8.5 DESIGN OF JUNCTIONS
8.5.1 General
| .T-he _Nairobii:BypaS_s has a full control system throughout, with seven
junpl_io_ns. - The design conditions of these jztnc;tions are described in the

following page.
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8.5.2 Quiling of Junction Configuration
The configuration of each junction is outtined below.
¢} MombasaRoad jlthct__ion

‘Thisis a 'CIdi':cf-Iéaf grade separation with seven slip roads. At the time

of the Feasibiiiijr'Study, the junction was planhed to have four éiip roads
in view-of the likely traffic volume. The subsequent request by the
MOPW, hoWever, resulted in an additional three slip roads to allow
u‘affic.ﬂow from'th_e' junction in all directions except a right turn on the
A104 from the city center in the Kikuyu direction. Flow of traffic from
the industrial area to the city center is designed by a U-turn road in the
central reserve of A104. The center-line of the Bypass will join Likoni.
Road (a planned two lane road connecting the industrial area with the
A104), ' '

Mor@_a_sa t

i

=r-

23 i Sl

_ C . _M_o.mbasa. road(MOd)

. Industrial Area
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(2).  Uhuru Monument Junction

This is a diamond type grade separate junction connecting with Langata
Road (CSS)-whi_c_h _will-_be-widened from its present two lanes to four .

lanes in the future. The approach will have an'improved cross-section in
anticipation of the above widening of Langata Road.
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(3) “Ngong Road Junction
The function of this .j\inction is to allow access to the Bypass from
Ngong Road (C63). *The approach site of the slip road has been decided
‘based on the following conditions, . : I
. To avoxdthe 'sté'ép: gré;dieht section 'of. Ng‘bng Road.

+  Tosecute a sight distance of 120 m from the box culvert under the
main road, '

Mombasa

st E Kikuyu

City
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@

Mombasa  <pgi

Dagoretti Forest Junction

The design conditions are the same as those for the Ngong Road

- Junction. :The location of the approach at the main road has been

decided.to avoid the steep gradient (5 %) section. Both the acceleration
and deceleration lanes on the steeper side have been lengthened in view
of safety.

Dagoretii



(5) Thogoto Junction

The design-conditions are the same as those for the Ngong Road
Junction. Since the slip road is a D class, the standard of the slip road
will be lower than at other junctions as a result of economic restrictions.

 Mombasa

Dagoretti

828



' (6) Kikuyu Town Junctions

" The introduction of this junction was réquésted by the MOPW, Kikuyu
Town currently has a pophlation of 10,000 and a junction is planned
here in anticipation of further development of this area. As the town is
divided into two zones by a main road, a connection between the two
zones is necessary. The final design, originally proposed by the JICA
Design Teém and_ approved through consultations with the MOPW,
involves the relocation of Dagoretti Road (C63).




7). - Kikuyu Junction -

- The Kikuyu Junction was originally designed during the Preliminary
_s-Design: Study to facilitate the main traffic flow towards Nakuvru which

connects with Kabete Limuru Road (A104). The final design allows the.
.. future expansion of the northbound lanes to four lanes as requested by

the MOPW in consideration of the road's role as part of the Nairobi Ring
Road.




8.6

FYPICAL CROSS-SECTION

_. The Typical cross-section for the Nairobi Bypass was decided through
consultations with the MOPW pursuant to the Geometric Design Manual Part
1, The width of the central reserve is narrowed for the section between the

Uhura Monument Junction and the Kikuyu junction to reduce the cost of
construction involving the excavation of rock and high embankment,
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MA I N ROAD

-'Hombésa road junction ~ Uhuru  monument junction

1. 500 7.000 . 7,000 1500
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" Yhury monument junction ~ Kikuf,ru junction

o 20. 500
. 7 - J
1} 500 7,000 3. 500 7.000 1. 500
o : ~
1,000 | 1. 000
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1% 5k 2.5 %
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K= LI P ROAD
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APPROACH ROAID

Bhuru monuhent'J.C'(Langata road)
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Kikuy Town 3.C

. A slip road
Eém- road Dagoretti Road {C63}
E
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TS ER YV IICE R O A D

. For vehicle o

| 6. 000
o 4. 000
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]
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:Approach:road_at‘box culvert
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8.7

8.7.1.

8.7.2.

PAVEMENT DESIGN .

