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7.Design Data
  1 Traffic Survey Result
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Appendix 3-2 GEOLOGICAL SURVEY RESULT 

(1) Benkelman Beam Test Result 
 

 
Moving

Ave.
(1/100mm) (1/100mm)

0+100 R 36 25
0+100 L 36 24
0+300 R 22 24
0+300 L 14 25
0+500 R 36 26
0+500 L 26 25
0+700 R 16 24
0+700 L 18 25
0+900 R 30 25
0+900 L 20 24
1+100 R 20 25
1+100 L 18 25
1+300 R 24 25
1+300 L 36 25
1+500 R 30 25
1+500 L 15 24
1+700 R 26 24
1+700 L 20 24
1+900 R 20 24
1+900 L 30 25
2+100 R 26 25
2+100 L 28 25
2+300 R 30 25
2+300 L 32 24
2+500 R 32 23
2+500 L 28 23
2+700 R 20 22
2+700 L 18 22
2+900 R 20 23
2+900 L 22 23
3+100 R 22 23
3+100 L 25 23
3+300 R 22 23
3+300 L 28 23
3+500 R 14 22
3+500 L 14 23
3+700 R 20 24
3+700 L 35 24
3+900 R 30 23
3+900 L 28 22
4+100 R 32 21
4+100 L 20 19
4+300 R 14 19
4+300 L 18 20
4+500 R 26 21
4+500 L 16 16

CHAINAGE SIDE DMAX
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(3) DYNAMIC CONE PENETRATION TEST RESULT（DCP Test） 
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(5) Observation of Subgrade Soil 

 
  

Hole SOIL  PROFILE LITHOLOGY
    No. Chainage Depth Offset

C1 Km0+150RHS 0.2M 5M Over burden
1.1M Red latteritic gravel

C2 Km0+550 LHS 0.3M 6.2M Over burden
0.9M Black cotton soil
0.9M Nairobi Tuff

C3 Km 0+950 RHS 0.3M 7.2M Over burden
1.0M Black cotton soil

C4 Km 1+350LHS 0.5M 5.5M Over burden
1.0M Black cotton soil

C5 Km1+750LHS 0.3M 6.0M Over burden
1.1M Black cotton soil
1.1M Homogeneous Rock

C6 Km 2+100RHS 0.3M 5.5M Over burden
0.8M Red soil
1.1M Red latteritic Gravel

C7 Km 2+550 RHS 0.7M 5.7M Overburden
1.0M Brown gravel mixed with black cotton
1.0M Homogeneuos Rock

C8 Km 3+000RHS 0.5M 9.0M Over burden
0.9M Brown soft rock
0.9M Homogeneous Rock

C9 Km3+500LHS 0.7M 5.5M Over burden
1.1M Red latteritic gravel

C10 Km 0+200LHS 0.6M 5.0M Over burden
1.0M Grey soil

C11 Km4+50LHS 0.4M 7M Over burden
1.0M Black cotton soil

C12 Km4+500RHS 1M 5.0M Over burden
1.3M Red coffee soil
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(6) Boring Survey Result at Ngong River 
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Appendix 3-3 PAVEMENT STRUCTURAL DESIGN 
 

Traffic Survey Result 2010 (only heavy vehicles) (veh./day)

 
 
Estimate of heavy traffic volume during design period(2013-2022） 
(Traffic volume per lane is assumed 80% of the direction.) 
 

Design Period Traffic Volume at ML-7 Intersection (Section-1) 

 

 
Design Period Traffic Volume at Kenya Baptist Church (Section-2) 

 

  

Design
Section

Traffic Count Station Station

- Adamas Arcade Sta. 0+450 1,748      543        347         198           37            
1 ML7 Intersection Sta. 0+950 2,334      624        338         188           44            
2 Kenya Baptist Church Sta. 2+350 2,920      705        328         178           51            
3 Kenya Hospital Sta. 3+000 2,429      266        124         36            6              
4 Transcom House Sta. 3+850 1,902      86          50           13            1              

Note: ADT  at ML7 intersection is obtained by assuming that  ADT vary linearly between Adams Arcade and Kenya Baptist  Church.

