min (Prin, Pasgreq) = 000314 4.  Asmn = 764.5 .
P = As/(B-d) = 0.0035: 4. As min = 860.0 L
¢ 4/3xPreq<Puse<Pmax A OK
. Bending Check
a=Asxfy/ (D xfexb) = 12542  mm
@Mn =0.9 x As x fy x (d - &/2) = 77.118 kN-m > Mu = 51.813 kN-m
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TINA River Hydropower Development Project

. Shear Check
@Vc=0.75x 1/6 x \ fc' x B x d - 172181 kN > Vu = 99.170 kN

A No shear reinforcement is required

(2) Crack Check

(1, Calculation of stress

n = 8

X = -nAsb + nAs/b x [J{1+2bd/nAs}
= -8x860.00/1000 + 8 x 860.00/ 1000 x \[ 1 + 2 x 1000 x 243.5/( 8 x 860.00) ]
= 51411 >

fo = 2xMo/[Bxy x(d-x/3)]
= 20 x 33045 /[ 1000 x 51411 x( 2435 - 51411 [/ 3 )] x 106
= 5679 MPa

fs = Mo/ [Asx (d - x/3)]
= 33.045 /[ 860.000 x( 2435 - 51411 / 3 )] x 10°
= 169.747 MPa

fst = fsx(H-d-x)/(d-X) = 170 x (300 -57 - 6) / (244 - 51) = 169.75 MPa

. Maximum center space of reinforcement

Cc = 56.50-13.00/2 = 50.00 ,

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 / fs) - 2.5 x Cc = 380x(280/169.75) - 2.5 x 50.00 = 501.82

300 x (280 / fs) = 300x(280/169.75) = 494.86

Sa = 494.86 Applying Minimum value
S =1,000/7 Ea=150.0 < Sa (49486 mm) A OK
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1. Box Culvert

8. Bottom Slab - At the end of the point

(1) Section Design

(., Section specification and design condition

fo = 32 MPa fy = 420 MPa ki = 082

of = 0.90 ov = 0.75 d = 2435 mm

B = 1000 mm H = 300 mm d = 565 mm
My = 50.129 kN-m Vu = 108.166 kN Mo = 31.759 kN-m

- Check of Strength reduction factor (®)

a = 12542
BecauseT=C , ¢ = 12542 |/ pB1= 12542 / 0.821 = 15268 mm
ey = fy/Es = 420.000 / 200000 = 0.0021
g = 0.0030x (dt-c)/c = 0.003 x(2435 - 15268 ) |/ 15.268
= 0.0448
et > 0.0050 Tension-controlled sections &f = 0.900
a=Asxfy/(Dxfexb) s (1)
AT TOFTYKYOYZT HNX UT
Mi/@=Asxfyx(d-al2) = ceemeeeeen @)
f2 My
y As? - fyxdxAs + =0 [0 Req.As = 554375+
2x0.85xfexb 0]
UseAs = D 183 @ 300 + D 13 @ 300 = 860.00 k ( 7 eam)

f. Evaluation of reinforcement

Pp = ki x @ x (fulfy) x {600/(600 + f,)} - 103313
P = 0.75:-Pb = 0.0248t 4. A max = 6051.0 L
Pmin = max (1.4/fy,0.25[]fc'/fy) = 0.00337 g As min = 819.9 L
Puseq = 43 - Asreq/ (B-d) = 000304 4.  Awmes = 7392 .
Pan = Min (Poin, Pasreq) = 000304 4.  Asmin = 7392
P = As/(B-d) = 0.0035: 4. As min = 860.0 L
¢ 4/3xPreq<Puse<Pmax A OK
. Bending Check
a=Asxfy/ (D xfexb) = 12542  mm
@Mn =0.9 x As x fy x (d - &/2) = 77.118 kN-m > Mu = 50.129 kN-m
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TINA River Hydropower Development Project

. Shear Check
@Ve=0.75x%x1/6 xVfc'x Bxd = 172.181 kN > Vu = 108.166 kN

A No shear reinforcement is required

(2) Crack Check

(1, Calculation of stress

n = 8
X = -nAs/b + nAs/b x [J{1+2bd/nAs}
= -8x860.00/1000 + 8 x 860.00 / 1000 x \/[ 1+2x1000 % 243.5/(8x860.00)]
= 51.411 -
fo = 2xMo/[Bxy x(d-x/3)]
= 20 x 31759 /[ 1000 x 51411 x( 2435 - 51411 / 3 )] x 106
= 5458 MPa
fs = Mo/[Asx (d - x/3)]
= 31759 /[ 860.000 x( 2435 - 51411 / 3 )] x 10°
= 163.140 MPa
fst = fsx(H-d'-x)/(d-X) = 163 x (300 -57 -5) /(244 - 51) = 16314 MPa

. Maximum center space of reinforcement

Cc = 56.50-13.00/2 = 50.00 _

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 /fs) - 2.5 x Cc = 380x(280/163.14)-2.5x50.00 = 527.20
300 x (280 / fs) = 300x(280/163.14) = 514.90

Sa = 51490 Applying Minimum value
S =1,000/7 Ea=150.0 < Sa ( 51490 mm) A OK
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1. Box Culvert

9. Bottom Slab - Middle

(1) Section Design

(., Section specification and design condition

fo = 32 MPa fy = 420 MPa ki = 082

of = 0.90 ov = 0.75 d = 2135 mm

B = 1000 mm H = 300 mm d = 865 mm
My = 43.177 kN-m Vu = 0.000 kN Mo = 25.328 kN-m

- Check of Strength reduction factor (®)

a = 12542
BecauseT=C , ¢ = 12542 |/ pB1= 12542 / 0.821 = 15268 mm
ey = fyl/Es = 420.000 / 200000 = 0.0021
g = 0.0030x (dt-c)/c = 0003 x(2135 - 15268 ) / 15.268
= 0.0390
et > 0.0050 Tension-controlled sections &f = 0.900
a=zAsxfy/(@xfexb) e (€h)
AT TOFTYKYOYZT HNX UT
Mu/@zAsxfyx(d-a/Z) --------------- (2)
f2 My
- As? - fyxdxAs# = 0 0O ReaAs = 545787~
2x0.85xfexb 0]
UseAs = D 183 @ 300 + D 13 @ 300 = 860.00 I ( 7 eam)

f. Evaluation of reinforcement

Pp = ki x @ x (felfy) x {600/(600 + f,)} - 103313
P = 0.75:-Pb = 0.0248t 4. A max = 5305.5 -
Pmin = max (1.4/fy,0.25[]fc'/fy) = 0.00337 g As min = 718.9 L
Puseq = 43 - Asreq/ (B-d) = 000341 4. Awmeg = 7277 i
Pan = Min (Poin, Pasreq) = 000337 4.  Asmin - 7189 "
Pee = As/(B-d) = 000405 4.  Asmin - 8600 -
¢ Pmin<Puse<Pmax A O.K
. Bending Check
a=Asxfy/ (D xfexb) = 12542 mm
@Mn = 0.9 x As x fy x (d - a/2) = 67366 kN'm > Mu= 43177  kN'm
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TINA River Hydropower Development Project

. Shear Check
@Vc=0.75x 1/6 x \ fc' x B x d - 150.967 kN > Vu = 0.000 kN

A No shear reinforcement is required

(2) Crack Check

(1, Calculation of stress

n = 8
X = -nAs/b + nAs/b x [J{1+2bd/nAs}
= -8x860.00/1000 + 8 x 860.00 / 1000 x \/[ 1+2x1000x%213.5/(8x860.00)]
= 47.756 -
fo = 2xMo/[Bxy x(d-x/3)]
= 20 x 25328 /[ 1000 x A47.756 x( 2135 - 47756 / 3 )] x 106
= 5369 MPa
fs = Mo/[Asx (d - x/3)]
= 25328 /[ 860.000 x( 2135 - 4775 [/ 3 )] x 10°
= 149.058 MPa
fst = fsx(H-d'-x)/(d-X) = 149 x (300 - 87 - 5) / (214 - 48) = 149.06 MPa

. Maximum center space of reinforcement

Cc = 56.50-13.00/2 = 80.00 _

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 /fs) - 2.5 x Cc = 380x(280/149.06)-2.5x80.00 = 51382
300 x (280 / fs) = 300x(280/149.06) = 563.54 |

Sa = 513.82 Applying Minimum value
S =1,000/7 Ea=150.0 < Sa ( 513.82 mm) A OK

(3) Deflection Check

- Boundary condition  : One-way Slab, Both ends continuous

- Span : L=4.900 m

- Thickness : H=0.300 m

4 Tmn = L/28x(0.43+fy/700) = 4.9/28 x (0.43 + 420/ 700)
= 0180 m < H=0.300m A OK
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1. Box Culvert

10. Bottom Slab - At the end of middle Wall

(1) Section Design

(. Section specification and design condition

fo = 32 MPa fy = 420 MPa ki = 082
of = 0.90 ov = 0.75 d = 2435 mm
B = 1000 mm H = 300 mm d = 565 mm
Mu = 57.005 kN-m Vu = 117.926 kN Mo = 37.147 kN-m
- Check of Strength reduction factor (®)
a = 12542
Because T=C , € = 12542 |/ B1 = 12542 | 0.821 = 15.268 mm
ey = fyl/Es = 420.000 / 200000 = 0.0021
g = 0.0030 x (dt-c)/c = 0.003 x(2435 - 15268 ) |/ 15.268
= 0.0448
et > 0.0050 Tension-controlled sections &f = 0.900
a=zAsxfy/(@xfexb) e )
Mol B= Axtx(d-al2) 2 WILT TOTTYKYOYZT HNZ WLT
f2 My
y As? - fyxdxAs + = 0 [0 Red.As = 631992+
2x085xfexb %)
UseAs = D 183 @ 300 + D 13 @ 300 = 860.00 I ( 7 eam)
. Evaluation of reinforcement
Po = ki x @ x (fo/fy) x {600/(600 + fy)} = ).03313
2 - = 0.75-Pb = 0.0248t 4. As max = 6051.0 L
Prin = max(1.4/fy,0.25[fc' /fy) = 0.00337 4. As min = 819.9 L
Pazreq = 413 - Asreq/ (B-d) = 0.0034€ 4. As 43req = 842.7 L
P i = min (Ppin, Pajzreq) = 0.00337 4. As min = 819.9 =
Ples = As/(B-d) = 0.0035: 4. As min = 860.0 =
¢ Pmin<Puse<Pmax A OK
. Bending Check
a=Asxfy/ (@ xfexb) = 12.542  mm
@Mn = 0.9 x As x fy x (d - a/2) = 77118  kN-m > Mu= 57005  kN-m
A OK
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TINA River Hydropower Development Project

. Shear Check
@Ve=0.75x%x1/6 xVfc'x Bxd = 172.181 kN > Vu = 117.926 kN

A No shear reinforcement is required

(2) Crack Check

(1, Calculation of stress

n = 8

X = -nAsb + nAs/b x [J{1+2bd/nAs}
= -8x860.00/1000 + 8 x 860.00/ 1000 x \[ 1 + 2 x 1000 x 243.5/( 8 x 860.00) ]
= 51411 >

fo = 2xMo/[Bxy x(d-x/3)]
= 20 x 37147 I[ 1000 x 51411 x( 2435 - 51411 /3 )] x 108
= 6.384 MPa

fs = Mo/ [Asx (d - x/3)]
= 37.147 /[ 860.000 x( 2435 - 51411 / 3 )] x 10°
= 190.820 MPa

fst = fsx(H-d-x)/(d-X) = 191 x (300 -57 - 6) / (244 - 51) = 190.82 MPa

. Maximum center space of reinforcement

Cc = 56.50-13.00/2 = 50.00 ,

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 / fs) - 2.5 x Cc = 380x(280/190.82) -2.5x50.00 = 43259

300 x (280 / fs) = 300x(280/190.82) = 440.21

Sa = 43259 Applying Minimum value
S =1,000/7 Ea=150.0 < Sa (43259 mm) A OK
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1. Box Culvert

11. Middle Wall - Top & Bottom

(1) Section Design

(., Section specification and design condition

fo = 32 MPa fy = 420 MPa ki = 082
of = 0.90 ov = 0.75 d = 2135 mm
B = 1000 mm H = 300 mm d = 865 mm
My = 0.000 kN-m Vu = 0.000 kN Mo = 0.000 kN-m
- Check of Strength reduction factor (®)
a = 6271
Because T=C , ¢ = 6271 [/ B1 = 6.271 /| 0.821 = 7.634 mm
ey = fyl/Es = 420.000 / 200000 = 0.0021
g = 0.0030x (dt-c)/c = 0003 x(2135 - 7634 ) | 7.634
= 0.0809
et > 0.0050 Tension-controlled sections &f = 0.900
a=Asxfy/(@xfexb) s 1)
Mo/@= Asxtyx(d-al2) e @ VLT TOTTYKYOYZT HMZ VT
f2 My
y As? . fyx d x As + = 0 [ Reqg.As = 0.000 3
2x085xfexb %)
UseAs = D 13 @ 600 + D 13 @ 600 = 430.00 I ( 3 eam)
. Evaluation of reinforcement
Po = ki x @ x (fo/fy) x {600/(600 + fy)} = ).03313
P = 0.75:-Pb = 0.0248t 4. A max = 5305.5 -
Pmn = max(1.4/fy,0.25[fc /fy) = 0.00337 . Ag min = 718.9 -
Pusreq = 413 - Asreq/ (B-d) = 0.0000C 4. As 43req = 0.0 L
P = min (Ppin, Pajzreq) = 0.0000C 4. As min = 0.0 -
P = As/(B-d) = 0.00201 4. As min = 430.0 =
¢ 4/3xPreq<Puse<Pmax A OK
. Bending Check
a=Asxfy/ (D xfexDb) = 6.271 mm
@Mn = 0.9 x As x fy x (d - a/2) = 34193  kNm > Mu = 0.000 kN-m
A OK
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. Shear Check
@Vc=0.75x 1/6 x \ fc' x B x d - 103.827 kN > Vu = 0.000 kN

A No shear reinforcement is required

(2) Crack Check

(1, Calculation of stress

n = 8
X = -nAs/b + nAs/b x [J{1+2bd/nAs}
= -8x430.00/1000 + 8 x 430.00/ 1000 x \[ 1 + 2 x 1000 x 213.5/( 8 x 430.00) ]
= 35.040 .
fo = 2xMo/[Bxy x(d-x/3)]
= 20 x 0.000 /[ 1000 x 35040 x( 2135 - 35040 / 3 )] x 10°
= 0.000 MPa
fs = Mo/[Asx (d - x/3)]
= 0.000 /[ 430.000 x( 2135 - 35040 / 3 )] x 10°
= 0.000 MPa
fst = fsx(H-d'-x)/(d-X) = 0x(300-87-0)/(214-35) = 0.00 MPa

. Maximum center space of reinforcement

Cc = 56.50-13.00/2 = 80.00 _

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 /fs) - 2.5 x Cc = 380x(280/0.00)-2.5x80.00 = 8.18E+14
300 x (280 / fs) = 300x(280/0.00) = 6.46E+14

Sa = 6.46125E+14 Applying Minimum value

S =1,000/3 Ea=300.0 < Sa ( 6.46125E+14 mm) A OK
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1.1.8 Distribution Reinforcement Check

1) Top Slab (H= 300 mm)
< As,min=(0.0018 x 420 /fy) x BxH = (0.0018 x 420/ 420) x 1000 x 300 = 5400
- The spacing of deformed shrinkage and temperature reinforcement shall not exceed
the lesser of 5h and 450mm. = 450 o
- Used As : Tension side D 13@ 200 = 645.0 .
Compression side D 13@ 200 = 645.0 .
[0 = 12900 > 5400 A OK
- Bar spacing : 200 . < 450 . A OK
2) Wall (H= 300 mm)
+As,min= (0.0018 x 420 /fy) x BxH = (0.0018 x 420/ 420) x 1000 x 300 = 5400 ¢
- The spacing of deformed shrinkage and temperature reinforcement shall not exceed
the lesser of 5h and 450mm. = 450 B
- Used As : Tension side D 13@ 200 = 6450
Compressionside D 13@ 200 = 645.0 .
[ = 12900 & > 5400 r A OK
- Bar spacing : 200 - < 450 A OK

3) Bottom Slab (H= 300 mm)
- As, min=(0.0018 x 420 /fy) x Bx H = (0.0018 x 420/ 420) x 1000 x 300 = 5400 ¢

- The spacing of deformed shrinkage and temperature reinforcement shall not exceed

the lesser of 5h and 450mm. = 450 B
- Used As : Tension side D 13@ 200 = 6450
Compression side D 13@ 200 = 645.0 .
[0 = 12900 > 540.0 A oK
- Bar spacing : 200 . < 450 A OK
4) Middle Wall (H= 300 mm)
- As, min=(0.0018 x 420 /fy) x Bx H = (0.0018 x 420/ 420) x 1000 x 300 = 540.0 ¢
- The spacing of deformed shrinkage and temperature reinforcement shall not exceed
the lesser of 5h and 450mm. = 450 .
- Used As : Tension side D 13@ 200 = 6450
Compressionside D 13@ 200 = 6450
0 = 12900 & > 540.0 k A OK
- Bar spacing : 200 . < 450 A OK
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1.1.9 Corner Design

1) Top slab Cheak

M,
R
X
W
0y
ft.max
0.13 DOfc
al = 300 mm fi max
a2 = 200 mm
bl = 300 mm
b2 = 200 mm
2) Bottom slab Cheak
X Y M,
| R
/\ w
. —e
) 54
/ —e fimax
D¢
(S _ 1| o130t
al = 300 mm fi max
a2 = 0 mm
1 =
b 300 mm As
b2 = 0 mm
fa = 180 MPa
Use As :

(Main Reinforcment) D 13 -

28.625 kN-m
a2-b2+b2-al+a2-bl
x ]2 = 5657 mm
a2+b2
1000 mm
5-Mo 5 x 28.625 x 106
= = 0.447 MPa
R2.w 565.72 x 1000
0.735 MPa
0.447 < 0.13+fc' = 0.735 A No reinforcement is requireds
33.045 kN-m
f(@lz + a2 = 4243 mm
1000 mm
5-Mo 5 x 33.045 x 10"6
= = 0.918 MPa
R2.w 424,32 x 1000
0.735 MPa
0.918 > 0.13+fc' = 0.735 A Need reinforcements
2-Mo . A
_ 2 x 33.045 x 10”6 - 8653 o
R-fsa 424.3 x 180
D 13 - 1 ea ctc 150 = 860.0 =1
1 ea ctce 300 = 430.0 =
As =1290 4 <  Asreq=865.3 9 A OK
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1.2 Box Culvert 1 (STA.2+423.00) skew
]

2@2.7x2.00
FH=1.25m [SI UNIT]


mailto:2@2.7x2.00

1. Box Culvert

1.2.1 Design Conditions

This calculation covers the skewed end part of culvert.

1) General Items
(1) Type of Culvert : 2 Box
(2) width (w) : 2 @ 27 m
(3) Height (h) : 200 m
(4) Underground Water Level : GL  -1.000 m

2) Design Material

(1) Concrete
£ Compressive Strength ;o fet = 32 MPa
r Modulus of Elasticity . Ec = 26587 MPa

(2) Reinforcement bar
> Yield Strength . fy = 420 MPa
<> Modulus of Elasticity . Es = 200000 MPa

3) Material weight

(1) Reinforced Concrete - wec = 25.00 kN/m3

(2) plain concrete :yen = 2350  kN/m3

(3) Pavement cyasp = 23.00 kN/m3

(4) Subterranean : yw = 10.00 kN/m3
4) Soil

(1) Wet Unit Weight : oyt = 19.00  kN/m3

(2) Submerged Unit Weight :ysub = 10.00  kN/m3

(3) angle of internal friction ©ocp = 28.00 0

(4) coefficient of earth pressure atrest  : Ko = 1-sincD = 0.500
5) Live Load

Structure is to be designed by SM1600 traffic design loads in accordance with AS 5100.2

6) Method of Design
(1) Evaluation of stability . Allowable Strength Method
(2) Design of Cross Section . Ultimate Strength Design

7) Program (S/W)
- SAP2000 (Structure Analysis Program)

8) Reference
(1) American Concrete Institute - Code for the design of concrete structure, USA
(2) AS 3600 Concrete structures / 5100 Bridge design - Australian Standard
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1.2.2 Section Assumption

Pavement(T= 0 m)
Z3Z SN ZSN
- GL 1.000 m
Yo}
N
i
o
o
RCIY S—
200 x 200 200 x 200 d
o o
o o
© o
[N I3\
o —
o
o™
[ ]
o
s a4 L
. . 2.692 4404, 2.692 . .
100 | 404 404 | 100
6.596

_ Skew Box Culvert
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1. Box Culvert

1.2.3 Stability Check

1) Load Summary and combinations

(1) Load Summary

Type Calculation Load(kN)
Paverment(DC) 0.000 X 6.596 X 23.0 0.000
Vertical grg'fnzx\:\f;ter 1250 x 6596 x 190 156.655
earm ; .000 x 19.0 + 0.250 X 10.0 )
prt(éé\s/l)ﬂe groulfl)c(ilf/cater ( 1 141814
X 6.596
Ground Water(WA") 0.250 X 6.596 X 10.0 16.490
Sub Total Surcharge Load for Bouyancy Check 158.304
Top 0.300 X 6.596 X 25.0 49.470
Slab(DC)
Bottom 0.300 X 6.596 X 25.0 49.470
Left 0.404 X 2.000 X 25.0 20.200
Wall(DC) Right 0.404 X 2.000 X 25.0 20.200
Inner 0.404 X 2.000 X 25.0 20.200
Hunch(DC) 0.200 X 0.200 / 2 X 25.0 X 4 EA 2.000
Sub Total Surcharge Load for Bouyancy Check 161.540
2) Bouyancy Check
(1) After construction (Ground water Level :GL- 1.00 m)
- Total Load for Bouyancy Check : 319.844 kN
- Uplife force : 6.596  x( 3.850 - 1.000 )X 10.0 kN/O = 187.986 kN
- Safety factor = 1.25
OFS= 319.844 |/ 187.986 = 1.701 > 1.25 - 0.K
(2) Under construction (Assumed Ground water Level :GL- 3.000 m)
- Total Load for Bouyancy Check :
161.540 +( 0.000 X 6.596 X 10.000 kN/O ) = 161.540 kN
- Uplife force : 6.596 X( 3.850 - 3.000 )X 10.0 kN/O = 56.066 kN
- Safety factor = 11
OFS= 161.540 / 56.066 = 2.881 > 11 - 0.K

A Ground water level should not exceed GL- 3.000m
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3) Allowable vertical bearing capacity check

(1) Load
- Dead load
- Self weight of Structure = 161540 / 6596 = 24491 KkN/m2
- Vertical earth pressure = 156.655 / 6.596 = 23.750 kN/m2 (No exist ground water)
- Live load = 0.000 kN/m2 (Referto 1.1.4.2)

- Water load in Culvrt 2.000 g 10.000 = 20.000 KkN/m2

(2) Allowable vertical bearing capacity

-Qmax = 68.241  kN/m2
-Qa = 337.500 KkN/m2 (Referto Geotechnic Report)
O Qa= 337.500 kN/O > Qmax= 68.241 kN/O - 0K
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1. Box Culvert

1.2.4 Load and Combination

1) Dead Load
(1) Self weight

(2) Vertical earth pressure

- No exist ground water

Automatic consideration in program

TYPE Depth (m) Unit weight (kN/..) Load (kN/m2)
Pavement 0.000 23.000 1.000 x 0.000 x 23.000 = 0.000
Vertical earth pressure 1.250 19.000 1.000 x 1.250 x 19.000 = 23.750
0 1.250 Psv = 23.750 kN/m2
- Exist ground water
TYPE Depth (m) Unit weight (kN/..) Load (kN/m2)
Pavement 0.000 23.000 1.000 x 0.000 x 23.000 = 0.000
1.000 19.000 1.000 x 1.000 x 19.000 = 19.000
Vertical earth pressure
0.250 10.000 1.000 x 0.250 x 10.000 = 2.500
B 1.250 Psvh = 21.500 kN/m2
2) Lateral Earth Pressure
4 coefficient of earth pressure atrest : Ko =1 -sin30 = 0.500

- No exist ground water

Hi

X X X X X

19.0
19.0
19.0
19.0
19.0

+ Ysub

+19 x 1.000 + 10 x 0.250)

P =k x Y x H
Pg1 =
+ 19 x 1.250)
Py, = 11875 +  0.500
Pys = 13300 + 0.500
Psys = 16.625 +  0.500
Psys = 25175 +  0.500
Psws = 33.725 + 0.500
- Exist ground water
P = ko x ( W X
Pshpr =
P = 10750 +  0.500
Pshy = 11500 +  0.500
Py = 13250 +  0.500
Pgs = 17750 +  0.500
Pswe = 22250 +  0.500

X

X X X X

10.0
10.0
10.0
10.0
10.0

0.500 x (23 x 0.000 + 23 x 0.000 + 20 x 0.000 + 20 x 0.000

11.875 kN/m2

x  0.150 = 13.300 kN/m2
x  0.350 = 16.625 kN/m2
x  0.900 = 25.175KkN/m2
x  0.900 = 33.725kN/m2
x  0.150 = 35.150 kN/m2
X Hx )

0.500 x (23 x 0.000 + 23 x 0.000 + 20 x 0.000 + 20 x 0.000

10.750 kN/m2

x  0.150 = 11.500 kN/m2
x  0.350 = 13.250 kN/m2
x  0.900 = 17.750 KN/m2
x  0.900 = 22.250 kN/m2
x  0.150 = 23.000 kN/m2
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3) Ground Water Load

1) Horizontal ground Water Pressure

Pih = Y x H
Puwa = 10.0 x  0.250 = 2.500 kN/m2
Pw2 = 2.500 + 10.0 x  0.150 = 4.000 kN/m2
Pus = 4.000 + 10.0 x  0.350 = 7.500 kN/m2
Pwa = 7.500 + 10.0 x  0.900 = 16.500 kN/m2
Pus = 16.500 + 10.0 x  0.900 = 25.500 kN/m2
Puws = 25500 + 10.0 x  0.150 = 27.000 kN/m2
2) Vertical ground Water Pressure
-Top Slab : Pwi = 10.0 x  0.250 = 2.500 kN/m2
-Bottom Slab : Pwe = 10.0 x  2.850 = 28.500 kN/m2
4) Load Combination
(1) Ultimate Load
oEA0 | o2 | oo | WVE | son | son | son | WATER | warer
COMB 1 1.40 1.40
COMB 2 1.20 1.60 1.60 1.60 1.60
COMB 3 1.20 1.60 1.60 1.60 0.90
COMB 4 0.90 0.90 0.00
COMB 5 1.40 1.40 1.40
COMB 6 1.20 1.60 1.60 1.60 1.60 1.60 1.60
COMB 7 1.20 1.60 1.60 1.60 0.90 0.90 1.60
COMB 8 0.90 0.90 0.00 0.00 0.00
COMB 9 1.20 1.00 1.00
COMB 10: 0.90 0.90 0.80
COMB 111 0.90 0.90 0.00 0.00 0.00
(2) Service Load
oEA0 | o2 | oo | WVE | son | son | son | WATER | warer
SCOMB 1: 1.00 1.000 1.00 1.00 1.00
SCOMB 2: 1.00 1.000 1.00 1.00 0.56
SCOMB 3 1.00 1.000 0.00
SCOMB 41 1.00 1.000 1.00 1.00 1.00 1.00 1.000
SCOMB 51 1.00 1.000 1.00 1.00 0.56 0.56 1.000
SCOMB 6; 1.00 1.000 0.00 0.00 0.00
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1. Box Culvert

1.2.5 Modeling & Loading

2.300

1) Analysis Model

.
W 2 T 2 I 2 3 2 2 71 P2 21 S

5 Y[ b Y] yA ' Al 7X Yy 7z V7|

i

*— b X] s X [

!

« 0

é b X0\ I_’ ¢ X *YX

3 D

®

N

*-— | * xX»

:

ol l l l N E l ] D [w] [=] [x]
X Y z [ \ 1 ~ > W XX XY Xz
0.2021 4@0.673=2.692 ‘ 0.20210 202 4@0.673=2.692 0.202

6.192

YY
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(1) Node
(Unit: m)
Node X z Section Node X z Section
1 0.202 0.150 19 3.298 2.100 Middle Wall
2 0.404 0.150 20 6.394 0.300
3 1.077 0.150 21 6.394 1.200 Right
Wall
4 1.750 0.150 22 6.394 2.100
5 2.423 0.150 23 0.202 2.450
6 3.096 0.150 24 0.604 2.450
7 3.298 0.150 Bottom 25 1177 2.450
Slab
8 3.500 0.150 26 1.750 2.450
9 4173 0.150 27 2.323 2.450
10 4.846 0.150 28 2.896 2.450
11 5519 0.150 29 3.298 2.450 Top
Slab
12 6.192 0.150 30 3.700 2.450
13 6.394 0.150 31 4273 2.450
14 0.202 0.300 32 4.846 2.450
15 0.202 1.200 Left 33 5.419 2.450
Wall
16 0.202 2.100 34 5.992 2.450
17 3.298 0.300 Middle 35 6.394 2.450
18 3.298 1.200 Wall
(2) Section
NO. H(m) B(m) A(M?) I(m*) Node Section
1 0.300 1.000 0.300 0.002250 2~5,8~11 Bottom Slab
2 0.404 1.000 0.404 0.005495 14~15 Left Wall
3 0.404 1.000 0.404 0.005495 18~19 Middle Wall
4 0.404 1.000 0.404 0.005495 22~23 Right Wall
5 0.300 1.000 0.300 0.002250 26~29 ,32~35 Top Slab
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1. Box Culvert

2) Coefficient of subgrade reaction

(1) Vertical coefficient of subgrade reaction (Kv)

Kv =Kvo (Bv/0.3)%*

kvo = 1/0.3 xaxEo

Eo : the modulus of subgrade elasticity (kN/m2)

a : correction factor for calculating Eo

Eo = 7000 kN/m2 (Refer to Geotechnic Report)
a = 4
Kvo = 1/03xaxEo = 1/03 x 4 x 7000 = 93333333 KN/
B = A - B x B -|660 x 660 - 6506
Kv = Kvo (Bv/0.3)%
= 93333333 x ( 6.59 /03 )3 = 9192.2 KN/.
. Longitudinal Coefficient OT
Joint No. Kv Lateral Length (m) Length (m) Area (m?) subgrade reaction
(kN/m)
1,13 9192.200 0.3030 1.0000 0.3030 2785.2
2,12 9192.200 0.4375 1.0000 0.4375 4021.6
3~5,9~11 9192.200 0.6730 1.0000 0.6730 6186.4
6,8 9192.200 0.4375 1.0000 0.4375 4021.6
7 9192.200 0.2020 1.0000 0.2020 1856.8

(2) Horizontal coefficient of subgrade reaction (Kh)

kh = Infinite rigidity = 1.0E+10 kN/m
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3) Loading
(1) LOAD-1 : Self weight - Automatic consideration in program

(2) LOAD-2,3 : Vertical earth pressure
Psvh= 21.500 kN/m2 ( Exist ground water )
Psv=23.750 kN/m2 ( No exist ground water)

NN NENENENN

Psh2= 13.300 kN/m2
Psh3= 16.625 kN/m2

Psh4= 25.175 kN/m2

Psh5= 33.725 kN/m2
Psh6= 35.150 kN/m2

(4) LOAD-7 : Horizontal Earth Pressure (Ground Water)

Psh2'= 11.500 kN/m2
Psh3'= 13.250 kN/m2

Psh4'= 17.750 kKN/m2

Psh5'= 22.250 kN/m2
Psh6'= 23.000 kN/m2

L]

L]

[ ]

L]

L]

Psh2= 13.300 kN/m2
Psh3= 16.625 kN/m2

Psh4= 25.175 kN/m2

Psh5= 33.725 kN/m2
Psh6= 35.150 kN/m2

Psh2'= 11.500 kN/m2
Psh3'= 13.250 kN/m2

Psh4'= 17.750 kN/m2

Psh5'= 22.250 kN/m2
Psh6'= 23.000 kN/m2
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1. Box Culvert

(5) LOAD-8 : Ground Water Pressure

Pwh2= 4.000 kN/m2
Pwh3= 7.500 kN/m2

Pwh4= 16.500 kN/m2

Pwh5= 25.500 kN/m2
Pwh6= 27.000 kN/m2

Pwv1= 2.500 kN/m2

[T111]

Pwv2= 28.500 kN/m2

Pwh2= 4.000 kN/m2
Pwh3= 7.500 kN/m2

Pwh4= 16.500 kN/m2

Pwh5= 25.500 kN/m2
Pwh6= 27.000 kN/m2
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1.2.6 Summary of Analysis Results

1) B.M.D (Ultimate Load) - Unit : KN.m

2) S.F.D (Ultimate Load) - Unit : kN

g
:‘\
e =
]

—

‘L\_-“l
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1. Box Culvert

3) B.M.D (Service Load) - Unit : kN.m

3 A Eihr .
T I T ~
; .__'.'..i._r_’,‘r:,‘?‘ I _T_;;’q._!—.i..._'*_l;i'*_,‘—‘k;.._‘::—.__'.—__f(}.*f__f"ﬁ’}‘.*-‘,
-12.48 Sl = S S P = A
3 ’;-\:l ‘ . . B3 o
Y . .
1. 1. A0
. L
NT : I
kg . * |45
o g — e : . . I | )
7{5?1 e . - o« o I ‘l P e <
g _‘ ﬂ : PE zz;
4) Summary
Division Mu(kN-m)[ Vu(kN) | Mo(kN-m)| H(mm)| d(mm)| OMn(kN-m) Bar SIF
End of the point(-) 19.682 52.070 6.863 367 |284.5| 90.447 |D13 @ 150 4.60
;I‘;E Middle(+) 27.281 | 0000 | 14.410 | 300 |187.5| 58.914 |D13 @ 150| 2.16
End of Middle Wall(-)| 54.120 84.773 33.431 367 | 2845 90.447 |Di3 @ 150| 1.67
Top(-) 23.748 42.030 12.601 471 |414.5| 132.707 | D13 @ 150 5.59
Middle(+) 5.858 0.000 0.599 404 |(317.5| 51.097 |D13 @ 300[ 8.72
Wall
Middle(-) 8.170 0.000 5.676 404 |347.5| 55.973 |D13 @ 300| 6.85
Bottom(-) 36.487 64.055 24.072 404 |347.5| 110.927 | D13 @ 150| 3.04
Middle
Wall Top y Bottom(-) 0.000 0.000 0.000 404 |317.5| 51.097 |D13 @ 300
End of the point(-) 31.353 66.591 19.245 | 300 |217.5| 68.666 |[D13 @ 150| 2.19
Bgf;%m Middle(+) 30704 | 0000 | 18719 | 300 |187.5| 58.914 |p13 @ 150 1.92
End of Middle Wall(-)| 59.071 88.493 36.547 300 [217.5| 68.666 |D13 @ 150| 1.16
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1.2.7 Section Design