General

' Pavement de31gn was carned out in close consultation with the material branch

of the MOPW referring to the '‘Road De31gn Manual Part 1" issued by the
MOPW ‘

The pavement was designed' separately by four design 'me'thods i.e. Road
Design Manual Part III, Road Note No. 29, AASHTO Guide for Design of
Pavement Structures and’ Manual for Design and Construction of Asphalt
Pavement (Japan Road Association) which were later compared. After a
dlseussmn on the pavement design | between the JICA study team and material
branch of the MOPW the pavement design by Road Note No, 29 was

: recouunended

A ma_lor factor in pavement de31gn is the cumulatlve number of equzvalent
standard axles (ESA) in the design penod The cumulanve number of

-equivalent standard_ axles dunng the design period was calculated from the
- forecast of future traffic in-the feasibility study which was reviewed by the

JICA study team and which was accepted by the Plannmg Department of
MOPW in the end of 1989,

___—Meir% Road

In'11991-x,-‘a_concrete plan was set for the construction of the Oil Pipeline from

Nairobi to Kisumuiﬁldoret use of the pipeline by KPC for oil will commence

1n 1993 before the completion of Nairobi Bypass. Therefore the pavement

' 'desxgn of the main road of the bypass took this into consideration.

The pavement structure was de51gned separately by four de31gn methods as
_ mentioned above. “The design results were compared and the pavement

structure de31gned by Road Not_e No. 29 has been recommen_ded

'I'he pavement structures, espemally the types of base were also studied and

'compared After that lean concrete base was recommended in view of

availability of base matenals, constructxon method preventmg cracks into the

" bottom of the base due to ox1d12auon construcuon cost and saving foreign

-currency B
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Recommended paveiﬁérit étfﬁciure is as follows:
* Surfacing (Asphalt concrete) ! 120 mm
B_zge: .(Léal-l 66h¢r§te5' o :. 200 mm
. '=Subbase'(Graded. crushed Sioné) : 150mm

8.7.3 Ramp(Sliproad)
Pavement design of slip ifoads:of each interchanges {al grade junction) was
carried out with the same procedure as the main road.

| Thc 'commﬁtative numnber of ESA for each ramp was based on the future traffic
forecast in the Feasibility Study Report.

Recommended pavement structure for each junction are as follows:

Thickness of Layer (fnm) | | (Wearing course + )

Rd:id e Suiib_asé . Ba_sé - S.urfaciﬁg (Base course )
Junction
‘Mombasa 150 200 200 (40 + 80)
| Uhu:;u._Mon_ument 150 180 10040+ 60)

NgongRoad 150 180 100 (40 + 60)
Dagoretii 150 180 100 (40‘460) i
Thogoto 150 180 100(40+60)
KikuyuTown 150 180 100 (40 + 60)

Kikoyw 150 200 200 (40 + 80)

ManRoad 150 200 120 (40 + 80)

Pavement material -~ -
Subbase  : Graded crushed stone
Base_' | : Lean. concreté (High qualitative cémentustabilized
o material)
Surfacing - ¢ Asphalt concrete
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874 Apprdaéh Roads -

“The pavement structure of the approach roads to the junctions is the same as
. the ex1st1ng pavement structure except underpass (C58) at UHURU
' MONUMENT JUNCTION.

Route CS 8 has been pianned by the 01ty council to 1mprove itinto duaI camage

way, then the pavement structure was designed with the traffic forecast in the

Feasibility Study Report for Na1rob1 Bypass PI'O_]eCt The pavement structure
p for approach roads and route C58 are as follows: :

Pavcment structure of ex;stmg “C” class road

Surface d;essing 1 25mm
Base (G.C.S) . 130mm
Subbase (G.C.S) : 100mm

 Pavement stx‘ubtiifé of underpass (C58) of
UHURU MONUMENT 3UNCTION

. Surfacmg (Asphalt concrete) : 150 mm
- Base (Lean concrete) : 200 mm
 Subbase (G C.5) : 150 mm

8.7.'5 Sg rvice Roa
. The pavcment of the sze.li'v'ice' roads along the Bypass is basically same
pavement as existing one. It, however, was designed in accordance with the
“Road Design Manual Part I1l as follows:
Pavement structure for the service road:
VJeating course - o : 150 mm

as: traffic T = 15-50'(b0tﬁ'di'réctions) |
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5.1

9.2

BRIDGES AND BOX CULVERTS DESIGN

'GENERAL

De51gn work for two h}ghway bndges one rallway bndge two vehicle

: overbridge, two pedesman bridges, seven box culverts for vehicles four box
_culverts for pedestrian and five box culverts for drainage was carried out in

close consultation with the MOPW bridge section,
DESIGN STANDARD

The design standard for structure design is referred to BS5400 (BS153 for the
Rallway Bndge}, techmcai data for the design of bridges in regard to

-_earthquake temperature wind, ramfall etc., and Road Design Manual Part IV
in consultatmn w1th the Bndge sechon of the MOPW. The width and

clearance of the road referred to Road Design Manual Part I (MOPW) and the

_"results of dlSCBSSlOH between the- MOPW and JICA teams. Design criteria of
“the’ rallway bndge is also based on BS5400 and BS153. For detaﬂed demgn

BSS400 was adopted as a design standard after discussion between engmeers

+ from Kenya Railway a_n_d the Nairobi Bypass project design team with the
relevant MOPW engineers. ' '



'9.3 TYPE, SIZE AND LOCATION OF STRUCTURE
(1) Bridges ... ..