Standard &
Large Bus

Mini Truck
Medium (2a)

Truck
Heavy (3a)

Truck
Articulated

Truck

Year

2010 934            250           135         75            18            
2011 1,014         271           147         82            19            1.09         
2012 1,088         291           157         88            21            1.07         
2013 1,156         309           167         93            22            1.06         
2014 1,218         326           176         98            23            1.05         
2015 1,277         341           185         103           24            1.05         
2016 1,331         356           193         107           25            1.04         
2017 1,383         370           200         112           26            1.04         
2018 1,431         382           207         115           27            1.03         
2019 1,477         395           214         119           28            1.03         
2020 1,520         406           220         123           29            1.03         
2021 1,562         417           226         126           29            1.03         
2022 1,601         428           231         129           30            1.03         
Total 4,395,886   1,174,943  635,673   354,555     82,993      

Note: Total = (2013 -2022) x (265 + 100 x 0.5)

Grouth RateStandard &
Large Bus

Mini Truck Medium (2a)
Truck

Heavy (3a)
Truck

Articulated
Truck

Year

2010 1,168         282           131         71            20            
2011 1,269         306           143         77            22            1.09         
2012 1,361         329           153         83            24            1.07         
2013 1,446         349           162         88            25            1.06         
2014 1,524         368           171         93            27            1.05         
2015 1,597         386           179         97            28            1.05         
2016 1,666         402           187         102           29            1.04         
2017 1,730         418           194         105           30            1.04         
2018 1,790         432           201         109           31            1.03         
2019 1,848         446           208         113           32            1.03         
2020 1,902         459           214         116           33            1.03         
2021 1,954         472           219         119           34            1.03         
2022 2,003         484           225         122           35            1.03         

2013 - 2022 5,499,716   1,327,842  617,776   335,257     96,057      
Note: T otal = (2013 -2022) x (265 + 100 x 0.5)

Grouth Rate
Standard &
Large Bus

Mini Truck
Medium (2a)

Truck
Heavy (3a)

Truck
Articulated

Truck
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Design Period Traffic Volume at Kenya Hospital (Section-3) 

 
 

Design Period Traffic Volume at MOR (Section-4) 

 
 
 

Year

2010 972            106           50           14            2              
2011 1,056         115           54           16            2              1.09         
2012 1,132         124           58           17            3              1.07         
2013 1,203         132           62           18            3              1.06         
2014 1,268         139           65           19            3              1.05         
2015 1,329         145           68           20            3              1.05         
2016 1,386         152           71           20            3              1.04         
2017 1,439         157           74           21            3              1.04         
2018 1,489         163           76           22            4              1.03         
2019 1,537         168           79           23            4              1.03         
2020 1,582         173           81           23            4              1.03         
2021 1,625         178           83           24            4              1.03         
2022 1,666         182           85           24            4              1.03         

2013 - 2022 4,574,988   500,263     233,994   67,240      10,758      
Note: Total = (2013 -2022) x (265 + 100 x 0.5)

Grouth Rate
Standard &
Large Bus

Mini Truck
Medium (2a)

Truck
Heavy (3a)

Truck
Articulated

Truck

Year

2010 951            43            25           6              1              
2011 1,033         47            27           7              1              1.09         
2012 1,108         50            29           7              1              1.07         
2013 1,177         53            31           8              1              1.06         
2014 1,241         56            33           8              1              1.05         
2015 1,301         59            34           9              1              1.05         
2016 1,356         61            36           9              1              1.04         
2017 1,409         63            37           10            1              1.04         
2018 1,458         66            38           10            1              1.03         
2019 1,504         68            40           10            1              1.03         
2020 1,549         70            41           10            1              1.03         
2021 1,591         72            42           11            1              1.03         
2022 1,631         73            43           11            1              1.03         

2013 - 2022 4,478,163   201,719     117,669   30,258      3,362        
Note: T otal = (2013 -2022) x (265 + 100 x 0.5)

Standard &
Large Bus

Mini Truck
Medium (2a)

Truck
Heavy (3a)

Truck
Articulated

Truck
Grouth Rate
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Pavement Design Load (Total ESAL) at ML-7 Intersection (Section-1) 

 
 

Pavement Design Load (Total ESAL) at Kenya Baptist Church (Section-2) 

 
 

Pavement Design Load (Total ESAL) at Kenya Hospital (Section-3) 

 
 

Pavement Design Load (Total ESAL) at MOR (Section-4) 

 
 
  

Total

Traffic 2013 - 2022 4,395,886   1,174,943  635,673   354,555     82,993      
ESAL per Vehicle 0.200              0.012             0.381          1.269             2.349             

ESAL 879,177      14,099      242,191   449,930     194,951     1,780,348  

Standard &
Large Bus

Mini Truck
Medium (2a)

Truck
Heavy (3a)

Truck
Articulated

Truck

Total

Traffic 2013 - 2022 5,499,716   1,327,842  617,776   335,257     96,057      
ESAL per Vehicle 0.200              0.012             0.381          1.269             2.349             

ESAL 1,099,943   15,934      235,373   425,441     225,637     2,002,328  

Standard &
Large Bus

Mini Truck
Medium (2a)

Truck
Heavy (3a)

Truck
Articulated

Truck

Total

Traffic 2013 - 2022 4,574,988   500,263     233,994   67,240      10,758      
ESAL per Vehicle 0.200              0.012             0.381          1.269             2.349             

ESAL 914,998      6,003        89,152     85,327      25,271      1,120,751  

Standard &
Large Bus

Mini Truck
Medium (2a)

Truck
Heavy (3a)

Truck
Articulated

Truck

Total

Traffic 2013 - 2022 4,478,163   201,719     117,669   30,258      3,362        
ESAL per Vehicle 0.200              0.012             0.381          1.269             2.349             

ESAL 895,633      2,421        44,832     38,397      7,897        989,180    

Standard &
Large Bus

Mini Truck
Medium (2a)

Truck
Heavy (3a)

Truck
Articulated

Truck
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Design CBR 

 

 

 Pavement
Desing
Section

Station CBR Test
Result

Desing CBR Remarks

0+150 9

0+200 9

0+300 4

0+550 2 Soft soil is replaced by selected soil (CBR>6).