1) Top Slab - At the end of the point

(1) Section Design

M, Section specification and design condition

fo = 32 MPa fy = 420 MPa ki = 082
of = 0.90 Oov = 0.75 d = 2845 mm
B = 1000 mm H = 367 mm d = 825 mnm
My = 19.682 kN-m Vy = 52.070 kN Mo = 6.863 kN-m
- Check of Strength reduction factor (cD)
a = 12542
Because T=C , ¢ = 12542 |/ @l= 12542 | 0.821 = 15268 mm
Ey = fy/Es = 420.000 / 200000 = 0.0021
Et = 0.0030x (dt-c)/c = 0.003 x(2845 - 15268 ) |/ 15.268
= 0.0529
Et > 0.0050 Tension-controlled sections <If = 0.900
a=Asxfy/(0Oxfexb) o 1)
My/0= Asxfyx(d-a/2) = e ) VLT TOTTYKYOYZT 2 VLT
f2 M,
Y As? - fyxdxAs + =0 [0 Reqg.As = 183.940 4
2x0.85xfexb 0
UseAs = D 13 @ 300 + D 13 @ 300 = 860.00 k ( 7 eam)
. Evaluation of reinforcement
Po = ki x 0 x (fo/fy) x {600/(600 + f,)} = 1.03313
Pwx = 0.75-Pb = 002485 4. Asmax = 7069.8
Pmn = max(1.4/fy,025[fc/fy) = 000337 4. Asmin = 958.0
Puseq = 43 Asreq/ (B-d) = 000086 v  Asuseq = 245.3
Pon = Min ( Prin, Paareq) = 00008 4.  Asmn = 245.3
Pwee = As/(B-d) = 00030 v Asmn = 860.0
¢ 413 xPreqsPusesPmax A 0.K
. Bending Check
a=Asxfy/(0xfexb) = 12.542 mm
OMn = 0.9 x As x fy x (d - a/2) = 90.447 kN-m > Mu = 19.682 kN-m
A 0K
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f. Shear Check
OVe = 0.75 x 1/6 x < fc x B x d - 154031 kN > Vu = 52070 kN

A No shear reinforcement is required

(2) Crack Check
. Calculation of stress
n = 8
X = -nAsb + nAgdb x [{1+2bd/nAs}
= -8x860.00/1000 + 8 x 860.00 / 1000 x V[ 1 + 2 x 1000 x 284.5/ ( 8 x 860.00 ) ]
= 56.065 >
fo = 2XMo/[Bxx x(d-x/3)]
= 20 x 6863 /[ 1000 x 56.065 x( 2845 - 56.065 / 3 )] x 10°
= 0921 MPa
fs = Mo/ [Asx (d-x/3)]
= 6.863 /[ 860.000 x( 2845 - 56.065 /3 )] x 10°
= 30.024 MPa
fst = fsx(H-d-x)/(d-X) = 30x(367-83-1)/(285 - 56) = 3002 MPa

. Maximum center space of reinforcement

Cc = 82.50-13.00/2 = 76.00

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 / fs) - 2.5 x Cc = 380x(280/30.02)-2.5x76.00 = 3353.87
300 x (280 / fs) = 300 x (280/30.02) = 2797.79

Sa = 2797.79 Applying Minimum value

S =1,000/7 Ea=150.0 < Sa ( 2797.79 mm) A 0K
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2) Top Slab - Middle

(1) Section Design

M, Section specification and design condition

fo = 32 MPa fy = 420 MPa kp, = 0.82
of = 0.90 Ov = 0.75 d = 1875 mm
B = 1000 mm H = 300 mm d = 1125 mm
My = 27.281 kN-m Vu = 0.000 kN Mo = 14.410 kN-m
- Check of Strength reduction factor (cD)
a = 12542
Because T=C , ¢ = 12542 |/ @l= 12542 | 0.821 = 15268 mm
Ey = fy/Es = 420.000 / 200000 = 0.0021
Et = 0.0030x (dt-c)/c = 0.003 x (1875 - 15268 ) |/ 15.268
= 0.0338
Et > 0.0050 Tension-controlled sections <If = 0.900
a=Asxfy/(0Oxfexb) s 1)
My/0= Asxfyx(d-al/2) = e ) VILT TOTTYKYOYZT 2 LT
f2 M,
y As? - fyxdxAs o+ = 0 [0 Req.As = 391220
2x0.85xfexb 0
UseAs = D 13 @ 300 + D 13 @ 300 = 860.00 k ( 7 eam)
r. Evaluation of reinforcement
Po = ki x 0 x (fo/fy) x {600/(600 + f,)} = 1.03313
Pmax = 0.75-Pb = 002485 4. Asma = 4659.4 .
Pmn = max(1.4/fy,0.250fc /fy) = 0.00337 . As min = 631.3 k
Puseq = 43 Asreq/ (Bd) = 00027€ 4. Asuseq = 521.6 -
Pon = Min ( Prin Paareq) = 00027€ 4.  Asmn = 521.6 -
Pwee = As/(B-d) = 0.0045¢ 4. Asmn = 860.0 -
¢ 4I3xPreqsPusesPmax A 0K
. Bending Check
a=Asxfy/(0xfexDb) = 12.542 mm
OMn = 0.9 x As x fy x (d - a/2) = 58.914 kN-m > Mu = 27.281 kN-m
A 0.K

1- 56



1. Box Culvert

. Shear Check
OVe =0.75x 1/6 x v fc' x B x d = 132583 kN > Vu = 0000 kN

A No shear reinforcement is required

(2) Crack Check
. Calculation of stress
n = 8
- nAg/b + nAg/b x [I{1+2bd/nAs}

X
= -8x860.00/1000 + 8 x 860.00 / 1000 x v[ 1 + 2 x 1000 x 187.5/ ( 8 x 860.00 ) ]
= 44.378 .

fo = 2xMo/[Bxx x(d-x/3)]
= 20 x 14410 /[ 1000 x 44378 x( 1875 - 44.378 /3 )]
= 3.760 MPa

fs = Mo/ [Asx (d-x/3)]
= 14410 /[ 860.000 x( 1875 - 44378 / 3 )] x 10°
= 97.021 MPa

fst = fsx(H-d -x)/(d-x) = 97 x (300 - 113 - 4) / (188 - 44) = 97.02

. Maximum center space of reinforcement

Cc= 8250-13.00/2 = 106.00 .

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 / fs) - 2.5 x Cc = 380x(280/97.02)-2.5x106.00 = 831.67
300 x (280 / fs) = 300x(280/97.02) = 865.79

Sa = 83167 Applying Minimum value

S =1,000/7 Ea=150.0 < Sa ( 831.67 mm) A 0K

(3) Deflection Check

- Boundary condition : One-way Slab, Both ends continuous

- Span : L=6.596 m

- Thickness : H=0.300m

4 Tmin = L/28x(0.43 + fy/700) = 6.596 /28 x(0.43 + 420/ 700)
= 0.243 m < H=0.300 m A 0K

10°

MPa

-

-
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TINA River Hydropower Development Project

3. Top Slab - At the end of middle Wall

(1) Section Design

M, Section specification and design condition

fo = 32 MPa fy = 420 MPa ki = 082
of = 0.90 Ov = 0.75 d = 2845 mm
B = 1000 mm H = 367 mm d = 825 mnm
My = 54.120 kN-m Vo = 84.773 kN Mo = 33.431 kN-m
- Check of Strength reduction factor (cD)
a = 12542
Because T=C , ¢ = 12542 | @l= 12542 | 0821 = 15268 mm
Ey = fy/Es = 420.000 / 200000 = 0.0021
Et = 0.0030x (dt-c)/c = 0.003 x(2845 - 15268 ) |/ 15.268
= 0.0529
Et > 0.0050 Tension-controlled sections <If = 0.900
a=Asxfy/(0Oxfexb) o 1)
My/0= Asxfyx(d-a/2) = e ) VLT TOTTYYOYZT i LT
f2 M,
y As? - fyxdxAs + = 0 O Req.As = 510.321 =
2x0.85xfexb 0]
UseAs = D 13 @ 300 + D 183 @ 300 = 860.00 k ( 7 eam)
r. Evaluation of reinforcement
Py = ki x 0 x (fc/fy) x {600/(600 + f,)} = 1.03313
Prax = 0.75-Pb = 00248 4.  Asma = 7069.8 .
Pmn = max(14/fy,0.25[fc/fy) = 000337 4.  Asmn = 958.0 -
Pagreq = 43 - Asreq/ (B-d) = 0.0023¢ 4. As a13req = 680.4 -
Pumin = min ( Ppin, Pasareq) = 0.0023¢ 4. As min = 680.4 -
Plies = As/ (B-d) = 0.0030z  4,. AN = 860.0 =
4/3 x Preq s Puse s Pmax A 0.K
. Bending Check
a=Asxf,/(0xfexb) = 12.542 mm
OMn =0.9 x As x fy x (d - a/2) = 90.447 kN-m > Mu = 54.120 kN-m
A 0.K
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1. Box Culvert

. Shear Check
OVc=0.75x1/6 x v fc' x B xd - 154.031 kN > Vu = 84.773 kN

A No shear reinforcement is required

(2) Crack Check
. Calculation of stress
n = 8
X = -nAsb + nAdb x [{1+2bd/nAs}
= -8x860.00/1000 + 8 x 860.00 / 1000 x V[ 1 + 2 x 1000 x 284.5/ ( 8 x 860.00 ) ]

= 56.065 o
fo = 2XMo/[Bxx x(d-x/3)]

= 20 x 33431 /[ 1000 x 56.065 x( 2845 - 56065 [/ 3 )] x 10°
= 4,487 MPa

fo = Mo/[Asx (d - x/3)]
= 33431 /[ 860.000 x( 2845 - 56065 / 3 )] x 10°
= 146.243 MPa

fst = fsx(H-d-x)/(d-x) = 146 x (367 - 83 - 4) / (285 - 56) = 14624 MPa

., Maximum center space of reinforcement

Cc = 82.50-13.00/2 = 76.00

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 /fs) - 2.5 x Cc = 380x(280/146.24)-2.5x76.00 = 537.56
300 x (280 / fs) = 300 x (280/146.24) = 574.39

Sa = 53756 _ Applying Minimum value

S =1,000/7 Ea = 150.0 < Sa( 53756 mm) A 0K
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TINA River Hydropower Development Project

4. Wall - Top

(1) Section Design

M, Section specification and design condition

fo = 32 MPa fy = 420 MPa ki = 082

of = 0.90 Ov = 0.75 d = 4145 mm

B = 1000 mm H = 471 mm d = 565 mnm

My = 23.748 kN-m Vo = 42.030 kN Mo = 12.601 kN-m

- Check of Strength reduction factor (cD)

a = 12542
Because T=C , ¢ = 12542 | @l= 12542 | 0821 = 15268 mm
Ey = fy/Es = 420.000 / 200000 = 0.0021
Et = 0.0030 x(dt-c)/c = 0.003 x( 4145 - 15268 ) / 15.268
= 0.0784
Et > 0.0050 Tension-controlled sections <If = 0.900
a=Asxfy/(0Oxfexb) s D
NOLT TOTTYKYOYZT HMX UO.T
Mu/0= Asxfyx(d-a/2) = e @)
f? M,
y As? - fyxdxAs + = 0 [0 Req.As = 152002
2x0.85xfexb 0
UseAs = D 13 @ 300 + D 18 @ 300 = 860.00 k ( 7 eam)
. Evaluation of reinforcement
Py = ki x 0 x (fe/fy) x {600/(600 + f,)} = ).03313
[Pl = 0.75- Pb S 0.0248: 4. A e = 10300.3 -
Pmin = max ( 1.4/ fy ,0.25 D fc'/ fy) = 0.00337 A As,min = 1395.7 [N
Pagreq = 4/3 - Asreq / (B-d) = 0.0004¢ 4. As 4s3req = 202.7 b
Prmin = min ( Prin,s P4l3req) = 0.0004¢ A As min = 202.7 N
Puse = As/(B-d) = 0.00207 4. As min = 860.0 -
¢ 413 xPreqsPusesPmax A 0.K
M. Bending Check
a=Asxfy/(0xfexb) = 12.542 mm
OMn =0.9x As x fy x (d - a/2) = 132.707 kN-m > Mu = 23.748 kN-m
A 0.K
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1. Box Culvert

. Shear Check
OVc=0.75x1/6 x v fc' x B xd - 245,955 kN > Vu = 42.030 kN

A No shear reinforcement is required

(2) Crack Check
. Calculation of stress
n = 8
X = -nAsb + nAdb x [{1+2bd/nAs}
= -8x860.00/1000 + 8 x 860.00 / 1000 x V[ 1 + 2 x 1000 x 414.5/ ( 8 x 860.00 ) ]
= 68.954 >
fo = 2XMo/[Bxx x(d-x/3)]
= 20 x 12601 /[ 1000 X 68954 x( 4145 - 6894 [/ 3 )] x 10°
= 0934 MPa
fs = Mo/[Asx (d-x/3)]

= 12601 /[ 860.000 x( 4145 - 68954 / 3 )] x 10°
= 37425 MPa
fst = fsx (H-d -x)/(d-x) = 37 x(471-57 - 1)/ (415 - 69) = 3743 MPa

. Maximum center space of reinforcement
Cc = 82.50-13.00/2 = 50.00 .

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 /fs) - 2.5 x Cc = 380x(280/37.43)-2.5x50.00 = 2717.98
300 x (280 / fs) = 300 x (280 /37.43) = 224446

Sa = 224446 Applying Minimum value

S =1,000/7 Ea = 150.0 < Sa( 224446 mm) A 0K
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5. Wall - Middle(in)

(1) Section Design

M, Section specification and design condition

fo = 32 MPa fy = 420 MPa ki = 0.82
of = 0.90 Ov = 0.75 d = 3175 mm
B = 1000 mm H = 404 mm d = 865 mm
My = 5.858 kN-m Vo = 0.000 kN Mo = 0.599 kN-m
- Check of Strength reduction factor (cD)
a = 6271
Because T=C , ¢ = 6271 /| @l= 6.271 / 0.821 = 7.634  mm
Ey = fy/Es = 420.000 / 200000 =  0.0021
Et = 0.0030x (dt-c)/c = 0.003 x (3175 - 7634 ) |/ 7.634
= 0.1218
Et > 0.0050 Tension-controlled sections <If = 0.900
a=Asxfy/(Oxfexb) e 1)
My/0= Asxfyx(d-a/2) = e ) VLT TOTTYYOYZT i LT
f2 M,
v As® - fyxdxAs + =0 O Req.As = 48867+
2x0.85xfexb 0]
UseAs = D 13 @ 600 + D 183 @ 600 = 430.00 N ( 3 eam)
r. Evaluation of reinforcement
Po = ki x 0 x (fc/fy) x {600/(600 + f,)} = 1.03313
[Pl = 0.75 - Pb = 0.0248t 4. A e = 7889.9 k-
Pmn = max(1.4/fy,0.25[fc /fy) = 0.00337 . As min = 1069.1 k
Puseq = 43 Asreq/ (Bd) = 000021 4. Asuseg = 65.2 -
Prmn = Min ( Poin, Pagreq) = 000021 4.  Asmn = 65.2 -
Pise = As/(B-d) = 000135 4. Agmn = 430.0 -
¢ 413 xPreqsPusesPmax A 0.K
M. Bending Check
a=Asxfy/(0xfexb) = 6.271 mm
OMn =0.9x As x fy x (d - a/2) = 51.097 kN-m > Mu = 5.858 kN-m
A 0K
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1. Box Culvert

. Shear Check
OVe =0.75x 1/6 x v fc' x B x d = 224506 kN > Vu = 0000 kN

A No shear reinforcement is required

(2) Crack Check

. Calculation of stress
8

n
X = -nAsb + nAdb x [{1+2bd/nAs}
= -8x430.00/1000 + 8 x 430.00 / 1000 x V[ 1 + 2 x 1000 x 317.5/ (8 x 430.00) ]
= 43.424 >
fo = 2XMo/[Bxx x(d-x/3)]
= 20 x 0599 /[ 1000 x 43424 x( 3175 - 43424 | 3 )] x 10°
= 0.091 MPa
fs = Mo/[Asx (d-x/3)]

= 0599 /[ 430000 x( 3175 - 43424 [ 3 )] x 10°
= 4596 MPa
fst = fsx (H-d -x)/(d-x) = 5x (404 -87-0)/ (318 - 43) = 460 MPa

. Maximum center space of reinforcement

Cc = 82.50-13.00/2 = 80.00

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 / fs) - 2.5 x Cc = 380x(280/4.60) -2.5x80.00 = 23E+04 .
300 x (280 / fs) = 300x(280/4.60) = 1.8E+04 .

Sa = 1.83E+04 _ Applying Minimum value

S =1,000/3 Ea=300.0 < Sa ( 1.8E+04 mm) A 0.K
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6. Wall - Middle(Out)

(1) Section Design

M, Section specification and design condition

fo = 32 MPa fy = 420 MPa ki = 0.82
of = 0.90 Ov = 0.75 d = 3475 mm
B = 1000 mm H = 404 mm d = 565 mm
My = 8.170 kN-m Vo = 0.000 kN Mo = 5.676 kN-m
- Check of Strength reduction factor (cD)
a = 6271
Because T=C , ¢ = 6271 /| @l= 6.271 / 0.821 = 7.634  mm
Ey = fy/Es = 420.000 / 200000 =  0.0021
Et = 0.0030x (dt-c)/c = 0.003 x (3475 - 7634 ) |/ 7.634
= 0.1336
Et > 0.0050 Tension-controlled sections <If = 0.900
a=Asxfy/(0Oxfexb) o 1)
My/0= Asxfyx(d-a/2) = e ) VLT TOTTYYOYZT i LT
f2 M,
y As? - fyxdxAs + =0 [0 Req.As = 2283+
2x0.85xfexb 0]
UseAs = D 13 @ 600 + D 183 @ 600 = 430.00 N ( 3 eam)
r. Evaluation of reinforcement
Po = ki x 0 x (fe/fy) x {600/(600 + f,)} = 1.03313
Puwx = 0.75-Pb = 0.0248F 4.  Asma = 8635.4 .
Prmin = max (1.4 /fy,0.25[fc'/fy) = 0.00337 4. As min = 11701 .
Puseq = 43 Asreq/ (Bd) = 000024 4. Asuseq = 83.0 -
Prmn = Min ( Poin, Pagreq) = 000024 4.  Asmn = 83.0 .
Pise = As/(B-d) = 000124 4.  Asmn = 430.0 -
¢ 413 xPreqsPusesPmax A 0.K
M. Bending Check
a=Asxfy/(0xfexb) = 6.271 mm
OMn =0.9x As x fy x (d - a/2) = 55.973 kN-m > Mu = 8.170 kN-m
A 0K

1- 64



1. Box Culvert

. Shear Check
OVe =0.75x 1/6 x v fc' x B x d = 245720 kN > Vu = 0000 kN

A No shear reinforcement is required

(2) Crack Check
. Calculation of stress
n = 8
X = -nA¢b + nAdb x [{1+2bd/nAs}
= -8x430.00/1000 + 8 x 430.00 / 1000 x V[ 1 + 2 x 1000 x 347.5/ (8 x 430.00) ]
= 45.577 >
fo = 2XMo/[Bxx x(d-x/3)]
= 20 x 5676 /[ 1000 x 45577 x( 3475 - 45577 |/ 3 )] x 10°
= 0750 MPa
fs = Mo/[Asx (d-x/3)]

= 5676 /[ 430000 x( 3475 - 45577 [ 3 )] x 10°
= 39722 MPa
fst = fsx(H-d-x)/(d-x) = 40 x (404 - 57 - 1) / (348 - 46) = 3972 MPa

., Maximum center space of reinforcement
Cc = 82.50-13.00/2 = 50.00 .

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 /fs) - 2.5 x Cc = 380x(280/39.72) - 2.5 x50.00 = 2553.60
300 x (280 / fs) = 300x(280/39.72) = 211469

Sa = 211469 | Applying Minimum value

S =1,000/3 Ea=300.0 < Sa (211469 mm) A 0K
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7. Wall - Bottom

(1) Section Design

M, Section specification and design condition

fo = 32 MPa fy = 420 MPa ki = 082
of = 0.90 Ov = 0.75 d = 3475 mm
B = 1000 mm H = 404 mm d = 565 mm
My = 36.487 kN-m Vo = 64.055 kN Mo = 24.072 kN-m
- Check of Strength reduction factor (cD)
a = 12542
Because T=C , ¢ = 12542 |/ @l= 12542 / 0821 = 15268 mm
Ey = fy/Es = 420.000 / 200000 =  0.0021
Et = 0.0030 x(dt-c)/c = 0.003 x( 3475 - 15268 ) / 15.268
= 0.0653
Et > 0.0050 Tension-controlled sections <If = 0.900
a=Asxfy/(Oxfexb) e 1)
NOLT TOTTYKYOYZT HMX UO.T
Mu/0= Asxfyx(d-a/2) e )
f2 My
y As? - fyxdxAs + = 0 O Redq.As = 279511
2x0.85xfexb 0
UseAs = D 13 @ 300 + D 13 @ 300 = 860.00 k ( 7 eam)
. Evaluation of reinforcement
Py = ki x 0 x (fe/fy) x {600/(600 + f,)} = ).03313
Prax = 0.75-Pb S 0.0248: 4. A max = 8635.4 .
Pmin = max ( 1.4/ fy ,0.25 D fc'/ fy) = 0.00337 A As,min = 1170.1 [N
Pagreq = 4/3 - Asreq / (B-d) = 0.00107 4. As 4s3req = 372.7 b
Prin = min ( Prin, Pasgreq) = 0.00107 4. As min = 372.7 .
Puse = As/(B-d) = 0.00247 4. As min = 860.0 -
¢ 413 xPreqsPusesPmax A 0.K
M. Bending Check
a=Asxfy/(0xfexb) = 12.542 mm
OMn =0.9x As x fy x (d - a/2) = 110.927 kN-m > Mu = 36.487 kN-m
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1. Box Culvert

. Shear Check
OVc=0.75x1/6 x v fc' x B xd - 245.720 kN > Vu = 64.055 kN

A No shear reinforcement is required

(2) Crack Check
. Calculation of stress
n = 8
X = -nAsb + nAdb x [{1+2bd/nAs}
= -8x860.00/1000 + 8 x 860.00 / 1000 x V[ 1 + 2 x 1000 x 347.5/ (8 x 860.00 ) ]
= 62.611 >
fo = 2XMo/[Bxx x(d-x/3)]
= 20 x 24072 /[ 1000 x 62611 x( 3475 - 62611 / 3 )] x 10°
= 2354 MPa
fs = Mo/[Asx (d-x/3)]
= 24072 /[ 860.000 x( 3475 - 62611 / 3 )] x 10°
= 85.696 MPa
fst = fsx(H-d-x)/(d-x) = 86 x(404-57-2)/(348 - 63) = 85.70 MPa

. Maximum center space of reinforcement

Cc = 82.50-13.00/2 = 50.00

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 /fs) - 2.5 x Cc = 380x(280/85.70) - 2.5 x 50.00 = 1116.61
300 x (280 / fs) = 300 x(280/85.70) = 980.21

Sa = 980.21 Applying Minimum value

S =1,000/7 Ea=150.0 < Sa ( 980.21 mm) A 0K
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8. Bottom Slab - At the end of the point

(1) Section Design

M, Section specification and design condition

fo = 32 MPa fy = 420 MPa ki = 082
of = 0.90 Ov = 0.75 d = 2175 mm
B = 1000 mm H = 300 mm d = 825 mnm
My = 31.353 kN-m Vo = 66.591 kN Mo = 19.245 kN-m
- Check of Strength reduction factor (cD)
a = 12542
Because T=C , ¢ = 12542 | @l= 12542 | 0821 = 15268 mm
Ey = fy/Es = 420.000 / 200000 = 0.0021
Et = 0.0030x (dt-c)/c = 0.003 x(2175 - 15268 ) |/ 15.268
= 0.0397
Et > 0.0050 Tension-controlled sections <If = 0.900
a=Asxfy/(Oxfexb) e 1)
My/0= Asxfyx(d-a/2) = e ) VLT TOTTYYOYZT i LT
f2 M,
y As? - fyxdxAs + =0 0 Req.As = 386.665 1
2x0.85xfexb 0]
UseAs = D 13 @ 300 + D 183 @ 300 = 860.00 k ( 7 eam)
r. Evaluation of reinforcement
Py = ki x 0 x (fc/fy) x {600/(600 + f,)} = 1.03313
Pmax = 0.75-Pb = 00248 4.  Asma = 54049 .
Pmn = max(1.4/fy,0.25[fc /fy) = 0.00337 . As min = 7324 k
Puseq = 43 Asreq/ (Bd) = 000237 g Asuseg = 515.6 -
Prmn = Min ( Poin, Pagreq) = 000237 4  Asmn = 515.6 -
Pwee = As/(B-d) = 0.003% 4.  Agmn = 860.0 -
¢ 413 xPreqsPusesPmax A 0.K
M. Bending Check
a=Asxfy/(0xfexb) = 12.542 mm
OMn =0.9x As x fy x (d - a/2) = 68.666 kN-m > Mu = 31.353 kN-m
A 0K
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1. Box Culvert

. Shear Check
OVc=0.75x1/6 x v fc' x B xd - 153.796 kN > Vu = 66.591 kN

A No shear reinforcement is required

(2) Crack Check
. Calculation of stress
n = 8
X = -nAsb + nAdb x [{1+2bd/nAs}
= -8x860.00/1000 + 8 x 860.00 / 1000 x V[ 1 + 2 x 1000 x 217.5/ (8 x 860.00 ) ]

= 48.257 o
fo = 2XMo/[Bxx x(d-x/3)]

= 20 x 19245 /[ 1000 x 48257 x( 2175 - 48257 / 3 )] x 106
= 3960 MPa
fs = Mo/ [Asx (d-X/3)]
= 19.245 /[ 860.000 x( 2175 - 48257 / 3 )] x 10°
= 111.106 MPa
fst = fsx(H-d-x)/(d-x) = 111 x (300 -83-4)/(218 - 48) = 11111  MPa

., Maximum center space of reinforcement

Cc = 82.50-13.00/2 = 76.00

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 /fs) - 2.5 x Cc = 380x(280/111.11)-2.5x76.00 = 767.64
300 x (280 / fs) = 300x(280/111.11) = 756.03

Sa = 756.03 _ Applying Minimum value

S =1,000/7 Ea = 150.0 < Sa( 756.03 mm) A 0K
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9. Bottom Slab - Middle

(1) Section Design

M, Section specification and design condition

fo = 32 MPa fy = 420 MPa km = 0.82
of = 0.90 Ov = 0.75 d = 1875 mm
B = 1000 mm H = 300 mm d = 1125 mm
My = 30.704 kN-m Vo = 0.000 kN Mo = 18.719 kN-m
- Check of Strength reduction factor (cD)
a = 12542
Because T=C , ¢ = 12542 | @l= 12542 | 0821 = 15268 mm
Ey = fy/Es = 420.000 / 200000 = 0.0021
Et = 0.0030x (dt-c)/c = 0.003 x (1875 - 15268 ) |/ 15.268
= 0.0338
Et > 0.0050 Tension-controlled sections <If = 0.900
a=Asxfy/(Oxfexb) e 1)
My/0= Asxfyx(d-a/2) = e ) VLT TOTTYYOYZT i LT
f2 M,
v As? - fyxdxAs + = 0 O Redq.As = 441227
2x0.85xfexb 0
UseAs = D 13 @ 300 + D 183 @ 300 = 860.00 k ( 7 eam)
r. Evaluation of reinforcement
Py = ki x 0 x (fc/fy) x {600/(600 + f,)} = 1.03313
Pmax = 0.75-Pb = 00248 4.  Asma = 4659.4 .
Pmn = max(1.4/fy,0.25[fc /fy) = 0.00337 . As min = 631.3 k
Puseq = 43 Asreq/ (Bd) = 000314 4. Asuseg = 588.3 -
Prmn = Min ( Poin, Pagreq) = 000314 4.  Asmn = 588.3 .
Pee = As/(B-d) = 0.0045¢ 4. Asmn = 860.0 -
¢ 413 xPreqsPusesPmax A 0.K
M. Bending Check
a=Asxfy/(0xfexb) = 12.542 mm
OMn =0.9x As x fy x (d - a/2) = 58.914 kN-m > Mu = 30.704 kN-m
A 0K
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1. Box Culvert

. Shear Check
OVe =0.75x 1/6 x v fc' x B x d = 132583 kN > Vu = 0000 kN

A No shear reinforcement is required

(2) Crack Check
. Calculation of stress
n = 8
X = -nAsb + nAdb x [{1+2bd/nAs}
= -8x860.00/1000 + 8 x 860.00 / 1000 x V[ 1 + 2 x 1000 x 187.5/ (8 x 860.00 ) ]
= 44.378 >
fo = 2XMo/[Bxx x(d-x/3)]
= 20 x 18719 /[ 1000 x 44378 x( 1875 - 44378 |/ 3 )] x 10°
= 4885 MPa
fs = Mo/ [Asx (d-x/3)]
= 18719 /[ 860.000 x( 1875 - 44378 [/ 3 )] x 10°
= 126.032 MPa
fst = fsx(H-d'-x)/(d-x) = 126 x (300 - 113 - 5) / (188 - 44) = 126.03 MPa

., Maximum center space of reinforcement
Cc= 8250-13.00/2 = 106.00 .
Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

380 x (280 /126.03) - 2.5 x 106.00 = 579.23

Smin : 380 x (280 / fs) - 2.5 x Cc

300 x (280 / fs) = 300 x(280/126.03) =  666.50
Sa = 579.23 _ Applying Minimum value
S =1,000/7 Ea=150.0 < Sa ( 579.23 mm) A 0K

(3) Deflection Check

- Boundary condition  : One-way Slab, Both ends continuous

- Span : L=6.596 m

- Thickness : H=0.300m

4 Tmin = L/28x(0.43 +fy/700) = 6.596 /28 x (0.43 + 420/ 700)
= 0.243 m < H=0.300 m A 0K
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10. Bottom Slab - At the end of middle Wall

(1) Section Design

M, Section specification and design condition

fo = 32 MPa fy = 420 MPa ki = 082
of = 0.90 Ov = 0.75 d = 2175 mm
B = 1000 mm H = 300 mm d = 825 mnm
My = 59.071 kN-m Vo = 88.493 kN Mo = 36.547 kN-m
- Check of Strength reduction factor (cD)
a = 12542
Because T=C , ¢ = 12542 | @l= 12542 | 0821 = 15268 mm
Ey = fy/Es = 420.000 / 200000 = 0.0021
Et = 0.0030x (dt-c)/c = 0.003 x(2175 - 15268 ) |/ 15.268
= 0.0397
Et > 0.0050 Tension-controlled sections <If = 0.900
a=Asxfy/(Oxfexb) e 1)
My/0= Asxfyx(d-a/2) = e ) VLT TOTTYYOYZT i LT
f2 M,
y As® - fyxdxAs + = 0 [0 Req.As = 7378244
2x0.85xfexb 0
UseAs = D 13 @ 300 + D 183 @ 300 = 860.00 k ( 7 eam)
r. Evaluation of reinforcement
Py = ki x 0 x (fc/fy) x {600/(600 + f,)} = 1.03313
Prax = 0.75-Pb = 00248 4.  Asma = 5404.9
Pmn = max(1.4/fy,0.25[fc /fy) = 0.00337 . As min = 7324
Puseq = 43 Asreq/ (Bd) = 000452 4. Asuseg = 983.8
Prmn = Min ( Poin, Pagreq) = 000337 4.  Asmn = 732.4
Pwee = As/(B-d) = 0.003% 4.  Agmn = 860.0
¢ PminsPusesPmax A 0K
M. Bending Check
a=Asxfy/(0xfexb) = 12.542 mm
OMn =0.9x As x fy x (d - a/2) = 68.666 kN-m > Mu = 59.071 kN-m
A 0K
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1. Box Culvert

. Shear Check
OVc=0.75x1/6 x v fc' x B xd - 153.796 kN > Vu = 88.493 kN

A No shear reinforcement is required

(2) Crack Check
. Calculation of stress
n = 8
X = -nAsb + nAdb x [{1+2bd/nAs}
= -8x860.00/1000 + 8 x 860.00 / 1000 x V[ 1 + 2 x 1000 x 217.5/ (8 x 860.00 ) ]

= 48.257 o
fo = 2XMo/[Bxx x(d-x/3)]

= 20 x 36547 /[ 1000 x 48257 x( 2175 - 48257 |/ 3 )] x 10°
= 7520 MPa

fo = Mo/[Asx (d - x/3)]
= 36547 /[ 860.000 x( 2175 - 48257 [ 3 )] x 10°
= 210989 MPa

fst = fsx(H-d-x)/(d-x) = 211x (300 - 83 - 8) / (218 - 48) = 21099 MPa

., Maximum center space of reinforcement

Cc = 82.50-13.00/2 = 76.00

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 /fs) - 2.5 x Cc = 380x(280/210.99)-2.5x76.00 = 314.29
300 x (280 / fs) = 300 x (280/210.99) = 398.13

Sa = 31429 Applying Minimum value

S =1,000/7 Ea = 150.0 <  Sa( 31429 mm) A 0K
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11. Middle Wall - Top & Bottom

(1) Section Design

M, Section specification and design condition

fo = 32 MPa fy = 420 MPa ki = 0.82
of = 0.90 Ov = 0.75 d = 3175 mm
B = 1000 mm H = 404 mm d = 865 mm
My = 0.000 kN-m Vo = 0.000 kN Mo = 0.000 kN-m
- Check of Strength reduction factor (cD)
a = 6271
Because T=C , ¢ = 6271 /| @l= 6.271 / 0.821 = 7.634  mm
Ey = fy/Es = 420.000 / 200000 =  0.0021
Et = 0.0030x (dt-c)/c = 0.003 x (3175 - 7634 ) |/ 7.634
= 0.1218
Et > 0.0050 Tension-controlled sections <If = 0.900
a=Asxfy/(0Oxfexb) o 1)
My/0= Asxfyx(d-a/2) = e ) VLT TOTTYYOYZT i LT
f2 M,
y As® - fyxdxAs + = 0 [0 Reg.As = 0,000 =
2x0.85xfexb 0
UseAs = D 13 @ 600 + D 183 @ 600 = 430.00 N ( 3 eam)
r. Evaluation of reinforcement
Po = ki x 0 x (fe/fy) x {600/(600 + f,)} = 1.03313
Prax = 0.75-Pb = 00248 4.  Asma = 7889.9 .
Pmn = max(1.4/fy,0.25[fc /fy) = 0.00337 . As min = 1069.1 k
Puseq = 43 Asreq/ (Bd) = 0.0000C 4. Asuseq = 0.0 -
Prmin = min ( Prin, Paggreq) = 0.0000C 4. As min = 0.0 .
Pise = As/(B-d) = 000135 4. Agmn = 430.0 .
¢ 413 xPreqsPusesPmax A 0.K
M. Bending Check
a=Asxfy/(0xfexb) = 6.271 mm
OMn =0.9x As x fy x (d - a/2) = 51.097 kN-m > Mu = 0.000 kN-m
A 0K
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1. Box Culvert