Types of biid_ges, their location and their scale on Nairobi Bypass are as
shown in Table 9.1..

“Table 9.1
Type | No. | " Location | Lengih (m) | Width (m)
1| Mombasa Road IC Bridge 57.0 170
: I ; (Startitig point of Bypass Road) _
| rorRoad | 2 | Uhuru Monument IC Bridge | 580 205
| (Crossing of C58 Road)

: '3_ : Réii\iaaykﬂr-idgé:(_)'vér Bypass in CH27 +'20.0m 56.85 - 11.4

| Over Bridge | 2 Over Bypass CHIS +930.0 m | 30 6.0 -
| ‘| 4 ! Over Bypass CHI5 + 920.0 m 281 | 100
Footpath 1o o‘féf By?as.s cm +180.0m - 38.20 - “3.0
' 2 | Over Bypass CH! +220.0 m 48.40 3.0




(_2): . Box Culverts-

Types, location and scale of Box Culverts are as follows:-

Table 9.2
'I‘ypé Nﬁ.' : Locatioﬁ Length (m) ‘Width
' L : b x h (m)
1. Crbssin’g'd'f C60 Ngong Road 323 10.0x 5.5
| e 45400
2 Crossing of CHI9 +500.0 37.5 | 8.0x 55
-3 - | Crossing of Rump for Dagoretﬁ . - 320 10.0 x 5.5
- Jac cr20+ 9300
ForRoad | 4 | Crossingof D411 Thogoto Road 267 ] 8.5 % 5.5
AR 'CH234'193.0 '
5" | Crossing of Public Road (B) 267 | 85x55
i _‘Z'_CH23+1694 o o |
"6 Crossmg of Pubhc Road 25.5 8.5x 55
| cH24 + 9800
7 | Crossing of D422 Ondiri Road 502 | 8.5x55
| CH26 + 4640 '_
1 | Ruora River in Ngong Forest 59.0 3.0x 3.0
 |cHi3 49780 R B
2 \dol‘.ome River in Ngung Forest 342 30x20
CHI4+9340 |
For - 3 Motome Rwer in Ngong Torest :67.0 3,5x3.0
Dreivage 1N emis v 5600 o
4 Motome R_:ver in Ngong Forest 40.0 35x3.0
CHO + 157.0 (Ngong JC-Rump)
5 Ondu'l Rwer 132.0 3.5x35
= _cms +3550 (Double)
1 | CHI8 +4000. 280 [ 33x3.0
Footpath | 2 | CH20 +200.0. 215 | 3.0x30
3 | CH22 + 880.0 215 | 30x30
- 4 | CH26 +220.0 22.1 -3.0x3.0




9.4

" SELECTION OF STRUCTURE TYPE

‘1) Types of structures are studied and selected in consideration of low

~ construction cost and especially the following items:
- a)  Easy construction by Kenyan contractors

b) 'Construcnon works by using local material and easﬂy imported
.matenal inKenya

¢) -Easy maintenance WOrks after construction
d) No interferencé with natural environment

There exists in Kenya standards for desxgn of bndges to span length up to
10.0 m long, but alt. bndges over 10.0 m in span and box culverts will be,

' demgned using BSS4OO due to lack of Kenyan design standards. All

structures are planned and designed after field investigations, study of existing:
structures and discussion with the MOPW engineers.

2)  Selected types of structures and reasons of the selection are as foliows:

A) _B'r.idges for road an‘_d railway
1) Superstmcture type

Remforced concrete T-Grider type is adopted for the
superstructure of bridges in view of construction costs, which
are shown in Appendix -F-1. The new Railway Brldge requires
a long span to cross the Bypass, with four lanes, and relocated

' road C63. The existing railway bridge will be used as a
temporary bridge during the construction period and it will be
replaced by the new railway bridge.

i) Sub-structures
a) * Abutments

. The abutments for bridges are adopted Cantilever Type in
o v1ew of constructlon cost which are shown in Appendix -

F-2.
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10.

10.1

10.2

ROAD FURNITURE

-GENERAL

Road fui‘q_itgré of the _Naifobi bypass was planned on the basis of Chapter 8,
Manual. for Traffic Signs in Kenya Part I and 11, June 1975, of the Road

(1)

()

“Design Manual Part I, January 1979.

