
/πмл 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:  

¶ The principles  of  erosion  and  sediment  control;  

¶ Practical  measures  to  minimise  erosion  and  retain  sediment  on  site, thereby  helping  to  protect  water  quality,  terrestrial  and  aquatic  ecosystems  and  ecosystem  services; 

¶ Controls  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 control shall prioritise preventative rather than treatment measures. To develop effective erosion controls it is necessary t o obtain informa tion on the 

erosion potential of the site where soil 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.  

¶ Erosion and  sediment  control  will be  designed  and  installed  based  on  site conditions,  including  but  not  limited  to  treatment  area,  soil type,  slope,  and 

sensitivity of the receiving environment. A combination of structural and non -structural approaches will be used to 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;  prima ry and  secondary  devices;  decanting  earth  bunds;  sumps; silt fences;  silt socks; wheel  wash  areas.  

-  Water  management  controls:  Separation  of  ôcleanõ and  ôdirtyõ 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  treatments:  to  increase  settlement  of  fines prior  to  discharge.  

¶ Design specifications for erosion and sediment controls shall be included in the contractorõs detailed design submission. These shall be submitted by the 

contractor  for engineering  review  and  clearance  by  the  OE prior  to  commencement  of  land  disturbing  act ivities. At  minimum,  these  design  specifications  will 

include:  

-  Sediment  basin  dimensions  and  capacity  based  on  Annex  C-10-I 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,  temporary 
measures, stabilization/revegetation works).  

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

Pre-construction  HEC Design  Team 

THL/OE (review)  

C-10-2. Site preparation  ¶ Site preparation,  including  installation  of  sediment  control  devices  will proceed  in accordance  with  C-3 Forest Clearance  Plan and  C-9 Spoil and  Topsoil 

Management Plan . Earthworks will be strictly undertaken within marked areas, avoiding vegetation and soil disturbance beyond these designate d sites. 

Vegetation  clearance  and 

earthworks  

HEC Construction  Manager  

C-10-3. Erosion control  and 

drainage  

¶ Adequate  permanent  and  temporary  drainage  shall be  installed  to  control  ôcleanõ and  ôdirtyõ water,  including  diverting  runoff  around  sites and  controlling  it 

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 to  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  control  measures  (e.g.  temporary  diversion  banks;  plastic  sheeting  on  exposed  batters).  

-  Existing stable  drainage  lines to  be  used  for trunk  drainage  where  possible.  

¶ 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.  

¶ Cross road  drainage  will be  the  minimum  grade  and  length  possible  and  will be  designed  in accordance  with  C-8 Watercourse  Crossing  Management  Plan. 

¶ Drainage  lines shall be  protected  by  marking  off  these  areas  from  adjacent  construction  sites to  ensure  machinery  and  vehicles  do  not  enter  these  areas.  

¶ All vehicles  and  machinery  shall be  restricted  to  designated  accessways  and  areas  to  prevent  additional  ground  disturbance.  

Throughout  construction  HEC Construction  Manager  



# Issue or Risk Action  Timing /  Frequency  Responsibility  

C-10-4. Sediment  control  ¶ Sediment  controls  shall be  installed  across  construction  sites to  remove  sediment  before  runoff  discharges  from  the  site, based  on  the  principle  of  dividing  the 

catchment into manageable areas (rather than relying on a single trap at the bottom of the site that may fail).  

¶ 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.  

¶ Sediment  basins will be  fitted  with  a  runoff  overflow  pipe  and  spillway  that  either  discharges  into  a  secondary  basin  (as needed)  or into  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.  

¶ 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. 

Throughout  construction  HEC Construction  Manager  

C-10-5. Stockpiling  of  materials  ¶ Topsoil and  spoil shall be  stockpiled  in accordance  with  C-9 Spoil and  Topsoil Management  Plan. 

¶ Erodible  construction  material  (sand,  soil, etc)  will be  stockpiled:  

-  Within  Core  Land  or the  Lot 1 right  of  way  

-  On  flat  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 excepti on of temporary storage of  
aggregate at river extraction sites.  