. Shear Check
OVe =0.75x 1/6 x v fc' x B x d = 177366 kN > Vu = 0000 kN

A No shear reinforcement is required

(2) Crack Check
. Calculation of stress
n = 8
X = -nAsb + nAdb x [{1+2bd/nAs}
= -8x430.00/1000 + 8 x 430.00 / 1000 x V[ 1 + 2 x 1000 x 317.5/ (8 x 430.00) ]

= 43.424 >

fo = 2XMo/[Bxx x(d-x/3)]
= 20 x 0000 /[ 1000 x 43424 x (3175 - 43424 | 3 )] x 10°
= 0.000 MPa

fi = Mo/[Asx (d - x/3)]

= 0000 /[ 430.000 x( 3175 - 43424 | 3 )] x 10°
= 0000 MPa
fst = fsx (H-d-x)/(d-x) = 0x (404 -87-0)/ (318 - 43) = 000 MPa

. Maximum center space of reinforcement

Cc = 82.50-13.00/2 = 80.00

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 /fs) - 2.5 x Cc = 380x(280/0.00)-2.5x80.00 = 6.66E+14 |
300 x (280 / fs) = 300x(280/0.00) = b5.25E+14 |

Sa = 5.25432E+14 Applying Minimum value

S =1,000/3 Ea=300.0 < Sa ( 5.25432E+14 mm) A 0K
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1.2.8 Distribution Reinforcement Check

1) Top Slab (H= 300 mm)
- As,min = (0.0018 x420/fy)x BxH = (0.0018 x 420/ 420) x 1000 x 300 =
- The spacing of deformed shrinkage and temperature reinforcement shall not exceed

the lesser of 5h and 450mm. =

- Used As : Tension side D 13@ 200 = 645.0 .
Compressionside D 13@ 200 = 6450
[l = 12900 & >
- Bar spacing : 200 . < 450 - A 0.K

2) Wall (H= 404 mm)
- As,min= (0.0018 x420/fy)x BxH = (0.0018 x 420/ 420) x 1000 x 404 =
- The spacing of deformed shrinkage and temperature reinforcement shall not exceed

the lesser of 5h and 450mm. =

- Used As : Tension side D 13@ 200 = 645.0 =
Compression side D 13@ 200 = 6450 .
U = 12900 >
- Bar spacing : 200 . < 450 = A 0.K

3) Bottom Slab (H= 300 mm)
- As,min= (0.0018 x420/fy)x BxH = (0.0018 x 420/ 420) x 1000 x 300 =
- The spacing of deformed shrinkage and temperature reinforcement shall not exceed

the lesser of 5h and 450mm. =

- Used As : Tension side D 13@ 200 = 6450 .
Compressionside D 13@ 200 = 6450
b = 1290 ~ >
- Bar spacing : 200 - < 450 - A 0.K

4) Middle Wall (H= 404 mm)
- As,min= (0.0018 x420/fy)x BxH = (0.0018 x 420/ 420) x 1000 x 404 =
- The spacing of deformed shrinkage and temperature reinforcement shall not exceed

the lesser of 5h and 450mm. =

- Used As : Tension side D 13@ 200 = 645.0 .
Compression side D 13@ 200 = 645.0 .
O = 12900 r >
- Bar spacing : 200 . < 450 - A 0.K

540.0

450

540.0

727.2

450

727.2

540.0

450

540.0

727.2

450

727.2
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1. Box Culvert

1.2.9 Corner Design

1) Top slab Cheak

al = 404 mm
a2 = 200 mm
bl = 300 mm
b2 = 200 mm

2) Bottom slab Cheak

al = 404 mm
a2 = 0 mm
bl = 300 mm
b2 = 0 mm
fa = 180 MPa

0.13 oOfc

ft.max

w

fLmax

0.13 [Ifc’

ft.max

12.601 KkN-m
a2-h2+b2-al+a2-bl
X [12
a2+b2
1000 mm
5-Mo N 5x 12.601 x 10A6
R2-w 639.22 x 1000
0.735 MPa
0.154 < 0.13JVfc = 0.735
24.072 kN-m
@il2 +a22) = 5032 mm
1000 mm
5:-Mo 5x24.072 x 10A6
R2-w 503.22 x 1000
0.735 MPa
0.475 < 0.13Vfc' = 0.735

= 6392 mm

= 0154 MPa

A No reinforcement is requireds

= 0475 MPa

A No reinforcement is requireds
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2 .Corrugated Steel Pipe
]



2.1 Corrugated Steel Pipe (D=1,200)
-

D=1.2M
H=4.85m [SI UNIT]



2. Corrugated Steel Pipe

2.1.1 Design Condition

1) Section Assumption . A)'% _
: : W S
=
w©
&
- Unit density of pavement : Yp = 23.000 kN/m3
- Unit density of soil : ys = 20.000 kN/m3
- Thickness of pavement : Hp = 0.320 m
- Depth of soil : Hs = 4850 m
- Pipe span : Sc = 1.200 m
- Corrugated steel pipe specifications
pitch x depth : 68x13 mm
thickness : 2.0 mm
yield strength : fy = 230 Mpa
modulus of elasticity : E = 200000 Mpa

2) Reference

Corrugated steel pipe institute — Handbook of Steel Drainage Highway Construction Products

2.1.2 Section Properties for corrugated steel pipe

Specified Thickness, mm

type
1.0 13 16 2.0 2.8 3.0 35 4.0 4.2 5.0 6.0 7.0
Moment of Inertia, mm4/mm
38x6.5 37 51 6.5 8.6
68x13 165 226 284 371 546 70.2 86.7
76x25 758 104.0 130.4 170.4 249.7 319.8 393.1
125x25 133.3 173.7 253.2 322.7 394.8
152x51 1057.3 1457.6 1867.1 2278.3 2675.1
Cross section Wall area, mm2/mm
38x6.5 0.896 1.187 1.484 1.929
68x13 0.885 1.209 1.512 1.966 2.852 3.621 4.411
76x25  1.016 1.389 1.736 2.259 3.281 4.169 5.084
125x25 1549 2.014 2923 3.711 4521
152x51 3.522 4.828 6.149 7.461 8.712
Radius of Gyration, mm
38x6.5 2.063 2.075 2.087 2.109
68x13 4316 4.324 4.332 4345 4374 4.402 4,433
76x25  8.639 8.653 8.666 8.685 8.724 8.758 8.794
125x25 9.277 9.287 9.308 9.326 9.345
152x51 17.326 17.375 17.425 17.475 17.523
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2.1.3 Loads

1) Dead Load
The dead load is considered to be the soil prism over the pipe:

DL=gH= 23.000 x 0320 + 20.000 x 4850 = 104.360 kN/O

DL = unit pressure of a soil prism acting on the horizontal plane at the top of the pi
g = unit weight of the sail
H = height of cover over the pipe

2) Live Load
(1) W80
| N | | |
[ I 1
| :L‘J | I E‘_ I
% ‘ + . + ‘ + .
| ‘ | | ‘ |
80 80
W = = = 0.703 kN/m2
(0.25 + 2D) x (0.4 + 2D) (0.25 + 10.34) x (0.4 + 10.34)
(2) A160 | RNV |
| - | |
160 kN \ _HJ \
O ( | (
ELEVATION | , |
[—400 mm (*—1
% } | Y |
t d d | | | |
zooch_mm 32°°,$3‘ sunan"e ar * ir ‘ +
B | | '
N | I — i i
PLAN | |
2 x 80 160
Pu = = = 1.186 kN/m2
(0.25 + 2D) x (2.4 + 2D) (0.25 + 10.34) x (2.4 + 10.34)
(3) M1600
360 kN 360 kN 360 kN 36C kN

) G B KN/m NG (o)
JTATATATE 0. s e i A TATATATATE < p i A &) A A A A AT A A aYATa e a5 4 e AR ATAATA < i oA ) A A AT

ELEVATION
.25 125 375 125 1.25 Varies 6.25 min. 1 25 1 25 5.0 1 25 1.25
- | | = l | r
N
2 /// /
0.4 “—3.2 m standard
design
PLAN
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2. Corrugated Steel Pipe

- Axle group T

6x60 360

Pvl = = = 2.167 kN/m2
(2.7 + 2D) x (2.4 + 2D) (2.7 +10.34) x (2.4 + 10.34)
- Lane uniformly distributed loads : 6.000 kN/m2  / 32m = 1.875 kN/mz
- Py = 2.167 + 1.875 =  4.042 kN/m?
(4) S1600
240 kN 240 kN 240 kN 240 kN

L) 24 KN/M S S N

B8 NP AT AGSAARAE AP LS ACIAAAAABAADA QLN ASAMNAAAAE NP ASA QLA AAAA

ELEVATION
1.25 1.25 3.75 1.25 1.25 Varies 6.25 min. 1.25 1.25 5.0 125125 o8
/ / =1 (B 7 | s i |
7
0.4 3.2 m standard 0.6
design
PLAN
- Axle group B

Py = 6 x 40 - 240 _  1.445 KN/m?
(2.7 + 2D) x (2.4 + 2D) (2.7 +10.34) x (2.4 + 10.34)
- Lane uniformly distributed loads : 24.000 kN/mz  / 3.2m = 7.500 KN/m?
- Py = 1445 + 7.500 = 8.945 kN/m?

(5) HLP 320 & HLP 400

+ Y %.D..‘l

L 14+D
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125

125

= 1.010 kKN/m?

Pvl =

(6) Live Load

(0.2 + 2D) x (1.4 +2D)

(0.2 +10.34) x (1.4 +10.34)

TYPE Load Dynamic Load Allowance (a) (1+a)xLoad
W80 0.703 0.10 0.774
Al160 1.186 0.10 1.305
M1600 4.042 0.10 4.446
S1600 8.945 0.00 8.945
HLP 1.010 0.10 1.111
0 LL = 8.945 kN/m2 = 8.945 kN/m2

2.1.4 Minimum cover

Minimum cover for indicted Axle Loads (tonnes)

pipe span (mm)

8~22 22~34 34~50 50~68
300-1050 600 760 900 900
1200-1830 900 900 1050 1200
1980-3050 900 1050 1200 1200
3200~3660 1050 1200 1370 1370

0 Hmn= 900 , < H = 5170 A0 K

2.1.5 Backfill compaction

The value chosen should reflect the importance and size of the structure, and quality of backfill
material and its installation that cn reasonably be expected. The recommended value for routine
use is 85% Standard Proctor Density.

Therefore, the design assumes a backfill compaction densi  85%

2.1.6 Design Pressure

1.2m '8 \

H = 52m > S =
Pv = K (DL + LL), when H>S 6 \
= 0.86 x(104.36 + 8.945 ) = 97.442 KN/m? i \
% 14
| \
where: Pv = design pressure, kPa = sl \
K = 086 ,load factor 3
DL = dead load 10
LL = live load as .
8¢
H = height of cover 08 \\. Vi
S = span or diameter \ £

70 5 B8O 85 90 "]
Spociting Soi Compaction —%, Standard AASHTO T.56
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2. Corrugated Steel Pipe

2.1.7 Ring compression

C =Pv x S [/ 2 = 097442 x  1.200 / 2 = 58.465kN/m

where: C = ring compression
Pv = design pressure
S = span or diameter
2.1.8 Allowable wall stress

The ultimate compressive stress in the pipe wall is expressed by the following equation

fo = fy, when D/r=276<294
fo = 230 MPa

A factor of safety of 2 is applied to the ultimate wall stress to obtain the allowable stress

fc=fb/2 = 115.00 MPa

where: fbo = ultimate compressive stress
fc = allowable stress
fy = 230 MPa |, yield strength
D = 1200 mm span or diameter

r 4.345W | radius of gyration of the pipe wall

2.1.9 Wall thickness

A required wall area A, is computed using the calculated compression in the pipe wall, C,
and allowable stress, fc

m = C / fc = 58465 / 115.000 = 0.508 <3/W
where: A = required area in the pipe wall
C = ring compression
fc = allowable stress
Cross section Wall area = 1.966 /W > 0.508 /W AO.K

2.1.10 Handling stiffness

The resultant flexibility factor, FF, limits the size of pipe for each combination of corrugation
and metal thickness

FEF=D2/El = 0.194WN < 0.245%/N AO K
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where: E
D
[

200000 MPa , modulus of elasticity
diameter or span
37.11 [ ,moment of inertia of the pipewall

Recommended maximum allowable values of FF for ordinary round and underpass pipe installati
are as follows:

68x13 mm corrugation, FF 0.245 W/N

125x25 _~ mm corrugation, 0.188 wW/N

76x25 FF o mm  0.188 W/N

152x51 corrugation, FF _« 0.114 WN
mm corrugation, FF _

2.1.11 Seam strength

The allowable ring compression accounting for the seam strength consideration, is the ultimate se
strength, show in tables below, divided by the factor of safety of 2.0. Since helical lockseam and
continuously-welded-seam pipe have no longitudinal seams, there is no seam strength check for t
types of pipe
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2.2 Corrugated Steel Pipe (D=1000)
-

D=1M
H=8.17 m [SI UNIT]



2. Corrugated Steel Pipe

2.2.1 Design Condition

1) Section Assumption ; .,%
B
QE
&
- Unit density of pavement : Yp = 23.000 KkN/m?
- Unit density of soil : ys = 20.000 kN/m3
- Thickness of pavement : Hp = 0320 m
- Depth of soil : Hs = 8.170 m
- Pipe span: Sc = 1.000 m
- Corrugated steel pipe specifications
pitch x depth : 68x13 mm
thickness : 1.6 mm
yield strength : fy = 230  Mpa
modulus of elasticity : E = 200000 Mpa

2) Reference

Corrugated steel pipe institute — Handbook of Steel Drainage Highway Construction Products

2.2.2 Section Properties for corrugated steel pipe

Specified Thickness, mm

type
1.0 13 16 2.0 2.8 3.0 35 4.0 4.2 5.0 6.0 7.0
Moment of Inertia, mm4/mm

38x6.5 3.7 51 6.5 8.6

68x13 165 226 284 371 546 70.2 86.7

76x25 75.8 104.0 1304 1704 2497 319.8 393.1

125x25 133.3 173.7 2532 322.7 394.8

152x51 1057.3 1457.6 1867.1 2278.3 2675.1

Cross section Wall area, mm2/mm

38x6.5 0.896 1.187 1.484 1.929

68x13  0.885 1.209 1512 1.966 2.852 3.621 4.411

76x25 1.016 1.389 1.736 2.259 3.281 4.169 5.084

125x25 1549 2.014 2.923 3.711 4521

152x51 3.522 4.828 6.149 7.461 8.712

Radius of Gyration, mm

38x6.5 2.063 2.075 2.087 2.109

68x13 4316 4.324 4332 4.345 4374 4.402 4.433

76x25 8.639 8.653 8.666 8.685 8.724 8.758 8.794

125x25 9.277 9.287 9.308 9.326 9.345

152x51 17.326 17.375 17.425 17.475 17.523
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2.2.3 Loads

1) Dead Load
The dead load is considered to be the soil prism over the pipe:

DL=gH= 23.000 x 0.320 + 20.000 x 8.170 = 170.760 kN/O
DL = unit pressure of a soil prism acting on the horizontal plane at the top of the pipe
g = unit weight of the soil

H = height of cover over the pipe

2) Live Load

e ST | | T |

—
—
(J'Ll

80 80
Py = = = 0.267 kN/m2
(0.25 + 2D) x (0.4 + 2D) (0.25 + 16.98) x (0.4 + 16.98)

(2) A160 \ RNV |
160 kN \‘ EH \‘
s | |

|
|
ELEVATION !

ﬁ

400 mm I -
3200 mm standard ! ! ! !
2000 mm design lane {k ‘ .
j_a T | |
++ | |
——u-—250 mm i i
PLAN : ‘ J
2 x 80 160
Pui = = = 0.479 kN/m?
(0.25 + 2D) x (2.4 + 2D) (0.25 + 16.98) x (2.4 + 16.98)
(3) M1600
360 kN 360 kN N 360 kN 360 kN
6 kN/
AAAAA.\“’,’A@A"”’:A...AA’AK’.‘A"’I‘A.AAAAAAA@A‘.CAQA.‘AA.AG’A@A"&AAAAA
ELEVATION
1.25 1.25 3.75 1.25 1.25 Varies 6.25 min. 1.25 1.25 50 1.25 1.25 0.6
. == = = {
7 %
70.2 2.0
0.4 3.2 m standard 6
design
PLAN




2. Corrugated Steel Pipe

- Axle group =

Pn = x50 = %0 0.944 kN/m2
= = - . m
v (2.7 + 2D) x (2.4 + 2D) (2.7 +16.98) x (2.4 + 16.98)
- Lane uniformly distributed loads : 6.000 kN/mz  / 32m = 1.875 kN/mz
- Py = 0.944 + 1.875 = 2.819 kN/m2
(4) S1600
240 kN 240 kN 240 kN 240 kN
.‘A”.’AQAQAAAA‘A?"A‘.\“’ZAQA..A.A.G/&@AQA‘A.AA
ELEVATION
1.25 1.25 375 1.25 1.25 Varies 6.25 min. 1.25 1.25 5.0 125125 o8
// E==1 §===F V | | T | ;s
,2 / 2.0
2 /////
0.4 “—3.2 m standard 0.6
design
PLAN

- Axle group —

|
= v. il 'L.’ " | |
| . |
e — | | |
P = 040 240 0.629 kN/m?2
v (2.7 + 2D) x (2.4 + 2D) (2.7 +16.98) x (2.4 + 16.98)
- Lane uniformly distributed loads : 24.000 kN/mz  / 3.2m = 7.500 KN/m?
- P = 0629 + 7.500 = 8.129 kN/m?

(5) HLP 320 & HLP 400
| N | | H H i
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125 125

y = = = 0.396 kN/m2
(0.2 + 2D) x (1.4 + 2D) (0.2 +16.98) x (1.4 +16.98)
(6) Live Load
TYPE Load Dynamic Load Allowance (a) (1+a)xLoad
W80 0.267 0.10 0.294
A160 0.479 0.10 0.527
M1600 2.819 0.10 3.101
S1600 8.129 0.00 8.129
HLP 0.396 0.10 0.435
N LL = 8.129 kN/m2 = 8.129 kN/m2

2.2.4 Minimum cover

Mininr um cover for indicted Axle Loads (tol nes)

pipe span (mm)

8~22 22~34 34~50 50~68
300-1050 600 760 900 900
1200-1830 900 900 1050 1200
1980-3050 900 1050 1200 1200
3200~3660 1050 1200 1370 1370

[l Hwn= 600 , < H= 8490 AO.K

2.2.5 Backfill compaction
The value chosen should reflect the importance and size of the structure, and quality of backfill
material and its installation that cn reasonably be expected. The recommended value for routine
use is 85% Standard Proctor Density.

Therefore, the design assumes a backfill compaction density 85%

2.2.6 Design Pressure

H = 85m > S = 10m \
18
Pv = K (DL + LL), whenH>S = \
= 0.86x(170.76 +8.129) = 153.845 kN/m? x \
5 14
where: Pv = design pressure, kPa - \
o \
K = 086 ,load factor g 1
DL = dead load -
LL = live load : \
H = height of cover % =S
S = span or diameter \\ i
6
08
70 75 80 ™) 90 ah

Spacitiod Sol Compaction —% Standard AASHTO T-28
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2. Corrugated Steel Pipe

2.2.7 Ring compression

C = Pv x S [/ 2 = 153845 x 1.000 / 2 = 76.922 kN/m

where: C ring compression
Pv

S = span or diameter

design pressure

2.2.8 Allowable wall stress

The ultimate compressive stress in the pipe wall is expressed by the following equation

fo = fy, when D/r=231<294
fo = 230 MPa

A factor of safety of 2 is applied to the ultimate wall stress to obtain the allowable stress

fc=fb/2 = 115.00 MPa

where: fbo = ultimate compressive stress
fc = allowable stress
fy = 230MPa |, yield strength
D = 1000 mm span or diameter

r 4.332W | radius of gyration of the pipe wall

2.2.9 Wall thickness

A required wall area A, is computed using the calculated compression in the pipe wall, C,
and allowable stress, fc

m =C /| fc = 76.922 / 115.000 = 0.669 /W
where: A = required area in the pipe wall
C = ring compression
fc = allowable stress
Cross section Wallarea = 1512</W > 0.669 /W AO K

2.2.10 Handling stiffness

The resultant flexibility factor, FF, limits the size of pipe for each combination of corrugation
and metal thickness

FEF=D2/El = O0.176WN < 0.245%N AO.K
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where: E
D
[

200000 MPa , modulus of elasticity
diameter or span
28.37 [ ,moment of inertia of the pipewall

Recommended maximum allowable values of FF for ordinary round and underpass pipe installations
are as follows:

68x13 mm corrugation, FF 0.245w%/N

125x25 _. mm  corrugation, 0.188 wW/N

76x25 FF e mm 0.188 W/N

152x51 corrugation, FF _« 0.114 WIN
mm corrugation, FF _u

2.2.11 Seam strength

The allowable ring compression accounting for the seam strength consideration, is the ultimate seam
strength, show in tables below, divided by the factor of safety of 2.0. Since helical lockseam and
continuously-welded-seam pipe have no longitudinal seams, there is no seam strength check for the
types of pipe




2.3 Corrugated Steel Pipe (D=900)
]

D=0.9M
H=1.34 m [SI UNIT]



2. Corrugated Steel Pipe

2.3.1 Design Condition

1) Section Assumption . A’% ;
: ‘ : w S
=
i
&
- Unit density of pavement : Yp = 23.000 kN/ms3
- Unit density of soil : ys = 20.000 kN/m?
- Thickness of pavement : Hp = 0.320 m
- Depth of soil : Hs = 1016 m
- Pipe span : Sc = 0900 m
- Corrugated steel pipe specifications
pitch x depth : 68x13 mm
thickness : 1.6 mm
yield strength : fy = 230 Mpa
modulus of elasticity : E = 200000 Mpa

2) Reference

Corrugated steel pipe institute — Handbook of Steel Drainage Highway Construction Products

2.3.2 Section Properties for corrugated steel pipe

Specified Thickness, mm

type
1.0 13 16 20 2.8 3.0 35 4.0 4.2 5.0 6.0 7.0
Moment of Inertia, mm4/mm
38x6.5 3.7 5.1 6.5 8.6
68x13 165 226 284 371 546 70.2 86.7
76x25 758 104.0 130.4 170.4 249.7 319.8 393.1
125x25 133.3 173.7 253.2 322.7 394.8
152x51 1057.3 1457.6 1867.1 2278.3 2675.1
Cross section Wall area, mm2/mm
38x6.5 0.896 1.187 1.484 1.929
68x13 0.885 1.209 1512 1.966 2.852 3.621 4.411
76x25  1.016 1.389 1.736 2.259 3.281 4.169 5.084
125x25 1549 2.014 2923 3.711 4521
152x51 3.522 4.828 6.149 7.461 8.712
Radius of Gyration, mm
38x6.5 2.063 2.075 2.087 2.109
68x13 4316 4.324 4.332 4345 4374 4.402 4,433
76x25  8.639 8.653 8.666 8.685 8.724 8.758 8.794
125x25 9.277 9.287 9.308 9.326 9.345
152x51 17.326 17.375 17.425 17.475 17.523
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2.3.3 Loads

1) Dead Load
The dead load is considered to be the soil prism over the pipe:

DL=gH= 23.000 x 0.320 + 20.000 x 1016 = 27.680 KkN/O
DL = unit pressure of a soil prism acting on the horizontal plane at the top of the pi
g = unit weight of the soil

H = height of cover over the pipe

2) Live Load

(1) W80
| N | | ([ |

(o

80 80
Pu = = = 8.912 kN/m?

(0.25 + 2D) x (0.4 + 2D) (0.25 + 2.672) x (0.4 + 2.672)

(2) A160 | "T‘T |

160 kN | LH |
O ! | f

ELEVATION ! , ‘
400 mm rf—w
3200 mm standard ! ! ! !
2000 mm design lane ‘
j_u T | |
| |
——u-—250 mm i i
PLAN . J J
2 x 80 160
Py = = = 10.796 kN/mz
(0.25 + 2D) x (2.4 + 2D) (0.25 + 2.672) x (2.4 + 2.672)

(3) M1600
360 kN 360 kN 360 kN 360 kN

6 kN/m
A‘AA..\"’.’A"‘.‘A’.”’A..‘...\”.’A“‘.’A‘.’h......““@n‘.cA?‘..AA..G,’A@A'Q”’A.“..
ELEVATION

.25 1.25 3.75 .25 1.25 Varies 6.25 min. 1.25 1.25 5.0 1.25 1.25 0.6

i = = - i et B
{/2/ % /2 o/ /
70. X
Z 7 7

0.4 —3.2 m standard 6

design E
PLAN
- Axle group =




2. Corrugated Steel Pipe

6x60

N

360

(2.7 + 2D) x (2.4 + 2D)
- Lane uniformly distributed loads :

- Py = 13213 + 1875

(4) S1600

240 kN 240 kN

(2.7 +2.672) x (2.4 + 2.672)

6.000 kN/m? ~ /

= 15.088 kN/m?

3.2m

13.213 kN/m?

1.875 kKN/m?

...‘.G'ﬁ".’"ﬂ”ﬁ...“ﬁk@“’h........‘A@A\\‘A’.AQA..‘A.A.\c.h@‘la‘....‘
ELEVATION
125125 375 125125 Varies 6.25 min. 1.25 1.25 5.0 125125 06
| B B S i 1 11 1
7 %
20.2 /2.0
Z 7
0.4 L3.2 m standard LO.S
design
PLAN
- Axle group

6 x 40

P, =

240

(2.7 + 2D) x (2.4 + 2D)
- Lane uniformly distributed loads :
- Py =

8.808 + 7.500

(5) HLP 320 & HLP 400

\ bt | A |

AN

Ii

125
Pu

24.000 kN/m2  /

(2.7+2.672) x (2.4 + 2.672)

16.308 kN/m?

3.2m

8.808 kN/m?

7.500 kN/m?

Il

W_

125

(0.2 + 2D) x (1.4 + 2D)

(0.2 +2.672) x (1.4 +2.672)

10.689 kN/m?
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(6) Live Load

TYPE Load Dynamic Load Allowance (a) (1+a)xLoad
W80 8.912 0.20 10.691
A160 10.796 0.20 12.951
M1600 15.088 0.17 17.598
S1600 16.308 0.00 16.308
HLP 10.689 0.10 11.757
| LL = 17.598 kN/m2 = 17.598 kN/m?2

2.3.4 Minimum cover

Minimum cover for indicted Axle Loads (tonnes)

pipe span (mm)

8~22 22~34 34~50 50~68
300-1050 600 760 900 900
1200-1830 900 900 1050 1200
1980-3050 900 1050 1200 1200
3200~3660 1050 1200 1370 1370

[0 Hun= 600 _ < H = 133 _  AOK
2.3.5 Backfill compaction

The value chosen should reflect the importance and size of the structure, and quality of backfill
material and its installation that cn reasonably be expected. The recommended value for routine
use is 85% Standard Proctor Density.

Therefore, the design assumes a backfill compaction densi  85%

2.3.6 Design Pressure

H = 13m > S = 09m ‘e \
Pv = K (DL + LL), when H>S 5 \
= 0.86x(27.68 +17.598 ) = 38.939 kN/m? x \
5 14
where: Pv = design pressure, kPa § \
K = 0.86 ,load factor 2 12
DL = dead load .
LL = live load ‘Z
H = height of cover 36 j ~ -
S = spanordiameter \\ €5
06

70 75 B0 85 90 L
Specibisg Sob Compacton —% Standard AASHTO T-86
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2. Corrugated Steel Pipe

2.3.7 Ring compression

C =Pv x S [/ 2 = 38939 x  0.900 / 2 = 17.523 kN/m

where: C = ring compression
Pv = design pressure
S = span or diameter
2.3.8 Allowable wall stress

The ultimate compressive stress in the pipe wall is expressed by the following equation

fo = fy, when D/r =208 <294
fo = 230 MPa

A factor of safety of 2 is applied to the ultimate wall stress to obtain the allowable stress

fc=fb/2 = 115.00 MPa

where: fbo = ultimate compressive stress
fc = allowable stress
fy = 230 MPa |, yield strength
D = 900mm span or diameter

r 4.332W | radius of gyration of the pipe wall

2.3.9 Wall thickness

A required wall area A, is computed using the calculated compression in the pipe wall, C,
and allowable stress, fc

m =C / fc = 17523 / 115.000 = 0.152 <3/W
where: A = required area in the pipe wall
C = ring compression
fc = allowable stress
Cross section Wall area = 1512w > 0.152 /W AO.K

2.3.10 Handling stiffness

The resultant flexibility factor, FF, limits the size of pipe for each combination of corrugation
and metal thickness

FEF=D2/El = O0.143WN < 0.245%/N AO K
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where: E
D
I 28.37 ,moment of inertia of the pipewall
Recommended maximum allowable values of FF for ordinary round and underpass pipe installati
are as follows:

200000 MPa , modulus of elasticity
diameter or span

68x13 mm corrugation, FF 0.245 W/N

125x25 _~ mm corrugation, 0.188 wW/N

76x25 FF e mm 0.188 W/N

152x51 corrugation, FF _« 0.114 WN
mm corrugation, FF _

2.3.11 Seam strength

The allowable ring compression accounting for the seam strength consideration, is the ultimate se
strength, show in tables below, divided by the factor of safety of 2.0. Since helical lockseam and
continuously-welded-seam pipe have no longitudinal seams, there is no seam strength check for t
types of pipe




2.4 Head/Wing Wall (H=1.5m)
]



2. Corrugated Steel Pipe

2.4.1 Design Conditions (H=1.500m , N= 1:2.00 ,  Ho= 6.370 )

1) General Items

(1) Type of WingWall : Cantilever Type
(2) Height of WingWall : 1.500 m
(3) Slope of Backfill : 1: 2.00
(4) Height of Backfill : 6.370 m
2) Soil
(1) Unit Weight of Backfill : yt= 19.000 kN/m3
(2) angle of internal friction of Backfill : = 28.000 °
(3) Unit Weight of filler : yt= 18.500 kN/m?3
(4) angle of internal friction of filler : o1 = 28.000 °
(5) coefficient of earth pressure atrest of filler : P = 0.500
(6) Cohesion of Soll : C = 0.000 kN/m2
3) Load
(1) Surface load : gL = 10.000 kN/m2
(2) horizontal seismic coefficient : Kh = 0.115 (0.191x0.5x1.2)

4) Design Material

(1) Reinforced Concrete Weight : yc = 25.00 kN/m?
(2) Strength of Concrete : fck = 32.00 MPa
(3) Yield Strength of Reinforcement : fy = 420.00 MPa

5) Coefficient of Earth Pressure
(1) Evaluation of serviceability : Wedge of Soil pressure

(2) Evaluation of section : Wedge of Soil pressure

6) Reference
(1) American Concrete Institute — Code for the design of concrete structure, USA

(2) AS 3600 Concrete structures / 5100 Bridge design - Australian Standard
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2.4.2 Section Assumption

B3 B4
1
=+ —
I e
~
\ I
[ ]
T
I
_B1  Bw B5
| |
i
| |
B
& Sectional specification
- Width
B1 B2 B3 B4 B5 B Bw
0.100 0.000 0.200 0.125 0.675 1.100 0.325
- Height
H1 H2 H3 H4 H Ho
0.450 0.000 1.500 0.338 1.950 6.370




2. Corrugated Steel Pipe

2.4.3 Load Calculation

1) Self weight (D)

Automatic consideration in program

2) Earth pressure
> At Normal (H)

Pa = SIN(a-®) W
COS(a-®-56-0)
where, dx) B(x) d(rx) 8(x)
28.00 26.565 9.33 4.764 D (5=AxD)
a(rx) 0'(x) H (m) W (KN/m) Pa (kN/m) Ka Kah Kav
322 9.333 1.500 165.183 12.280 0.575 0.557 0.140
323 9.333 1.500 161.576 12.294 0.575 0.558 0.140
32.4 9.333 1.500 157.989 12.296 0.575 0.558 0.140
325 9.333 1.500 154.422 12.288 0.575 0.558 0.140
32.6 9.333 1.500 150.875 12.268 0.574 0.557 0.140
Coefficient of earth pressure Kah = 0.558
Horizontal earth pressure Pah= Kahxyt xH
Pahl1=  0.558 x 19 x 0.000 = 0.000 kN/m?3
Pah2 = 0.558 x 19 x 1500 = 15.903 kN/m3
< At Earthquake (E)
Pa = SIN(a-®+w) w
COS(a-d-5-96) COS(w)
where, d(rx) B(x) 0(rx) 6(rx) w(x)
28.000 26.565 0.000 4.764 6.538 50 w = tan-Kh
a(sx) o(rx) H (m) We (kN/m) Pa (kN/m) Kae Kaeh Kaev
28.2 0.000 1.500 328.536 38.670 1.8091 1.803 0.150
28.3 0.000 1.500 323.922 38.684 1.8098 | 1.804 0.150
284 0.000 1.500 319.338 38.687 1.8099 | 1.804 | 0.150
285 0.000 1.500 314.783 38.677 1.8094 1.803 0.150
28.6 0.000 1.500 310.258 38.655 1.8084 | 1.802 0.150
Coefficient of earthquake earth pressure : Kaeh' = Kaeh - Kah = 1.246
Earthquake earth pressure Paeh'= Kaeh'xyt xH
Paehl' = 1.246 x 19 x 0.000 = 0.000 kN/m3
Paeh2'= 1.246 x 19 x 1500 = 35.511 kN/m3

3) Inertiaforce at earthquake (E)

Weight of structure

P= W xKh
W
Kh: 0.115

horizontal seismic coefficient

2- 21
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2.4.4 Modeling & Loading

1) Anaysis Model

&
N
..
R
&
n
T
¢
B
¥
;
ePR

Boundary condition : Hinge

2) Loading

(1) Selfweight - Automatic consideration in program (D)

(2) Horizontal Earth Pressure at normal (H)
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2. Corrugated Steel Pipe

(3) Horizontal Earth Pressure at earthquake (E)

(4) Inertia force at earthquake (E)

2.45 Load combination

LCB1 : Ultimate Load at nomal ( 12D + 16L + 16H )
LCB 2 : Ultimate Load at earthquake ( 09D + 1.6H + 10E )
LCB3 : Service Load at nomal ( 10D + 10L + 1.0H )

2-23



TINA River Hydropower Development Project

2.4.6 Summary of Analysis Results

(1) B.M.D (Ultimate Load) - Unit : kKN.m
> LCB1

WAL Tiwil
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= 4,011
S.463ie-0N
G iaRe-sul
LLaimle-an
3.5857%-012
2ol
13567011
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et 1.4343Ted000
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52000
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hOWE

vy Model

T O "

i L %0

FIaks 4

THIT W

DATE: (81,2028
ViTe-OIRRETION

= b

2-24



2. Corrugated Steel Pipe

(2) S.F.D (Ultimate Load) - Unit : KN
> LCB1
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(3) B.M.D (Service Load) - Unit : kN.m

> LCB3

(4) Summary
Division LCB1 LCB2 LCB3 Section
M(KN.m) 0.958 2.375 1.994 Middle of Wall
V(KN) 4.196 10.463 Bottom of Wall
O Mu = 2.375kN.m
Vu = 10.463 kN
Mo = 1.994 kN.m

EIZAT/Ciril
FOIT-TROCEISR
FLATE FO(E
MOMEET-Myy

Li3802ie+000

18104500
Hi 14021004020
= 1, 4130904070
1222t €estdl
1.0281%e+00
f.302%-001
f.4312%e-001
4ustiite-00
2. 50050e-011
0.,80003e+930

=1.3880e-000
o Ly
Ay Bodal

5]

=X et

LR

e

INIT W

O O3/1802000
VITH-CIRECTIIN

t

| —
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2. Corrugated Steel Pipe

2.4.7 Section Design

1) Middle of Wall

(1) Section Design

f, Section specification and design condition

fo = 32 MPa fy = 420 MPa ki = 0.82
ot = 0.90 v = 0.75 d = 100.0 mm
B = 1000 mm H = 200 mm d = 1000 mm
My = 2.375 kN:m Vu = 10.463 kN Mo = 1.994 kN:m
- Check of Strength reduction factor (®)
a = 15.050
Because T=C , ¢ = 15.050 [/ B1 = 15.050 / 0.821 = 18.322 mm
ey = fy/Es = 420.000 / 200000 = 0.0021
g = 0.0030 x (dt-c)/c = 0003 x(1000 - 18322 ) / 18.322
= 0.0134
et > 0.0050 Tension-controlled sections &f = 0.900
azAsxfy/(@xfexb) s @
Mo/ B Acxhx(d-al2) e ? VLT TOrTYKYOYZT HN2 NIT
f2 My
y As? - fyxdxAs + = 0 [0 Req.As = 531384
2x0.85x%xfexb 1%}
UseAs = D 13 @ 250 + D 13 @ 250 = 1032.00 k ( 8 eam)
. Evaluation of reinforcement
Po = ki x @ x (felfy) x {600/(600 + fy)} = 0.03313
P = 0.75:-Pb = 0.0248t 4. iy = 2485.0 -
Prin = max(1.4/fy,0.25[fc' /fy) = 0.00337 4. As min = 336.7 L
Puseq = 413 Asreq/ (B-d) = 0.0008 4.  Asameq = 84.2 ,_
Prin = min ( Prin, Pasareq) = 0.0008¢ 4. As min = 84.2 -
Puwe = As/(B-d) = 00103 4.  Asmn = 1032.0 -
¢ 4/13xPreq<Puse<Pmax A OK
. Bending Check
a=Asxfy/ (D xfcxb) = 15.050 mm
@Mn = 0.9 x As x fy x (d - a/2) = 36.074 kNm > Mu = 2.375 kN-m
A OK
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M. Shear firction Check

@v Vn = @v x Avf x fy x 325.080 > Vu = 10.463 kN A OK

(2) Crack Check

. Calculation of stress

n 9
X = -NAs/b + nAsb x [{1+2bd/nAs}
= -9x1,032.00/1000 + 9 x 1,032.00 / 1000 x V[ 1 + 2 x 1000 x 100/ (9 x 1,032.00) ]
= 34.801 .
fo = 2xMo/[Bxyx x(d-x/3)
= 20 x 1994 /[ 1000 x 34801 x( 1000 - 34801 / 3 )] x 10°
= 1296 MPa
fs = Mo/[Asx(d-x/3)]
= 1994 /[ 1032.000 x( 1000 - 34801 / 3 )] x 10°
= 21857 MPa
fst = fsx(H-d'-x)/(d-¥) = 22x(200 - 100 - 1) / (100 - 35) = 2186 MPa

. Maximum center space of reinforcement

Cc = 100.00-13.00/2 = 9350

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 /fs) - 2.5 x Cc = 380x(280/21.86)-2.5x%x93.50 = 4634.21 .
300 x (280 / fs) = 300x(280/21.86) = 3843.12 .