0+700 1 Soft soil is replaced by selected soil (CBR>6).

0+950 2 Soft soil is replaced by selected soil (CBR>6).

1+200 1 Soft soil is replaced by selected soil (CBR>6).

1+350 1 Soft soil is replaced by selected soil (CBR>6).

1+500 1 Soft soil is replaced by selected soil (CBR>6).

1+750 2 Soft soil is replaced by selected soil (CBR>6).

1+900 8

2+100 12

2+300 9

2+550 5 Embankment (CBR>6) section

2+700 2 Soft soil is replaced by selected soil (CBR>6).

3+000 10

3+300 4

3+450 8

3+700 10

4+050 2

4+300 7

4+500 2

5

5

 CBR ave. - Standard Deviation = 8 - 2 = 6

Embankment (CBR>6) section

Secton-2

Secton-1

Secton-3 5

Secton-4

A7-23
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Appendix 3-4 Intersection Traffic Analysis 

1) ML-7 Intersection 

Design Traffic Volume of ML-7 Intersection (pcu/h) 
Present (2010) Future (2022) 

 

Evaluation of Present Condition and Improvement Scheme of ML-7 Intersection 
 
 
 

 

Capacity against present traffic volume (2010): 

-No signal operation is inadequate. 

-Signal operation is adequate.. 

Operation Present: Non signal Improvement Scheme: Signalization 
Saturation 

Ratio － 0.876 

 V/C Ratio Queue length V/C Ratio Queue length 

A
pproach 

A 
TR 0.92 

(2,309 < 2,500＊) 
OK － LT 

TH 
RT 

：0.956 OK 
LT 
TH 
RT 

： － 
RT 0.30 OK － 

B 
TH 2.12 NG － LT 

TH 
RT 

：0.994 OK 
LT 
TH 
RT 

： － 
RT 0.46 OK － 

C 
TH 

0.66 

(1,660 < 2,500＊) 
OK － LT 

TH 
RT 

：0.677 OK 
LT 
TH 
RT 

： － 

RT 0.09 OK － 

D 
TH 2.14 NG － LT 

TH 
RT 

：0.719 OK 
LT 
TH 
RT 

： － RT 0.48 OK － 

Note: 2,500* (pcu/h) is the traffic capacity of 2-lane (for 2 direction) road.   
TR: Through lane, LT: Left turn lane, RT: Right turn lane 

 
  

To TownTo Adams

491

371

129

991

26244 43

313

56
94

241

91
To

 K
ili

m
an

i

To Kibiru Road

774

60

111

945

To TownTo Adams

1,150

599

205

1,954

42394 70

506

90
152

390

148

To
 K
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m
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i

To Kibiru Road
1,321

97

180

1,598

Ａ
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Ｃ

Ｄ
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Evaluation of Improvement
 
 
 

 

Operation Future: No Sig
Saturation 

Ratio － 

 V/C Ratio 

A
pproach 

A 
TR 

0.50 

(4,372 < 8,800＊＊) 
O

RT 1.25 N

B 
TH 21.1 N

RT 7.15 N

C 
TH 

0.38 

(3,338 < 8,800＊＊) 
O

RT 0.31 O

D 
TH 46.5 N

RT 3.43 N

Note: 8,800** (pcu/h) means tra

 

  

Ａ

Ｂ

Ｄ

t Schemes against Future Traffic of ML-7 Inters
Capacity against future traffic volume 

-No signal operation is inadequate. 

-Signal operation is adequate. 2-lan

necessary for approach A. Other ap

right turn lane. 

nal Future: Signal Operatio

０．895 

Queue length V/C Ratio Q

OK － 
LT+TH 

TH 
：0.997 OK 

L

NG － RT2 ：0.995 OK 

NG － LT+TH ：0.419 OK L

NG － RT ：0.992 OK 

OK － 
LT+TH 

TH 
：0.829 OK 

L

OK － RT ：0.729 OK 

NG － LT+TH ：0.988 OK L

NG － RT ：0.348 OK 

ffic capacity 2,200 pcu/h per lane x 4 lanes 

 

Ｃ

section 
(2022): 

ne right turn is 

pproaches need a 

on 

Queue length (m) 

LT+TH 

TH 
： － 

RT2 ：42.6 

LT+TH ： － 

RT ：137.3 

LT+TH 

TH 
： － 

RT ：40.4 

LT+TH ： － 

RT ：55.4 
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2) City Mortuary Intersection 

Design Traffic Volume of City Mortuary Intersection (pcu/h) 
Present (2010) Future (2022) 

 
 
 
 

Evaluation of Present Condition and Improvement Scheme of City Mortuary Intersection 
 
 
 

  

Capacity against present traffic volume (2010): 

-Demand ratio 0.890 is almost saturated.  