-  On  sites already  devoid  of  trees. 

-  Not  directly  upslope  of  houses and  other  structures.  

Throughout  construction  HEC Construction  Manager  

C-10-6. Temporary  facilities  ¶ Erosion and  sediment  controls  will be  installed  at  all  temporary  and  permanent  site facilities,  in accordance  with  this plan.  

¶ Process waters  generated  at  concrete  batch  plants  will be  treated  and  reused,  including  removing  suspended  solids and  neutralising  pH. Ingress of 

stormwater into the process water treatment stream will be minimised as much as possible. Polymer flocculants are proposed to  be used.  

¶ Process waters  used  in the  crusher  plant  will be  treated  and  reused.  Polymer  flocculants  are  proposed  to  be  used.  

Throughout  construction  HEC Construction  Manager  

C-10-7. Main  dam  works ¶ The river diversion  and  associated  in-river works shall proceed  in accordance  with  Annex  C-10-III River Diversion  Construction  Method  and  will: 

-  Be undertaken  in the  dry  season  to  the  extent  possible,  when  the  river is 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. 

Throughout  construction  HEC Construction  Manager  

C-10-8. Tunnelling  ¶ Surface  water  and  groundwater  from  the  tunnel  shall be  diverted  or treated  to  remove  sediment  prior  to  discharge.  

¶ 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.  

During  tunnelling  HEC Construction  Manager  

C-10-9. Site rehabilitation  ¶ 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 

final landform and enable site stabilisation works to be undertaken as early as possible.  

¶ Rehabilitation  of  temporary  facilities  is to  be  undertaken  in accordance  with  the  requirements  of  C-4 Post Construction  Rehabilitation  and  Revegetation  Plan. 

During  and  post -earthworks  HEC Construction  Manager 

HEC HSE Manager  

Monitoring  Requirements  

# Title Description  Target  /  Performance  Indicator  Timing /  Frequency  Responsibility  

C-10-A. Assessment and 

approval  of  controls  

THL will inspect  each  site to  be  cleared  prior  to  the  commencement  of  any  clearing.  They will approve  and  provide 

signoff on HECõs IR002 (Site Specific ESMP Assessment Pre-Clearing and Grubbing) for sites that have been clearly 

marked out in accordance with:  

¶ The Construction  drawings.  

¶ The C-3 Forest Clearance  Plan; 

¶ The correct  installation  of  initial  erosion  and  sediment  controls  before  stripping  and  grubbing  commences.  

All controls  installed  to  required 

standard  

Once  following  installation 

of controls  

THL 

C-10-B. Erosion and  sediment 

control  maintenance  

Inspection  of  erosion  and  sediment  controls  weekly  as part  of  regular  monitoring,  and  after  each  major  rainfall  event, 

with maintenance conducted. IR -005 Inspection Report (ESMP Controls, refer to P-1) form will be used by HEC. 

Sediment storage capacity in basins will be documented each wee k and after each major rainfall event.  

Where  installed  erosion  and  sediment  controls  are  deemed  inadequate,  modifications  to  these  controls  or additional 

controls shall be designed and installed.  

No FOR A or B, NCRs or grievances 

raised in relation to sediment 

discharges / water quality.  

No exceedances  in monitored  water 

quality parameters (TSS).  

Part of weekly site 

inspections + inspections 

following  each  major  rainfall 

event  

HEC Construction  Manager 

HEC HSE Manager 

Subcontractors.  

C-10-C. Water  quality  monitoring  Any  discharges  to  the  environment  will comply  with  water  quality  targets  in M-1 Suspended  Sediment  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).  