Sa = 384312 Applying Minimum value

S =1,000/8 Ea=125.0 < Sa ( 3843.12 mm) A OK
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2. Corrugated Steel Pipe

2.4.8 Distribution Reinforcement Check

1) Wall (H= 325 mm)
“As,min = (0.0018 x 420 /fy) x BxH = (0.0018 x 420/ 420) x 1000 x 325 = 5850 r
- The spacing of deformed shrinkage and temperature reinforcement shall not exceed
the lesser of 5h and 450mm. = 450 B
- Used As : D 13@ 125 = 10320
[ = 10320 > 585.0 . A OK
- Bar spacing : 125 . < 450 . A OK

2) Bottom Slab (H= 450 mm)

“As,min=(0.0018 x 420 /fy) x Bx H = (0.0018 x 420 / 420) x 1000 x 450 = 8100 r
- The spacing of deformed shrinkage and temperature reinforcement shall not exceed
the lesser of 5h and 450mm. = 450 -
- Used As : Upper side : D 13@ 250 = 5160 .
Bottom side : D 13@ 250 = 516.0 .
= 10320 . > 8100 . A OK
- Bar spacing : 250 . < 450 A OK
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3. Box Culvert Wing Wall
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3.1 Wing Wall (H=3.3m)
]



3. Box Culvert Wing Wall

3.1.1 Design Conditions (H=3.300m
1) General Items

(1) Type of WingWall

(2) Height of WingWall

(3) Slope of Backfill

(4) Height of Backfill

2) Soil
(1) Unit Weight of Backfill
(2) angle of internal friction of Backfill
(3) Unit Weight of ground
(4) angle of internal friction of ground
(5) coefficient of earth pressure atrest of ground

(6) Cohesion of Soil

3) Load
(1) Surface load

(2) horizontal seismic coefficient

4) Design Material
(1) Reinforced Concrete Weight
(2) Strength of Concrete

(3) Yield Strength of Reinforcement
5) Coefficient of Earth Pressure
(1) Evaluation of serviceability

(2) Evaluation of section

6) Reference

(1) American Concrete Institute — Code for the design of concrete structure, USA

N= 1:2.00
Reverse T Type WingWall
3.300 m
1: 2.00
3.000 m
yt= 19.000
= 28.000
yt= 18.000
o1 = 28.000
P = 0.500
C = 0.000
gL = 10.000
Kh = 0.115
yc = 25.00
fck = 32.00
fy = 420.00

Wedge of Soil pressure

Wedge of Soil pressure

(2) AS 3600 Concrete structures / 5100 Bridge design - Australian Standard

Ho=  3.000 )

kN/m3

kN/ms3

kN/m2

kN/mz2

(=0.191 X 0.5 x 1.2)

kN/m3
MPa

MPa
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3.1.2 Section Assumption

B2,.B3, .B4 -
< -
T e
=}
<L :.-;
- © @
. B Fw B5
2 (3
TS SINGRNGY (&
— P
T L
BF 1 Kb BF 2
& Sectional specification
- Width
Bl B2 B3 B4 BS B Bw
0.300 0.058 0.300 0.042 2.200 2.900 0.400
- Height
H1 H2 H3 H4 H Ho
0.400 0.000 2.900 1.100 3.300 3.000
- Shear Key
BF1 BF2 Kb Kh
1.900 0.600 0.400 0.500
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3. Box Culvert Wing Wall

3.1.3 Evaluation of serviceability
1) At Nomal
(1) Earth pressure

Pa = SIN(a-®) < W
COS(a-d-9)
where, ®(rx) B(x) d(rx) 6(rx)
28.0 26.565 22.359 0.830 2 (Apply 5=B")
a(rx) 0'(Jx) H (m) W (kN/m) Pa (KN/m) Ka Kah Kav
49.0 22.276 4.400 259.179 92.904 0.505 0.467 0.192
49.1 22.318 4.400 258.025 92.909 0.505 0.467 0.192
49.2 22.359 4.400 256.875 92.911 0.505 0.467 0.192
49.3 22.401 4.400 255.728 92.911 0.505 0.467 0.192
49.4 22.443 4.400 254.585 92.908 0.505 0.467 0.192
Horizontal earth pressure Pah=1/2 x kah x yt x H? = 85.927 kN/m3
Vertical earth pressure Pav=1/2 x kav x yt x H? = 35.313 kN/m3
(2) Load
Division Calculation Unit Weight Vertical Force(kN)
> 2.900 X 0.300 = 0.870 25.00 21.750
< 2.900 X 0.058 X Y = 0.084 25.00 2.103
V| 2900 x 0.042 x Y% =] 0061 25.00 1.523
A | 0.000 X 0.300 X Y = 0.000 25.00 0.000
Concrete /A | 0.000 X 0.400 = 0.000 25.00 0.000
A | 0000 x 2200 X % =] 0.000 25.00 0.000
> 0.400 X 2.900 = 1.160 25.00 29.000
> 0.500 X 0.400 = 0.200 25.00 5.000
> | 1100 x 2200 x Y% =] 1210 19.00 22.990
Sol S| 2900 x 0042 x Y% =] 0061 19.00 1.157
> 2.900 X 2.200 = 6.380 19.00 121.220
>3 0.000 X 2.200 X Y = 0.000 19.00 0.000
Surface load 1.638 = | 1.638 10.00 16.380
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(3) Moment
Cision verieal | Horzenal length (m) MOMENT (kN-m)

V (kN/m) H (kN/m) X Y V-X(Mr) H-Y(Mo)
> 21.750 - 0.508 - 11.049 -
<@ 2.103 - 0.339 - 0.712 -
\V 1.523 - 0.672 - 1.023 -
A 0.000 - 0.200 - 0.000 -

Conerete A 0.000 - 0.500 - 0.000 -
A 0.000 - 1.433 - 0.000 -
> 29.000 - 1.450 - 42.050 -
> 5.000 - 2.100 - 10.500 -

Sub Total 59.375 65.334
D>- 22.990 - 2.167 - 49.812 -
. B 1.157 - 0.686 - 0.794 -
sol B- 121.220 - 1.800 - 218.196 -
B 0.000 - 2.167 - 0.000 -
Sub Total 145.367 268.801
Earth pressure|  35.313 85.927 2.900 | 1.467 102.407 126.027
Surface load 3.145 7.653 2.900 1.467 9.120 11.224
Total 243.200 93.580 445,663 137.251
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3. Box Culvert Wing Wall

(4) Evaluation of serviceability

> Sliding
tan®s = 0.500
B' = B-2xe = 2900-2x0.182 = 2.536 m
C = 0.000 kN/m?
pav) = 243.200  kN/m
>H = 93.580 kN/m
Hu = C x A + V x tan®ds = 121.600  kN/m
F.S = Hu/ZH = 1.299 < 15 - NG
v Need Shear Key.
< Shear Key
\Y = 243.200  kN/m
tan®dB = 0.500
Kp = 3.688
cos2(p+0)
Kp = c0s% cos(8 - 5) [ L. J sin(@ + o) sin(p +B) ] 2
cos(B-0)cos(6-B)
Where, (x) B() o(x) 8(x)
28.00 0.00 9.33 0
Pp = 41.489 kN/m
Hk = V tan®g + Pp = 163.089 kN/m
F.S = Hk/zH = 1.743 > 15 --- OK
y Stability of sliding is O.K.
= Overturning
e = BJ/2 - (ZMr - ZMo)/ZV
= 2.900/2-(445.663 - 137.251) / 243.2 = 0.182 m
B/6 = 2.900/6 = 0.483 > e -- 0K
F.S = XMr/xZMo = 3.247 > 2.0 -- OK
y Stability of overturning is O.K.
¥ Bearing Capacity
e = 0182 m < B6 = 0483 m
x = 3:[B/l2-e]= 3x(2900/2-0.182) = 3804 m > 2900 m
[] resultantin middle one-third of base
g(max,min) = (ZV/B)x(1+6-e/B)
= 243.200 / 2.900 x (1 # 6 X 0.182 / 2900 )
gmax = 115.416 kN/m? (Toe)
gmin = 52.308 kN/m2 (Heel)
gmax = 115.416 kN/m? < ga = 270.830 kN/m2 -- OK

y Stability of bearing Capacity is O.K.
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2) At Earthquake

(1) Earth pressure

Pa - SIN(a-®+w) « w
COS(a-9-38') COS(w)
where, d(rx) BUX) B(rx) 8(rx) w(rx) o(w =tan'lkKh)
28.0 26.565 27.1 0.830 6.538  E(5=p')
if B+w ® =0
a(x) 0'(/x) H (m) We (kN/m) | Pae (kN/m) Kae Kaeh Kaev
42.7 27.044 4.400 342.246 126.910 0.69 0.615 0.314
42.8 27.084 4.400 340.809 126.916 0.6901 | 0.614 0.314
42.9 27.125 4.400 339.376 126.918 0.6901 | 0.614 0.315
43.0 27.166 4.400 337.950 126.918 0.6901 | 0.614 0.315
43.1 27.207 4.400 336.528 126.915 0.6901 | 0.614 0.316
Horizontal earth pressure Paeh=1/2 x kaeh x yt x H2 = 112.927 KN/m3
Vertical earth pressure Paev= 1/2 x kaev x yt x H? = 57.935 kN/m3
(2) Load
o vemeal | Horzen! length (m) MOMENT (kN-m)
V (kN/m) H (kN/m) X Y V- X H-Y
Concrete 59.375 65.334
Soll 145.367 268.801
Earth pressure 57.935 112.927 2.900 2.200 168.011 248.439
Total 262.677 112.927 1.912 2.200 502.147 248.439
(3) Moment
Horizontal | Horizental Force MOMENT (kN-m)
Load Calculation seismic
coefficient H (kN/m) Y H-Y
> 21.750 0.115 2.493 1.850 4.611
QL 2.103 0.115 0.241 1.367 0.329
\V4 1.523 0.115 0.174 1.367 0.238
Concrete | A 0.000 0.115 0.000 0.400 0.000
N 0.000 0.115 0.000 0.400 0.000
A 0.000 0.115 0.000 0.400 0.000
> 29.000 0.115 3.323 0.200 0.665
Sub Total 54.375 6.231 - 5.844
> 22.990 0.115 2.635 3.667 9.660
] > 1.157 0.115 0.133 2.333 0.309
sl > 121.220 0.115 13.892 1.850 25.700
>3 0.000 0.115 0.000 0.400 0.000
Sub Total 145.367 16.659 - 35.670
Total 199.742 22.890 1.814 41.514
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3. Box Culvert Wing Wall

(4) Evaluation of serviceability

> Sliding
tan®s = 0.500
B' = B-2xe = 2900-2x0642 = 1.616 m
C = 0.000 kN/m?
pav) = 262.677  kN/m
>H = 135.817  kN/m
Hu = C x A + V x tan®s = 131.338  kN/m - NG
F.S = Hu/ZH = 0.967 < 11
v Need Shear Key.
< Shear Key
\Y, = V= 262.677  kN/m
tandB = tan®s = 0.500
Kp = Kpe = 2.138
cos2(p-w+06)
Kp = c0SWw G0 CoS(5 - 6 + ) [ . v sin(@ -8 ) sin(g - w + B) ] 2
cos(®0-06+w)cos(B-6)
Where, ®(x) BX) () B(x) w(x)
28.00 0.00 9.33 0 6.538
Ppe = 24.054 kN/m
Hk = Vtan®s + Ppe = 155.392 kN/m
F.S = Hk/ZH = 1.144 > 11 -- OK
y Stability of sliding is O.K.
= Overturning
e = B/2 - (ZMr - ZMo)/ZV
2.900/2 - (502.147 - (248.439 + 41.514)) / 262.677 = 0.642 m
B/3 = 2900/3 = 0.967 > e -- OK
F.S = XMr/ :Mo = 1.732 > 15 -- OK
y Stability of overturning is O.K.
¥ Bearing Capacity
e = 0642 m < B3 = 0.967 m
x = 3:[B/l2-e]= 3x(2.900/2-0.642) = 2424 m < 2900 m
[] Pressure for resultant outside middle one-third
gmax = 22VI/X
= 262.677 x 2 2.424 = 216.730  kN/m?
gmax = 216.730 kN/m?2 (Toe)
gmin = 0.000 kN/m?2 (Heel)
gmax = 216.730 kN/m2 < ga = 270.830 KkN/m2 - OK

y Stability of bearing Capacity is O.K.
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3.1.4 Load Calculation

1) Wall
(1) Earth pressure
> At Nomal
Pa = SIN(a-®) < W
COS(a-®-56-0)
where, ®(rx) B(rx) o(rx) 6(rx)
28.00 26.565 9.33 0.830 0 (5=Ax®D)
a(x) 0'(Jx) H (m) W (KN/m) Pa (kN/m) Ka Kah Kav
42.7 9.333 2.900 188.527 47.991 0.601 0.591 0.106
42.8 9.333 2.900 187.275 47.996 0.601 0.591 0.106
42.9 9.333 2.900 186.027 47.998 0.601 0.591 0.106
43.0 9.333 2.900 184.784 47.996 0.601 0.591 0.106
43.1 9.333 2.900 183.545 47.992 0.601 0.591 0.106
Horizontal earth pressure : Pah= 1/2 x kah xyt x H2 = 47.218 kN/m3
Vertical earth pressure : Pav=1/2x kavxyt xH?2 = 8.469 kN/m3
< At Earthquake
Pa = SIN(a-®+w) « w
COS(a-d-56-96) COS(w)
where, ®(rx) B(rx) o(rx) 6(rx) w(rx)
28.000 26.565 0.000 0.830 6.538 0 w = tan"Kh
a(x) o(Jx) H (m) We (kN/m) Pa (kN/m) Kae Kaeh Kaev
38.1 0.000 2.900 252.392 73.222 0.9165 | 0.916 0.013
38.2 0.000 2.900 250.870 73.227 0.9165 | 0.916 0.013
38.3 0.000 2.900 249.354 73.227 0.9165 | 0.916 0.013
384 0.000 2.900 247.845 73.225 0.9165 | 0.916 0.013
38.5 0.000 2.900 246.342 73.220 0.9165 | 0.916 0.013
Horizontal earth pressure Paeh = 1/2 x kaeh x yt x H2 = 73.184 KN/m3
Vertical earth pressure : Paev = 1/2 x kaev x yt x H2 = 1.039 kN/m3
Earthquake earth pressure : Paeh'= 1/2 x kaeh'x yt x H? = 25.966 kN/m3
L Load Horizental Force length (m) Mr (KN-m)
Division
W (kN) H (kN/m) Y HxY
> 21.750 2.493 1.450 3.614
Concrete | 2.103 0.241 0.967 0.233
\V/ 1.523 0.174 0.967 0.169
Bedamyph@ll  25.375 2.908 4.016
earth 25.966 1.450 37.651
pressure
D> 10.875 1.246 0.725 0.904
Concrete | <t 0.053 0.006 0.483 0.003
\V/ 0.381 0.044 0.483 0.021
I\/E%q{ﬁ(ﬂja\{ygll 11.308 1.296 0.928
earth 6.491 0.725 4.706
pressure
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3. Box Culvert Wing Wall

Stress Resultant

@)

> At Nomal
Bottom of Wall (H= 2.900 m )
V= 47.218 = 47.218 kN
M= 47.218 X 2.900 /3 = 45.644 kN/m
Middle of Wall (H= 1.450 m )
V= 11.804 = 11.804 kN
M= 11.804 X 1.450 /3 = 5.706 kN/m
q* At Earthquake
Bottom of Wall (H= 2.900 m )
Ve= 73.184 = 73.184 kN
Me= 73.184 X 2.900 2 = 106.117 kN/m
Middle of Wall (H= 1.450 m )
Ve= 18.296 = 18.296 kN
Me= 18.296 X 1.450 12 = 13.265 kN/m
(3) Design Load for cross section
B' Load Combination
LCB1 Ultimate Load at nomal ( 12D + 16L + 1.6H )
LCB 2 Ultimate Load at earthquake ( 09D + 1.6H + 10E )
LCB3 Service Load at nomal ( 10D + 10L + 10H )
<" Summary
Bottom of Wall Middle of Wall
Division Horizontal Horizonal
earth Inertial force earth Inertial force
pressure pressure
Shear force 75.549 0.000 18.887 0.000
. Moment 73.030 0.000 9.129 0.000
Shear force 75.549 28.874 18.887 7.787
LBz Moment 73.030 41.667 9.129 5.634
LCB3 Shear force 47.218 0.000 11.804 0.000
Moment 45.644 0.000 5.706 0.000
V Design Load for cross section
-Bottom of Wall
LCB1 LCB2 LCB3
Shear force Moment Shear force Moment Shear force Moment
75.549 73.030 104.423 114.697 47.218 45.644
-Middle of Wall
LCB1 LCB2 LCB3
Shear force Moment Shear force Moment Shear force Moment
18.887 9.129 26.675 14.763 11.804 5.706
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2) Foundation

(1) Stress resultant of Foundation

> Load
Division V(kN) H(kN) Mr(kN.m) Mo(kN.m)
Concrete 59.375 0.000 65.334 0.00
Soil 145.367 0.000 268.801 0.00
At Nomal |Earth pressure 35.313 85.927 102.407 126.027
Surface load 3.145 7.653 9.120 11.224
0 243.200 93.580 445.663 137.25
Concrete 59.375 6.231 65.334 5.844
Soil 145.367 16.659 268.801 35.670
At Earthquake Eggp(ﬁéﬁz%re 35.313 85.927 102.407 126.027
earth 22.622 26.999 65.604 122.412
pressure
N 262.677 135.817 502.147 289.95
< Ultimate load Combination
Division av OMr [IMo e Load shape
LCB1 307.223 579.406 219.602 0.279 CASE1
LCB2 263.390 530.177 361.418 0.809 CASE2
LCB3 243.200 445.663 137.251 0.182 CASE1
V Stress resultant of Foundation
CASE1 CASE2
B B
\ \ | \
al 92 q3 a4 al 92 q3
Division gl g2 g3 g4 e CASE
LCB1 167.091 154.439 137.569 44.787 0.279 1
LCB2 273.937 231.201 174.220 - 0.809 2
LCB3 115.440 108.907 100.196 52.284 0.182 1
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3. Box Culvert Wing Wall

(2) Heel
> Cross section force by Concrete & Soil
Load Vertical Force length (m) Mr (KN-m)
V (kN/m) X V- X
A 0.000 0.733 0.000
Concrete | >' 22.000 1.100 24.200
> 5.000 1.400 7.000
Sub Total 27.000 1.156 31.200
> 22.990 1.453 33.397
Soil > 121.220 1.100 133.342
> 0.000 1.467 0.000
Sub Total 144.210 1.156 166.739
Total 171.210 1.156 197.939
<™ Cross section force by Vertical Force
- At Nomal
V= 35.313 kN
M= 35.313 X 2.200 = 77.688 KN-m
- At Earthquake
V= 35.313 + 22.622 = 57.935 kN
M1 = 35.313 X 2.200 = 77.688 kN-m
M2 = 22.622 X 2.200 = 49.769 kN-m
V Cross section force by Stress resultant of Foundation
Load g3 (o] length(m) V (kN) M (KN-m)
LCB1 137.569 44.787 0.913 -200.592 -183.228
LCB2 174.220 0.000 0.408 -106.535 -43.431
LCB3 100.196 52.284 0.985 -167.727 -165.175
5V =(gq4 +q3)/2 x B5
A Design Load for cross section
-Load Combination
LCB 1 Ultimate Load at nomal ( 12D + 16L + 16H
LCB 2 Ultimate Load at earthquake ( 09D + 16H + 10E
LCB3 Service Load at nomal ( 10D + 10L + 10H
Division D L H E Stress resul.tant of Total
Foundation
Vu 205.452 - 56.500 - -200.592 61.361
HCBL Mu 237.527 - 124.300 - -183.228 178.599
Vu 154.089 - 56.500 22.622 -106.535 126.676
HeB2 Mu 178.145 - 124.300 49.769 -43.431 308.783
Vo 171.210 - 35.313 - -167.727 38.796
L83 Mo 197.939 - 77.688 - -165.175 110.451
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(3) Toe
> Cross section force by Concrete & Soil

Load Vertical Force length (m) Mr (KN-m)
V (kN/m) X V- X
A 0.000 0.100 0.000
Concrete
> 3.000 0.150 0.450
Sub Total 3.000 0.150 0.450
<M Cross section force by Stress resultant of Foundation
Load ql g2 length(m) V (kN) M (kN-m)
LCB1 167.091 154.439 0.152 48.230 7.329
LCB2 273.937 231.201 0.154 75.771 11.686
LCB3 115.440 108.907 0.151 33.652 5.097
0 V=(ql +qg2)/2 x Bl
V Design Load for cross section
-Load Combination
LCB1 Ultimate Load at nomal ( 12D + 16L + 1.6 H )
LCB 2 Ultimate Load at earthquake ( 09D + 16H + 10E )
LCB 3 Service Load at nomal ( 1.0D + 10L + 10H )
Division D H Stress resuIFant of Total
Foundation
LCB1 Vu -3.600 - 48.230 44.630
Mu -0.540 - 7.329 6.789
Vu -2.700 - 75.771 73.071
LCB2
Mu -0.405 - 11.686 11.281
Vo -3.000 - 33.652 30.652
LCB3
Mo -0.450 - 5.097 4.647
(4) Shear Key
> Passive earth pressure
At Nomal : Pp = 41.489 kN/m
At Earthq : Ppe = 24.054 KN/m A Apply Cross section force at Nomal
<" Design Load for cross section
Division gkl gk2 H(m) V (kN) M (kN-m)
At Nomal 66.382 99.573 0.500 41.489 11.064
Division Mu(kN-m) Vu(kN) Mo(KN-m)
Design Load for cross section 17.702 66.382 11.064
3) Summary
Division Mu(kN-m) Vu(kN) Mo(kN-m) @Mn(KN-m) Bar S.F
Bottom of Wall 114.697 104.423 45.644 165.610 D13 @ 125 1.44
Middle of Wall 14.763 26.675 5.706 56.513 D13 @ 250 3.83
Heel 114.697 126.676 45.644 198.822 D16 @ 125 1.73
Toe 11.281 73.071 4.647 101.157 D16 @ 250 8.97
Shear Key 17.702 66.382 11.064 66.265 D13 @ 250 3.74

3- 12




3. Box Culvert Wing Wall

3.1.5 Section Design

1) Bottom of Wall

(1) Section Design

f, Section specification and design condition

fo = 32 MPa fy = 420 MPa ki = 0.82

ot = 0.90 @v = 0.75 d = 3435 mm

B = 1000 mm H = 400 mm d = 565 mm
My = 114697  kN-m Vu = 104423 kN Mo = 45.644 kN-m

- Check of Strength reduction factor (®)

a = 19.133
BecauseT=C , ¢ = 19133 / p1= 19133 / 0.821 = 23293 mm
ey = fyl/lEs = 420.000 / 200000 = 0.0021
s = 0.0030 x (dt-c)/c = 0.003 x( 3435 - 23293 ) / 23.293
= 0.0412
et > 0.0050 Tension-controlled sections &f = 0.900
azAsxfy/(@xfexb) s 1)
NT TOFTYKYOYZT HAY UT
Mu/@= Asxfyx(d-al2) = ccccemmeeee )
f2 My
Y A52 - fy xdx As + = 0 | Req. As = 901.622
2x0.85x%xfexb (]
UseAs = D 13 @ 250 + D 16 @ 250 = 1312.00 k ( 8 ea/m)

f. Evaluation of reinforcement

Pb = k1 x @ x (fe/fy) x {600/(600 + f;)} = 1.03313
P = 0.75:-Pb = 0.0248t 4. iy = 8536.0 -
Prin = max(1.4/fy,0.25fc'/fy) = 0.00337 4y As min = 1156.6 .
Puseq = 413 Asreq/ (B-d) = 00035 4. Asameq = 1202.2 ,_
Pun = Min ( Prin, Passreq) = 00033 4. Asmn = 1156.6 -
Puee = As/(B-d) = 00038 4.  Asmn = 13120 -
¢ Pmin<Puse<Pmax A OK
. Bending Check
a=Asxfy/ (D xfecxb) = 19.133 mm
@Mn = 0.9 x As x fy x (d - a/2) = 165.610 kN-m > Mu = 114.697 kN-m
A OK
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M. Shear Check
@Ve =0.75x 1/6 x Vfc' x B x d - 242891 kN > Vu = 104423 kN

A No shear reinforcement is required

(2) Crack Check
(. Calculation of stress
n = 8
X = -nAs/b + nAs/b x [J{1+2bd/nAs}
= -8x1,312.00/ 1000 + 8 x 1,312.00 / 1000 % \/[ 1+2x1000 % 343.5/(8x1,312.00) ]
= 75.066 o
2xMo/[Bxx x(d-x3)]
= 20 x 45644 /[ 1000 x 75066 x( 3435 - 75066 / 3 )] x 10

fe

= 3818 MPa
fo = Mo/[Asx (d-x/3)]

= 45644 /[ 1312.000 x( 3435 - 75066 / 3 )] x 10°

= 109.237 MPa
fst = fsx(H-d'-x)/(d-x) = 109 x (400 - 57 - 4) / (344 - 75) = 10924 MPa

. Maximum center space of reinforcement
Cc = 56.50-13.00/2 = 50.00
Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)
Smin : 380 x (280 /fs) - 2.5 x Cc = 380x(280/109.24) - 2.5 x50.00 = 849.03
300 x (280 / fs) = 300x(280/109.24) 768.97

Sa = 768.97 Applying Minimum value
S =1,000/8 Ea=125.0 < Sa ( 768.97 mm) A OK
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3. Box Culvert Wing Wall

2) Middle of Wall

(1) Section Design

(. Section specification and design condition

= 32 MPa fy = 420 MPa ki = 0.82
of = 0.90 ov = 0.75 d = 2935 mm
B = 1000 mm H = 350 mm d = 565 mnm
Mu = 14.763 kN-m Vu = 26.675 kN Mo = 5.706 kN-m
- Check of Strength reduction factor (®)
a = 7525
BecauseT=C , ¢ = 7525 [ B1= 7525 |/ 0.821 = 9.161 mm
ey = fy/Es = 420.000 / 200000 = 0.0021
g = 0.0030 x (dt-c)/c = 0003 x(2935 - 9161 ) /[ 9.161
= 0.0931
et > 0.0050 Tension-controlled sections &f = 0.900
azAsxfy/(@xfexb) s @
Mu/@= Asxfyx(d-al2) oo ) VLT TOTYKYOYZT Hii2 LT
f2 My
y As? -  fyxdxAs + =0 [0 Req.As = 133538
2x0.85x%xfexb 1%}
UseAs = D 13 @ 500 + D 13 @ 500 = 516.00 k ( 4 eam)
. Evaluation of reinforcement
Po = ki x @ x (fe/lfy) x {600/(600 + fy)} = 0.03313
P = 0.75- Pb = 0.0248: 4. ASmax = 7293.5 L
Prin = max(1.4/fy,0.25[fc'/fy) = 0.00337 4. As min = 988.3 L
Pusreq = 43 - Asreq/ (B-d) = 0.00061 . As as3req = 178.1 L
Prin = Min ( Ppin, Pasareq) = 0.0006] 4.  Asmn = 178.1 .
Pee = As/(B-d) = 00017¢ 4.  Asmn = 516.0 -
¢ 4/3xPreq<Puse<Pmax A O.K
. Bending Check
a=Asxfy/ (D xfcxb) = 7.525 mm
@Mn =0.9 x As x fy x (d - a/2) = 56.513 kN-m > Mu = 14.763 kN-m
A OK

3- 15



TINA River Hydropower Development Project

. Shear Check
@Vc=0.75x 1/6 x J fc' x B x d = 207.536 kN > Vu = 26.675 kN

A No shear reinforcement is required

(2) Crack Check
(. Calculation of stress
n = 8
X = -nAs/b + nAs/b x [J{1+2bd/nAs}
= -8x516.00/1000 + 8 x 516.00 / 1000 x \/[ 1+2x1000x%293.5/(8x516.00)]

= 45270

fo = 2xMo/[Bxy x(d-x/3)
= 20 x 5706 /[ 1000 x 45270 x( 2935 - 45270 / 3 )] x
= 0905 MPa

fs = Mo/ [Asx (d-x/3)]

= 5706 /[ 516.000 x( 2935 - 45270 / 3 )] x 10°
= 39.715 MPa
fst = fsx(H-d-x)/(d-x) = 40x(350-57-1)/(294 - 45) = 39.72

. Maximum center space of reinforcement
Cc = 56.50-13.00/2 = 50.00 .
Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)
Smin : 380 x (280 / fs) - 2.5 x Cc 380 x(280/39.72) - 2.5 x 50.00

300 x (280 / fs) 300 x (280 /39.72)

2554.06
2115.05

Sa = 2115.05 | Applying Minimum value
S =1,000/4 Ea = 250.0 < Sa ( 2115.05 mm) A OK

10°

MPa

3- 16



3. Box Culvert Wing Wall

3) Heel

(1) Section Design

(. Section specification and design condition

= 32 MPa fy = 420 MPa ki = 082
of = 0.90 ov = 0.75 d = 3420 mm
B = 1000 mm H = 400 mm d = 580 mm
Mu = 114.697 kN-m Vu = 126.676 kN Mo = 45.644 kN-m
- Check of Strength reduction factor (®)
a = 23217
Because T=C , ¢ = 23217 |/ B1 = 23.217 | 0.821 = 28.264 mm
ey = fy/Es = 420.000 / 200000 = 0.0021
g = 0.0030x (dt-c)/c = 0003 x(3420 - 28264 ) |/ 28.264
= 0.0333
gt > 0.0050 Tension-controlled sections &f = 0.900
a=Asxfy/(Dxfexb) e @
M@= Acxtyx(d-al2) e @ VLT TOTTYKYOYZT HN2 ULT
f2 My
y As? - fyxdxAs + =0 [0 Req.As = 905745+
2x0.85x%xfexb 1%}
UseAs = D 16 @ 250 + D 16 @ 250 = 1592.00 k ( 8 eam)
. Evaluation of reinforcement
Pb = ki x @ x (felfy) x {600/(600 + fy)} = 0.03313
Pmax = 0.75-Pb = 00248 4. Asmax = 84987 -
Prin = max(1.4/fy,0.25[fc'/fy) = 0.00337 4. As min = 1151.6 L
Pusreq = 43 - Asreq/ (B-d) = 0.0035: 4. As ai3req = 1207.7 L
Prin = Min ( Ppin, Pasareq) = 00033 4.  Asmn = 1151.6 .
P = As/(B-d) = 0.0046% 4. As min = 1592.0 L
¢ Pmin<Puse<Pmax A OK
. Bending Check
a=Asxfy/ (D xfcxb) = 23.217 mm
@Mn =0.9 x As x fy x (d - a/2) = 198.822 kN-m > Mu = 114.697 kN-m
A OK




TINA River Hydropower Development Project

. Shear Check
@Vc=0.75x 1/6 x J fc' x B x d = 241.831 kN > Vu = 126.676 kN

A No shear reinforcement is required

(2) Crack Check

. Calculation of stress

n = 8

X = -nAs/b + nAs/b x [J{1+2bd/nAs}
= -8x1,592.00/1000 + 8 x 1,592.00 / 1000 x \[ 1 + 2 x 1000 x 342/ (8 x 1,592.00 ) ]
= 81.464 .

fo = 2xMo/[Bxx x(d-x/3)

= 20 x 45644 /[ 1000 x 81464 x( 3420 - 81464 / 3 )] x 108
= 3559 MPa

fs = Mo/[Asx (d - x/3)]
= 45644 /[ 1592.000 x( 3420 - 81464 |/ 3 )] x 10
= 91.063 MPa

fst = fsx(H-d-x)/(d-X) = 91 x (400 - 58 - 4) / (342 - 81) = 9106 MPa

. Maximum center space of reinforcement

Cc = 58.00-16.00/2 = 50.00

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 /fs) - 2.5 x Cc = 380x(280/91.06)-2.5x50.00 = 104342
300 x (280 / fs) = 300x(280/91.06) = 92244

Sa = 92244 | Applying Minimum value

S =1,000/8 Ea =125.0 < Sa (92244 mm) A OK

3-18



3. Box Culvert Wing Wall

4) Toe

(1) Section Design

(. Section specification and design condition

= 32 MPa fy = 420 MPa ki = 0.82
ogf = 0.90 ov = 0.75 d = 3420 mm
B = 1000 mm H = 400 mm d = 580 mnm
Mu = 11.281 kN-m Vu = 73.071 kN Mo = 4.647 kN-m
- Check of Strength reduction factor (®)
a = 11.608
BecauseT=C , ¢ = 11608 / p1= 11608 / 0.821 = 14132 mm
ey = fy/Es = 420.000 / 200000 = 0.0021
g = 0.0030x (dt-c)/c = 0003 x(3420 - 14132 ) /[ 14.132
= 0.0696
gt > 0.0050 Tension-controlled sections &f = 0.900
a=zAsxfy/(Bxfexb)y e @
Wi Aexix(d-al2) 2 WILT TOTYKYOYZT HIE ULT
f2 My
y As? - fyxdxAs + =0 [0 Req.As = 87436+
2x0.85x%xfexb 1%}
UseAs = D 16 @ 500 + D 16 @ 500 = 796.00 k ( 4 eam)
. Evaluation of reinforcement
Pb = ki x @ x (felfy) x {600/(600 + fy)} = 0.03313
Pmax = 0.75-Pb = 00248 4. Asmax = 84987 -
Prin = max(1.4/fy,0.25[fc'/fy) = 0.00337 4. As min = 1151.6 L
Pusreq = 43 - Asreq/ (B-d) = 0.0003¢ 4. As ai3req = 116.6 L
Piiia = min ( Prin, Paszreq) = 0.0003¢ 4. As min = 116.6 -
P = As/(B-d) = 0.0023: 4. As min = 796.0 L
¢ 4/3xPreq<Puse<Pmax A O.K
. Bending Check
a=Asxfy/ (@ xfexb) = 11.608 mm
@Mn = 0.9 x As x fy x (d - a/2) = 101157  kN-m > Mu = 11.281 kN-m
A OK
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. Shear Check

@Vc=0.75x1/6 x\fc'xB xd = 241.831 kN > Vu = 73.071 kN

A No shear reinforcement is required

(2) Crack Check

. Calculation of stress

n = 8
X = -nNnAs/b +nAs/b x [J{1+2bd/nAs}
= -8x796.00/1000 + 8 x 796.00 / 1000 x V[ 1 + 2 x 1000 x 342 / (8 x 796.00) ]
= 590.936 .
fo = 2xMo/[Bxyx x(d-x/3)]
= 20 x 4647 /[ 1000 x 59936 x( 3420 - 59936 / 3 )] x 10°
= 0482 MPa
fs = Mo/[As x (d - x/3)]
= 4647 /[ 796.000 x( 3420 - 59936 / 3 )] x 10°
= 18.128 MPa
fst = fsx(H-d'-x)/(d-x) = 18 x (400 - 58 - 0) /(342 - 60) = 18.13  MPa

. Maximum center space of reinforcement

Cc = 58.00-16.00/2 = 50.00

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 /fs) - 2.5 x Cc

380 x(280/18.13) - 2.5 x 50.00 = 5. 7E+03 .