' ROAD E[_JENITUR

’I‘rafﬁc Islands and Kerbs:

Flus_h’ Kerbs are mslalied o_n the main road, ramps, and approach roads.
Raised kerbs are installed on the traffic islands and bus stops on the

- main road and ramps to prevent vehicles from riding on them. Traffic

islands on ap'proach road are paved-with hatched and chevron markings.
Markcr'PCSts

Marker posts shall be installed on the guardrails at dangerous points

" where the horizontal alignment of the ramp is sharply curved.

3

@

. (5)__

Guardrails

Guardrails are planned on the bases of the guardrail installation chart
shown on Fig. 8.‘5;1 of the Road Design Manual Part 1.

A g’uardr'éil. 'will'be installed at those points were the value of the

Guardrall Need Index (G.N.L) on the chart is 60 or greatcr and at other
pomts where the installation of a guardrail is considered necessary.

Fences and Gates

. Fences are in:stal_léd along the portion of the bypass that paisse's through
the pasture of the Alliance high school to prevent cattle from entering the

road.

_ 'I‘r‘afﬁc Sighs and Markings

,Traffic 31gns and markmgs are planned on the basis on the Manual for

Traffic Signs in Kenya Part I and 11, June 1975 and upon consultation

- with the MOPW.

10-1



- (6) Planting of trees and shrubs

Shrubs shall be planted on the central reserve of a width of 3.5m, at

intervals' of 4 m where a guardrail is installed and at intervals of 5 m

where no guardrail is:installéd, to reduce the']ight from cars in the

opposite lane, Shi__ubs shall be planted at intervals of 4 m where a

guardra_i_i_ on the road side is instatled to guide driver's eyes. Trees and

shrubs shall be planted on the central reserve of a width of 11 m and at
the: Momb_aéa road junction to provide a good view. Refer to the

drawings for the details of planting. | o
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1.

i COST ESTIMA rEs

“The cos( estcmatcs have been made by JICA study team.

' Descripiionof-the project‘cost was excluded from this "Main Report™, and is

reported in one (1) volume as follows :
"Cost Estimate Report”

The repbft_ describes the 1otal project éost, basic data for cost estimates,
~ estimated cost by Group of Speciﬁmﬁbns foreign currency component

of the cost, annual d;sbursemem anit price breakdown, and prepared
_under "Confidential” cover.

The period Bill of Quantities is also prepared in the same volume.

11-1






| APPENDIX - A(Speed-change Lane,etb) .



"W_éavi.ng L‘en_g;_:tthf B and D slip road at
Mombasa Junction.

: Accordmg to the follDWlIlg flgure (AASHO) weavmg lane with 150m long has
a capamty of 1000pcu weavmg volume per hour.

1,000 2000. ‘3000 4,000 5000 6000 7000 8,000
" LENGTH OF WEAVING SEGTION {L) ~ FEET

. . . .
5 .
woz o] LA e
£ 1y 3,000 ¥ K v L
o B L~ ) e e
J e . 40 1 W rkWotFy ¢ Fp o
o 3 ————'4;%‘?%/ N= ) ot —|— ,'/”_F—}_‘—h‘-’ ! |.=.—
P ! X @r\ﬁ// e : L L]
—E Lo RS . A S ¥ H-Hw, : N
O N S S I BV S - : NamtRTHY 3 . [
=z £ 02000 CeS T e l |
IR I : o ] : H : NUMBER OF LANES
T : o wed L1 * THE LARGER WEAVING MOVEMERT, VRH
Wb oo . wE""'m : ' w2 FHE SMALLER WEAVING MOVEMENT, VPH{some h
z 3 1,000 K d -+ of/ M1 N £,8F,2 OUTER FLOWS;VPH
P i . b © | W = TOTAL VOLUME, VPH{W, tw,tF 1 Fa)
&' [ | g!/\' T1 LA :g:‘;‘;';‘i 'S NOT A DESIN | € »nORNAL UMINféﬁRu;TéD FLOW CAPAGITY FOR
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8 e : o IR S O N S —EQUWALENY PASSENGER NEHICLES PER MOUR] °
D o
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Acdelefation'LaneﬂLEhgth.

1. Comparlson of Acoeleration length in other Hanuals

Road" Deslgn Manual Part I indicate that Fig. 5.5.2 shall be used to

_ determlne‘the required acceleratlon distances but: Acceleration length

determinéd by Fig. 5.2.2. seems not to be reasonable because the length

is so long.:

For’ reference, we compared it Hlth other Manuals and a theoretlcal formula

and the 1eults are as shown in Table 1 “herebelow,

T

_Table 1.. Length of Acceleration Lane_
Design - Road Design AASHO B. S. Japan Theoretical
Speed km/hr | Manual (Rural) {Rural) | Design | Formula
100kn/hr *more than 10750t | 191m
(60mph)-* { " 950m 326m 270m 20 ~ 2611
o See Attéched
Formula
80kn/hr | Heavy Vehicle | 625t 109m
(50mph) | 3hom’ 192m 210m 210m
- ~ 143m
'Condltion of comparlson
a. Original’ speed Y= 30km/hr

b.-" Final Merging Speed = Design Speed x 80%
including Taper

i<2%

_Acceleratlon_Length:

Vertical gradients :

: 2; Factors tozbe coﬁSidered for designing acceleration lane

a. Characteristics offNairobi Bypass

Bypéss woild be used very much as urban type road

after ten or twenty years.