Refer details  in M-2 Water  Quality  Monitoring  Plan 



Supporting  Documents  

Annex  Name  Description  

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

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

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



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



 Calculation of Surface Area for  Sediment Basin 

1. Rainfall runoff Calculation 

ʝ Formula 

ȷ Q = C × I × A × 1/360 

Q; Discharge ( /sec) C; Runoff coefficient 

I; Rainfall Intensity (mm/hr) A; Catchment aeaa (ha) 

 
1) Runoff Coefficient (C) 

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

Lot 1 : 0.5 

Lot 2 : 0.8 

Lot 3 : 0.8 

 

2) Rainfall Intensity (I) 

ʝ 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 ( /s) Remark 

LOT 1 01 0+000.00 0.50 19.450408 2.07 0.0559  

LOT 1 02 0+000.00 0.50 19.450408 2.86 0.0773  

LOT 1 03 2+730.00 0.50 19.450408 1.56 0.0421  

LOT 1 04 3+740.00 0.50 19.450408 1.56 0.0421  

LOT 1 05 3+740.00 0.50 19.450408 1.13 0.0305  

LOT 1 06 4+000.00 0.50 19.450408 0.75 0.0203  

LOT 1 07 5+140.00 0.50 19.450408 0.50 0.0135  

LOT 1 08 5+140.00 0.50 19.450408 0.52 0.0140  

LOT 1 09 5+760.00 0.50 19.450408 0.91 0.0246  

LOT 1 10 5+760.00 0.50 19.450408 0.92 0.0249  

LOT 1 11 7+440.00 0.50 19.450408 2.42 0.0654  

LOT 1 12 8+230.00 0.50 19.450408 0.48 0.0130  

LOT 1 13 8+280.00 0.50 19.450408 0.47 0.0127  

LOT 1 14 8+840.00 0.50 19.450408 0.22 0.0059  

LOT 1 15 8+840.00 0.50 19.450408 0.24 0.0065  

LOT 1 16 9+110.00 0.50 19.450408 0.21 0.0057  

LOT 1 17 9+400.00 0.50 19.450408 0.97 0.0262  

LOT 1 18 9+700.00 0.50 19.450408 0.12 0.0032  

LOT 1 19 9+860.00 0.50 19.450408 0.67 0.0181  

LOT 1 20 9+860.00 0.50 19.450408 0.58 0.0157  

LOT 1 21 10+750.00 0.50 19.450408 0.90 0.0243  



LOT 1 22 10+830.00 0.50 19.450408 0.48 0.0130  

LOT 1 23 11+160.00 0.50 19.450408 0.44 0.0119  

LOT 1 24 11+500.00 0.50 19.450408 0.50 0.0135  

LOT 1 25 11+540.00 0.50 19.450408 0.43 0.0116  

LOT 1 26 12+140.00 0.50 19.450408 0.86 0.0232  

LOT 1 27 12+760.00 0.50 19.450408 0.40 0.0108  

LOT 1 28 12+920.00 0.50 19.450408 0.36 0.0097  

LOT 1 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  

LOT 2-1 31 0+150.00 0.80 19.450408 1.09 0.0471  

LOT 2-1 32 1+190.00 0.80 19.450408 0.27 0.0117  

LOT 2-1 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  

LOT 2-1 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  

LOT 2-1 38 2+070.00 0.80 19.450408 0.21 0.0091  

LOT 2-1 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 1.11 0.0480  

LOT 2-2 43 0+730.00 0.80 19.450408 0.91 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  

LOT 3-1 54 0+120.00 0.80 19.450408 0.21 0.0091  

LOT 3-1 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  

LOT 3-1 57 0+500.00 0.80 19.450408 0.44 0.0190  

LOT 3-1 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  



LOT 3-1 60 1+040.00 0.80 19.450408 0.13 0.0056  

LOT 3-1 61 1+240.00 0.80 19.450408 0.48 0.0207  

LOT 3-1 62 1+400.00 0.80 19.450408 0.26 0.0112  

LOT 3-1 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 

ʝDesign particle size applied is 0.05mm of coarse silt. 

ʝSettling velocity applied is 0.00189m/s based on the Goldman et at. (1986). 

2) Calculation of surface area required 

ʝFormula 

ȷ As = 1.2Q/Vs 

As; Minimum surface area ( ) Q; Discharge ( /sec) 

Vs; Settling velocity (m/s) 

3) Surface area required 

ʝ Depth applied is 1.0m and basin length is a minimum of twice the basin width. 