300 x (280 / fs) = 300x(280/18.13) =  4.6E+03
Sa = 4.63E+03 Applying Minimum value
S =1,000/4 Ea = 250.0 < Sa ( 4.6E+03 mm) A OK
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3. Box Culvert Wing Wall

5) Shear Key

(1) Section Design

(. Section specification and design condition

= 32 MPa fy = 420 MPa ki = 082
of = 0.90 ov = 0.75 d = 3435 mnm
B = 1000 mm H = 400 mm d = 565 mn
Mu = 17.702 kN-m Vu = 66.382 kN Mo = 11.064 kN-m
- Check of Strength reduction factor (®)
a = 7525
BecauseT=C , ¢ = 7525 [ B1= 7525 |/ 0.821 = 9.161 mm
ey = fy/Es = 420.000 / 200000 = 0.0021
g = 0.0030 x (dt-c)/c = 0003 x(3435 - 9161 ) /[ 9.161
= 0.1095
et > 0.0050 Tension-controlled sections &f = 0.900
azAsxfy/(@xfexb) s @
Mu/@= Asxfyx(d-al2) oo ) VLT TOTYKYOYZT Hii2 LT
f2 My
y As? -  fyxdxAs + = 0 [0 Req.As = 136.754
2x0.85x%xfexb 1%}
UseAs = D 13 @ 500 + D 13 @ 500 = 516.00 k ( 4 eam)
. Evaluation of reinforcement
Po = ki x @ x (fe/lfy) x {600/(600 + fy)} = 0.03313
P = 0.75- Pb = 0.0248: 4. ASmax = 8536.0 L
Prin = max(1.4/fy,0.25[fc'/fy) = 0.00337 4. As min = 1156.6 L
Pusreq = 43 - Asreq/ (B-d) = 0.0005¢ 4. As as3req = 182.3 L
Prin = Min ( Ppin, Pasareq) = 0.0005 4.  Asmn = 182.3 .
P = As/(B-d) = 0.0015C 4. As min = 516.0 -
¢ 4/3xPreq<Puse<Pmax A O.K
. Bending Check
a=Asxfy/ (D xfcxb) = 7.525 mm
@Mn =0.9 x As x fy x (d - a/2) = 66.265 kN-m > Mu = 17.702 kN-m
A OK
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. Shear Check

@Vc=0.75x 1/6 x J fc' x B x d = 242.891 kN > Vu = 66.382 kN

A No shear reinforcement is required

(2) Crack Check

. Calculation of stress

n 8
X = -nAs/b +nAs/b x [J{1+2bd/nAs}
= -8x516.00/1000 + 8 x 516.00 / 1000 x V[ 1 + 2 x 1000 x 343.5/ (8 x 516.00) ]

= 49285
fo = 2xMo/[Bxx x(d-x3)]
= 20 x 11.064 /[ 1000 x 49285 x( 3435 - 49285 / 3 )] x 10°
= 1373 MPa
fs = Mo/[Asx (d-x/3)]
= 11.064 /[ 516.000 x( 3435 - 49285 / 3 )] x 10°
= 65557 MPa
fst = fsx(H-d-x)/(d-X) = 66 X (400 - 57 - 1) / (344 - 49) = 6556 MPa

. Maximum center space of reinforcement

Cc = 56.50-13.00/2 = 50.00

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 /fs) - 2.5 x Cc = 380x(280/65.56)-2.5x50.00 = 1498.01
300 x (280 / fs) = 300x(280/65.56) = 1281.33

Sa = 1281.33 | Applying Minimum value

S =1,000/4 Ea = 250.0 < Sa ( 1281.33 mm) A OK
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3. Box Culvert Wing Wall

3.1.6 Distribution Reinforcement Check

1) Wall (H= 400 mm)
- As,min = (0.0018 x 420 /fy) x BxH = (0.0018 x 420/ 420) x 1000 x 400 = 720.0
- The spacing of deformed shrinkage and temperature reinforcement shall not exceed
the lesser of 5h and 450mm. = 450
- Used As : Tension side D 13@ 200 = 6450
Compressionside D 13@ 200 = 645.0 .
U = 12900 > 720.0
- Bar spacing : 200 . < 450 . A OK
2) Bottom Slab (H= 400 mm)
- As,min = (0.0018 x 420 /fy) x BxH = (0.0018 x 420/ 420) x 1000 x 400 = 720.0
- The spacing of deformed shrinkage and temperature reinforcement shall not exceed
the lesser of 5h and 450mm. = 450
- Used As : Tension side D 13@ 250 = 5160 .
Compressionside D 13@ 250 = 516.0 .
[ = 10320 r > 720.0
- Bar spacing : 250 . < 450 . A OK
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]



3. Box Culvert Wing Wall

3.2.1 Design Conditions (H=1.500m
1) General ltems

(1) Type of WingWall

(2) Height of WingWall

(3) Slope of Backfill

(4) Height of Backfill

2) Soil
(1) Unit Weight of Backfill
(2) angle of internal friction of Backfill
(3) Unit Weight of ground
(4) angle of internal friction of ground
(5) coefficient of earth pressure atrest of ground

(6) Cohesion of Soil

3) Load
(1) Surface load

(2) horizontal seismic coefficient

4) Design Material
(1) Reinforced Concrete Weight
(2) strength of Concrete

(3) Yield Strength of Reinforcement
5) Coefficient of Earth Pressure
(1) Evaluation of serviceability

(2) Evaluation of section

6) Reference

(1) American Concrete Institute — Code for the design of concrete structure, USA

, N= 1:2.00
Reverse T Type WingWall
1.500 m
1:2.00
2.000 m
yt= 19.000
= 28.000
yt= 18.000
D1 = 28.000
®s = 0.500
C = 0.000
gL = 10.000
Kh = 0.115
yc = 25.00
fck = 32.00
= 420.00

Wedge of Soil pressure

Wedge of Soil pressure

(2) AS 3600 Concrete structures / 5100 Bridge design - Australian Standard

. Ho= 2000 )

kN/ms3

kN/ms3

kN/m2

kN/mz2

(=0.191 x 0.5 x 1.2)

kN/m3
MPa

MPa
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3.2.2 Section Assumption

B2,.B3, .B4 -
< -
T e
=N
<L :.-;
. © @
. B Fw B5
2 (3
o1 = o = [ -;]h:
T 4l (51 | (6] =
— P
T L
BF 1 Kb BF 2
& Sectional specification
- Width
Bl B2 B3 B4 BS B Bw
0.300 0.022 0.300 0.078 0.800 1.500 0.400
- Height
H1 H2 H3 H4 H Ho
0.400 0.000 1.100 0.400 1.500 2.000
- Shear Key
BF1 BF2 Kb Kh
0.700 0.400 0.400 0.500
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3. Box Culvert Wing Wall

3.2.3 Evaluation of serviceability

1) At Nomal

(2) Load

(1) Earth pressure
Pa = SIN(a-®) < W
COS(a-d-9)
where, ®(rx) B(x) d(rx) 0(yx)
28.0 26.565 25.204 4.056 0 (Apply 5=p')
a(rx) 0'(Jx) H (m) W (kN/m) Pa (KN/m) Ka Kah Kav
440 25.122 1.900 71.870 20.064 0.585 0.529 0.249
44.1 25.163 1.900 71.450 20.065 0.585 0.529 0.249
44.2 25.204 1.900 71.031 20.064 0.585 0.529 0.249
44.3 25.245 1.900 70.614 20.063 0.585 0.529 0.249
444 25.285 1.900 70.198 20.061 0.585 0.529 0.249
Horizontal earth pressure Pah=1/2 x kah x yt x H? = 18.152 kN/m3
Vertical earth pressure Pav=1/2 x kav x yt x H? = 8.539 kN/m3
Division Calculation Unit Weight Vertical Force(kN)
> 1.100 X 0.300 = 0.330 25.00 8.250
< 1.100 X 0.022 X Y = 0.012 25.00 0.303
v | 1100 x 0.078 X Y% =] 0043 25.00 1.073
A | 0.000 X 0.300 X Y = 0.000 25.00 0.000
Concrete /A | 0.000 X 0.400 = 0.000 25.00 0.000
A | 0000 x 0.800 X % =] 0.000 25.00 0.000
> 0.400 X 1.500 = 0.600 25.00 15.000
> 0.500 X 0.400 = 0.200 25.00 5.000
> | 0400 x  0.800 x Y% = 0.160 19.00 3.040
Sol S| 1100 x 0078 X Y% = 0043 19.00 0.815
> 1.100 X 0.800 = 0.880 19.00 16.720
>3 0.000 X 0.800 X Y = 0.000 19.00 0.000
Surface load 0.399 = | 0.399 10.00 3.991
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®)

Moment
Cision verieal | Horzenal length (m) MOMENT (kN-m)
V (kN/m) H (kN/m) X Y V-X(Mr) H-Y(Mo)
> 8.250 - 0.472 - 3.894 -
@ 0.303 - 0.315 - 0.095 -
\V 1.073 - 0.648 - 0.695 -
A 0.000 - 0.200 - 0.000 -
Conerete A 0.000 - 0.500 - 0.000 -
A 0.000 - 0.967 - 0.000 -
> 15.000 - 0.750 - 11.250 -
> 5.000 - 0.900 - 4.500 -
Sub Total 29.625 20.434
D>- 3.040 - 1.233 - 3.749 -
, B 0.815 - 0.674 - 0.549 -
sol B- 16.720 - 1.100 - 18.392 -
B 0.000 - 1.233 - 0.000 -
Sub Total 20.575 22.691
Earth pressure 8.539 18.152 1.500 | 0.633 12.809 11.496
Surface load 0.994 2.113 1.500 | 0.633 1.491 1.338
Total 59.733 20.265 57.425 12.834
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3. Box Culvert Wing Wall

(4) Evaluation of serviceability

> Sliding
tan®s = 0.500
B' = B-2xe = 1500-2x0.004 = 1.493 m
C = 0.000 kN/m?
pav) = 59.733 kN/m
>H = 20.265 kN/m
Hu = C x A + V x tan®s = 29.867 kN/m
F.S = Hu/ZH = 1.474 < 15 -- NG
v Need Shear Key.
< Shear Key
\Y = 59.733 kN/m
tan®dB = 0.500
Kp = 3.688
cos2(p+0)
Kp - c0s?0 cos(0 - d) [ 1- J sin@ +8) sin(@ + B) ] 2
cos(B-0)cos(6-B)
Where, () B(xX) 3(x) 8(x)
28.00 0.00 9.33 0
Pp = 41.489 kN/m
Hk = V tan®g + Pp = 71.356 kN/m
F.S = Hk/zH = 3.521 > 15 -- OK
y Stability of sliding is O.K.
= Overturning
e = B/2 - (ZMr - ZMo)/ZV
= 1.500/2-(57.425-12.834)/59.733 = 0.004 m
B/6 = 1.500/6 = 0.250 > e -- OK
F.S = XMr/ :Mo = 4.474 > 2.0 -- OK
y Stability of overturning is O.K.
¥ Bearing Capacity
e = 0004 m < B6 = 0.250 m
x = 3:[B/l2-e]= 3x(1.500/2-0.004) = 2239 m > 1.500 m
[] resultantin middle one-third of base
g(max,min) = (ZV/B)x(1+6-e/B)
= 59.733 / 1.500 x (1 # 6 X 0.004 / 1.500 )
gmax = 40.381 kN/m?2 (Toe)
gmin = 39.263 kN/m?2 (Heel)
gmax = 40.381 kN/m2 < ga = 270.830 kN/m?2 --- OK

y Stability of bearing Capacity is O.K.
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2) At Earthquake
(1) Earth pressure

@)

®)

Pa - SIN(a-®+w) « w
COS(a-9-38') COS(w)
where, d(rx) BUX) B(rx) 8(rx) w(rx) o(w =tan'lkKh)
28.0 26.565 28.0 4.056 6.538 E(6=0)
if B+w ® =0
a(x) 0'(/x) H (m) We (kN/m) | Pae (kN/m) Kae Kaeh Kaev
37.7 28.000 1.900 102.599 30.218 0.8811 | 0.778 0.414
37.8 28.000 1.900 102.053 30.220 0.8812 | 0.778 0.414
37.9 28.000 1.900 101.510 30.221 0.8812 | 0.778 0.414
38.0 28.000 1.900 100.970 30.220 0.8812 | 0.778 0.414
38.1 28.000 1.900 100.432 30.219 0.8811 | 0.778 0.414
Horizontal earth pressure Paeh=1/2 x kaeh x yt x H2 = 26.682 kN/m3
Vertical earth pressure Paev= 1/2 x kaev x yt x H? = 14.198 kN/m3
Load
o vemeal | Horzen! length (m) MOMENT (kN-m)
V (kN/m) H (kN/m) X Y V- X H-Y
Concrete 29.625 20.434
Soll 20.575 22.691
Earth pressure 14.198 26.682 1.500 0.950 21.297 25.347
Total 64.398 26.682 1.000 0.950 64.422 25.347
Moment
Horizontal | Horizental Force MOMENT (kN-m)
Load Calculation seismic
coefficient H (kN/m) Y H-Y
> 8.250 0.115 0.945 0.950 0.898
< 0.303 0.115 0.035 0.767 0.027
\V4 1.073 0.115 0.123 0.767 0.094
Concrete | A 0.000 0.115 0.000 0.400 0.000
N 0.000 0.115 0.000 0.400 0.000
A 0.000 0.115 0.000 0.400 0.000
> 15.000 0.115 1.719 0.200 0.344
Sub Total 24.625 2.822 - 1.363
> 3.040 0.115 0.348 1.633 0.569
] > 0.815 0.115 0.093 1.133 0.106
sl > 16.720 0.115 1.916 0.950 1.820
>3 0.000 0.115 0.000 0.400 0.000
Sub Total 20.575 2.358 - 2.495
Total 45.200 5.180 0.745 3.858
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3. Box Culvert Wing Wall

(4) Evaluation of serviceability

> Sliding
tan®s = 0.500
B' = B-2xe = 1500-2x0203 = 1.094 m
C = 0.000 kN/m2
PAY) = 64.398 kN/m
>H = 31.861 kN/m
Hu = C x A + V x tan®s = 32.199 kN/m --- NG
F.S = Hu/ZzH = 1.011 < 11
v Need Shear Key.
< Shear Key
\VJ = V= 64.398 kN/m
tandB = tan®s = 0.500
Kp = Kpe = 2.138
cos2(p-w+06)
Kp - cosw cos?0 cos(d - 6 + w) [ 1 v Sin@ -6 ) sin(e - w * B) ] 2
cos(®0-06+w)cos(B-6)
Where, ®(x) BX) () 8() w(x)
28.00 0.00 9.33 0 6.538
Ppe = 24.054 kN/m
Hk = Vtan®s + Ppe = 56.253 kN/m
F.S = Hk/ZH = 1.766 > 1.1 --- OK

y Stability of sliding is O.K.

= Overturning
e

B/2 - (EMr - SMo)/zV

1.500/2 - (64.422 - (25.347 + 3.858)) / 64.398 = 0.203 m
B/3 = 1.500/3 = 0.500 > e --- OK
F.S = XMr/ :Mo = 2.206 > 15 -- OK
y Stability of overturning is O.K.
¥ Bearing Capacity
e = 0208 m < BB = 0.500 m
x = 3:[B/l2-e]= 3x(1.500/2-0.203) = 1641 m > 1.500 m
[] resultantin middle one-third of base
g(max,mi = (2V/B)x(1+6-e/B)
= 64.398 / 1.500 x (1 = 6 X 0.203 / 1.500 )
gmax = 77.793 kN/m?2 (Toe)
gmin = 8.071 kN/m2  (Heel)
gmax = 77.793 kN/m? < ga = 270.830 kN/m2 -- 0K

y Stability of bearing Capacity is O.K.
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3.2.4 Load Calculation

1) Wall
(1) Earth pressure
> At Nomal
Pa = SIN(a-®) < W
COS(a-®-56-06)
where, dx) B(rx) o(Jx) 0(rx)

28.00 26.565 9.33 4.056 D (5=AXxD)
a(rx) 0'(/x) H (m) W (kN/m) Pa (KN/m) Ka Kah Kav
37.7 9.333 1.100 42.937 7.249 0.631 0.614 0.146
37.8 9.333 1.100 42.512 7.250 0.631 0.614 0.146
37.9 9.333 1.100 42.089 7.250 0.631 | 0.614 | 0.146
38.0 9.333 1.100 41.667 7.248 0.631 0.613 0.146
38.1 9.333 1.100 41.248 7.245 0.630 0.613 0.146

Horizontal earth pressure Pah= 1/2 x kah x yt xH2 = 7.058 kN/m3
Vertical earth pressure Pav=1/2x kavxyt xH = 1.678 kN/m3
<" At Earthquake
Pa = SIN(a-®+w) w
COS(a-d-5-6) COS(w)
where, ®(rx) B(rx) o(Jx) 0(Jx) w(x)

28.000 26.565 0.000 4.056 6.538 = w = tan-Kh
a(rx) o(Jx) H (m) We (kN/m) Pa (kN/m) Kae Kaeh Kaev
331 0.000 1.100 64.465 13.007 1.1315 1.129 0.080
33.2 0.000 1.100 63.929 13.008 1.1316 | 1.129 0.080
33.3 0.000 1.100 63.395 13.008 1.1316 | 1.129 0.080
334 0.000 1.100 62.865 13.007 1.1316 1.129 0.080
335 0.000 1.100 62.337 13.005 1.1314 1.129 0.080

Horizontal earth pressure Paeh = 1/2 x kaeh x yt x H2 = 12.978 kN/m3
Vertical earth pressure Paev = 1/2 x kaev x yt x H2 = 0.920 kN/m3
Earthquake earth pressure Paeh'= 1/2 x kaeh'x yt x H? = 5.920 kN/m3
. Load Horizental Force length (m) Mr (kKN-m)
Division
W (kN) H (KN/m) Y HxY
D 8.250 0.945 0.550 0.520
Concrete | 0.303 0.035 0.367 0.013
\V/ 1.073 0.123 0.367 0.045
Bpupmpotiall  9.625 1.103 0.578
earth 5.920 0.550 3.256
pressure
> 4.125 0.473 0.275 0.130
Concrete | 0.008 0.001 0.183 0.000
\V/ 0.268 0.031 0.183 0.006
MEdQIR Rl 4.401 0.504 0.136
earth 1.480 0.275 0.407
pressure
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3. Box Culvert Wing Wall

@)
D\

4\

®)
D\

qQ

Stress Resultant
At Nomal
Bottom of Wall (H= 1.100 m )
V= 7.058 = 7.058 kN
M= 7.058 X 1.100 /3 = 2.588 kN/m
Middle of Wall (H= 0.550m )
V= 1.764 = 1.764 kN
M= 1.764 X 0.550 /3 = 0.323 kN/m
At Earthquake
Bottom of Wall (H= 1.100 m )
Ve= 12.978 = 12.978 kN
Me= 12.978 X 1.100 12 = 7.138 kN/m
Middle of Wall (H= 0.550 m )
Ve= 3.244 = 3.244 kN
Me= 3.244 X 0.550 12 = 0.892 kN/m
Design Load for cross section
Load Combination
LCB1 Ultimate Load at nomal ( 12D + 16L + 16H
LCB 2 Ultimate Load at earthquake ( 09D + 1.6H + 10E
LCB3 Service Load at nomal ( 10D + 10L + 10H
Summary
Bottom of Wall Middle of Wall
Division Horizontal Horizonal
earth Inertial force earth Inertial force
pressure pressure
Shear force 11.293 0.000 2.823 0.000
. Moment 4.141 0.000 0.518 0.000
LCB? Shear force 11.293 7.023 2.823 1.984
Moment 4.141 3.834 0.518 0.543
LCB3 Shear force 7.058 0.000 1.764 0.000
Moment 2.588 0.000 0.323 0.000
V Design Load for cross section
-Bottom of Wall
LCB1 LCB2 LCB3
Shear force Moment Shear force Moment Shear force Moment
11.293 4.141 18.316 7.975 7.058 2.588
-Middle of Wall
LCB1 LCB2 LCB3
Shear force Moment Shear force Moment Shear force Moment
2.823 0.518 4.807 1.061 1.764 0.323
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2) Foundation
(1) Stress resultant of Foundation

> Load
Division V(kN) H(kN) Mr(kN.m) Mo(kN.m)
Concrete 29.625 0.000 20.434 0.00
Soil 20.575 0.000 22.691 0.00
At Nomal |Earth pressure 8.539 18.152 12.809 11.496
Surface load 0.994 2113 1.491 1.338
B 59.733 20.265 57.425 12.83
Concrete 29.625 2.822 20.434 1.363
Soil 20.575 2.358 22.691 2.495
At Earthquake Egggﬁéﬁzi:re 8.539 18.152 12.809 11.496
earth 5.659 8.529 8.488 13.851
pressure
N 64.398 31.861 64.422 29.21
< Ultimate load Combination
Division av OMr [IMo e Load shape
LCB1 75.493 74.630 20.535 0.033 CASE1
LCB2 64.502 67.795 35.718 0.253 CASE2
LCB3 59.733 57.425 12.834 0.004 CASE1
V Stress resultant of Foundation
CASE1 CASE2
B B
| \ | |
al 92 q3 a4 al 92 q3
Division gl g2 g3 g4 e CASE
LCB1 56.972 54.315 50.772 43.685 0.033 1
LCB2 86.522 69.113 45.901 - 0.253 2
LCB3 40.459 40.205 39.865 39.185 0.004 1
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3. Box Culvert Wing Wall

(2) Heel
> Cross section force by Concrete & Soil
Load Vertical Force length (m) Mr (KN-m)
V (kN/m) X V- X
A 0.000 0.267 0.000
Concrete | >' 8.000 0.400 3.200
> 5.000 0.200 1.000
Sub Total 13.000 0.323 4.200
> 3.040 0.507 1.542
Soil > 16.720 0.400 6.688
> 0.000 0.533 0.000
Sub Total 19.760 0.417 8.230
Total 32.760 0.379 12.430
<™ Cross section force by Vertical Force
- At Nomal
V= 8.539 kN
M= 8.539 X 0.800 = 6.832 KN-m
- At Earthquake
V= 8.539 + 5.659 = 14.198 kN
M1 = 8.539 X 0.800 = 6.832 kN-m
M2 = 5.659 X 0.800 = 4.527 kN-m
V Cross section force by Stress resultant of Foundation
Load g3 (o] length(m) V (kN) M (KN-m)
LCB1 50.772 43.685 0.390 -37.783 -14.735
LCB2 45.901 0.000 0.264 -18.154 -4.787
LCB3 39.865 39.185 0.399 -31.620 -12.612
5V =(gq4 +q3)/2 x B5
A Design Load for cross section
-Load Combination
LCB 1 Ultimate Load at nomal ( 12D + 16L + 16H
LCB 2 Ultimate Load at earthquake ( 09D + 16H + 10E
LCB3 Service Load at nomal ( 10D + 10L + 10H
Division D L H E Stress resul.tant of Total
Foundation
LCB1 Vu 39.312 - 13.663 - -37.783 15.192
Mu 14.916 - 10.931 - -14.735 11.112
Vu 29.484 - 13.663 5.659 -18.154 30.652
HeB2 Mu 11.187 - 10.931 4.527 -4.787 21.858
LCB3 Vo 32.760 - 8.539 - -31.620 9.680
Mo 12.430 - 6.832 - -12.612 6.650
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(3) Toe
> Cross section force by Concrete & Soil

Load Vertical Force length (m) Mr (KN-m)
V (kN/m) X V- X
A 0.000 0.100 0.000
Concrete
> 3.000 0.150 0.450
Sub Total 3.000 0.150 0.450
<M Cross section force by Stress resultant of Foundation
Load ql g2 length(m) V (kN) M (kN-m)
LCB1 56.972 54.315 0.151 16.693 2.524
LCB2 86.522 69.113 0.156 23.345 3.632
LCB3 40.459 40.205 0.150 12.100 1.817
0 V=(ql +qg2)/2 x Bl
V Design Load for cross section
-Load Combination
LCB1 Ultimate Load at nomal ( 12D + 16L + 1.6 H )
LCB 2 Ultimate Load at earthquake ( 09D + 16H + 10E )
LCB 3 Service Load at nomal ( 1.0D + 10L + 10H )
Division D H Stress resuIFant of Total
Foundation
LCB1 Vu -3.600 - 16.693 13.093
Mu -0.540 - 2.524 1.984
Vu -2.700 - 23.345 20.645
LCB2
Mu -0.405 - 3.632 3.227
Vo -3.000 - 12.100 9.100
LCB3
Mo -0.450 - 1.817 1.367
(4) Shear Key
> Passive earth pressure
At Nomal : Pp = 41.489 kN/m
At Earthq : Ppe = 24.054 KN/m A Apply Cross section force at Nomal
<" Design Load for cross section
Division gkl gk2 H(m) V (kN) M (kN-m)
At Nomal 66.382 99.573 0.500 41.489 11.064
Division Mu(kN-m) Vu(kN) Mo(KN-m)
Design Load for cross section 17.702 66.382 11.064
3) Summary
Division Mu(kN-m) Vu(kN) Mo(kN-m) @Mn(KN-m) Bar SF
Bottom of Wall 7.975 18.316 2.588 165.610 D13 @ 125 | 20.77
Middle of Wall 1.061 4.807 0.323 56.513 D13 @ 250 | 53.28
Heel 7.975 30.652 2.588 198.822 D16 @ 125 | 24.93
Toe 3.227 20.645 1.367 101.157 D16 @ 250 | 31.34
Shear Key 17.702 66.382 11.064 66.265 D13 @ 250 3.74
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3. Box Culvert Wing Wall

3.2.5 Section Design

1) Bottom of Wall

(1) Section Design

f, Section specification and design condition

fo = 32 MPa fy = 420 MPa ki = 0.82
ot = 0.90 v = 0.75 d = 3435 mm
B = 1000 mm H = 400 mm d = 565 mn
My = 7.975 kN:m Vu = 18.316 kN Mo = 2.588 kN:m
- Check of Strength reduction factor (®)
a = 19133
BecauseT=C , ¢ = 19133 / B1= 19133 / 0.821 = 23293 mm
ey = fy/Es = 420.000 / 200000 = 0.0021
g = 0.0030 x (dt-c)/c = 0003 x(3435 - 23293 ) |/ 23.293
= 0.0412
et > 0.0050 Tension-controlled sections &f = 0.900
azAsxfy/(@xfexb) s @
Mo/ B Acxhx(d-al2) e ? VLT TOrTYKYOYZT HN2 NIT
f2 My
y As? - fyxdxAs o+ =0 0 Req.As = 61502
2x0.85x%xfexb 1%}
UseAs = D 13 @ 250 + D 16 @ 250 = 1312.00 k ( 8 eam)
. Evaluation of reinforcement
Po = ki x @ x (felfy) x {600/(600 + fy)} = 0.03313
P = 0.75:-Pb = 0.0248t 4. iy = 8536.0 -
Prin = max(1.4/fy,0.25[fc' /fy) = 0.00337 4. As min = 1156.6 L
Puseq = 413 Asreq/ (B-d) = 0.0002¢ 4.  Asaseg = 82.0 ,_
Pl = min ( Pmin, Pasareq) = 0.0002¢ 4. As min = 82.0 L
Puwe = As/(B-d) = 00038 4.  Asmn = 1312.0 -
¢ 4/13xPreq<Puse<Pmax A OK
. Bending Check
a=Asxfy/ (D xfcxb) = 19.133 mm
@Mn = 0.9 x As x fy x (d - a/2) = 165610 kN-m > Mu = 7.975 kN-m
A OK
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M. Shear Check

@Ve =0.75x 1/6 x Vfc' x B x d - 242891 kN > Vu = 18316 kN

A No shear reinforcement is required

(2) Crack Check

. Calculation of stress

n = 8
X = -nAs/b + nAs/b x [J{1+2bd/nAs}
= -8x1,312.00/ 1000 + 8 x 1,312.00 / 1000 % \/[ 1+2x1000 % 343.5/(8x1,312.00) ]
= 75.066 .
2xMo/[Bxx x(d-x/3)]
= 20 x 2588 /[ 1000 x 75066 x( 3435 - 75066 / 3 )] x 108
= 0216 MPa
fs = Mo/ [As x (d - x/3)]
= 2588 /[ 1312.000 x( 3435 - 75066 / 3 )] x 10°
= 6.193 MPa
fst = fsx(H-d'-x)/(d-X) = 6x (400 - 57 -0) /(344 - 75) = 6.19 MPa

fe

. Maximum center space of reinforcement

Cc = 56.50 - 13.00/2 = 50.00
Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)
Smin : 380 x (280 /fs) - 2.5 x Cc = 380x(280/6.19) - 2.5 x 50.00 17054.33

300 x (280 / fs) = 300x(280/6.19)

13562.63

Sa = 13562.63 Applying Minimum value
S =1,000/8 Ea=125.0 < Sa ( 13562.63 mm) A OK
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3. Box Culvert Wing Wall

2) Middle of Wall

(1) Section Design

(. Section specification and design condition

= 32 MPa fy = 420 MPa ki = 082
of = 0.90 v = 0.75 d = 2935 mm
B = 1000 mm H = 350 mm d = 565 mm
Mu = 1.061 kN-m Vu = 4.807 kN Mo = 0.323 kN:m
- Check of Strength reduction factor (®)
a = 7525
BecauseT=C , ¢ = 7525 [ B1= 7525 |/ 0.821 = 9.161 mm
ey = fy/Es = 420.000 / 200000 = 0.0021
g = 0.0030 x (dt-c)/c = 0003 x(2935 - 9161 ) /[ 9.161
= 0.0931
et > 0.0050 Tension-controlled sections &f = 0.900
azAsxfy/(@xfexb) s @
Mu/@= Asxfyx(d-al2) oo ) VLT TOTYKYOYZT Hii2 LT
f2 My
y As? -  fyxdxAs + =0 0 Req.As = 9562
2x0.85x%xfexb 1%}
UseAs = D 13 @ 500 + D 13 @ 500 = 516.00 k ( 4 eam)
. Evaluation of reinforcement
Po = ki x @ x (fe/lfy) x {600/(600 + fy)} = 0.03313
P = 0.75- Pb = 0.0248: 4. ASmax = 7293.5 L
Prin = max(1.4/fy,0.25[fc'/fy) = 0.00337 4. As min = 988.3 L
Pusreq = 43 - Asreq/ (B-d) = 0.0000¢ 4. As as3req = 12.7 .
Piiia = min ( Prin, Paszreq) = 0.0000¢ 4. As min = 12.7 -
Puse = As/(B-d) = 00017¢ 4.  Asmn = 516.0 -
¢ 4/3xPreq<Puse<Pmax A O.K
. Bending Check
a=Asxfy/ (D xfcxb) = 7.525 mm
@Mn =0.9 x As x fy x (d - a/2) = 56.513 kN-m > Mu = 1.061 kN-m
A OK
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. Shear Check

@Vc=0.75x1/6 x\fc'xB xd = 207.536 kN > Vu = 4.807 kN

A No shear reinforcement is required

(2) Crack Check

. Calculation of stress

n = 8
X = -nAs/b + nAs/b x [J{1+2bd/nAs}
= -8x516.00/1000 + 8 x 516.00 / 1000 x \/[ 1+2x1000x%293.5/(8x516.00)]
= 45.270 o
2xMo/[Bxx x(d-x/3)]
= 20 x 0323 /[ 1000 x 45270 x( 2935 - 45270 / 3 )] x 108
= 0.051 MPa
fs = Mo/ [As x (d - x/3)]
= 0323 /[ 516.000 x( 2935 - 45270 / 3 )] x 10°
= 2252 MPa
fst = fsx(H-d'-x)/(d-X) = 2x(350-57-0)/(294 - 45) = 2.25 MPa

fe

. Maximum center space of reinforcement

Cc = 56.50 - 13.00/2 = 50.00
Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)
Smin : 380 x (280 /fs) - 2.5 x Cc 47126.69

300 x (280 / fs)

380 x (280 /2.25 ) - 2.5 x 50.00
300 x (280 /2.25)

37303.97

Sa = 37303.97 Applying Minimum value
S =1,000/4 Ea = 250.0 < Sa ( 37303.97 mm) A OK
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3) Heel

(1) Section Design

(. Section specification and design condition

= 32 MPa fy = 420 MPa ki = 0.82
ogf = 0.90 v = 0.75 d = 3420 mm
B = 1000 mm H = 400 mm d = 580 mnm
My = 7.975 kN-m Vu = 30.652 kN Mo = 2.588 kN-m
- Check of Strength reduction factor (®)
a = 23217
Because T=C , ¢ = 23217 |/ B1 = 23.217 | 0.821 = 28.264 mm
ey = fy/Es = 420.000 / 200000 = 0.0021
g = 0.0030x (dt-c)/c = 0003 x(3420 - 28264 ) |/ 28.264
= 0.0333
gt > 0.0050 Tension-controlled sections &f = 0.900
a=zAsxfy/(Bxfexb)y e @
Wi Aexix(d-al2) 2 WILT TOTYKYOYZT HIE ULT
f2 My
y As? - fyxdxAs o+ =0 0 Req.As = 67773~
2x0.85x%xfexb 1%}
UseAs = D 16 @ 250 + D 16 @ 250 = 1592.00 L ( 8 eam)
. Evaluation of reinforcement
Pb = ki x @ x (felfy) x {600/(600 + fy)} = 0.03313
Pmax = 0.75-Pb = 00248 4. Asmax = 84987 -
Prin = max(1.4/fy,0.25[fc'/fy) = 0.00337 4. As min = 1151.6 L
Pusreq = 43 - Asreq/ (B-d) = 0.0002¢ 4. As ai3req = 82.4 .
Piiia = min ( Prin, Paszreq) = 0.0002¢ 4. As min = 824 -
P = As/(B-d) = 0.0046% 4. As min = 1592.0 L
¢ 4/3xPreq<Puse<Pmax A O.K
. Bending Check
a=Asxfy/ (@ xfexh) = 23.217 mm
@Mn = 0.9 x As x fy x (d - a/2) = 198822  kN-m > Mu = 7.975 kN-m
A OK
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. Shear Check

@Vc=0.75x 1/6 x J fc' x B x d = 241.831 kN > Vu = 30.652 kN

A No shear reinforcement is required

(2) Crack Check

. Calculation of stress

n = 8
X = -nAsb + nAs/b x [J{1+2bd/nAs}
= -8x1,592.00/1000 + 8 x 1,592.00 / 1000 x \[ 1 + 2 x 1000 x 342 / (8 x 1,592.00) ]

81.464
2x Mo/ [Bxx x(d-x3)]
= 20 x 258 /[ 1000 x 81464 x( 3420 - 8l464 | 3 )] x 10
= 0202 MPa
fo = Mo/[Asx (d-x/3)]
= 2588 /[ 1592.000 x( 3420 - 81464 [ 3 )] x 10°
= 5163 MPa
fst = fsx(H-d'-x)/(d-Y) = 5x (400 - 58 - 0) / (342 - 81) = 516 MPa

fe

. Maximum center space of reinforcement

Cc = 58.00-16.00/2 = 50.00 .