“b. Type of Inteféﬁéﬁges _

Bypass hand has seven interchanges, and except Mombasa junction, the
.others ‘are irban type interchanges which are designed with small
“entrance radius of 30m. It is considered that heavy vehicles will
scarcely use these Junctions, since most of them will be through
traffic. =

c. Manouver of Drivers and other conditions.

~ In Kehya;'majority of cars are small cars .Generally Drivers in

Kenya do not use acceleration lane effectively.

d. Récommendation |
-~ The length of acceleration lane should be composed of a length

which come from theoretical formula and a length for merging.

7Deslgn Speed - 100kn/hr 80km/hr

. Length by theoretlcal formula 226m 126
Length for merging: ' .~ =~ . Om 6Tm
Total {including taper) - 226m=230n 193=200m
(Taper length) : 50m ' 4Qm
'Z.the; Time for merglng = 3 ~ 5 seconds
60 x (3~5). = 50m~83m Average 67m
3.6

Taper length should" be de51gned accordlng Yo section 6.5.3 (i} Table 6.5.1
of Manual Part 1. '

* Léngth-by'théoretical formula, see table (2)



Acceleration Lanes (by Thebretica} Formula)

The length of an acceleration lane is based on following factors in

combination
(1) Vehicular running speed at merging through traffic.
{2) Vehicular funning speed at nose of the acceleration lanes.

(3} Driver’s manner of accelerating.

Distance of Acceleration is. expressed as  follows:

R E— ~-x (V¥ - v20)
2:x_3.62‘x\ a
| L = Distance of Acceleration _(m)
7@': Accérélation. (1 ~1.5 m/Sec?)
'vi: Final merging Speed “(km/hr)
Vo = Original épée& .aﬁ nése :. {km/hr)
V=0.38zx Vﬁ ! " VD ;: Design Speed

as VD= 100km/hr .. . V = 80 km/hr
as . VD = 80km/hr . V = 60km/hr

Cage 1. as Vo = 20km/hr and V = 60kn/hr
L= ————x  (60%- 207)
2 x 3.6 x (1~1.5)

=(0.0385 ~ 0.025T)x 3200 = 123n ~B2m



‘ CaSe.2.’asgV9;§ 30km/hr and .V = 60km/hr
=(0.0385 ~0.0257)% 2700 = 103 m ~ 69 m

Therefore the necessary Length of Acceleration Lane in the Case 1, and Case 2,
ranges from 69m to 123m and. in the case of VD = 100km/hr.

Léngthszof acceleration lane are as follows.

. 20km/hr

- Vo= L=23Im ~15im
Vo = 30km/hr L =211lm ~1k4in
.Table 2. _ Sdmmary of .Acceleration lane length

;'Bgsigntni-iﬁiﬂal.u_ driginal Length by Taper | Length of

Speed of" Speed'atr Speed at { calculation Acceleration
'Road - .| 'the end. ] Nose
' of Acce-
1éra£ion
| lane . ..
. 20kmfﬁr 82~ 123 122m~163n
BDﬁm/hrx: 60km/hr | - f i om. | oo
| - 30km/hr | 69~ 103 109n~143n

Average 126m

‘ .| 20km/hr - | 154 ~ 231 20Um~281m

100km/hr | 80km/hr | 50m
- l30km/hr [ AT ~ 211 191m~261m

g "1 Average 226m

.~ NOTE: _Féctor (3) is neglected in these cases.

Ah



"“Study of Climbing Lane

The need for a climbing lane will be considered in areas with steep

gradient of 5% or wore.

Séction: From Dagoretti Junction to Thogoto .Junction

* Climbing lane is designed in total considering the following

factors:-

(i) Length_of'sﬁeéd'réduCed section is more thén 200m

(ii)  Construction Cost

(iii) 'Capacity of Traffic Volume

* Speed Gradient - Diagram

Sbeed Gradient-Diagram shows as follows

Cose 1. Stage I ~ VD 28m/hr L

= 60km/hr VL = = Q.
Case 2. Stage II . VD = 70km/hr YL = 41km/hr L = 250m
o | | L U50m on two
C ' o _ section
Case‘B. Stagé III° VD = 8Okm/hr “Yokm/hr L = 1700m

© NOTE: Case_i 2 léne road

Case 2. Cases 3,0 lane road (Dual carriage way)

VL = VD x 8-15km/hr
VD = Design ‘Speed
VL = Lowest Pown Speed to be sustained,

.fSpeéd'Gradient - Diagram was studied in design speed of 60km/hr for

Estage 1 and 70km/hr and 80km/hr for stage TI. The diagrams show

'{as'follows:~é
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it Comparison for necessity of.climbing lane.

