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II. SOIL AND MATERIALS SURVEY

2.1 Soil Sampling and Laboratory Test

2.1,1 Main Purpose of Laboratory Test

Main purpose of the 1aboratorf test is to analyze the
soil charactor of the available embankment materials along

the road.

The analysis of the embankment materials was made in

‘view of the importance for selecting new pavement structure

which will be dtermined by the strength of'subgrade'on the
newly constructed embankment portions rather than by the

'newly scraped roadbeds.

Therefore the simplified CBR test was conducted on
the natural moisture soil samples which were compacted
with 65 blows, soaked for four days,_énd penetrated,

according to the JIS Al211 to' judge the strength of embank-

ment materials under the worst condition considered as the

heavy rainy season.

- 2.1.2 Method of InvéStigation and Sampling

‘The method of the investigation and sampling to be
applied was selected frém the past experience of the’
Consultant in due consideration of the present study stage
of this Project and the expected schedule that the detailed

survey'is to be made in the next design stage.

Under this concept, the soil'samples.were'directly'
digged by shovels instead of the standard method using
auger required by AASHTO.  This method enabled us to
collect enough soil samples (amounting to arouhd 5 tons)
with visual observation as conducted by the test pit

method within a limited period.
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In the detailed design stage sampling will be conducted
by using auger along the definite road alignment, the test
results of which are to be compared with the results of the

present . test.

2.1.3 TLocation of Soil Sampling

After the visual classification of soils along the
road, selection of the sampling point was made to get the
comprehensive understanding of the whole road section.

The location_of the soil sampling was determined in
such a manner that soils to be taken are representativé in
the sampling zoné and approximately the same intervals were

kept for the sample zone.
The location of sémpling points are Shown in DWG-II-1.

2.1.4 Description of Soil Samples

Description of samples obtained on the existing road sides

is given in Table II-1.

2.1.5 Items of Laboratoty'Test

The following tests were conducted on the collected

samples.
| Gradation test (28 samples),
Consistency test (27 samples),
Natural state test (Bl_samples),
Compaction test ( 3 samples),
CBR test {16 samples).



2.2 Analysis of Soil Laboratory Test Results o | Fig. II-1 CBR and Soil Classification

The results of soil laboratory test are shown ih Table
Colifdrnia Bearing Rolie "CB.R"

1I-2., The analysis from th st - ts is brief '
_ Y e test results is briefly 2 34 5 878910 13 20 23530 40 3080 0 100
described hereunder. ' ) : ' e bbb b L Ve
_ rerey | : . ] : General  Raling os a Subgrade Sub-bose or Bose
: o _ ' ' Very Poor Subgrode SF;"",‘;(,; Fai 1o Good SubgrotjEc0%a] G000, Toog
2.2.1 Evaluation of the Soil as Subqrade Material : : k! B Sbyrod] Sub-bote | Bows) Bose
. ) L S ) Co . G-Grovel
. o . ' . 5-Song
Soil classification of each sample was made by AASHTO _ | _g*ﬂwwM|mmw
- Clay e
M145-73. Accordlng to the AASHTO, M 57-64 Soil Evaluatlon : - : P Eined matuial Oimm.
. nc
for Subgrade, good or fair soils for subgrade are A-1, A-3 - P hoarr e
. . L-Low 1o madiun

A-2-4, and A-2~5. Most of the samples carried from'the Site mﬁﬂﬁﬁﬂﬁuu S
o ; \\\\\\\\\\\wu\\\ 3

. Wﬁﬁ?‘w
o . %%h\\\\\\\‘{ltt\\\\\\\\\\ 2
MMJ’.&" i M
B, RN SN
At R

except G-2, Z-7 and V-9 are proved to be poor material for
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However, according to the Table II-3 Extended Unified

S6il Classification System to Laterite'Sdiis; most -of the
samples are classified into GM and GC which are ‘identified

. Civit Aa_ronnuﬁ;: Adm. Soil" Classification

to be good materials not only for subgrade but also for T
subbase. ' ' t ?%(}%//W

_ AL

. - N :

Judging from the above two contradictory. conclusions ' . E Eﬁ,fﬁgggzylﬁﬁyé
the soil character of the existing'lateritié material is | : : 2 T
considered to be poor or fair for subgrade material'during o )
rainy season taking into account the soaked CBR values : | _ e Bmmm Volue .- Ib/sgin
(4-11) which are shown in Table II-2, (see Fig. TI-1) | l 0 | II!ZOV{ 30 |4clso| oho

Modulus af Subgrade Reaction’ K h/sqin.