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 /fs) - 2.5 x Cc 380 x(280/5.16) - 2.5 x 50.00
300 x (280 / fs) 300 % (280/5.16 )

20482.87 .

16269.37 .
Sa = 1626937 | Applying Minimum value
S =1,000/8 Ea=125.0 < Sa ( 16269.37 mm) A OK

3- 41



3. Box Culvert Wing Wall

4) Toe

(1) Section Design

(. Section specification and design condition

= 32 MPa fy = 420 MPa ki = 0.82
ogf = 0.90 v = 0.75 d = 3420 mm
B = 1000 mm H = 400 mm d = 580 mnm
Mu = 3.227 kN-m Vu = 20.645 kN Mo = 1.367 kN-m
- Check of Strength reduction factor (®)
a = 11.608
BecauseT=C , ¢ = 11608 / p1= 11608 / 0.821 = 14132 mm
ey = fy/Es = 420.000 / 200000 = 0.0021
g = 0.0030x (dt-c)/c = 0003 x(3420 - 14132 ) /[ 14.132
= 0.0696
gt > 0.0050 Tension-controlled sections &f = 0.900
a=zAsxfy/(Bxfexb)y e @
Wi Aexix(d-al2) 2 WILT TOTYKYOYZT HIE ULT
f2 My
y As? - fyxdxAs + = 0 0 Redq.As = 24979+
2x0.85x%xfexb 1%}
UseAs = D 16 @ 500 + D 16 @ 500 = 796.00 k ( 4 eam)
. Evaluation of reinforcement
Pb = ki x @ x (felfy) x {600/(600 + fy)} = 0.03313
Pmax = 0.75-Pb = 00248 4. Asmax = 84987 -
Prin = max(1.4/fy,0.25[fc'/fy) = 0.00337 4. As min = 1151.6 L
Pusreq = 43 - Asreq/ (B-d) = 0.0001C 4. As ai3req = 333 L
Prin = Min ( Ppin, Pasareq) = 00001 4.  Asmn = 33.3 .
P = As/(B-d) = 0.0023: 4. As min = 796.0 L
¢ 4/3xPreq<Puse<Pmax A O.K
. Bending Check
a=Asxfy/ (@ xfexb) = 11.608 mm
@Mn = 0.9 x As x fy x (d - a/2) = 101157  kN-m > Mu = 3.227 kN-m
A OK

3- 42



TINA River Hydropower Development Project

. Shear Check

@Vc=0.75x 1/6 x J fc' x B x d = 241.831 kN > Vu = 20.645 kN

A No shear reinforcement is required

(2) Crack Check

. Calculation of stress

n = 8
X = -NAs/b + nAs/b x [J{1+2bd/nAs}
= -8x796.00/1000 + 8 x 796.00 / 1000 x V[ 1 + 2 x 1000 x 342/ (8 x 796.00 ) |
= 59.936 -
fo = 2xMo/[Bxyx x(d-x/3)]
= 20 x 1367 /[ 1000 x 59.936 x( 3420 - 59936 / 3 )] x 108
= 0142 MPa
fs = Mo/ [Asx (d-x/3)]
= 1367 /[ 796.000 x( 3420 - 59936 / 3 )] x 10°
= 5332 MPa
fst = fsx(H-d-x)/(d-x) = 5x(400-58-0)/(342 - 60) = 5.33 MPa

. Maximum center space of reinforcement

Cc = 58.00-16.00/2 = 50.00

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 /fs) - 2.5 x Cc = 380x(280/5.33)-2.5x50.00 = 2.0E+04 .
300 x (280 / fs) = 300x(280/5.33) = 1.6E+04 ,

Sa = 1.58E+04 Applying Minimum value

S =1,000/4 Ea = 250.0 < Sa ( 1.6E+04 mm) A OK
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3. Box Culvert Wing Wall

5) Shear Key

(1) Section Design

(. Section specification and design condition

= 32 MPa fy = 420 MPa ki = 082
of = 0.90 ov = 0.75 d = 3435 mnm
B = 1000 mm H = 400 mm d = 565 mn
Mu = 17.702 kN-m Vu = 66.382 kN Mo = 11.064 kN-m
- Check of Strength reduction factor (®)
a = 7525
BecauseT=C , ¢ = 7525 [ B1= 7525 |/ 0.821 = 9.161 mm
ey = fy/Es = 420.000 / 200000 = 0.0021
g = 0.0030 x (dt-c)/c = 0003 x(3435 - 9161 ) /[ 9.161
= 0.1095
et > 0.0050 Tension-controlled sections &f = 0.900
azAsxfy/(@xfexb) s @
Mu/@= Asxfyx(d-al2) oo ) VLT TOTYKYOYZT Hii2 LT
f2 My
y As? -  fyxdxAs + = 0 [0 Req.As = 136.754
2x0.85x%xfexb 1%}
UseAs = D 13 @ 500 + D 13 @ 500 = 516.00 k ( 4 eam)
. Evaluation of reinforcement
Po = ki x @ x (fe/lfy) x {600/(600 + fy)} = 0.03313
P = 0.75- Pb = 0.0248: 4. ASmax = 8536.0 L
Prin = max(1.4/fy,0.25[fc'/fy) = 0.00337 4. As min = 1156.6 L
Pusreq = 43 - Asreq/ (B-d) = 0.0005¢ 4. As as3req = 182.3 L
Prin = Min ( Ppin, Pasareq) = 0.0005 4.  Asmn = 182.3 .
P = As/(B-d) = 0.0015C 4. As min = 516.0 -
¢ 4/3xPreq<Puse<Pmax A O.K
. Bending Check
a=Asxfy/ (D xfcxb) = 7.525 mm
@Mn =0.9 x As x fy x (d - a/2) = 66.265 kN-m > Mu = 17.702 kN-m
A OK
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. Shear Check
@Vc=0.75x 1/6 x J fc' x B x d = 242.891 kN > Vu = 66.382 kN

A No shear reinforcement is required

(2) Crack Check
f, Calculation of stress

n = 8

X = -nAs/b + nAs/b x [J{1+2bd/nAs}
= -8x516.00/1000 + 8 x 516.00 / 1000 x \/[ 1+2x1000x 343.5/(8x516.00)]
= 49.285 S

fo = 2xMo/[Bxx x(d-x/3)]
= 20 x 11.064 /[ 1000 x 49285 x( 3435 - 4928 [/ 3 )] x 10°
= 1373 MPa

fs = Mo/ [Asx (d-x/3)]
= 11064 /[ 516.000 x( 3435 - 49285 [/ 3 )] x 10
= 65557 MPa

fst = fsx(H-d'-x)/(d-x) = 66 Xx(400-57 - 1)/ (344 - 49) = 65.56 MPa

. Maximum center space of reinforcement
Cc = 56.50-13.00/2 = 50.00 .
Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)
Smin : 380 x (280 /fs) - 2.5 x Cc = 380x(280/65.56) -2.5x50.00 1498.01

300 x (280 / fs) = 300x(280/65.56)

1281.33

Sa = 1281.33 | Applying Minimum value
S =1,000/4 Ea = 250.0 < Sa ( 1281.33 mm) A OK
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3. Box Culvert Wing Wall

3.2.6 Distribution Reinforcement Check

1) Wall (H= 400 mm)
- As,mn= (0.0018 x 420 /fy) x BxH = (0.0018 x 420 /420) x 1000 x 400 =  720.0

- The spacing of deformed shrinkage and temperature reinforcement shall not exceed

the lesser of 5h and 450mm. = 450
- Used As : Tension side D 13@ 200 = 645.0 .
Compression side D 13@ 200 = 645.0 .
[l = 12900 & > 720.0
- Bar spacing : 200 . < 450 A OK
2) Bottom Slab (H= 400 mm)
- As,min = (0.0018 x 420 /fy) x BxH = (0.0018 x 420/ 420) x 1000 x 400 = 720.0
- The spacing of deformed shrinkage and temperature reinforcement shall not exceed
the lesser of 5h and 450mm. = 450
- Used As : Tension side D 1@ 250 = 5160 .
Compressionside D 13@ 250 = 5160
[ = 10320 r > 720.0
- Bar spacing : 250 . < 450 A OK
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4 .HYDRAULIC CALCULATION
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4.1 U-Ditch Calculation
]



4. Hydraulic Calculation

Rainfall Intensity-Frequency-Duration Curves

1000.0
——2-yrARI
——5-yrARI
———10-yr ARI
\
— 1000
< 20-yr ARI
£
£ N —25yrARI
z \
2 ~
[ ——30-yr ARI
8
£
g ——— 50-yr AR
& 100
——80-yr ARI
100-yr ARI
———200-yr ARI
1.0
1 10 100 1000

Duration (minutes)

6 1297 1421 149.2 1542 155.8 156.8 1593 1619 162.9 165.6

10 1159 1279 1349 140.1 1418 1429 1457 1484 1495 152.6

60 54.3 62.0 66.9 715 730 742 774 80.3 81.7 85.9
180 259 30.0 329 358 36.8 376 399 421 432 46.6
360 14.5 16.9 18.7] 20.7 214 22.0 23.8 257 26.7 307
540 10.5 12.7] 14.7] 17.0 17.8 184 20.6 22.8 239 28.1
720 82 104 12.3 146 154 16.2 184 20.7 219 26.3
900 6.8 89 10.7] 13.0 13.8 145 16.8 19.1 204 24.8
1080 5.8 78 9.6 11.8 12.6) 133 155 17.9 19.2 236
1440 46 6.3 80 10.0 10.8 115 137 16.0 17.3 21.7
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A. Calculation of Earth Drain & U-type Ditch

1. EARTH DRAIN- LINED

\ 1604 ‘

(=]
o
<
2.U-type ditch
2. VAR 112,
B, |
Lt i
'-_""'i-' . r.?._.:g'..-_'-_."
T '\ S
T AT
pay £7
= it Eot e
1) Flow rate in Earth drain
@ Earth Drain Q=AXV = Ax (1/n) x R* x | (n=0.020)
Depth of Area of Wetted Hydraulic Q
TYPE Flow Width(D) the flow | perimeter Radius R%
(0.8H) (m) () (m) (m) m/sec
LINED DITCH(H=0.9M) 0.32 1.280 0.2048 0.716 0.2860 0.4341 4.4452 x [*
@ Utype- ditch(RIPRAP) Q=A XV = A x (1/n) x R* x [* (n=0.025)
Depth of Area of Wetted Hydraulic Q
TYPE Flow Width(D) the flow | perimeter Radius R%
(0.8H) (m) (m) (m) (m) m/sec
TYPE-4(B,H=0.40M) 0.32 0.720 0.1792 1.116 0.1606 0.2955 2.1181 x|
TYPE-6(B,H=0.60M) 0.48 1.080 0.4032 1.673 0.2410 0.3873 6.2464 x |*
2) The Rational Method formula for flow estimation Q(m/sec)
(D Plain farming area @ Paved surface
Qd]_: 0.278 x Cy x I x Ay de =0.278 x Cy x |, x A,
where, Cy1, Cs: Run-off Coefficient C::08 C,: 09
[ P Rainfall intensity(mm/hr) 1,(5yr) : 142.1 1,(5yr) : 142.1
Ay Ag Catchment Area(kf)
® Peak Catchment Discharge Qd = Qd; + Qd;

3) Determination of Cross section

Compare Flow rate with the Peak Catchment Discharge according to Runoff Coefficient and Catchment Area

b3 Q>Qd (OK)
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4. Hydraulic Calculation

U-Ditch Hydrological Caculation (1)

Peak Catchment
Station(Lot-2-1) Celie ! Run-off Flc.JW rate . . Determination
L Area . Slope according to slope Discharge (m/sec)
NO. Direction (ki) Coeffiecient %) LINED p—— Remark
ec
BP EP (ALA2) (€1,C2) S TYPE-4 | TYPE-6 | (QdiQdy) Qd Capacity | APPY
0.0007 0.8 0.022
1 0+000 0+090 R 6.81 1.160 0.553 1.630 0.033 L/D L/D | LINED DITCH
0.0003 0.9 0.011
2 0+150 0+210 R 0.0002 08 4.35 0.927 0.442 1.303 0.006 0.013 U4 U4 U-TYPE
0.0002 0.9 0.007
.001 . .032
3 0+220 0+320 R 0.0010 08 16.35 1.797 0.856 2.526 0.03 0.138 u4 u4 U-TYPE
0.0030 0.9 0.107
4 0+320 0+662 R 0.0046 08 11.32 1.496 0.713 2.102 0.145 0.188 U4 U4 U-TYPE
0.0012 0.9 0.043
5 0+670 0+960 R 0.0037 08 10.75 1.457 0.694 2.048 0.117 0.156 U4 U4 U-TYPE
0.0011 0.9 0.039
6 0+960 1+185 R 0.0022 08 1.94 0.619 0.295 0.870 0.070 0.098 U4 U4 U-TYPE
0.0008 0.9 0.028
.0002 . .
7 1+195 1+310 R 0.000 08 0.91 0.424 0.202 0.596 0.006 0.021 U4 U4 U-TYPE
0.0004 0.9 0.014
.0002 . .
8 1+590 1+645 R 0.000 08 6.05 1.093 0.521 1.536 0.006 0.013 U4 U4 U-TYPE
0.0002 0.9 0.007
. . .01
9 1+645 1+810 R 0.0006 08 9.50 1.370 0.653 1.925 0.019 0.040 u4 U4 U-TYPE
0.0006 0.9 0.021
10 1+870 1+970 R 0.0004 08 12.55 1.575 0.750 2.213 0.013 0.030 u4 u4 U-TYPE
0.0005 0.9 0.018
11 2+150 2+310 R 0.0010 08 11.62 1.515 0.722 2.129 0.032 0.053 U4 U4 U-TYPE
0.0006 0.9 0.021
0.0005 0.8 0.016
12 2+350 2+504 R 11.59 1513 0.721 2.127 0.034 U4 U4 U-TYPE
0.0005 0.9 0.018




TINA River Hydropower Development Project

U-Ditch Hydrological Caculation (2)

Peak Catchment
Station(Lot-2-1) CElHTIE Run-off Fl(.)W rate . . Determination
. Area . Slope according to slope Discharge (m/sec)
NO. Direction (k) Coeffiecient %) LINED - Remark
ec
BP EP (ALA2) (C1,C2) DITCH TYPE-4 TYPE-6 | (Qd1,Qd>) Qd Capacity Apply

0.0002 0.8 0.006

13 0+000 0+110 L 6.08 1.096 0.522 1.540 0.017 L/D L/D | LINED DITCH
0.0003 0.9 0.011

14 0+250 0+310 L 0.0003 08 11.40 1.501 0.715 2.109 0.009 0.017 U4 U4 U-TYPE
0.0002 0.9 0.007

15 0+330 0+395 L 0.0020 08 10.62 1.449 0.690 2.036 0.063 0.102 u4 u4 U-TYPE
0.0011 0.9 0.039

16 0+418 0+630 L 0.0020 08 11.39 1.500 0.715 2.108 0.063 0.102 u4 u4 U-TYPE
0.0011 0.9 0.039

17 0+710 0+970 L 0.0012 08 10.05 1.409 0.671 1.980 0.038 0.070 u4 u4 U-TYPE
0.0009 0.9 0.032

18 0+990 1+050 L 0.0001 08 217 0.655 0.312 0.920 0.003 0.010 U4 U4 U-TYPE
0.0002 0.9 0.007

19 1+070 1+130 L 0.0002 08 217 0.655 0.312 0.920 0.006 0.013 U4 U4 U-TYPE
0.0002 0.9 0.007

. . .02

20 1+230 1+310 L 0.0009 08 0.59 0.341 0.163 0.480 0.028 0.039 U4 u4 U-TYPE
0.0003 0.9 0.011

21 1+395 1+644 L 0.0003 08 7.76 1.238 0.590 1.740 0.009 0.027 U4 U4 U-TYPE
0.0005 0.9 0.018

22 1+644 1+842 L 0.0017 08 8.91 1.327 0.632 1.865 0.054 0.079 U4 U4 U-TYPE
0.0007 0.9 0.025

23 1+858 2+010 L 0.0010 08 11.53 1.509 0.719 2121 0.032 0.053 u4 U4 U-TYPE
0.0006 0.9 0.021

24 2+090 2+340 L 0.0014 08 11.59 1513 0.721 2.127 0.044 0.076 U4 u4 U-TYPE
0.0009 0.9 0.032
0.0025 0.8 0.079

25 2+340 2+504 L 11.66 1.518 0.723 2.133 0.100 U4 u4 U-TYPE
0.0006 0.9 0.021
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4. Hydraulic Calculation

U-Ditch

Hydrological Caculation (3)

Station(Lot-2-2) e . Elow rate Peak Catchment Determinafi
ation(Lot-2- atchment Run-o - . 3 etermination
. according to slope

No. Direction Area(km) Coeffiecient S(I;se < 5 Discharge (m/sec) e Remark

A1,A2 c1,.c2 ) ] ec
BP EP (AL,A2) ( ) TYPE-4 TYPE-6 (Qdy,Qdy) Qd Capacity | APPY

1 | 0+000.0 | 0+087.6 R 0.0009 08 8.11 0.603 1.779 0.028 0.035 U4 u4
0.0002 0.9 0.008

2 | 0+087.6 | 0+410 R 0.0069 08 10.13 0.674 1.988 0.218 0.261 U4 u4
0.0012 0.9 0.043
.0021 : .

3 0+468 | 0+590 R 0.00 08 11.41 0.715 2.110 0.066 0.087 U4 u4
0.0006 0.9 0.021
.0031 : .

4 0+610 | 0+830 R 0.003 08 11.45 0.717 2.114 0.099 0.125 U4 u4
0.0007 0.9 0.026
.0002 : .

5 0+870 | 0+910 R 0.000 08 12.00 0.734 2.164 0.006 0.011 U4 u4
0.0002 0.9 0.006

5 0+930 | 1+210 R 0.0044 08 10.91 0.700 2.063 0.139 0.174 U4 u4
0.0010 0.9 0.035

6 1+230 | 1+540 R 0.0160 08 12.02 0.734 2.166 0.505 0.563 U4 u4
0.0016 0.9 0.057

7 1+540 | 1+810 R 0.0067 08 10.47 0.685 2.021 0.211 0.250 U4 u4
0.0011 0.9 0.039
.0051 : 162

8 1+836 | 1+985 R 0.005 08 4.66 0.457 1.348 0.16 0.182 U4 U4
0.0006 0.9 0.021
.01 : .

9 1+995 | 2+400 R 0.0169 08 7.96 0.598 1.762 0.535 0.573 U4 u4
0.0011 0.9 0.038
0.0022 0.8 0.070

10 | 2+620 | 2+732 R 12.98 0.763 2.250 0.070 U4 u4
0.0000 0.9 0.000
0.0003 0.8 0.011

11 | 0+000.0 | 0+070 L 19.31 0.931 2.745 0.023 U4 U4
0.0003 0.9 0.012

12 | 0+270 | 0+510 L 0.0028 08 12.81 0.758 2.236 0.087 0.132 U4 u4
0.0013 0.9 ' ‘ ' 0.045 '




TINA River Hydropower Development Project

U-Ditch

Hydrological Caculation (4)

Station(Lot-2-2) . . Flow rate Peak Catchment Determinafi
ation(Lot-2- atchment Run-o ; . . etermination
a . according to slope

No. Direction Area(km) Coeffiecient S(I;se < = Discharge (m/sec) p——— Remark

A1,A2 c1c2 L ] S
BP EP ( ) ( ) TYPE-4 TYPE-6 (Qd1,Qd>) Qd e Apply

13 0+528 0+710 L 0.0030 08 13.73 0.785 2.315 0.093 0.130 U4 U4
0.0010 0.9 0.037

14 0+840 1+010 L 0.0035 08 8.55 0.619 1.826 0.109 0.171 U4 U4
0.0017 0.9 0.062
.0022 . .071

15 1+090 1+310 L 0.00 08 14.14 0.796 2.349 0.0 0.104 u4 U4
0.0009 0.9 0.033
.0014 . .044

16 2+070 2+360 L 0.00 08 4.85 0.466 1.376 0.0 0.069 u4 U4
0.0007 0.9 0.025

17 2+340 2+400 R 0.0006 08 2.64 0.344 1.015 0.019 0.071 U4 U4
0.0015 0.9 0.052

18 2+398 2+460 L 0.0002 08 11.37 0.714 2.106 0.007 0.033 U4 u4
0.0007 0.9 0.025
0.0016 0.8 0.052

19 2+486 2+660 R 4.48 0.448 1.322 0.052 U4 U4
0.0000 0.9 0.000

20 2+660 2+696 R 0.0005 08 0.50 0.150 0.442 0.017 0.017 u4 U4
0.0000 0.9 ' ' ' 0.000 '
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4.2 Calculation of RC open channel
]



4. Hydraulic Calculation

B. Calculation of Reinforced concrete open channel

Calculation of Q

Qd =0.278CIA
Qd : Design flow rate (m3/sec)

| : Rainfall intensity with rainfall duration for Tc (mm/h)
C : Runoff coefficient

A : Catchment area (km?)

t= 6 min

The rainfall intensity (5years frequency) 1= 142.10 mm/h
crosssection

0.8H

VAR

100, VAR B VAR 100
< A=Bx0.8H=08xBH
< P(Wetted perimeter) =2x0.8H+B=1.6 H+B
< R(Hydraulic Radius) =A/P = 0.8xBH/1.6 H+B

Q=AXx1nxR%x1%




TINA River Hydropower Development Project

Calculation of Reinforced Concrete Open Channel

& LOT 2-3 : STA. 2+430.0 ~ STA.2+610.0 (Right, L=194m)

© Hydrological Calculation by rational equation

Qd=0.278 xCxIxA

Therefore, C : Runoff coefficient
Steep mountain and slope surface :

| : Rainfall intensity

-Distance of arrival : 1,255.0m 194.0m

-Height difference : 268.0m, 20.7m

-Rainfall intensity 5 years applied

I= 142.10 mm/hr
A : Catchment Area
0.411 ki
Qd =0.278 X 0.8 X
= 13 m/sec

© Calculation of Q

< A(Cross Section(80%)) =B x 0.8 H = 0.8 x B H-----------

* P(Wetted perimete)

P=2x0.8H+B=1.6H +B----m-ameemeev. ®

< R(Hydraulic Radius) =A/P = 0.8 xBH/1.6 H + B----------

Q=Ax1nxR*x|%

n = 0.012(Concrete applied)

conveyance

section

0.8H

0.8

142.1 X 0.411
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4. Hydraulic Calculation

& Determination of R.C Open channel ( 14 X 1.0 )
—
bt o
o o
— l
1.4
B:14 H: 10
1A
A=B x 08 H
= 1.4 X 0.8 = 112 m?
2 P
P=0.8(2*H)+B
= 1.6 + 1.4 = 3.00
3R
R=A/P
= 1.12 + 3.00 = 0.373
4 n= 0.012
5 1= 1068 % (Slope = 10.68 )
1Y = 0.107* = 0.3268
XQ=AXxV
V=1nxR*x1Y%
= 83.333 X 0.518 X 0.33 = 14.1
A = 112
Q = 112 X 14.119 = 15.81
¥Qd( 13.00) < Q( 15.81 ) OK

X Determinated by 1.4 X 1.0




4.3 Culvert Design Calculation
]



TINA River Hydropower Development Project

Culvert Design Calculations

STATION : (Access Road LOT 2-1) 0+320.00
PROJECT : Tina River Hydropower Development Project

Desinger :

Checker / Reviewer :

Designation : LOT 2-1C-1 Date :
HYDROLOGICAL AND DESIGN INFORMATION SKETCH
Catchment Area(A) =0.0063 ki Recurrence Interval for Culv.25yr
Qd =0.218 m/sec Elev. Diffence: 269.76 m - 229.58 m EL =231.250 m
Arrival Distance(L) = 327.300 m =40.17m AH"'E" = 1,090
Rational Formula STD Runoff Formula ) - TW=0130
Qd=0278CIA Qd = RFXLFXFFxQ Rainfall Area HW —_—_
Tc =0.100 hr RF = 0.000 /
| =155.800 mm/h LF =0.000 Chupu Karma EL = 229580 m
C =0.800 FF = 0.000 gauging station
A = 0.0063 kif Q= 0.000 misec So =0.010 m/m EL =229 464 m
Qd = 0.218 mi/sec Qd = 0.000 mi/sec L=11.320m
Water level in Culvert = 0.267
SUILVEST Qu/ HEADWATER COMPUTATION _ OUTLET | CONTROL
DESCRIP cell Size DorHt [INLET CONTROL OUTLET CONTROL = HW = H + ho - SoL An?gﬁt VELOCITY HE'AIBI\?V AT | Comments
el (ni/sec) HWD | HW | ce H dc | @dc+Dy2 | Tw ho | SoL | HW | Hw Vo ER
PIPE 0.218 ®900 0.36 0.33 0.5 0.0116] 0.268 0.584 0.13 0.67 0.12 0.57 0.33 1.38 Inlet oK

Summary and 1. Outlet velocity is 1.38 m/sec

Recommndations :

2.Qd = AVo, Qd =0.2188 < AVo= (mmd?4) x 0.75 x 1.38 = 0.658 therefore, "O.K"
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4. Hydraulic Calculation

Review the Hydrological Calculation Results

STA. 0+320.0000

© Input Sectional Shape ( ®900)

-Catchment Area(A) = 0.0063 kn' -Rainfall Intensity(l) = 155.8mm/hr
-Peak Discharge(Qd) = 0.218 m'/sec -Rain fall Area = Chupu Karma
-Recurrence Interval = 25 years -Elevation Diffence = 40.17 m

1. Hydrological Analysis
HW (0.33) <1.2D (1.08),S0(0.0102) = Sc (0.0102)
TW (0.13) < dc (0.268)<D(0.9), dn(0.267) < dc (0.268) therefore,

The shape proposed is 3rd - type as follows.

Hydrological diagram

Inlet control

* Common in rolling or mountainous 1
country.

In the above hydraulic diagram, Control section is the outlet, and the applied energy equation is

Q.
D

HW can be found from the equation.

HW = 0.467 - ( + 0.051-(1+C9 -V

The flow velocity at this time is the flow velocity in the critical depth of th outlet
and Vc = 1.380 m / sec.
2. Analysis of the discharge area
Qd =0.218m/sec of the drainage area at the current STA., and the Pipe size is ¢900

Therefore, compared with the design discharge and the capacity of drainage are as follows.

Qd (0.218) < Q = AVo = (Td?/4 ) x 0.75 x 1.380 = 0.658 : O.K




TINA River Hydropower Development Project

Culvert Design Calculations

STATION : (Access Road LOT 2-1) 2+340.00
PROJECT : Tina River Hydropower Development Project

Desinger :

Checker / Reviewer :

Designation : LOT 2-1 C-2 Date :
HYDROLOGICAL AND DESIGN INFORMATION SKETCH
Catchment Area(A) =0.0053 ki Recurrence Interval for Culv.25yr
_ : - . EL = 360,020 m
Qd =0.184 m/sec Elev. Diffence: 385.50 m - 358.31 m
Arrival Distance(L) = 78.400 m =27.19m '&'HI"E" = 1,128
Rational Formula STD Runoff Formula ) - TW = 0,080
Rainfall Area Hw
Qd=0278CIA Qd = RFXLFXFFXQ e
Tc =0.100 hr RF = 0.000 /
C =0.800 FF = 0.000 gauging station
A = 0.0053 ki Q = 0.000 ni/sec So =0,069 m/m EL = 357,434 m
Qd = 0.184 mi/sec Qd = 0.000 ni/sec L=12680m
Water level in Culvert = 0.153
CULVERT Qu/ HEADWATER COMPUTATION OUTLET | CONTROL
DESCRIP cell Size D or Ht INLET CONTROL OUTLET CONTROL = HW =H + ho - SoL An(:gftt VELOCITY HEIAIIIZ\)I\(I;VAT Comments
el (ni/sec) HWD | HW | ce H dc | @dc+Dy2 | Tw ho | SoL | HW | Hw Vo ER
PIPE 0.184 ®900 0.33 0.29 0.5 0.0281] 0.245 0.573 0.08 0.67 0.87 -0.17 0.29 2.58 Inlet oK

Summary and

1. Outlet velocity is 2.58 m/sec, will require a rock apron protection Outlet.

Recommndations :

2.Qd = AVo, Qd=0.184 < AVo= (mmd*4) x 0.75 x 2.58 = 1.231 therefore,"O.K"
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4. Hydraulic Calculation

Review the Hydrological Calculation Results

STA. 2+340.0000

© Input Sectional Shape ( ®900)

-Catchment Area(A) = 0.0053 kn' -Rainfall Intensity(l) = 155.8mm/hr
-Peak Discharge(Qd) = 0.184 m'/sec -Rain fall Area = Chupu Karma
-Recurrence Interval = 25 years -Elevation Diffence = 27.19 m

1. Hydrological Analysis
HW (0.29) <1.2D (1.08),S0(0.0689) = Sc (0.0102)
TW (0.08) =< dc(0.245)<D(0.9) , dn(0.153) < dc (0.245) therefore,

The shape proposed is 3rd - type as follows.

Hydrological diagram

Inlet control

* Common in rolling or mountainous 3
country.

In the above hydraulic diagram, Control section is the outlet, and the applied energy equation is
- Q.3 . 2
HW = 0.467 - (1—)) + 0.051 (1 +C9 -V,

HW can be found from the equation.
The flow velocity at this time is the flow velocity in the critical depth of th outlet
and Vc = 2.580 m / sec.
2. Analysis of the discharge area
Qd =0.184m/sec of the drainage area at the current STA., and the Pipe size is ¢900

Therefore, compared with the design discharge and the capacity of drainage are as follows.