. Condition of Comparison .-

(1). Earthwork is done in-#-lane width because Dagoretti

(2).

junction and Thogoto junction are constructed in I lane width

and the interval of each junction ié éhort.

Design speed TOkm/hr is reasonable due to mountanious or

relling area. :

Table: Summary of Study on necessity of climbing lane

Stage 1 Stage 1I
~ 2-lane VD=60km/hr | Y4-lane VDB=70km/hr

" Climbing lane | no yes no yes.

Capacity of down | enough - up

Traffic Volume

‘Running Speed - | down | not down | down | not down

Cost _ — | few — much

5,

)

(2)

'Results

“In the case of 2-lane road, traffic capacity and vehicle running speed

are véry much reduced and traffic accident of collision is forecasted.

In the case of U~lane road without climbing lane the capacity of

tfaffic volume and vehiéle'running speed are not so much reduced.

It is desirable to construct climbing lane in stage I (2-lane road).



6. Section of climbing lane

ti) Con&itions_for setting of climbing lane
Targe£ of critical speed is 4Okm/hr
{(i1) Section of cl_:':Lmhihg lane
Aéc’éjrding to tt.le.Speed'—Crad'ient diagram of case I and case II
climbing ane should be set between Km 21 + 700 and Km '23.+ 100

(L = 1400m).

7. Pian_of.clﬁ;'ﬁhing lane

‘see page _7;—13 _
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- . APPENDIX - B (Pipe culvert)



Calculati

ion of Pipe C_{liv_ért Elm{ati@n a_nd Length

it

CJH1

L1

] ': H2
ﬁ

Pipe Culvert '

pe-

‘H1:

. GulleyPor

Culvert

Type-d

Figure B.1 Location of Pipe Culvert
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APPENDIX - C (Drainage pond)



* Substitute Plan of Soak Pit near Tho}r.oto J/C

_ ln Prehmmary De31gn Stage, it was proposed to construct a smk pit near Thogoto
Junction, because of no stream or rwer to drain the surface run- off in this valley. The
reason was that soak pits for sewerage under construction near here and it was judged
that soil of the locatlon had enough coefﬁmem of infiltration.

But 1t \\as found that soil of the locatlon is not enough coefficient of infiltration

after bormg survey and soil test. (refer to Material Report 3,7 GROUND CONDITION
OF SOAK PIT) -

In th1s stage a dramage pond was designed as substitute p]an of soak pn

Desian Discharge "

- In this case, ca]culations of the mcreaSed discharge by the road construction are as
follows ' '

The area of new constructxon road and slope are about 52 ,000 m'2 in this valley.
: “This area of cultivated land changes to road and slope, so thé run-off coefficient (C)
_changes to 0.9 from 0.4,

Q =00, 278 xCxl1 XA
Q: The expected flow (m3fsec)
C The run- -off coefﬁcnent (0.5)
- 1: The intensity of rainfall {mny/h)
o IA : The area drained (0.052km2) -

Retum Penod 25 years

Duration time 1 Total discharge
(hr.) (mm/hr.) (m3) _
-0 01 120.0 3,179

0.2 110.0 9,494
0.3 100.0 12,946
0.4 93.0 16,053

- 0.5 89.0 19,204
¢ 1.0} 70.0 30,208
2.0} 48.0 41,428
3.0 37.0 47,901
4.0 29.0 50,059
5.0 24.0 51,785
10.0 13.3 57,395
20.01 6.7 57,827
L 240 5.6 58,000
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APPENDIX - D (Discharge calculation)



Discharge Calculation

(1) Box culvert (13 + 978) (36°44.5'E, 1°19.2'S)

o Area 2.93 km?
~ » 'Design return period 25 years
» Longestchannel. 2,500 m

"» _ Average slope of the catchment

<. 1,875-1,805 _

s Average slope of main channel

g, . L840-1,805
- S1=""5500

1.40%
o _R_ufi__—o’ff "coefﬁcie.nt__ _ CI=_0.470

« Catchment areas elevation difference

H = 1,840- 1,805 = 35m
‘tc = 41.64 minutes

B From Rainfall Frequency Atlas of Kenya 25 years 1 hour rainfall
H _:EI'Rainfall-intensity for 60.minutes
_ 1 ‘= 70 mm/hr
' Rai_.nfallgriﬁ_'tensity'_ for 41.64 minutes
1 = 80mm/hr