-Capacity ration of all approaches are almost their 

capacity. 

Operation Present Operation: Signal Operation 
Saturation 

Ratio 0.890 

 V/C Ratio Queue length 

A
pproach 

A 
LT 
TH 
RT 

：0.907 OK － 

B 
LT 
TH 
RT 

：0.895 OK － 

C 
TH 
RT ：0.814 OK － 

D 
LT ：0.506 OK 176.0 
TH 
RT ：0.937 OK － 

 

  

494

263

304

1,060

630

1,376

259

V
A

LL
EY
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O

A
D

M
BA

G
A

TH
I W
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Y

544

193

396

1,133

NGONG ROAD
To City Mortuary
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343

603

156 105

1,129

584

536

2,248

1,079

2,359

444
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M
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Y

1,196

330

680
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NGONG ROAD
To City Mortuary

835
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1,093

327 179
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Evaluation against Future Traffic of City Mortuary Intersection 
 
 
 

  

Capacity against future traffic volume (2022): 

-Present operation is not adequate.  

-Intersection improvement is necessary. 

Operation Future Operation: Signal Operation (same as present) 
Saturation 

Ratio 1.748 

 V/C Ratio Queue length 

A
pproach 

A 
LT 
TH 
RT 

：2.466 NG － 

B 
LT 
TH 
RT 

：2.287 NG － 

C 
TH 
RT ：2.278 NG － 

D 
LT ：1.106 NG 278.6 
TH 
RT ：1.528 NG － 

The Improvement schemes with increased approach lanes are compared: 
Scheme A: Roundabout + Present signal operation 

Scheme B: Roundabout + Revised signal operation (2-direction+RT= 4 phases) 

Scheme C: Cross Intersection 

 

  

Ａ

Ｂ 

Ｃ

Ｄ
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Comparison of Improvement Schemes against Future Traffic of City Mortuary Intersection 
Scheme Description Demand Ratio, V/C Ratio Evaluation 

A 

Signal Operation: Same as existing 

Roundabout 

Approach A&D:TH(2-lane) + RT (2-lane) 

Approach C: TH(2-lane) 

All approach LT is free 

Demand Ratio 1.064 > 0.9 -Not adequate.  

 
A 

TH2 1.014 >1.0 NG 

RT2 0.554 <1.0 OK 

B 
TH 2.066 >1.0 NG 
RT 1.301 >1.0 NG 

C 
TH2 1.578 >1.0 NG 
RT 0.943 <1.0 OK 

D TH2 0.937 <1.0 OK 
RT2 0.442 <1.0 OK 

B 

Same as Scheme A except signalization. 

Signalization: 2 direction + RT = 4 phase 

 

Demand Ratio 0.806 < 0.9 -Adequate 

A 
TH2 0.924 <1.0 OK 
RT2 0.943 <1.0 OK 

B 
TH 0.972 <1.0 OK 
RT 0.980 <1.0 OK 

C 
TH2 0.975 <1.0 OK 
RT 0.943 <1.0 OK 

D 
TH2 0.882 <1.0 OK 
RT2 0.739 <1.0 OK 

C 

Same as Scheme B, except Scheme C is 

Cross intersection.  

(Cross intersection can reduce signal 

clearance time.) 

 

Demand Ratio 0.806 < 0.9 -Adequate 

-V/C ratios are less than 

Scheme B. 
A 

TH2 0.849 <1.0 OK 
RT2 0.774 <1.0 OK 

B 
TH 0.894 <1.0 OK  
RT 0.896 <1.0 OK 

C 
TH2 0.896 <1.0 OK 
RT 0.792 <1.0 OK 

D 
TH2 0.811 <1.0 OK 
RT2 0.669 <1.0 OK 
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3) Nairobi Hospital Intersection 

Design Traffic Volume of Nairobi Hospital Intersection (pcu/h) 
Present (2010) Future (2022) 

 

 

Evaluation of Present Condition and Improvement Scheme of Nairobi Hospital Intersection 
 
 
 

  

Capacity against present traffic volume (2010): 

-No signal operation is inadequate. 

-Signal operation is adequate. 