Qd (0.184) < Q = AVo = (Td?4 ) x 0.75 x 2.580 = 1.231 : O.K
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TINA River Hydropower Development Project

STATION : (Access Road LOT 2-2) 1+540.00
PROJECT : Tina River Hydropower Development Project

Culvert Design Calculations

Desinger :

Checker / Reviewer :

Designation : LOT 2-2C-1 Date :
HYDROLOGICAL AND DESIGN INFORMATION SKETCH
Catchment Area(A) =0.0386 ki Recurrence Interval for Culv.25yr
Qd =1.337 mi/sec Elev. Diffence: 345.00m - 222.23 m EL =223.610m
Arrival Distance(L) = 244.50 m =115.77m AHWﬂ
Rational Formula STD Runoff Formula . R TW = 0,360
Qd=0278CIA Qd = RFXLFXFFxQ Rainfall Area HW —_—_
Tc =0.100 hr RF = 0.000
| =155.80 mm/h LF =0.000 Chupu Karma EL=222231m
C =0.800 FF = 0.000 gauging station
A = 0.0386 kif Q = 0.000 nilsec 50 = 0,050 m/m EL = 221,794 m
Qd = 1.337 ni/sec Qd = 0.000 mi/sec L=6720m
Water level in Culvert = 0.441
CULVERT od/ HEADWATER COMPUTATION _ OUTLET | CONTROL
DESCRIP cell Size Dor Ht |INLET CONTROL OUTLET CONTROL = HW = H + ho - SoL An?gﬁt VELOCITY HEI,&IBI\(/BV AT | Comments
el (ni/sec) HWD | HW | ce H dc | @c+Dy2 | Tw ho | SoL | HW | Hw Vo ER
PIPE 1.337 d900 1.86 1.68 05 1.126 | 0.684 0.792 0.36 0.67 0.44 1.36 1.68 4.00 Inlet N.G
PIPE 1.337 ®1000 1.01 1.01 05 0.671 | 0.666 0.833 0.36 0.75 0.44 0.98 1.01 4.00 Inlet oK

Summary and

1. Qd = AVo, Qd = 1.337 < AVo= (1md%*4) x 0.75 x 4.00 = 2.356 therefore,"O.K"

Recommndations :
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4. Hydraulic Calculation

Review the Hydrological Calculation Results

STA. 1+540.00
© Input Sectional Shape (®1000 )

-Catchment Area(A) = 0.0386 kn' -Rainfall Intensity(l) = 155.8mm/hr
-Peak Discharge(Qd) = 1.337 m'/sec -Rain fall Area = Chupu Karma
-Recurrence Interval = 25 years -Elevation Diffence = 115.77 m

1. Hydrological Analysis
HW (1.01) <1.2D (1.20), S0 (0.5000) = Sc (0.0132)
TW (0.36) < dc(0.666)<D(1.0), dn(0.441) < dc (0.666 ) therefore,

The shape proposed is 3rd - type as follows.

Hydrological diagram

Inlet control
A
HW
v
-2
TW<D
* Common in rolling or mountainous t
country.

In the above hydraulic diagram, Control section is the outlet, and the applied energy equation is

-

Q.
D

HW can be found from the equation.

HW = 0.467 - ( + 0.051-(1+C9 -V.

The flow velocity at this time is the flow velocity in the critical depth of the outlet
and Vc = 4.000 m / sec.
2. Analysis of the discharge area
Qd =1.337m/sec of the drainage area at the current STA., and the Pipe size is ¢1000

Therefore, compared with the design discharge and the capacity of drainage are as follows.

Qd (1.337) < Q = AVo = (Td?4 ) x 0.75 x 4.00 = 2.356 : O.K
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TINA River Hydropower Development Project

Culvert Design Calculations

STATION : (Access Road LOT 2-2) 1+820.00
PROJECT : Tina River Hydropower Development Project

Desinger :

Checker / Reviewer :

Designation : LOT 2-2 C-2 Date :
HYDROLOGICAL AND DESIGN INFORMATION SKETCH
Catchment Area(A) =0.1150 ki Recurrence Interval for Culv.25yr
Qd =3.985 mi/sec Elev. Diffence: 415.00m - 185.83 m EL = 184,330 m
Arrival Distance(L) = 443.55 m =229.17m '&'Hh_"f = 8,563
Rational Formula STD Runoff Formula . R TW = 0,500
Qd=0278CIA Qd = RFXLFXFFXQ Rainfall Area HW —_—_
Tc =0.100 hr RF = 0.000
| =155.800 mm/h LF =0.000 Chupu Karma Eli2 185, 897 m
C =0.800 FF = 0.000 gauging station
A = 0.115 kit Q= 0.000 misec S0 = 0,031 m/m EL = 184,616 m
Qd = 3.985 ni/sec Qd = 0.000 mi/sec L =36953m
Water level in Culvert = 0.978
CULVERT Qd/ HEADWATER COMPUTATION _ OUTLET | CONTROL
DESCRIP cell Size Dor Ht |INLET CONTROL OUTLET CONTROL = HW = H + ho - SoL An?gf{t VELOCITY HEIAIBI\(/BV AT | Comments
el (ni/sec) HWD | HW | ce H dc | @c+Dy2 | Tw ho | SoL | HW | Hw Vo ER
PIPE 3.985 ®1000 0.5 19.807| 0.978 0.989 0.50 0.75 1.21 N.G
PIPE 3.985 ®1200 1.67 2.00 05 1.964 | 1.070 1.135 0.50 0.90 1.21 1.65 2.00 4.28 Inlet O.K

Summary and

1. Qd = AVo, Qd =4.28 > AVo= (11d%*/4) x 0.75 x 4.28 = 4.28 therefore,"N.G"

Recommndations :

2. Qd = Avo "N.G",Type-5 hydraulic flow in which the inlet submerge in water. therefore, AHW=8.563 > HW=2.0 "O.K"
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4. Hydraulic Calculation

Review the Hydrological Calculation Results

STA. 1+820.00
© Input Sectional Shape (®1200)

-Catchment Area(A) = 0.1150 kn' -Rainfall Intensity(l) = 155.8mm/hr
‘Peak Discharge(Qd) = 3.985 m'/sec -Rain fall Area = Chupu Karma
-Recurrence Interval = 25 years -Elevation Diffence = 229.17 m

1. Hydrological Analysis
HW (2.00) < 1.2D (1.44) ,TW(0.50)< D(1.2)
dn (0.978) < D (1.2) therefore,

The shape proposed is 5rd - type as follows.

Hydrological diagram

Inlet control

4 Type 5 dn<D

s \/\
s \‘w‘jjﬂ/‘ D
So5 S, g

*Common in all terrains

In the above hydraulic diagram, Control section is the inlet, and the applied energy equation is
D Vi
G —

2 2g

HW can be found from the equation.

HW = (1+Co

The flow velocity at this time is the flow velocity in the nomal depth of the outlet
and VD = 4.280 m/ sec.
2. Analysis of the discharge area
Qd =3.985mi/sec of the drainage area at the current STA., and the Pipe size is ¢1200

Therefore, compared with the design discharge and the capacity of drainage are as follows.

Qd (3.985) < Q = AVo = (Td?/4 ) x 0.75 x 4.280 = 3.630 : N.G




TINA River Hydropower Development Project

Culvert Design Calculations

STATION : (Access Road LOT 2-2) 1+990.00
PROJECT : Tina River Hydropower Development Project

Desin

Checker / Reviewer :

ger:

Designation : LOT 2-2 C-3 Date :
HYDROLOGICAL AND DESIGN INFORMATION SKETCH
Catchment Area(A) =0.136 ki Recurrence Interval for Culv.25yr
Qd =4.712 m/sec Elev. Diffence: 438.00m - 184.07 m EL = 186,430 m
Arrival Distance(L) = 605.00 m =254.43 m '&'Hh_"f = 2,357
Rational Formula STD Runoff Formula ) - TW =0120
Qd=0278CIA Qd = RFXLFXFFXQ Rainfall Area HW —_—_
Tc =0.100 hr RF = 0.000
| =155.800 mm/h LF =0.000 Chupu Karma Eli2 184, 073 m
C =0.800 FF = 0.000 gauging station
A = 0.1360 kit Q= 0.000 misec S0 = 0,225 m/m EL = 179,656 m
Qd = 4.712 mi/sec Qd = 0.000 mi/sec L = 19,646 m
Water level in Culvert = 0.260
ULV o | HEADWATER COMPUTéTION_ st VCIZLE(T)IEETTY COSIIEOL
DESCRIP cell Size DorHt |INLET CONTROL OUTLET CONTROL = HW = H + ho - SoL ment HEADWAT | Comments
el (ni/sec) HWD | HW | ce H dc | @c+Dy2 | Tw ho | SoL | HW | Hw Vo ER
PIPE 2.356 2@ $1000 3.89 3.89 05 1.9365| 0.624 0.812 0.12 0.75 4.42 -1.73 3.89 6.65 Inlet N.G
PIPE 2.356 2@ 1200 0.90 1.08 05 0.8040| 0.590 0.895 0.12 0.90 4.42 -2.71 1.08 6.53 Inlet O.K

Summary and

1. Qd = AVo, Qd =4.712 < AVo= 2 x (Tmd*4) x 0.75 x 6.53 =11.078 therefore,"O.K"

Recommndations :
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4. Hydraulic Calculation

Review the Hydrological Calculation Results

STA. 1+990.00
© Input Sectional Shape (2@®1200)

-Catchment Area(A) = 0.1360 kn' -Rainfall Intensity(l) = 155.8mm/hr
-Peak Discharge(Qd) = 4.712 m'/sec -Rain fall Area = Chupu Karma
-Recurrence Interval = 25 years -Elevation Diffence = 254.43m

1. Hydrological Analysis
HW (1.08) <1.2D (1.44),S0(0.2248) = Sc (0.0101)
TW (0.12) < dc(0.590)<D(1.2), dn(0.260) < dc (0.590) therefore,

The shape proposed is 3rd - type as follows.

Hydrological diagram

Inlet control

* Common in rolling or mountainous t
country.

In the above hydraulic diagram, Control section is the outlet, and the applied energy equation is
Q 4 i L2

——) + 0,051 (1 +C4 -V,
D

HW can be found from the equation.

HW = 0.467 - (

The flow velocity at this time is the flow velocity in the critical depth of the outlet
and Vc = 6.530 m / sec.
2. Analysis of the discharge area
Qd =1.337m/sec of the drainage area at the current STA., and the Pipe size is ¢1000

Therefore, compared with the design discharge and the capacity of drainage are as follows.

Qd (4.712) < Q = AVo = (Td/4 ) x 0.75 x 2 x 6.53 = 11.078 : O.K
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TINA River Hydropower Development Project

Culvert Design Calculations

STATION : (Access Road LOT 2-2) 2+423.00 Desinger :
PROJECT : Tina River Hydropower Development Project Checker / Reviewer :
Designation : LOT 2-2 C-4 Date :
HYDROLOGICAL AND DESIGN INFORMATION SKETCH
Catchment Area(A) =0.6199 ki Recurrence Interval for Culv.25yr
Qd =22.941 mi/sec Elev. Diffence: 438.50m - 149.78 m EL = 152.701 m
Arrival Distance(L) = 1250.00 m =288.72m AHW = 2,917
Rational Formula STD Runoff Formula ) - \ TW = 0,000
Qd=0.278CIA Qd = RFXLFXFFxQ Rainfall Area HW . —_—— |

Tc =0.100 hr RF = 0.000 o
| =155.800 mm/h LF = 0.000 Chupu Karma EL = 149,784 m
C =0.800 FF = 0.000 gauging station
A = 0.620 kil Q = 0,000 ni/sec So0=0078m/m EL = 147,456 m
Qd = 21.479 ni/sec Qd = 0.000 ni/sec L = 30,000 m
Water level in Culvert = 0.322
CULVERT od HEADWATER COMPUTATION _ OUTLET | CONTROL
DESCRIP cell Size DorHt |INLET CONTROL OUTLET CONTROL = HW = H + ho - SoL Anfgﬁt VELOCITY HE'/;'B'\?V 7| Comments
el (ni/sec) HWwo | Hw | ce H dc | @dc+Dy2 | TW ho SoL | HW | Hw Vo ER
BOX 10740 | 2@15x15 | 366 | 550 | 02 |15645| 1.093| 1.296 | 032 | 120 | 233 | 044 | 550 8.81 Inlet N.G
BOX 10740 | 2@20x15 | 335 | 503 | 02 |08645| 0902 | 1.201 | 032 | 120 | 233 | -026 | 5.03 8.36 Inlet N.G
BOX 10740 | 2@20x16 | 317 | 508 | 02 |07565| 0902 | 1.251 | 032 | 128 | 233 | -029 | 5.08 8.36 Inlet N.G
BOX 10740 | 2@20x20 | 091 | 1.82 | 02 |04779| 0902 | 1451 | 032 | 160 | 233 | -025 | 1.82 8.36 Inlet 0K

Summary and
Recommndations :

1. Qd = AVo, Qd=21.479 <AVo= (B x H) x 0.8 x 2 x 8.360 =53.504 therefore,"O.K"
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4. Hydraulic Calculation

Review the Hydrological Calculation Results

STA. 2+423.00
© Input Sectional Shape (2%¥2.0x2.0)

-Catchment Area(A) = 0.6199 kn' -Rainfall Intensity(l) = 155.8mm/hr
-Peak Discharge(Qd) = 22.479 m/sec -Rain fall Area = Chupu Karma
-Recurrence Interval = 25 years -Elevation Diffence = 288.72 m

1. Hydrological Analysis
HW (1.82) < 1.2D (2.4) ,S0(0.0776) = Sc (0.0040)
TW (0.32) =< dc(0.902)<D(2.0), dn(0.322) < dc (0.902) therefore,

The shape proposed is 3rd - type as follows.

Hydrological diagram

Inlet control
A
HW
v
-2
TW<D
* Common in rolling or mountainous t
country.

In the above hydraulic diagram, Control section is the outlet, and the applied energy equation is
2

HW=(0.701 + 0.234 - ) ~ t%ﬁ

HW can be found from the equation.
The flow velocity at this time is the flow velocity in Normal depth of the outlet
and Vn = 8.360 m / sec.
2. Analysis of the discharge area
Qd =21.479m/sec of the drainage area at the current STA., and the Box size is 2@2.0X2.0

Therefore, compared with the design discharge and the capacity of drainage are as follows.

Qd (21.497) < Q= AVo = (B xH) x 0.8 x 2 x 8.360 = 53.504 : O.K
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TINA River Hydropower Development Project

Culvert Design Calculations

STATION : (Access Road LOT 2-3) 2+660.00
PROJECT : Tina River Hydropower Development Project

Desinger :

Checker / Reviewer :

Designation : LOT 2-3C-1 Date :
HYDROLOGICAL AND DESIGN INFORMATION SKETCH
Catchment Area(A) =0.0138 ki Recurrence Interval for Culv.25yr
Qd = 0.478m/sec Elev. Diffence: 164.00m - 133.70 m EL=134810m
Arrival Distance(L) = 383.00 m =30.30m AHW = 1,110
Rational Formula STD Runoff Formula ) - TW=0120
Rainfall Area Hw
Qd=0278CIA Qd = RFXLFXFFXQ —_—
Tc =0.100 hr RF = 0.000 /
| =155.800 mm/h LF =0.000 Chupu Karma EL =133700 m
C =0.800 FF = 0.000 gauging station
A = 0.014 ki Q = 0.000 m/sec So = 0.040 mf',m Elss ]33, 427 m
Qd = 0.478 mi/sec Qd = 0.000 ni/sec L=6801m
Water level in Culvert = 0.282
HEADWATER COMPUTATION OUTLET | CONTROL
SR Qu/ . Adjust | VELOCITY LING
DESCRIP cell Size Dor Ht |INLET CONTROL OUTLET CONTROL = HW = H + ho - SoL et HEADWAT | Comments
el Q) HWD | Hw Ce H de | @c+dy2 | TW ho soL | HW | Hw Vo ER
PIPE 0.478 d900 0.60 0.54 5.0 0.1218| 0.402 0.651 0.16 0.67 0.27 0.52 0.54 2.80 Inlet oK

Summary and

1. Qd = AVo, Qd =0.478 < AVo= (1md*4) x 0.75 x 2.80 =1.336 therefore,"O.K"

Recommndations :
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4. Hydraulic Calculation

Review the Hydrological Calculation Results

STA. 2+660.00

© Input Sectional Shape ( ®900)

-Catchment Area(A) = 0.0138 kn' -Rainfall Intensity(l) = 155.8mm/hr
-Peak Discharge(Qd) = 0.478 m'/sec -Rain fall Area = Chupu Karma
-Recurrence Interval = 25 years -Elevation Diffence = 30.30 m

1. Hydrological Analysis
HW (0.54) < 1.2D (1.08),S0(0.0401) = Sc (0.0107)
TW (0.16) < dc (0.402)<D(0.9) , dn(0.282) < dc (0.402) therefore,

The shape proposed is 3rd - type as follows.

Hydrological diagram

Inlet control
A
HW
v
-2
TW<D
* Common in rolling or mountainous t
country.

In the above hydraulic diagram, Control section is the outlet, and the applied energy equation is

-

Q.
D

HW can be found from the equation.

HW = 0.467 - ( + 0.051-(1+C9 -V.

The flow velocity at this time is the flow velocity in the critical depth of the outlet
and Vc = 2.800 m / sec.
2. Analysis of the discharge area
Qd =0.478m/sec of the drainage area at the current STA., and the Pipe size is ¢900

Therefore, compared with the design discharge and the capacity of drainage are as follows.

Qd (0.478) < Q = AVo = (Td¥/4 ) x 0.75 x 2.800 = 1.336 : O.K
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TINA River Hydropower Development Project

STATION : (Temp Road 3) 0+141.13
PROJECT : Tina River Hydropower Development Project

Culvert Design Calculations

Desinger :

Checker / Reviewer :

Designation : LOT 2-3 C-2 Date :
HYDROLOGICAL AND DESIGN INFORMATION SKETCH
Catchment Area(A) =0.0138 ki Recurrence Interval for Culv.25yr
Qd =0.478 m/sec Elev. Diffence: 164.00m - 124.52 m EL = 126,300 m
Arrival Distance(L) = 389.00 m =39.48 m AHW = 2,360
Rational Formula STD Runoff Formula ) - TW=0170
Qd=0278CIA Qd = RFXLFXFFXQ Rainfall Area HW —_—_
Tc =0.100 hr RF = 0.000
| =155.800 mm/h LF =0.000 Chupu Karma Eli2 124, 520 m
C =0.800 FF = 0.000 gauging station
A = 0.0138 kif Q= 0.000 misec S0 = 0,040 m/m EL =124,072 m
Qd = 0.478 mi/sec Qd = 0.000 mi/sec L=11313m
Water level in Culvert = 0.283
SR o | HEADWATER COMPUTéTION_ o v(éE(T)IE:?TTY COI[\IIIII'(F;’OL
DESCRIP cell Size DorHt |INLET CONTROL OUTLET CONTROL = HW = H + ho - SoL ment HEADWAT | Comments
el (ni/sec) HWD | HW | ce H dc | @c+Dy2 | Tw ho | SoL | HW | Hw Vo ER
PIPE 0.478 ®900 0.60 0.54 0.5 0.1739| 0.402 0.651 0.17 0.67 0.45 0.40 0.54 2.79 Inlet O.K

Summary and

1. Qd = AVo, Qd =0.478 < AVo= (1md*4) x 0.75 x 2.79 =1.331 therefore,"O.K"

Recommndations :

4- 24



4. Hydraulic Calculation

Review the Hydrological Calculation Results

STA. 0+141.13 (Temp Road 3)
© Input Sectional Shape ( ®900)

-Catchment Area(A) = 0.0138 k' -Rainfall Intensity(l) = 155.8mm/hr
-Peak Discharge(Qd) = 0.478 m'/sec -Rain fall Area = Chupu Karma
‘Recurrence Interval = 25 years -Elevation Diffence = 30.30 m

1. Hydrological Analysis
HW (0.54) < 1.2D (1.08), S0 (0.0400) = Sc (0.0107)
TW (0.17) < dc (0.402)<D(0.9) , dn (0.283) < dc (0.402) therefore,

The shape proposed is 3rd - type as follows.

Hydrological diagram

Inlet control
A
HW
v
-2
TW<D
* Common in rolling or mountainous t
country.

In the above hydraulic diagram, Control section is the outlet, and the applied energy equation is

-

Q.
D

HW can be found from the equation.

HW = 0.467 - ( + 0.051-(1+C9 -V.

The flow velocity at this time is the flow velocity in the critical depth of the outlet
and Vc = 2.790 m / sec.
2. Analysis of the discharge area
Qd =0.478m/sec of the drainage area at the current STA., and the Pipe size is ¢900

Therefore, compared with the design discharge and the capacity of drainage are as follows.

Qd (0.478) < Q = AVo = (Td¥/4 ) x 0.75 x 2.790 = 1.331 : O.K
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1.Corrugated Steel Pipe
]



1.1 Corrugated Steel Pipe (D=900)
]

D=0.9M
H=1.14 m [SI UNIT]



1. Corrugated Steel Pipe

1.1.1 Design Condition

1) Section Assumption ; .,%
B
qa
&
- Unit density of pavement : Yp = 23.000 KkN/m?
- Unit density of soil : ys = 20.000 kN/m3
- Thickness of pavement : Hp = 0320 m
- Depth of soil : Hs = 0.820 m
- Pipe span: Sc = 0900 m
- Corrugated steel pipe specifications
pitch x depth : 68x13 mm
thickness : 1.6 mm
yield strength : fy = 230  Mpa
modulus of elasticity : E = 200000 Mpa

2) Reference

Corrugated steel pipe institute — Handbook of Steel Drainage Highway Construction Products

1.1.2 Section Properties for corrugated steel pipe

Specified Thickness, mm

type
1.0 13 16 2.0 2.8 3.0 35 4.0 4.2 5.0 6.0 7.0
Moment of Inertia, mm4/mm

38x6.5 3.7 51 6.5 8.6

68x13 165 226 284 371 546 70.2 86.7

76x25 75.8 104.0 1304 1704 2497 319.8 393.1

125x25 133.3 173.7 2532 322.7 394.8

152x51 1057.3 1457.6 1867.1 2278.3 2675.1

Cross section Wall area, mm2/mm

38x6.5 0.896 1.187 1.484 1.929

68x13  0.885 1.209 1512 1.966 2.852 3.621 4.411

76x25 1.016 1.389 1.736 2.259 3.281 4.169 5.084

125x25 1549 2.014 2.923 3.711 4521

152x51 3.522 4.828 6.149 7.461 8.712

Radius of Gyration, mm

38x6.5 2.063 2.075 2.087 2.109

68x13 4316 4.324 4332 4.345 4374 4.402 4.433

76x25 8.639 8.653 8.666 8.685 8.724 8.758 8.794

125x25 9.277 9.287 9.308 9.326 9.345

152x51 17.326 17.375 17.425 17.475 17.523




TINA River Hydropower Development Project

1.1.3 Loads

1) Dead Load
The dead load is considered to be the soil prism over the pipe:

DL=gH= 23.000 x 0.320 + 20.000 x 0.820 = 23.760 kN/O

DL = unit pressure of a soil prism acting on the horizontal plane at the top of the pipe

g = unit weight of the soil
H = height of cover over the pipe
2) Live Load
(1) wso : | |
h, ...-’
I I | | |
| EL‘J |
+ ! + + %
| ‘ — |
80 80
Pui = = = 11.799 kKN/m2
(0.25 + 2D) x (0.4 + 2D) (0.25 + 2.28) x (0.4 + 2.28)
(2) A160 | RNV |
| - | |
160 kN | LH |
O AR
: | :
ELEVATION T , | !
400 mm ji—ﬁ
LT (17 |
u I I I 1
| | | |
2000 mm | 32090 standard LN
u | |
| |
——u—-—250 mm i i
PLAN : | |
2x80 160
Pu = = = 13.513 kN/m?2
(0.25 + 2D) x (2.4 + 2D) (0.25 + 2.28) x (2.4 + 2.28)
(3) M1600
360 kN 360 kN 360 kN 360 kN
£
ELEVATION
1.25 1.25 3.75 1.25 1.25 Varies 6.25 min. 1.25 1.25 50 1.25 1.25 0.6
e =i o 1 =1 {
% 7 72
7
0.4 3.2 m standard 6
design
PLAN
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1. Corrugated Steel Pipe

- Axle group _
) =
o T T
E E 5 | {T [ |
,{ ' + | | +
2 ) 1| 1 3 | |
| |
L \
|
P = 0x60 = 360 = 15.446 kN/m2
v (2.7 + 2D) x (2.4 + 2D) (2.7+228)x 2.4+ 228) m
- Lane uniformly distributed loads : 6.000 kN/mz  / 32m = 1.875 kN/mz
- Py = 15.446 + 1.875 = 17.321 kN/m2
(4) S1600
240 kN 240 kN 240 kN 240 kN
()
ELEVATION
1.25 1.25 375 1.25 1.25 Varies 6.25 min. 1.25 1.25 5.0 125125 o8
// S J===% V | | T | ), i |
2 / i
Z) //// 20
0.4 —3.2 m standard 0.6
design
PLAN

- Axle group

6 x 40 240

Pa = (2.7 + 2D) x (2.4 + 2D) - (2.7 +2.28) x (2.4 + 2.28) = 10.298 kN/m?
- Lane uniformly distributed loads : 24.000 kN/mz  / 3.2m = 7.500 KN/m?
- Py = 10298 + 7500 = 17.798 kN/m2
(5) HLP 320 & HLP 400
| N | ! Hﬁ
|

N




TINA River Hydropower Development Project

125 125
vo= = = 13.697 kN/m2
(0.2 + 2D) x (1.4 + 2D) (0.2 +2.28) x (1.4 +2.28)
(6) Live Load
TYPE Load Dynamic Load Allowance (a) (1+a)xLoad
W80 11.799 0.23 14.501
A160 13.513 0.23 16.608
M1600 17.321 0.19 20.543
S1600 17.798 0.00 17.798
HLP 13.697 0.10 15.066
O LL = 20.543 kN/m2 = 20.543 kN/m?

1.1.4 Minimum cover

Mininr um cover for indicted Axle Loads (tol nes)

pipe span (mm)

8~22 22~34 34~50 50~68
300-1050 600 760 900 900
1200-1830 900 900 1050 1200
1980-3050 900 1050 1200 1200
3200~3660 1050 1200 1370 1370

0 Hun= 600 _ < H= 1140 _  AOK

1.1.5 Backfill compaction

The value chosen should reflect the importance and size of the structure, and quality of backfill
material and its installation that cn reasonably be expected. The recommended value for routine
use is 85% Standard Proctor Density.

Therefore, the design assumes a backfill compaction density 85%

1.1.6 Design Pressure

H = 11m > S = 09m \
18
Pv = K (DL + LL), whenH>S = \
= 0.86x(23.76 +20.543) = 38.101 kN/m? x \
5 14
where: Pv = design pressure, kPa - \
o \
K = 086 ,load factor g 1
DL = dead load -
LL = live load : \
H = height of cover % =S
S = span or diameter \\ i
6
08
70 75 80 ™) 90 ah

Spacitiod Sol Compaction —% Standard AASHTO T-28
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1. Corrugated Steel Pipe

1.1.7 Ring compression

C = Pv x S [/ 2 = 38101 X 0.900 / 2 = 17.145kN/m

where: C ring compression
Pv

S = span or diameter

design pressure

1.1.8 Allowable wall stress

The ultimate compressive stress in the pipe wall is expressed by the following equation

fo = fy, when D/r =208 <294
fo = 230 MPa

A factor of safety of 2 is applied to the ultimate wall stress to obtain the allowable stress

fc=fb/2 = 115.00 MPa

where: fbo = ultimate compressive stress
fc = allowable stress
fy = 230MPa |, yield strength
D = 900mm span or diameter

r 4.332W | radius of gyration of the pipe wall

1.1.9 Wall thickness

A required wall area A, is computed using the calculated compression in the pipe wall, C,
and allowable stress, fc

T =C /| fc = 17145 / 115.000 = 0.149 -/W
where: A = required area in the pipe wall
C = ring compression
fc = allowable stress
Cross section Wallarea = 1.512</W > 0.149 /W AO.K

1.1.10 Handling stiffness

The resultant flexibility factor, FF, limits the size of pipe for each combination of corrugation
and metal thickness

FEF=D2/El = 0.143WN < 0.245%N AO.K
where: E = 200000 MPa , modulus of elasticity
D = diameter or span




TINA River Hydropower Development Project

I = 28.37 _,moment of inertia of the pipewall

Recommended maximum allowable values of FF for ordinary round and underpass pipe installations
are as follows:

68x13 mm corrugation, FF 0.245wWN

125x25 _. mm  corrugation, 0.188 wW/N

76x25 FF e mm  0.188 W/N

152x51 corrugation, FF _. 0.114 WN
mm corrugation, FF _u

1.1.11 Seam strength

The allowable ring compression accounting for the seam strength consideration, is the ultimate seam
strength, show in tables below, divided by the factor of safety of 2.0. Since helical lockseam and
continuously-welded-seam pipe have no longitudinal seams, there is no seam strength check for the
types of pipe

1-6



1.2 Head/Wing Wall (H=1.5m)
]



1. Corrugated Steel Pipe

1.2.1 Design Conditions (H=1.500m

1) General ltems
(1) Type of WingWall
(2) Height of WingWall
(3) Slope of Backfill

(4) Height of Backfill

2) Soil
(1) Unit Weight of Backfill
(2) angle of internal friction of Backfill
(3) Unit Weight of filler
(4) angle of internal friction of filler
(5) coefficient of earth pressure atrest of filler

(6) Cohesion of Soil

3) Load
(1) Surface load

(2) horizontal seismic coefficient

4) Design Material
(1) Reinforced Concrete Weight
(2) Strength of Concrete

(3) Yield Strength of Reinforcement
5) Coefficient of Earth Pressure
(1) Evaluation of serviceability

(2) Evaluation of section

6) Reference

(1) American Concrete Institute — Code for the design of concrete structure, USA

N= 1:2.00

Cantilever Type

1.500 m

1: 200

6.370 m
yt= 19.000

= 28.000

yt= 18.500
D1 = 32.000
P = 0.500
C = 0.000
qL = 10.000
Kh = 0.115
yc = 25.00
fck = 32.00
fy = 420.00

Wedge of Soil pressure

Wedge of Soil pressure

(2) AS 3600 Concrete structures / 5100 Bridge design - Australian Standard

Ho= 6370 )

kN/m3

kN/m3

kN/mz2

kN/m2

(0.191x0.5 x 1.2)

kN/m3
MPa

MPa
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1.2.2 Section Assumption

B3 B4
[ -
=t -7
T 7
~
! D
! [
o
T
_B1_ Bw B5 _
| | ‘X .
[
T
|
B |
& Sectional specification
- Width
Bl B2 B3 B4 B5 B Bw
0.100 0.000 0.200 0.125 0.675 1.100 0.325
- Height
H1 H2 H3 H4 H Ho
0.450 0.000 1.500 0.338 1.950 6.370
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1. Corrugated Steel Pipe

1.2.3 Load Calculation

1) Self weight (D)
Automatic consideration in program

2) Earth pressure
> At Normal (H)

Pa = SIN(a-®) Y
COS(a-d-56-6)
where, Dx) B(rx) o(Jx) 6(rx)
28.00 26.565 9.33 4.764 D (F=AXD)
a(rx) 0'(Jx) H (m) W (KN/m) Pa (kN/m) Ka Kah Kav
32.2 9.333 1.500 165.183 12.280 0.575 0.557 0.140
32.3 9.333 1.500 161.576 12.294 0.575 0.558 0.140
324 9.333 1.500 157.989 12.296 0.575 | 0.558 | 0.140
325 9.333 1.500 154.422 12.288 0.575 0.558 0.140
32.6 9.333 1.500 150.875 12.268 0.574 0.557 0.140
Coefficient of earth pressure Kah = 0.558
Horizontal earth pressure Pah= Kahxyt xH
Pahl=  0.558 x 19 x 0000 = 0.000 kN/m3
Pah2 = 0.558 x 19 x 1500 = 15.903 kN/m3
< At Earthquake (E)
Pa = SIN(a-®+w) w
COS(a-®-5-6) COS(w)
where, d(Ux) B(x) o(rx) 6(/x) w(x)
28.000 26.565 0.000 4.764 6.538 0 w = tan-'Kh
a(sx) o(Jx) H (m) We (kN/m) Pa (kN/m) Kae Kaeh Kaev
28.2 0.000 1.500 328.536 38.670 1.8091 | 1.803 0.150
28.3 0.000 1.500 323.922 38.684 1.8098 | 1.804 0.150
28.4 0.000 1.500 319.338 38.687 1.8099 | 1.804 0.150
285 0.000 1.500 314.783 38.677 1.8094 1.803 0.150
28.6 0.000 1.500 310.258 38.655 1.8084 1.802 0.150
Coefficient of earthquake earth pressure : Kaeh' = Kaeh - Kah = 1.246
Earthquake earth pressure Paeh'= Kaeh'xyt xH
Paehl'= 1.246 x 19 x 0.000 = 0.000 kN/m3
Paeh2'= 1.246 x 19 «x 1500 = 35.511 kN/m3

3) Inertiaforce at earthquake (E)

P= W xKh
W : Weight of structure
Kh: 0.115 horizontal seismic coefficient
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1.2.4 Modeling & Loading

1) Anaysis Model

N
-
R
|
|

N
N
R
N
n
S

Boundary condition : Hinge

2) Loading

(1) Self weight - Automatic consideration in program (D)

(2) Horizontal Earth Pressure at normal (H)




1. Corrugated Steel Pipe

(3) Horizontal Earth Pressure at earthquake (E)

(4) Inertia force at earthquake (E)

1.2.5 Load combination

LCB1 : Ultimate Load at nomal
LCB 2 : Ultimate Load at earthquake
LCB 3 . Service Load at nomal

(

12D
09D
10D

+

+

16L
16H
10L

+

+

+

16H )
1.0E )
10H )
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1.2.6 Summary of Analysis Results

(1) B.M.D (Ultimate Load) - Unit : kKN.m
> LCB1

Iy

S, FE0Se-00

2, 05405e-034

T. 720046004

00l

506355001

G0l

L.a1mte-anl

3.9257%-011

2ol

1256 Te-011

0,2000%e4038

~2.3¢41be-012

o el

vy Sosel

BX : 1%

ae s W

nz:

THITe W oww

SAYE: 03/12/2080
VIT¥-SIRRCTION

a‘i!l :5‘

i
1

<> LCB2

WIORT/TIvEL
FOIT-TROCEERE
SN,
et -y
.00 ¢8en10
3, AFTEee20
1.9098200370
1838400
1.3 w00
ot 1.26xento
B0
T.0esetwari
LR LT )
3.0083%-221
0.00000en 0
~1.32324e-200

R

Avp Bodel

AR E—
ML %0

L2 Tin

THITY &M arm
DAYE: f8s12/2024
Yi0s-018RITI0N

Susglh B2
=
v, e




1. Corrugated Steel Pipe

(2) S.F.D (Ultimate Load) - Unit : kN
> LCB1
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(3) B.M.D (Service Load) - Unit : kN.m

> LCB3

(4) Summary
Division LCB1 LCB2 LCB3 Section
M(KN.m) 0.958 2.375 1.994 Middle of Wall
V(kN) 4.196 10.463 Bottom of Wall
O Mu = 2.375kN.m
Vu = 10.463 kN
Mo = 1.994 kN.m

EIZAT/Civil
POIT-IROCEINR

FLATE FOA(E

HOMEIT-Myy
Li35021e+000
LB
PR Bty
1,4331%040790
+ 1. 222t€esidl
1.a281%e+00
2.3C1 %000
A0
4StiLte-00l
3. 57050e-041
0,30003e+970
=1.38530e-000
Lo ThN Pe 1)
Avy Bodal
X -1
EH W
24 S )
INIT: W ww
SR O3/ 1802020
VITH-CIRDCTION
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1. Corrugated Steel Pipe

1.2.7 Section Design

1) Middle of Wall

(1) Section Design

M. Section specification and design condition

fe = 32 MPa fy = 420 MPa ki = 0.82
of = 0.90 v = 0.75 d = 100.0 mm
B = 1000 mm H = 200 mm d = 100.0 mm
My = 2.375 kN-m Vu = 10.463 kN Mo = 1.994 kN-m
- Check of Strength reduction factor (®)
a = 15.050
Because T=C , ¢ = 15050 [/ pB1= 15050 / 0.821 = 18.322 mm
ey = fylEs = 420.000 / 200000 = 0.0021
g = 0.0030 x (dt-c)/c = 0003 x( 1000 - 18322 ) / 18.322
= 0.0134
et > 0.0050 Tension-controlled sections  ®f = 0.900
a=Asxfy/(@xfexb) (€h)
Mo/ @= Axfyx(d-al2) e @ VLT TOMTYKYOYZT HMZ UILT
f2 M,
Y As? - fyxdxAs + =0 [0 Req.As = 3138+
2x0.85xfcxb 1%}
UseAs = D 13 @ 250 + D 13 @ 250 = 1032.00 R ( 8 eam)
. Evaluation of reinforcement
Po = ki x @ x (fe/fy) x {600/(600 + fy)} = 0.03313
P ax = 0.75-Pb = 0.0248t 4. A e = 2485.0 I
Prin = max(1.4/fy,0.25fc /fy) = 0.00337 4. As min = 336.7 L
Pusreq = 413 - Asreq/ (B-d) = 0.0008¢ 4. As aizreq = 84.2 L
Prin = min (Pryin Paareq) = 0.0008¢ 4. As min = 84.2 I
Piee = As/(B-d) = 0.01032 4. As min = 1032.0 "
¢ 4/3xPreq<Puse<Pmax A OK
. Bending Check
a=Asxfy/ (@ xfexb) = 15.050 mm
@Mn = 0.9 x As x fy x (d - a/2) = 36.074  kN:m > Mu = 2.375 kN-m
A OK
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. Shear firction Check

@vVn=@vx Avf xfy x g 325.080

(2) Crack Check

(. Calculation of stress
9

n

= -9x1,032.00/1000 + 9 x 1,032.00 / 1000 x V[ 1 + 2 x 1000 x 100/ (9 x 1,032.00) ]

X = -nAs/b +nAs/b x [J{1+2bd/nAs}
= 34.801 .

fo = 2xMo/[BxYX x(d-x/3)
= 20 x 1994 /[ 1000
= 1.296 MPa

fs = Mo/ [Asx (d-x/3)]
= 1994 /[ 1032.000 x( 100.0
= 21.857 MPa
fst = fsx(H-d'-x)/(d-X) =
. Maximum center space of reinforcement
Cc = 100.00-13.00/2 = 9350 .