Q' =26.1 m3/sec (THE RAINFALL FREQUENCY ATLAS METHOD)

Frdni;si;é inspection, catchment type close to poor pasture.
_ lagtime K = 0.5hrs "
' . Standard contribution area coefficient (Cs)
RS “fcatchment slope : ~ 1.67% ]

€5=038 {soil type:  slightly impeded drainage



Catchment wetness factor (Cw)

- (Nairobi is a wet zone)

Cw = 1.00
Land use factors (C1)
C = 1.00

' Conmbutmg area coefﬁcxem (Ca) given as
(CA=038x%1.0x10=0.38)
Ir_li.tialareten_tion (Y)‘ =0
Estima;ed' fﬁinfal_} ti_rh'fi for East African 10-years storms. (Kenya Aberdare
Ulu’guru Zone)
| n = 085 Tp = 2.0

DeSIgn storm ramfall to be allowed for during time fnterval TB hours

TB = Tp +23k+TA

TA: F]ood wave in stream system taken as zero

BasenmeTB =20+23x05=3.15
* Rainfall during base time

CTB( 2433\ R2/24
RIB =, (TB + 0. 33) x

RTB = 90.48 mm

Areal reducnon factor

ARF1 = 1-0.04xT 1f3A1!2 = 0.95

- Average Ramfail )
Pl ARF X RTB = 86.25 mm



Total Volume of Run-off
ROy = (P-Y)x Cax Ax 103 = 96,035 m3

Average flow.

QI: 3,‘600 X TB = 7.88 rﬁ3/sec

Q= 7.69 m3/sec

A =sQ5100 = 249% <5%

QY= 28X 7.69 =21.5m3/sec (The TRRL (EA) flood model)

i
Q<Q'x15
Q = 26.1m3fse¢




(@) Box culvert (14 + 943) (36°44E, 1°187'S)

+ Arca _ 2.73 km?
. --Design-ret'um period 25 years
+ Longest channel - 650 m

« Average slope of the catchment

S =——~%-1’89501"0}J"8—13~ = 1.51%

« Average slope of main channel
811,813
81 = 650 = 1.23%

. Runoffcoefficient . C=04

« Catchment areas elévation difference

M

CH = 18211813 = 8§m
tc = 15.51 minutes

From Rainfall Frequency Atlas of Kenya 25 years 1 hour rainfall
. Rainfall intensity for 60 minutes

1 = 70 mm/hr
Rainfall intensity for 5.51 minutes

"1 =:103 mm/hr

Q' = 313 m¥sec (THE RAINFALL FREQUENCY ATLAS METHOD)

From site inspection, catchment type close to poor pasture.
lag time- K =:0.5 hrs
" -Standard contribution area coefficient (Cs)
[catchment slope:  1.51%

: CS. :038 soil type :  slightly impeded drainage



- Cat_t:hment wetness factor (Cw)
(Nairobi is a wet zé‘i{e) '.
_ '._'Cw = 1.00
Land use factors (C1)
Cl =100
Contributing éréfa coefficient (Ca) given as
Ca =038x1.0x1.0=038

Initial retention (Y) = 0

EStiinétgci r‘ziinfali time for East African 10-years storms. (Kenya Aberdare
Uluguru zone) -

n = 0.85 Tp=2.0
Design} storm rainfall to be allowed .f'(‘)fr'during' time interval TB hours

" TB = Tp+23k+TA

TA : Flood wave in stream system taken as zero
"~ BasetimeTB = 2.0+23x05=3.15
' Rainfall during base time

RTB_TB( 2433 \" R2/24
RTB =00 (i 033)

RTB = 90.48 mm

Areal reduction factor

ARFl = 1-004xT B3 AI12 =095

Average Rainfall (P) .
Pl = ARFXRTB = 86.40 mm



_Total Volume of Run-off
RO = (P Y)xCaxAx 103 = 89,632 m3

Avéra‘géiﬂb'w

. - 0.93xRO o
YS! ='———§),69§o_"ffrs = 7.35 m3/sec

Q, = 7.30 m3fsec -
a Q- Q1 x 100 = 0.7% <5%

Q-

Q= 2 8 % 730 =204 m3fsec (The TRRL (EA) flood model)

Q' 31 3 >306 Q'x 1.5
Q= 306m3/sec

'Il-'




(3)  Box culvert (15 + 560) (36°43.5'E, 1°18.5'S)
(4) Box culvert (Ngong Rd J/C B-Ramp 0 + 157)

« Area . : 136 km?2

+- Design return perio_d' 25 years
« Longest charme! : 5, 200 m

. Avelage slope of the catchment

1990-181 | |
S =T 500 © = 209

_+ . Average slope of main channel

1,880 - 1,810 _
81 =80 = 135

"+ Run-off coefficient Cc=03
« Catchment areas elevation difference

H = 1,880- 1,810 = 70m
t¢ = 74.29 minutes

1
3

From Ramfall Frequency Atlas of Kenya 25 years 1 hour rainfall
Ramfall mtensny for 60 minutes
70 mm/hr _
Ramfal] mtensnty for 74. 29 minutes
1= 63 mm/hr