Operation Present: No signal Improvement Scheme: Signal 
Saturation 

Ratio － ０．857 

 V/C Ratio Queue length V/C Ratio Queue length (m) 

A
pproach 

A 
TH 

1.07 

(2,681 > 2,500＊) 
NG － 

LT 

TH 
：0.994 OK 

LT 

TH 
： － 

RT 0.81 OK － RT ：0.978 OK RT ： － 

B 

TH 1.33 NG － LT 

TH 

RT 

：0.966 OK 

LT 

TH 

RT 

： － 
RT 0.00 OK － 

C 
TH 

0.66 

(1,764 < 2,500＊) 
OK － TH ：0.608 OK TH ： － 

RT 0.02 OK － RT ：0.448 OK RT ： － 

D 
TH 0.14 OK － TH 

RT 
：0.772 OK 

TH 

RT 
： － 

RT 1.55 NG － 

Note: 2,500* (pcu/h) is the traffic capacity of 2-lane (for 2 direction) road. 
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 Comparison of Improvement Schemes against Future Traffic of Nairobi Hospital Intersection 
 
 
 

 Capacity against future traffic volume (2022): 

-No signal operation is inadequate. 

-Signal operation is adequate. 2-lane right turn is 

necessary for approach A. Other approaches need 

additional lanes as shown in the left figure. 

Operation Future: No Signal Future: Signal Operation 
Saturation 

Ratio － ０．767 

 V/C Ratio Queue length V/C Ratio Queue length (m) 

A
pproach 

A 
TH 

0.52 

(4,596 < 8,800＊＊) 
OK － 

LT 

TH 
：0.681 OK 

LT 

TH 
： － 

RT 2.30 NG － RT2 ：0.984 OK RT2 ：141.9 

B 

TH 12.8 NG － LT 

TH 

RT 

：0.920 OK 

LT 

TH 

RT 

： － 
RT 0.02 OK － 

C 
TH 

0.34 

(3,023 < 8,800＊＊) 
OK － TH2 ：0.986 OK TH2 ： － 

RT 0.07 OK － RT ：0.122 OK RT ：8.1 

D 
TH 2.40 NG － LT ：0.035 OK LT ： － 

RT 14.0 NG － RT ：0.977 OK RT ：70.9 

Note: 8,800** (pcu/h) means traffic capacity 2,200 pcu/h per lane x 4 lanes 
  

10.0

10.0

10.0

10.0

Ａ
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Ｃ

Ｄ
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4) National Library Intersection 

Design Traffic Volume of National Library Intersection (pcu/h) 
Present (2010) Future (2022) 

 

 
 Evaluation of Present Condition and Improvement Scheme of ML-7 Intersection 

 
 
 

  

Capacity against present traffic volume (2010): 

-No signal operation is adequate for present 

traffic. 

 

Operation Present: No signal 
Saturation 

Ratio － 

 V/C Ratio Queue length 

A
pproach 

A TH 0.79 OK － 

RT － － － 

B 
TH 

0.22 
(1,899 < 8,800＊＊) 

OK － 

RT － － － 

C 
－ － － － 
RT 0.14 OK － 

D ― 

Note: 8,800** (pcu/h) means traffic capacity 2,200 pcu/h per lane x 4 lanes 
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252

47

To
 C

O
M

M
U

N
IT

Y

To U
PPERH

ILL
942

388

1,331

To  KENYATTA 
HOSPITAL

205

1,235261
241

1,736

Ａ Ｂ

Ｃ

Ｄ
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Comparison of Improvement Schemes against Future Traffic of Nairobi Hospital Intersection 
 
 
 

 Capacity against future traffic volume (2022): 

-Signal operation is necessary against the future traffic 

volume. 

-Left Turn of Approach A is free to go. 

Operation Future: No signal Improvement: Signal Operation 
Saturation 

Ratio － 0.895 

 V/C Ratio Queue length V/C Ratio Queue length (m) 

A
pproach 

A 
TH 2.80 NG － TH ：0.685 OK TH ： － 

RT － － － RT ：0.492 OK RT ：37.3 

B 
TH 

0.37 
(3,254 < 8,800＊＊) 

OK － LT 
TH 

：0.0.744 OK 
LT 
TH 

： － 
RT － － － 

C 
－ － － － LT ：0.599 OK LT ：29.3 

RT 0.80 OK － RT ：0.395 OK RT ：6.7 

D ― ― 

  

10.0

10.0

10.0

10.0

Ａ

Ｂ

Ｃ

Ｄ
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5) All Saint Intersection 

Design Traffic
Present (2010) 

Evaluation of Present Condition 
 
 
 

 

Operation Present: Signal Ope
Saturation 

Ratio 0.905 

 V/C Ratio 

A
pproach 

A 
LT 
TH 

：1.141 NG 

RT ：1.597 NG 

B LT ：0.815 OK 

C 
LT 
TH 

：0.920 OK 

RT ：0.317 OK 

D 
LT ：0.593 OK 

RT2 ：1.437 NG 

 
  