Vu = 10.463 kN

x 34801 x( 1000 -

- 34801 / 3 )] x

22 x (200 - 100 - 1) / (100 - 35)

10°

34.801 /

3 )] x

21.86

Cc ; Thickness between reinforcement or surface of stress member and concrete surface(mm)

Smin : 380 x (280 /fs) - 2.5 x Cc =

380 x(280/21.86) - 2.5 x 93.50

300 x (280 / fs) = 300x(280/21.86)
Sa = 384312 | Applying Minimum value
S =1,000/8 Ea=125.0 < Sa ( 3843.12 mm) A OK

4634.21
3843.12

106

MPa

-

-




1. Corrugated Steel Pipe

1.2.8 Distribution Reinforcement Check

1) Wall (H= 325 mm)
“As,min = (0.0018 x 420 /fy) x BxH = (0.0018 x 420/ 420) x 1000 x 325 = 5850 r
- The spacing of deformed shrinkage and temperature reinforcement shall not exceed
the lesser of 5h and 450mm. = 450 B
- Used As : D 13@ 125 = 10320
[ = 10320 > 585.0 . A OK
- Bar spacing : 125 . < 450 . A OK

2) Bottom Slab (H= 450 mm)

“As,min=(0.0018 x 420 /fy) x Bx H = (0.0018 x 420 / 420) x 1000 x 450 = 8100 r
- The spacing of deformed shrinkage and temperature reinforcement shall not exceed
the lesser of 5h and 450mm. = 450 -
- Used As : Upper side : D 13@ 250 = 5160 .
Bottom side : D 13@ 250 = 516.0 .
= 10320 . > 8100 . A OK
- Bar spacing : 250 . < 450 A OK




2 .HYDRAULIC CALCULATION
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2.1 U-Ditch Calculation
[



2. Hydraulic Calculation

Rainfall Intensity-Frequency-Duration Curves

1000.0
——2-yrARI
——5-yrARI
———10-yr ARI
\
— 1000
< 20-yr ARI
£
£ N —25yrARI
z \
2 ~
[ ——30-yr ARI
8
£
g ——— 50-yr AR
& 100
——80-yr ARI
100-yr ARI
———200-yr ARI
1.0
1 10 100 1000

Duration (minutes)

6 1297 1421 149.2 1542 155.8 156.8 1593 1619 162.9 165.6

10 1159 1279 1349 140.1 1418 1429 1457 1484 1495 152.6

60 54.3 62.0 66.9 715 730 742 774 80.3 81.7 85.9
180 259 30.0 329 358 36.8 376 399 421 432 46.6
360 14.5 16.9 18.7] 20.7 214 22.0 23.8 257 26.7 307
540 10.5 12.7] 14.7] 17.0 17.8 184 20.6 22.8 239 28.1
720 82 104 12.3 146 154 16.2 184 20.7 219 26.3
900 6.8 89 10.7] 13.0 13.8 145 16.8 19.1 204 24.8
1080 5.8 78 9.6 11.8 12.6) 133 155 17.9 19.2 236
1440 46 6.3 80 10.0 10.8 115 137 16.0 17.3 21.7
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A. Calculation of U-type Ditch

? o o
T No &
\ = Y i
0!7 % " R R BT |
\
U-type ditch
1) Flow rate in U-type ditches
(@D Utype- ditch(Lined) Q=AXV = Ax (1/n) x R* x | (n=0.025)
Depth of Area of Wetted Hydraulic Q
TYPE Flow Width(D) the flow | perimeter | Radius® R%
(0.8H) (m) (m) (m) (m) m/sec
TYPE-4(H=0.40M) 0.32 0.720 0.1792 1.116 0.1606 0.2955 21181 x[*
TYPE-6(H=0.60M) 0.48 1.080 0.4032 1.673 0.2410 0.3873 6.2464 x[”
2) The Rational Method formula for flow estimation Q(m/sec)
@ Steep Mountain and Slope Surface @ Paved surface
Qd120278 XC1>< lp x Ay Qd2=0278 X sz lo x Ay
where, C1, Cz: Run-off Coefficient C.:0.8 C2:0.9
l1, I2: Rainfall intensity(mm/hr) 11(5yr) : 142.1 I2(5yr) : 142.1
A A, Catchment Area(kn)
® Peak Catchment Discharge Qd = Qd; + Qd

3) Determination of Cross section

Compare Flow rate with the Peak Catchment Discharge according to Runoff Coefficient and Catchment Area

X  Q>Qd (OK)




2. Hydraulic Calculation

U-Ditch Hydrological Caculation (1)

Station(Lot-3-1) o Flow rate Peak Catchment Determinafi
ation(Lot-s- Catchment Run-off g . 5 etermination
L 2 . Sl according to slope

No. Direction Area(km) Coeffiecient (;Se L e DISEIENYE (lesy) heck Remark

A1,A2 c1,c2 . i Chec
BP EP ( ) ( ) TYPE-4 TYPE-6 (Qd1,Qd2) Qd Capacity Apply

1 0+115 0+255 L 0.0042 08 11.48 0.718 2.116 0.133 0.180 U4 U4
0.0013 0.9 0.048

2 0+380 0+495 L 0.0021 08 10.27 0.679 2.002 0.066 0.097 U4 U4
0.0009 0.9 0.030
.0041 . A

3 0+645 0+955 L 0.00 08 10.50 0.686 2.024 0.130 0.194 u4 U4
0.0018 0.9 0.064

4 1+100 1+480 L 0.0077 08 10.22 0.677 1.997 0.243 0.347 U4 U4
0.0029 0.9 0.103
. . A1

5 0+020 0+115 R 0.0035 08 14.27 0.800 2.360 0.110 0.135 U4 U4
0.0007 0.9 0.026
.0032 . 101

6 0+240 0+500 R 0.003 08 9.46 0.651 1.921 0.10 0.145 U4 U4
0.0012 0.9 0.044
0.0037 0.8 0.117

7 0+500 0+855 R 10.78 0.695 2.051 0.160 u4 U4
0.0012 0.9 0.043
0.0011 0.8 0.036

8 0+925 1+040 R 10.30 0.680 2.005 0.062 u4 U4
0.0007 0.9 0.026
0.0143 0.8 0.451

9 1+195 1+395 R 11.85 0.729 2.150 0.476 U4 U4
0.0007 0.9 0.025




2.2 Culvert Design Calculation
]
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Culvert Design Calculations

STATION : (Access Road LOT 3-1) 0+500.00
PROJECT : Tina River Hydropower Development Project

Desinger :

Checker / Reviewer :

Designation : LOT 3-1C-1 Date :
HYDROLOGICAL AND DESIGN INFORMATION SKETCH
Catchment Area(A) =0.0044 ki Recurrence Interval for Culv.25yr
Qd =0.152 m/sec Elev. Diffence: 226.75 m - 188.11 m EL =183.340 m
Arrival Distance(L) = 337.000 m =38.64m AHV_\" = 1.378
Rational Formula STD Runoff Formula ) - TW=0110
Qd=0278CIA Qd = RFXLFXFFXQ Rainfall Area HW —_—_
Tc =0.100 hr RF = 0.000 /
| =155.800 mm/h LF =0.000 Chupu Karma Eli2 188,109 m
C =0.800 FF = 0.000 gauging station
A = 0.0044 kif Q= 0.000 misec S0 = 0,005 m/m EL = 188,045 m
Qd = 0.152 ni/sec Qd = 0.000 mi/sec L =12820 m
Water level in Culvert = 0.267
SR o | HEADWATER COMPUTéTION_ st V(éLE(T)léllzTTY COII\III‘\II'EOL
DESCRIP cell Size DorHt |INLET CONTROL OUTLET CONTROL = HW = H + ho - SoL ment HEADWAT | Comments
el (ni/sec) HWD | HW | ce H dc | @c+Dy2 | W ho | SoL | HW | Hw Vo ER
PIPE 0.52 ®900 0.29 0.26 0.5 0.4575] 0.222 0.561 0.11 0.67 0.06 1.07 1.07 124 Inlet oK

Summary and

1. Qd = AVo, Qd =0.152 < AVo= (md?4) x 0.75 x 1.24 = 0.592 therefore, "O.K"

Recommndations :

2-4



2. Hydraulic Calculation

Review the Hydrological Calculation Results

STA. 0+500.0000

© Input Sectional Shape ( ®900)

-Catchment Area(A) = 0.0044 kn' -Rainfall Intensity(l) = 155.8mm/hr
-Peak Discharge(Qd) = 0.152 m'/sec -Rain fall Area = Chupu Karma
-Recurrence Interval = 25 years -Elevation Diffence = 38.64 m

1. Hydrological Analysis
HW (1.07) =< 1.2D (1.00) ,So0 (0.005) < Sc(0.0103)
TW (0.11) <dc (0.222) , dn (0.267 ) > dc (0.222) therefore,

The shape proposed is 1rd - type as follows.

Hydrological diagram

HW —_Outlet control

o == Tdc TW<dc
bO SC P 7 .

* Common with flat grades and wide flat
flood plains

In the above hydraulic diagram, Control section is the outlet, and the applied energy equation is

HW = he + he + do - —=— - SiL
2g
HW can be found from the equation.
The flow velocity at this time is the flow velocity in the critical depth of th outlet
and Vc = 1.240 m / sec.
2. Analysis of the discharge area

Qd =0.152m/sec of the drainage area at the current STA., and the Pipe size is ¢900

Therefore, compared with the design discharge and the capacity of drainage are as follows.

Qd (0.152) < Q = AVo = (Td?/4 ) x 0.75 x 1.240 = 0.592 : O.K
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Culvert Design Calculations

STATION : (Access Road LOT 3-1) 0+955.00
PROJECT : Tina River Hydropower Development Project

Desinger :

Checker / Reviewer :

Designation : LOT 3-1 C-2 Date :
HYDROLOGICAL AND DESIGN INFORMATION SKETCH
Catchment Area(A) =0.0059 ki Recurrence Interval for Culv.25yr
Qd =0.204 m/sec Elev. Diffence: 184.92 m - 140.61 m EL =141.910m
Arrival Distance(L) = 403 m =4431m AHV_\" = 1.304
Rational Formula STD Runoff Formula . R TW = 0,090
Rainfall Area Hi
Qd=0278CIA Qd = RFXLFXFFxQ —_—_
Tc =0.100 hr RF = 0.000 /
| =155.800 mm/h LF =0.000 Chupu Karma EL = 140,606 m
C =0.800 FF = 0.000 gauging station
A = 0.0059 ki Q = 0.000 m/sec SU = U. 048 m;’m EL = ]40, ]4[] m
Qd = 0.204 mi/sec Qd = 0.000 ni/sec L=9800m
Water level in Culvert = 0.176
HEADWATER COMPUTATION OUTLET | CONTROL
SR Qu/ . Adjust | VELOCITY LING
DESCRIP cell Size D or Ht INLET CONTROL OUTLET CONTROL = HW =H + ho - SoL R HEADWAT Comments
el Q) HWD | Hw Ce H de | @c+Dy2 | W ho soL | HW | Hw Vo ER
PIPE 0.204 ®900 0.35 0.31 0.5 0.0285 | 0.259 0.58 0.09 0.67 0.47 0.24 0.31 2.33 Inlet oK

Summary and

1. Qd = AVo, Qd =0.204 < AVo= (Trd*4) x 0.75 x 2.33=1.112 therefore,"O.K"

Recommndations :

2-6



2. Hydraulic Calculation

Review the Hydrological Calculation Results

STA. 1+480.0000

© Input Sectional Shape ( ®900)

-Catchment Area(A) = 0.0059 kn' -Rainfall Intensity(l) = 155.8mm/hr
-Peak Discharge(Qd) = 0.204 m'/sec -Rain fall Area = Chupu Karma
-Recurrence Interval = 25 years -Elevation Diffence = 44.31 m

1. Hydrological Analysis
HW (0.31) <1.2D (1.08),S0(0.0476 )= Sc (0.0102)
TW (0.09) < dc(0.259)<D(0.9), dn(0.176) < dc (0.259 ) therefore,

The shape proposed is 3rd - type as follows.

Hydrological diagram

Inlet control
A
HW
v
-2
TW<D
* Common in rolling or mountainous t
country.

In the above hydraulic diagram, Control section is the outlet, and the applied energy equation is

-

Q.
D

HW can be found from the equation.

HW = 0.467 - ( + 0.051-(1+C9 -V.

The flow velocity at this time is the flow velocity in the critical depth of th outlet
and Vc = 2.330 m/ sec.
2. Analysis of the discharge area
Qd =0.204m/sec of the drainage area at the current STA., and the Pipe size is ¢900

Therefore, compared with the design discharge and the capacity of drainage are as follows.

Qd (0.204) < Q = AVo = (Td4 ) x 0.75 x 2.330 = 1.112 : O.K
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Culvert Design Calculations

STATION : (Access Road LOT 3-1) 1+480.00 Desinger :
PROJECT : Tina River Hydropower Development Project Checker / Reviewer :
Designation : LOT 3-1 C-2 Date :
HYDROLOGICAL AND DESIGN INFORMATION SKETCH

Catchment Area(A) =0.0087 ki Recurrence Interval for Culv.25yr

Qd = 0.301 ni/sec Elev. Diffence: 138.94 m - 79.35 m EL =81.010m

Arrival Distance(L) = 500.0m =59.59 m AHV_\" = 1,660

Rational Formula STD Runoff Formula ) - TW =0120
Qd=0278CIA Qd = RFXLFXFFxQ Rainfall Area HW —_—_

Tc =0.100 hr RF = 0.000 /

| =155.800 mm/h LF =0.000 Chupu Karma EL = 79.350 m

C =0.800 FF = 0.000 gauging station

A = 0.0087 ki Q = 0.000 mi/sec 50 = 0,005 m/m EL=79.310m

Qd = 0.301 ni/sec Qd = 0.000 ni/sec L=7962m

Water level in Culvert = 0.284
CULVERT Qu/ HEADWATER COMPUTATION _ OUTLET | CONTROL
DESCRIP cell Size DorHt |INLET CONTROL OUTLET CONTROL = HW = H + ho - SoL An?gﬁt VELOCITY HE'A'B'\?V AT| Comments
Uiy (ni/sec) HWD | Hw Ce H de | @c+Dy2 | TW ho soL | HW | Hw Vo ER
PIPE 0.301 ®900 0.44 0.4 0.5 0.0118 | 0.316 0.608 0.12 0.67 0.04 0.65 04 1.74 Inlet oK

Summary and 1. Qd = AVo, Qd =0.301 < AVo= (1md*4) x 0.75 x 1.74 =0.830 therefore,"O.K"

Recommndations :

2-8



2. Hydraulic Calculation

Review the Hydrological Calculation Results

STA. 1+480.0000

© Input Sectional Shape ( ®900)

-Catchment Area(A) = 0.0087 kn' -Rainfall Intensity(l) = 155.8mm/hr
-Peak Discharge(Qd) = 0.301 m'/sec -Rain fall Area = Chupu Karma
-Recurrence Interval = 25 years -Elevation Diffence = 59.59 m

1. Hydrological Analysis
HW (0.40) < 1.2D (1.08), S0 (0.0050) = Sc (0.0034)
TW (0.12) =< dc(0.316)<D(0.9) , dn(0.284) < dc (0.316) therefore,

The shape proposed is 3rd - type as follows.

Hydrological diagram

Inlet control
A
HW
v
-2
TW<D
* Common in rolling or mountainous t
country.

In the above hydraulic diagram, Control section is the outlet, and the applied energy equation is

-

Q.
D

HW can be found from the equation.

HW = 0.467 - ( + 0.051-(1+C9 -V.

The flow velocity at this time is the flow velocity in the critical depth of th outlet
and Vc = 1.740 m / sec.
2. Analysis of the discharge area
Qd =0.301m/sec of the drainage area at the current STA., and the Pipe size is ¢900

Therefore, compared with the design discharge and the capacity of drainage are as follows.

Qd (0.301) < Q = AVo = (Td?4 ) x 0.75 x 1.740 = 0.830 : O.K
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Culvert Design Calculations

STATION : (Access Road LOT 3-2) 0+010.00
PROJECT : Tina River Hydropower Development Project

Desinger :

Checker / Reviewer :

Designation : LOT 3-2C-1 Date :
HYDROLOGICAL AND DESIGN INFORMATION SKETCH
Catchment Area(A) =0.0045 ki Recurrence Interval for Culv.25yr
Qd =0.156 m/sec Elev. Diffence: 186.42m - 143.19 m EL = 145520 m
Arrival Distance(L) = 360.46 m =43.23m AHW = 1,663
Rational Formula STD Runoff Formula . R TW =0090
Rainfall Area Hw
Qd=0278CIA Qd = RFXLFXFFxQ —_—_—
Tc =0.100 hr RF = 0.000
| =155.800 mm/h LF = 0.000 Chupu Karma EL=144192 m
C =0.800 FF = 0.000 gauging station
A = 0.0045 ki Q = 0.000 m/sec SU = 0.033 m,"',m EL = ]43. 992 m
Qd = 0.156 mi/sec Qd = 0.000 mi/sec L =607 m
Water level in Culvert = 0.169
HEADWATER COMPUTATION OUTLET | CONTROL
S Qu/ . Adjust | VELOCITY LING
DESCRIP cell Size DorHt |INLET CONTROL OUTLET CONTROL = HW =H + ho - SoL P HEADWAT | Comments
el Q) HWD | Hw Ce H dc | @e+Dy2 | W ho SoL HW | HW Vo ER
PIPE 0.156 ®900 0.29 0.27 0.5 0.0105 | 0.225 0.563 0.09 0.67 0.2 0.49 0.27 1.89 Inlet oK

Summary and

1. Qd = AVo, Qd =0.156 < AVo= (1rd*4) x 0.75 x 1.89 = 0.902 therefore,"O.K"

Recommndations :

2-10




2. Hydraulic Calculation

Review the Hydrological Calculation Results

© Input Sectional Shape ( ®900)

STA. 0+010.0000

-Catchment Area(A) = 0.0045 I
-Peak Discharge(Qd) = 0.156 m'/sec

-Recurrence Interval = 25 years

-Rainfall Intensity(l) = 155.8mm/hr
-Rain fall Area = Chupu Karma

-Elevation Diffence = 43.23 m

1. Hydrological Analysis

HW (0.27) < 1.2D (1.08) , S0 (0.0329) > Sc (0.0103)

TW (0.09) < dc (0.225)<D(0.9) , dn (0.169) < dc (0.225) therefore,

The shape proposed is 3rd - type as follows.

Hydrological diagram

Inlet control
A
HW
v
-2
TW<D
* Common in rolling or mountainous t
country.

In the above hydraulic diagram, Control section is the outlet, and the applied energy equation is

HW = 0467 - ([—))

Q

3
1

+ 0.051-(1+C9 -V.

HW can be found from the equation.

The flow velocity at this time is the flow velocity in the critical depth of th outlet

and Vc = 1.890 m / sec.

2. Analysis of the discharge area

Qd =0.156m/sec of the drainage area at the current STA., and the Pipe size is ¢900

Therefore, compared with the design discharge and the capacity of drainage are as follows.

Qd (0.156) < Q = AVo = (Td?/4 ) x 0.75 x 1.890 = 0.902 : O.K




ANNEX C-10-11l RIVER DIVERSION CONSTRUCTION METHOD



1.1. River Diversion

1.1.1. Priority Management Plan
11 General

The river diversion for dam construction consists of 3 components — diversion culvert, upstream
Composite type(RCC + Earth fill) and downstream cofferdam. The design flood for longitudinal
cofferdam, upstream and downstream cofferdams and diversion culverts is 360 m?3/s, which is 2-year
frequency flood.

Layout and profile of diversion facilities are shown in Figure 1-1 and Figure 1-2.
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<Figure 1-1> Layout of Diversion Facilities
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<Figure 1-2> Profile of River Diversion

Specifications of river diversion works are described in table 1-1.

<Table 1-1> > Comparison of River Diversion Works

Classification FIS Basic Design Detail Design
Design Discharge 360 m3/s (2-year) (Same) (Same)
Type Earth Fill (Same)
Longitudinal Earth Fil
Crest EL. U/S:EL.127.0m, D/S: EL.126.0m Same
Cofferdam U/S:EL127.0m, DIS:EL.126.0m (Same)
Crest Width 30m (Same)
Type RCC RCC RCC + Earth Fill
Crest EL. EL.1340m EL.134.5m (Same)
Upstream . _ Same
Cofferdam Height/Length 13.0m/69.8m (Same)
Gradient 1:1.0 1:05 1:0.5/1:15
Grouting Method Cut-off wall or Grout curtain Permeation grouting (Same)
Type RCC Earth Fill (Same)
Crest EL. EL.126.0 m EL.127.5m (Same)
Downstream HL : 65m/62.1m 77-95m/42.2m
Cofferdam
Gradient 1:1.0 1:1.2/1:15 1:15/1:1.8
Grouting Method Cutoff wall or Grout curtain
Location Right bank (Same) (Same)
Reinforced concrete
Diversion Type (Precast) (Same) (Same)
Culverts Size B3.6 mxH3.6 mx3row B4.4 mxH4.4 mx2row (Same)
Lenath 450 m 332m 464m
9 (150 mx3) (166mx2) (232mx2)




2) Sequence of the Works

River diversion will be executed in 9 stages.

Stage-1

* Embankment of temporary access
road (1)

* Using temporary access road (1)

* Riverbed excavation (EL.122.0m)

* Embankment of longitudinal
cofferdam (1st)

* Foundation excavation of main
dam section

* 1stFoundation treatment
(Consolidation grouting)

* Using temporary access road (1)
¢ Construction of diversion culverts

(1)

Stage-5

¢ Embankment of construction road

()

* Removal of construction road (1)

* Using temporary access road (2)

* Embankment of longitudinal
cofferdam (2nd)

* 2ndFoundation treatment
(Consolidation grouting)

* Construction of diversion culvert
(2)

* Using temporary access road (2)

* Embankment of upstream primary
cofferdam

* Partial removal of longitudinal
cofferdam

Stage-7

Stage-8

Stage-9
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* Using temporary access road (2)

* Extension of temporary access
road (2)

* Embankment of downstream
cofferdam

* Using temporary access road (2)

* Embankment of temporary access
road (3)

* Embankment of upstream
cofferdam

* Constructed to EL.134.5m RCC

* Extension of temporary access
road (3)

* Removal of temporary access road

@

<Figure 1-3 > Sequence of River Diversion Works



1.1.2. Longitudinal Cofferdam

The longitudinal cofferdam is temporarily installed during the construction of diversion culvert.
Longitudinal cofferdams will be installed prior before diversion culvert to block water flow during

diversion culvert construction.
The total length is 296.85m and the width of the Crest Level is 3.0m.
Layout of longitudinal cofferdam are shown in figure 1-4
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<Figure 1-4> Layout of Longitudinal Cofferdam

On the lower part of the longitudinal cofferdam, filter mat is laid after rock filling, and the central part is

compacted and filled with random material. The exterior is arranged at a slope of 1.4:1.0 and a riprap
is installed with 1.0m thickness to protect the slope.

Cross section of longitudinal cofferdam is shown in figure 1-5
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<Figure 1-5> Cross section of primary cofferdam

The longitudinal cofferdam will be constructed in several stages. The division of stage is adjusted
according to interference with the main dam or the schedule of diversion culvert.

The longitudinal cofferdam should be removed after the division culvert is completed and the river
diversion.




1.1.3. Diversion Culvert
1) General
Specification of diversion culvert is as follows.

<Table 1-2> Specifications and Typical Section of Diversion Culvert

Specifications § OF DIVERSION CULVERT AXIS
440
Design Discharge 360 m¥s I 1
J00, 4400 1000 4400 700

Botom | et EL.123.00m )

Bl outet EL.120.90 m ik
Max. Water Level EL.133.55m g 3 iy iy

Size B4.4 mxH4.4 mx2row - -

The bottom elevations of the diversion culverts have been set higher (EL.123.0m for the inlet and
120.9m for the outlet) than the annual mean water level in order that the ist diversion culvert can be

constructed under dry condition.

The water level corresponding to the design flood of 360 m?3/s for upstream cofferdam is EL.133.55 m,
to which 0.66m freeboard has been added to set the crest level of upstream cofferdam at EL.134.50

m.
The diversion culvert has a section of two rows and B=4.4m by H=4.4m.
Cast-in-place concrete will be used in consideration of the site conditions and constructability.

Materials in <Table 1-3> are used for diversion culvert.

<Table 1-3> Materials of Diversion Culvert

Division Specifications Remark

Concrete fc=30Mpa Compressive Strength at 28days
Lean Concrete fc=18Mpa Compressive Strength at 28days

Steel Bar fc=420Mpa Grade 60

21 Sequence of the Works



Foundation treatment

i
Lean Concrete
[}

Rebar assembly & formwork —

]
Concrete pouring & curing

‘

Inner formwork for wall & slab

‘

Rebar assembly & outer formwork for
wall & slab

!
Concrete pouring & curing

|
Excavation refill

<Figure 1-6 > Sequence of Diversion Culvert Construction

Diversion culvert needs to be considered because the main dam, upstream and coffer dams are
interfered.

Multiple work crews are required to be completed within construction period.
<Figure 1-7> shows the location of the Contraction Joint.
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<Figure 1-7 > Contraction Joint Plan
Interferences in the main section are as follows.

Lot @ proceeds with upstream dam. When diversion culvert is completed, RCC is poured over slab
level of the diversion culvert.

Lot @ is a section where the slot of the stop log for plugging of the diversion culvert is installed and
has a complex shape, so procurement management of frame is important.

Lot ®, ® and @ is the interference section with main dam. They can be started after foundation
grouting is completed after excavation.

Lot @ and @ are a section where downstream is constructed and does not affect the schedule
compared to other sections.

The working group is operated by 2~3 work crews considering the continuity and efficiency of work.

3] Installation of Stop log

Once the main dam has been completed, take down all equipment in the dam. Then, stoplog and
temporary river outlet pipe (for environmental flow during the initial reservoir filling) will be installed
before constructing 15t plug concrete.

<Figure 1-8> Stop log Location



Stop log is

made of steel. It is installed using 100ton mobile crane.

The following figure is a concept drawing for stop log installation.

£ o mam am axs

As shown in upper picture, the installation height is about 60m, and horizontal distance is 13.5m from

<Figure 1-9 > Stop log Installation

the center of crest road. Therefore, maximum lifting height including crane height is 75.0m and the
maximum horizontal distance is 17.0m.

Since the working time is very short due to the rise of the water level after installation of stop log, the
stop log will not divided (or one per location) considering the installation time and operator's evacuation

time.

To reduce the stop log installation time, each stop log will be mounted on the diversion culvert

temporarily

After the completion of stop log installation, the operator will evacuate by riding the elevating cage
installed on the crane.

4) Concrete PI

ug of Diversion Culvert

Concrete plug is installing a stopper on the diversion culvert to fill the reservoir with water. Concrete
plug is installed at 95m from upstream of diversion culvert and its length is 25.7m.
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<Figure 1-10> Profile of Concrete Plug




The plug concrete shall be constructed to ensure shear resistance during the dry season with shear
keys installed every 2.5m to secure shearing resistance.
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<Figure 1-11> Shear Key Plan

Concrete will be placed in four stages to prevent cracking by hydration heat. The height of one stage
is constructed to a height of about 1.1m to minimize the generation of hydration heat.
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<Figure 1-12> Plugging Concrete Pouring Plan

Cooling pipe is installed to control the hydration heat after cleaning the surface before next stage.
The layout of the cooling pipe is shown in <Figure 1-13> and <Figure 1-14>.
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<Figure 1-13> Cooling Pipe Plan
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<Figure 1-14> Cooling Pipe Section

In the final pouring, grouting pipes or non-contraction concrete can be used to fill the empty space due
to the contraction of concrete.

Peripheral grouting outlet is shown in figure 1-15.

1.1.4. Upstream Coffer(RCC)dam

The upstream cofferdam will be constructed as Roller Compacted Concrete (hereinafter called “RCC”)
type, same condition to the main dam excluding form work, to allow trial construction of the main dam.

Typical section of upstream cofferdam is shown in figure 1-16.
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<Figure 1-15> Plan of Upstream Cofferdam
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<Figure 1-16> Typical Section of Upstream Cofferdam
The construction will be carried out in the following sequence:
@ River bed excavation (soil and rock)
@ Primary Coffer Dam Embanking & Permeation Grouting
(® Primary Coffer Dam Riprap & Base Concrete

@ Under EL(+) 125.500 RCC cofferdam construction (placed and compacted every 0.3m, same as
the main dam)

® Foundation Concrete



® EL(+) 125.500~ EL(+) 134.500 RCC cofferdam construction (placed and compacted every 0.3m,
same as the main dam)

After excavation, the primary coffer dam will be built. And permeation grouting to block the inflow of
groundwater will be executed as shown in the following figure.
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<Figure 1-17> Permeation Grouting Profile

@

PERMEATION GROUTING =

g

|_800__800_,_800_,_80O__800_| w

w

8

TN LN TN TN TN LT Q

,’ X X X ,\’ ,\’ \ _ =]

! nHh nh n 1 \ \ 15t GROUTING w

S \ vy Yy Yy / o

= AR G SCE S b -
U 1 0 0 0 {y ) dGROUTING

\_,)\_,)\_,)\_,)\_,)\_,’

<Figure 1-18> Permeation Grouting arrangement

Three types of concrete are used for the upstream dam, and specifications and required quantities are

as follows.
<Table 1-4> Concrete Specifications of Upstream Dam
Division Compressive Strength(f’c) Remark
Foundation Concrete 18MPa AT 28 days
Mass Concrete 18MPa AT 28 days
RCC 12MPa AT 90 days

Mass concrete and foundation concrete will be transported by mixer truck and poured using a concrete
pump car or chute, and RCC is constructed using the same equipment used in the main dam during
test construction.

The external slope of upstream dam is finished by vibrating plate compaction.

The upstream and downstream of RCC will be filled earth to improve the stability and use the main
dam construction road.

Riprap will be installed 1.0m-thick on the slope of construction road on upstream to control erosion.
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<Figure 1-19> RCC Dam Slope Forming & Riprap
Upstream dam will be constructed before main dam in the dry season.

1.1.5. Downstream Cofferdam

The downstream cofferdam will be constructed to prevent back flow of river during the construction of
the main dam. Therefore, in order to maintain flow of the river until river diversion will be completed, it
will be partially executed concurrently with diversion culvert or started after completion.

The downstream cofferdam will be a central core earth dam which allows immediate utilization of
excavated materials, prompting economical and rapid construction.

Construction road of 4.0m-wide will be installed on the upper part of downstream cofferdam, which is
used as a connecting road for excavation of main dam and plunge pool
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<Figure 1-20> Profile of Downstream Cofferdam

The construction will be carried out in the following sequence:

@ Riverbed excavation

@ Simultaneous construction of core and Selected materials (layer compaction)

(® Filter Mat Laying & Rip-rap (upstream and downstream)

The equipment mobilization plan for the construction of Downstream Cofferdam is shown in the table

below.

<Table 1-5> Downstream Cofferdam equipment input plan

Division Equipment Capability Number Remark
Excavation Dozer 19ton 1 Cutting
Backhoe 0.7~1.0m3 1 Loading
Dozer 19ton 1 Spreading
Embanking Vibrating Roller 10.5ton 1 Compaction
Dump Truck 15~25.5ton - Transportation
Riprap Backhoe 0.7~1.0m3 1 Placing

Embanking of cofferdam will be executed according to regular compactness to a thickness of 0.3~0.6m
using foundation or soil excavated from the nearby working area. The surface is inclined for drainage.

Downstream cofferdam will be maintain a slope of 1:1.8 in the lower part and 1: 1.5 in the upper part,

and create 1.0m-wide berm in the middle part to improve the stability of the slope.

After installing a filter mat on the slope to prevent leakage of soil, a 0.5m thick filter zone and 1.0m

riprap will be installed.

Typical section of downstream cofferdam is as shown below.
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<Figure 1-21> Typical Section of Downstream Cofferdam

The downstream section of the culverts shall be partially demolished.

1.1.6. Wastewater Management from Tunnelling

Wastewater generated from shield TBM works shall be treated and discharged to meet environmental
standards. For this, the wastewater treatment plant (Q=1,000ton/day, W7.5m x D16.5m) is proposed.

The wastewater treatment facility consists of a sedimentation tank, a flow control tank, a chemical
injection facility, a settling tank and a sludge dewatering device (filter press).

Wastewater collected through the drainage system in the tunnel is transported to the wastewater
treatment facility through piping. After treatment, a treated wastewater is discharged to a waterway,
and the remaining sludge is collected by a local treatment company (faith holdings).