Q' = 43.0 m¥sec (THE RAINFALL FREQUENCY ATLAS METHOD)

From site inspection, catchment type close (o poor pasture.
lag time K = 0.5 hrs
Standard conmbutton area coeff caent (Cs)

catchment slope: 234% ] _

CS : 0.38 soil type :  slightly impeded drainage
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Catchment wetness factor (Cw)
(Nairobi is a wét zone)

Cw = 1.00

L‘tnd use factors (C1)
C1 O 50

- Coniributing'agéa,coefﬁgient (Ca ) given as
= 038x 1.0x1.0=038

Initial retention (Y) = 0

- Estlmated ramfal] nme for East African 10- -years storms. (Kenya Aberdare
_ ;Uluguru zone)

' n = O 85, Tp=2.0
Desngn storm ramfail fo be allowed for during time mtex val TB hours

TB = Tp+2.3k+ TA

TA : Flood wave in stream system taken as zero

" Basetime TB = 2.0 +2.3x0.5=3.15
Rainfall during base time
.,TB 2433\ . n224
RTB= (TB+033) xR

RTB = 9048 mm

" Areal reduction factor

U ARFI = 1-004xT B A2 = 093

Average Rainfall (#)
Pl = ARFXRTB = 83.78 mm



“Total Volume of Runi-off

 ROp = (P-Y)xCaxAx10% = 117,160 m3

Average flow

LT 093 % RO
Q1 = 5-_6301:'?71"37‘-:- 9.61 m3/sec

o.14 ;in.3/$ec .

i

_ Q2

A_:'_QzQ"lQl x 100 = 4.89% < 5%

Q" = 2.8x9.14 =25.6 m3/sec (The TRRL (EA) flood model)

Q =430>384=Q"x 1.5

Q =38.4 m3fsec



(5) Box culvert (26 + 335) (36°39.5'E, 1°15'S)

. Area - 38.74 km?
 Designreturn period - -~ 25 years
« Longestchannel 3,500 m

+ Average slope of the catchment

e L 2,310-1,992

° _Average slope of main channel

2,020 - 1,992
S1:=""3500 = 08%

< Run-offcoefficient ~ C= 0.2
-« Catchment areas elevation difference

H = 2,020-1,992 = 28m
tc = 66.92 minutes

Bt

From Rainfaﬂ Frequency Atlas of Kenya 25 years 1 hour rainfall
Rainfall intensity for 60 minutes

_ I_\- = f]()n}m[hr .
Rainfall intensity for 66.92 minutes
' 1 = 67 mm/hr

Q@ =1508 m3sec  (THE RAINFALL FREQUENCY ATLAS METHOD)

| -Ffom site inspection, catchment type close io good pasture.
lag time K = 1.5 hrs
‘Standard contribution area coefficient (Cs)

ng-—'()‘38 catchment slope . '1.7‘7% ' ]

soil type :  slightly impeded drainage
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Catchiment.wetness factor (Cw)

(Nairobi is a wet zone)

Cw = 100
Land use factors (C1)
| ' Cl = 0.50

Cohti‘ib‘utiﬂg’ ‘ar_cfé':a.i_c_éefﬁé_'ient {Ca) given as
Ca = 038 % 1.0x0.50=0.19

Initial retention (Y) = 0

Estimated r_&infallfti_me.for East Afri_can 10-years storms. (Kenya Aberdare
Ulugura zone) ' '

n = 085 Tp=20
Desigﬁ storm rainfall to be allowed for during time interval TB hours

- TB = Tp+2.3k+TA

TA : Flood wave in stream system taken as zero

Base time TB = 2.0+23x 1.5=5.45
Rainfall during base time

'_H'.II_B; ;2'4.33 0 R2/24
RTB 24(TB+0.33) xR

RTB = 101,70 mm

Areal reduction factor

ARFl = 1-004xT WA =086

| Average Rainfall (__P)
'P1 = ARFxRTB = 87.32 mm



Total Volume of Run-off
 ROp = (P-Y)xCax Ax 103 = 642,700 m?

Average flow -
" 0.93 x RO

Ql " 3,600 x TB = 30.46 m3/sec

Q; = 29.4 mifsec

A= Q2Q'1Q1 x 100 = 3.5% <5%

QM =23 X 20.4 = 67.6 m3/se (The TRRL (EA) flood model)

Q" = 150.8> 101.4 m¥sec = Q" x 1.5
Q = 101.4 m3/sec |
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