1,667

16

313

1,996

163

51

720

551

To
ST

A
TE

H
O

N
G

O
N

G
 RO

A
D

1,672

28

395

VALLEY ROAD

118

Ａ

Ｄ

c Volume of All Saint Intersection (pcu/h) 
Future (2022) 

 
and Improvement Scheme of Nairobi Hospital I

 

Capacity against present traffic volume 

-If improve Approach A to be LT/T

Approach C added 1-lane of RT, 

capacity become adequate 

 

eration Improvement: Signal Oper

0.818 

Queue length V/C Ratio Qu

－ LT 
TH 

：0.790 OK LT
TH

77.3 RT2 ：0.960 OK RT

47.3 LT ：0.564 OK LT

－ LT 
TH 

：0.946 OK LT
TH

73.1 RT2 ：0.574 OK RT

36.1 LT ：0.408 OK LT

77.4 RT2 ：0.951 OK RT

VALLEY ROAD
To Town

To
 S

TA
TE

H
O

84

5

2,351

2,859

27

537

3,423

279

100

1,405

1,075

To
 S

TA
TE

H
O

N
G

O
N

G
 RO

A
D

2,867

676

VALLEY ROAD

230

Ｂ 

Ｃ

Intersection 

(2010): 

TH+TH+RT2 and 

the intersection 

ration 

ueue length (m) 

LT 
H 

： － 

T2 ：62.8 

LT ：61.1  

LT 
H 

： － 

T2 ：55.9 

LT ：49.5 

T2 ：104.8 

VALLEY ROAD
To Town

487

4,031
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Comparison of Improvement Schemes against Future Traffic of All Saint Intersection 
 
 
 

 Capacity against future traffic volume (2022): 

-Grade separation is necessary for future traffic.  

-Necessary lane numbers of Ngong Road is as shown in 

the left figure. Existing lanes of Ngong Road is 

adequate for the future traffic. 

Operation Future: Signal Operation Future: Signal Operation + Grade Separation 
Saturation 

Ratio 1.195 0.711 

 V/C Ratio Queue length V/C Ratio Queue length (m) 

A
pproach 

A 
LT 
TH3 

：1.323 NG － LT ：0.061 OK LT 11.9 

RT2 ：0.959 OK 88.4 RT2 ：0.959 OK RT2 88.4 

B 
LT 
TH 
RT 

：0.955 OK － 
LT 
TH 
RT 

：0.955 OK 
LT 
TH 
RT 

－ 

C 
LT2 
TH2 

：0.828 

：2.537 

OK 

NG 

114.5 

－ 
LT2 ：0.828 OK LT2 114.5 

RT2 ：0.859 OK 78.6 RT2 ：0.859 OK RT2 78.6 

D 
LT ：0.799 OK 74.9 LT ：0.799 OK LT 74.9 

RT2 ：0.717 OK 187.4 RT2 ：0.717 OK RT2 187.4 

 
 
 
  

10.0

10.0

10.0

10.0

Ａ

Ｂ 

Ｃ

Ｄ
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Appendix 3-5 Design Calculation of Box Culvert at Ngong River 
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Appendix 3-6 Hydraulic Analysis at Box Culvert crossing Ngong River 
 
(1) Design Discharge 

Design discharge (m3/s) is derived using Rational Formula. The constants given in Road Drain 
Specification issued by Japanese Road Association are referred. 
 
Design Rainfall, R= 127 mm/day (see rainfall data shown in Chapter 2) 
Catchment Area, A= 2,208,000 m2 (see catchment area map in the following page) 
River Length, L= 2950 m  
EL(bridge site)=1728m 
EL(top of river)=1770m 
H/L=(1770-1728)/2950=1/70 
Velocity, V=72(H/L)^0.6 (Bayern Formula) =72(1/70)^0.6=5.6 km/h (=1.6 m/s) 
Peak Arrival Time, T=L/V=2.95/5.6=0.53h 
Average Rainfall Intensity, r= R/24(24/T)^(2/3) (Mononobe formula) 
=127/24(24/0.53)^(2/3)=67mm/h 
Run-off coefficient, f =0.7 (residence area)  
Design Discharge, Q=0.2778frA=0.2778x0.7x67x2.208=28.8 m3/s 
 

(2) Hydrology 
The hydrology (flood velocity and depth) are simulated using Maning Formula. 
Velocity, V=1/n(R^2/3)(I^1/2)  
 
n=Channel roughness coefficient=0.03 (natural surface) 
Hydraulic Depth, R=A(sectional area)/P(wet perimeter)  
Slope, I=0.005 (0.5%) 
When, Depth =1.65 m and Width= 4.0 x 2 (double barrel), 
R= 1.65 x 4.0 / (1.65 +4.0+1.65) = 0.904 
V = 1/0.03 x 0.904^2/3 x 0.005^1/2 = 2.2 m/s 
Q = AV= 1.65 x 4.0 x 2 x 2.2 = 29.0 = 28.8 (assumed depth 1.65 is OK) 
 
Therefore, required height of the box is 1.65 x 1.2 (20% allowance) = 1.98 m  
Box culvert with the size of W=4.0m x 2 barrel, H=2.5m is adequate to discharge the floods. 
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Appendix 3-7  Calculation of Road Discharge and Determination of Drainage Sizes 

 
  

Left Side 1 /2

C I(mm/h) W(m) L(m) A(m2) Q(m3/s) Structure I (%) Qc(m3/s)
<1> 0+590 0.8 90.3 30.0 590 17,700 0.355 min.