 
 

LOT No. Location Q ( /sec) Vs (m/s) A ( ) 
A ( ) 

required 
Remark 

LOT 1 01 0+000.00 0.06 0.001890 29.59 35.5  

LOT 1 02 0+000.00 0.08 0.001890 40.88 49.1  

LOT 1 03 2+730.00 0.04 0.001890 22.30 26.8  

LOT 1 04 3+740.00 0.04 0.001890 22.30 26.8  

LOT 1 05 3+740.00 0.03 0.001890 16.15 19.4  

LOT 1 06 4+000.00 0.02 0.001890 10.72 12.9  

LOT 1 07 5+140.00 0.01 0.001890 7.15 8.6  

LOT 1 08 5+140.00 0.01 0.001890 7.43 8.9  

LOT 1 09 5+760.00 0.02 0.001890 13.01 15.6  

LOT 1 10 5+760.00 0.02 0.001890 13.15 15.8  

LOT 1 11 7+440.00 0.07 0.001890 34.59 41.5  

LOT 1 12 8+230.00 0.01 0.001890 6.86 8.2  

LOT 1 13 8+280.00 0.01 0.001890 6.72 8.1  

LOT 1 14 8+840.00 0.01 0.001890 3.14 3.8  

LOT 1 15 8+840.00 0.01 0.001890 3.43 4.1  

LOT 1 16 9+110.00 0.01 0.001890 3.00 3.6  

LOT 1 17 9+400.00 0.03 0.001890 13.87 16.6  

LOT 1 18 9+700.00 0.00 0.001890 1.72 2.1  

LOT 1 19 9+860.00 0.02 0.001890 9.58 11.5  

LOT 1 20 9+860.00 0.02 0.001890 8.29 9.9  



LOT 1 21 10+750.00 0.02 0.001890 12.87 15.4  

LOT 1 22 10+830.00 0.01 0.001890 6.86 8.2  

LOT 1 23 11+160.00 0.01 0.001890 6.29 7.5  

LOT 1 24 11+500.00 0.01 0.001890 7.15 8.6  

LOT 1 25 11+540.00 0.01 0.001890 6.15 7.4  

LOT 1 26 12+140.00 0.02 0.001890 12.29 14.8  

LOT 1 27 12+760.00 0.01 0.001890 5.72 6.9  

LOT 1 28 12+920.00 0.01 0.001890 5.15 6.2  

LOT 1 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  

LOT 2-1 31 0+150.00 0.05 0.001890 24.93 29.9  

LOT 2-1 32 1+190.00 0.01 0.001890 6.18 7.4  

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 1.14 1.4  

LOT 2-1 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  

LOT 2-1 38 2+070.00 0.01 0.001890 4.80 5.8  

LOT 2-1 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 2.97 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 2.97 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 1.14 1.4  

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 1.14 1.4  

LOT 2-3 53 2+690.00 0.07 0.001890 34.77 41.7  

LOT 3-1 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 11.5  

LOT 3-1 56 0+490.00 0.01 0.001890 4.80 5.8  

LOT 3-1 57 0+500.00 0.02 0.001890 10.06 12.1  
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1.1 Box Culvert 1 (STA.0+012.00) 
 

2@1.5×0.90 

FH=0.42 m [SI UNIT] 
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1. Box Culvert 

1-  1 

 

 

 

 

1.1.1 Design Conditions 

 
1) General Items 

(1) Type of Culvert : 2 Box 

(2) Width (w) : 

(3) Height (h) : 

2 @ 

0.90 m 

1.5 m 

(4) Underground Water Level :  GL -1.000 m 

 

2) Design Material 

 
(1) Concrete 

 

£ Compressive Strength : fc' = 32 MPa 

¤ Modulus of Elasticity : Ec = 26587 MPa 

(2) Reinforcement bar 

Ỷ Yield Strength : 

 
 

fy 

 
 
= 

 
 

420 

 
 
MPa 

ỷ  Modulus of Elasticity : Es = 200000 MPa 

 

3) Material weight 

(1) Reinforced Concrete :  ɤc = 

(2) plain concrete :  ɔcn = 

(3) Pavement : ɔasp = 

(4) Subterranean :  ɔw  = 

 