0.96%
total 0.8 90.3 17,700 0.355 DV-A 

(TypeA-2) 0.96% 0.459 ok

0.8 90.3 30.0 150 4,500 0.090 CP-D0.30 0.96% 0.093 ok
0.8 90.3 30.0 450 13,500 0.271 CP-D0.45 0.96% 0.273 ok
0.8 90.3 30.0 590 17,700 0.355 CP-D0.60 0.96% 0.588 ok

<2> 0+590 <1> 0.8 102.9 30.0 590 17,700 0.405
Cross Pipe CP-D0.60 0.50% 0.424 ok

<3> 0+890 0.8 90.3 30.0 300 9,000 0.181 DV-A 
(TypeA-2) 0.72% 0.397 ok

0.8 90.3 30.0 130 3,900 0.078 CP-D0.30 0.72% 0.080 ok
0.8 90.3 30.0 300 9,000 0.181 CP-D0.45 0.72% 0.236 ok

<4> 0+890 <3> 0.8 102.9 30.0 300 9,000 0.206
Cross Pipe CP-D0.60 0.30% 0.329 ok

<5> 1+460 0.8 90.3 30.0 570 17,100 0.343 DV-A 
(TypeA-2) 0.42% 0.379 ok

0.8 90.3 30.0 100 3,000 0.060 CP-D0.30 0.42% 0.061 ok
0.8 90.3 30.0 300 9,000 0.181 CP-D0.45 0.42% 0.181 ok
0.8 90.3 30.0 570 17,100 0.343 CP-D0.60 0.42% 0.389 ok

<6> 1+790 <5> 0.343 DV-A 
0.8 90.3 30.0 330 9,900 0.199

total 0.542 (TypeA-1) 0.82% 1.131 ok

0.8 90.3 30.0 330 9,900 0.542 CP-D0.60 0.82% 0.543 ok

<7> 2+250 <6> 0.542 DV-A 
0.8 90.3 30.0 460 13,800 0.277 (TypeA-2) 3.10% 0.825 ok

total 0.819 CP-D0.60 3.10% 1.057 ok

<8> 2+440 <7> 0.819
0.8 90.3 30.0 190 5,700 0.114 DV-A 

total 0.934 (TypeA-2) 5.70% 1.118 ok

0.8 90.3 30.0 460 13,800 1.097 CP-D0.60 5.70% 1.433 ok

<9> 2+440 0.8 90.3 30.0 180 5,400 0.108 DV-A 
(TypeA-2) 2.90% 0.797 ok
CP-D0.30 2.90% 0.161 ok

<10> 3+120 0.8 90.3 22.5 500 11,250 0.226 DV-A 
(TypeA-2) 1.90% 0.646 ok

0.8 90.3 22.5 300 6,750 0.136 CP-D0.30 1.90% 0.130 ok
0.8 90.3 22.5 500 11,250 0.226 CP-D0.45 1.90% 0.384 ok

Check point
Q=0.278 C.I.A.Catchme

nt Area
Remarks

Qc(m3/s) Qc >
Q
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Left Side 2 /2

C I(mm/h) W(m) L(m) A(m2) Q(m3/s) Structure I (%) Qc(m3/s)
<11> 3+460 <10> 0.226 DV-A 

0.8 90.3 22.5 240 5,400 0.108 (TypeA-2) 1.60% 0.592 ok
total 0.334

0.8 90.3 22.5 240 5,400 0.334 CP-D0.45 1.60% 0.353 ok

<12> 3+710 <11> 0.334 DV-A 
0.8 90.3 11.0 250 2,750 0.055 (TypeA-2) 1.20% 0.513 ok

total 0.390 CP-D0.60 1.20% 0.657 ok

<13> 3+710 <12> 0.8 102.9 19,400 0.444 CP-D0.60 0.60% 0.465 ok
Cross Pipe

<14> 3+710 0.8 90.3 11.0 250 2,750 0.055 DV-A 
(TypeA-2) 1.20% 0.513 ok
CP-D0.30 1.20% 0.104 ok

<15> <13> 0.444
<14> 0.055 DV-A 

0.8 90.3 23.0 160 3,680 0.074 (TypeA-2) 1.70% 0.611 ok
total 0.573 CP-D0.60 1.70% 0.783 ok

<16> 4+020 0.8 90.3 15.0 310 4,650 0.093 CP-D0.30 3.10% 0.104 ok

<17> 4+390 0.8 90.3 14.0 370 5,180 0.104 U-0.45x0.23 3.80% 0.253 ok

Check point
Q=0.278 C.I.A.Catchme

nt Area
Remarks

Qc >
Q

Qc(m3/s)
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Right Side 1 /2

C I(mm/h) W(m) L(m) A(m2) Q(m3/s) Structure I (%) Qc(m3/s)
(1) 0+590 0.8 90.3 30.0 590 17,700 0.355 min.

0.96%
total 0.8 90.3 17,700 0.355 DV-A 

(TypeA-2) 0.96% 0.459 ok

0.8 90.3 30.0 150 4,500 0.090 CP-D0.30 0.96% 0.093 ok
0.8 90.3 30.0 450 13,500 0.271 CP-D0.45 0.96% 0.273 ok
0.8 90.3 30.0 590 17,700 0.355 CP-D0.60 0.96% 0.588 ok

(2) 0+890 0.8 90.3 30.0 300 9,000 0.181 DV-A 
(TypeA-2) 0.72% 0.397 ok

total 0.181

0.8 90.3 30.0 130 3,900 0.078 CP-D0.30 0.72% 0.080 ok
0.8 90.3 30.0 300 9,000 0.181 CP-D0.45 0.72% 0.236 ok

(3) 1+460 0.8 90.3 30.0 570 17,100 0.343 DV-A 
(TypeA-2) 0.42% 0.379 ok

total 0.343

0.8 90.3 30.0 100 3,000 0.060 CP-D0.30 0.42% 0.061 ok
0.8 90.3 30.0 300 9,000 0.181 CP-D0.45 0.42% 0.181 ok
0.8 90.3 30.0 570 17,100 0.343 CP-D0.60 0.42% 0.389 ok

(4) 1+790 0.8 90.3 30.0 330 9,900 0.199 DV-A 
(TypeA-2) 0.82% 0.424 ok

total 0.199

0.8 90.3 30.0 140 4,200 0.084 CP-D0.30 0.82% 0.086 ok
0.8 90.3 30.0 330 9,900 0.199 CP-D0.45 0.82% 0.252 ok

(5) 2+250 (4) 0.199 DV-A 
0.8 90.3 30.0 460 13,800 0.277 (TypeA-2) 3.10% 0.825 ok

total 0.476 CP-D0.45 3.10% 0.491 ok

(6) 2+440 (5) 0.476 DV-A 
0.8 90.3 30.0 190 5,700 0.114 (TypeA-2) 5.70% 1.118 ok

total 0.590 CP-D0.45 5.70% 0.665 ok

(7) 2+440 0.8 90.3 30.0 180 5,400 0.108 DV-A 
(TypeA-2) 2.90% 0.797 ok
CP-D0.30 2.90% 0.161 ok

(8) 3+120 0.8 90.3 22.5 500 11,250 0.226 DV-A 
(TypeA-2) 1.90% 0.646 ok

0.8 90.3 22.5 280 6,300 0.127 CP-D0.30 1.90% 0.130 ok
0.8 90.3 22.5 500 11,250 0.226 CP-D0.45 1.90% 0.384 ok

Check point
Catchme
nt Area

Qc(m3/s) Qc >
Q

Remarks
Q=0.278 C.I.A.
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Right Side 2 /2

C I(mm/h) A(m2) Q(m3/s) Structure I (%) Qc(m3/s)
(9) 3+460 (8) 0.226 DV-A 

(0+000) 0.8 90.3 22.5 240 5,400 0.108 (TypeA-2) 1.60% 0.592 ok
total 0.334 CP-D0.45 1.60% 0.353 ok

(10) 0+280 (9) 0.334
0.8 90.3 15.0 270 4,050 0.081 DV-A 

total 0.416 (TypeA-2) 3.00% 0.811 ok
CP-D0.30 3.00% 0.164 ok

0.8 90.3 15.0 270 4,050 0.416 CP-D0.45 3.00% 0.483 ok

(11) 0+360 <15> 0.573
(10) 0.416 DV-A 

0.8 90.3 15.0 80 1,200 0.024 (TypeA-2) 3.00% 1.014 ok
total 1.013 CP-D0.60 3.00% 1.040 ok

(12) 4+020 0.8 90.3 15.0 310 4,650 0.093 CP-D0.30 3.10% 0.104 ok

(13) 4+390 0.8 90.3 14.0 370 5,180 0.104 U-0.45x0.23 3.80% 0.253 ok

Check point
Catchme
nt Area

Q=0.278 C.I.A. Qc(m3/s) Qc >
Q

Remarks
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