25.00 

23.50 

23.00 

10.00 

 

kN/m³ 

kN/m³ 

kN/m³ 

kN/m³ 

 

4) Soil 
 

(1) Wet Unit Weight : ɔt  = 19.00 kN/m³ 

(2) Submerged Unit Weight : ɔsub = 10.00 kN/m³ 

(3) angle of internal friction : ű = 28.00 ° 

(4) coefficient of earth pressure atrest : Ko  = 1-sinū =  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 ï 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) 
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1.1.3 Stability Check 

 
1) Load Summary and combinations 

(1) Load Summary 
 

Type Calculation Load(kN) 

Paverment(DC) 0.418 × 3.900 × 23.0 37.495 

Vertical 

earth 

pressure 

(EV) 

No exist 

ground water 
0.000 × 3.900 × 19.0 0.000 

Exist 

ground water 

( 0.000 × 19.0 + 0.000 × 10.0 ) 

× 3.900 

 
0.000 

Ground Water(WA') 0.000 × 3.900 × 10.0 0.000 

Sub Total Surcharge Load for Bouyancy Check 37.495 

 
Slab(DC) 

Top 0.300 × 3.900 × 25.0 29.250 

Bottom 0.300 × 3.900 × 25.0 29.250 

 

Wall(DC) 

Left 0.300 × 0.900 × 25.0 6.750 

Right 0.300 × 0.900 × 25.0 6.750 

Inner 0.300 × 0.900 × 25.0 6.750 

Hunch(DC) 0.200 × 0.200 / 2 × 25.0 × 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 ×( 1.918 - 1.000 )× 10.0 kN/  = 35.802 kN 

- Safety factor = 1.25           

 F.S = 118.245 / 35.802 = 3.303 > 1.25 - O.K   

 

 
(2) Under construction (Assumed Ground water Level :GL- 

- Total Load for Bouyancy Check : 

 
0.000 m) 

 

 80.750 +( 0.418 × 3.900 × 10.000 kN/  ) = 97.052 kN 

- Uplife force : 3.900 × 1.500 × 10.000 kN/    = 58.500 kN 

- Safety factor = 

 F.S = 

1.1 

97.052 / 

 

58.500 

 

= 1.659 > 

 

1.1 

 

- O.K 

Ƃ 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 = 

- Vertical earth pressure = 

80.750 

37.495 

/ 3.900  = 

/ 3.900  = 

20.705 

9.614 

kN/m² 

kN/m² (No exist ground water) 

- Live load = 79.702 kN/m² (Refer to 1.1.4.2) 

- Water load in Culvrt = 0.900 ω 10.000 = 9.000 kN/m² 

 

 
(2) Allowable vertical bearing capacity 

- Qmax = 

- Qa = 

119.021 

291.670 

kN/m² 

kN/m² (Refer to Geotechnic Report) 

 Qa = 291.670 kN/  > Qmax = 119.021 kN/  - O.K 
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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/�C) Load (kN/m²) 

Pavement 0.418 23.000 1.000 × 0.418 × 23.000 = 9.614 

Vertical earth pressure 0.000 19.000 1.000 × 0.000 × 19.000 = 0.000 

��  0.418  Psv = 9.614 kN/m² 

 
- Exist ground water 

 

TYPE Depth (m) Unit weight (kN/�C) Load (kN/m²) 

Pavement 0.418 23.000 1.000 × 0.418 × 23.000 = 9.614 

 
Vertical earth pressure 

0.000 19.000 1.000 × 0.000 × 19.000 = 0.000 

0.000 10.000 1.000 × 0.000 × 10.000 = 0.000 

��  0.418  Psvh = 9.614 kN/m² 

 
2) Live Load 

 

(1) W80 

 

 

 

 
 

 

 
Pvl 

80 80 
=  =  = 59.599 kN/m² 

(0.25+2D) × (0.4 + 2D)  (0.25 + 0.836) × (0.4 + 0.836) 

 ͑  ͑

    

 

    

 