In relation to the above analysis, the results of i _ oo “°II IPOO I 250|_[500] ]]l F?o
i sts wer so checked. The optimum moisture : -
compactloﬁ test ere al e b : . California  Beoring Ratio” C.B.R"
contents (omc) are found out to be lower than that of : 2 2 N fﬁ.ffﬁm 15 20 2330 403060 80 100
. A L] i £ | S 1

natural moisture contents (Wn), because these tests were

carrled out during the ralny season. Therefore, 1f the.

earthworks for road 1mprovement are carrled out in dry o - oL . - o
oo ~ Source: Laterite Soil Engineering by M.D. Gidigasu
season, it is expected—that-the field perfOLmance of sub-

grade will be completed. with the good condition of the

soil material. : ' .
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2.2.2 Comparison with "Problem" Laterite Soils

The general conditions of "Problem" lateritellsoils
are as follows.

A. Weathered soils formed in regious of recent

volcanic activity,

B. - Continuous wet climate with an average annual
rainfall generally above 1500 mm,

C. Low natural densities between 0.320 g/cm3 and
1.121 g/cm3, :

D. Friable and/or crumble structures,

_ Though the Project area have heavy rainfall more than
1500 mm, most of the natural densities of the soil'evén in
the rainy season are higher wvalues than.the'above 1.121_
g/cm3. In the Project area, there is no volcanic activity

and no friable and crumble material.
Considering this situation, it is judged that the

laterite soil in the Project area does not belong to the

soil group of "Problem" laterite soil.

2.2.3 Results of'Soil'Laeratorv Tests

_ The summary of scil laboratory test are shown in
Table II-1, and other results of test are shown hereinafter
as Test Result (1) - (9}. '

/1 Identified and classified as "problem” laterite soil in
Laterite Scil Engineering, M.D. Gidigasu, 1976.
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2.3 Field Road Surface Test

2.3.1 Purpose of the Field Road Test

The field.road surface tests such as field CBR test,
deflection test by Benkelman beam and support layer thick-
ness test by sounding equipment were carried out to get the

supplemental data for understanding the existing laterite

pavement.

2.3.2 Method of the Road Surface Test.

The field CBR tests were done on the surface of the
carriageway of laterite pavement by a common field CBR test
equipment which was installed on a TOYOTA 6-ton truck and
the natural moisture contents of the tested surface soils’
were also analyzed at MPW laboratory. The graph shbwing
the correlation between penetration depth (mm) and load (kg)

was drawn and the slope of the graph was modified in linear

line. The corrected load value at 2.5 mm penetration was
selected and compared with the standard load.

The deflection tests were conducted by using Benkelman
beam and a truck which was loaded with soil in full.
Tnitial dial reading was recorded at the maximym deflection
point, and the EFinal dial reading was recorded after the
truck load had passed. The defference of the above two
values was recorded as the total rebound deflection. The
two times records of these feading'values show the actual

deflection.

_ Théisupport layer thickness test was done by the )
special sounding eq_ui,t_:maem:é1 which was developed:by the
Road Reseéf&hiihstitute of the Ministry of Construction,

Japén. The dimention of the equipment is as follows:

/1 : This equipment is simple and handy compared with the

core boring test equipment to judge the subsurface
condition, however, there is no definite relation
with other internationally authorized tests.



Penetrating 1ot

.The test_was carried out on the Sdrfaee 6f carriaéeway
and shoulder. The times of dropped hummer and thelr sunk
depth were recorded and drawn.' The rellable support layer
thickness juded from thlS graph is around 20 cm. '

2}3.3 Result'of Road'SurfacezTeSt

Summary of the field road surface test is shown 1n
Table II-4. Some of. the detalled test results of road
surface tests are attached herelnafter as Test Result (10

- (12).
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2.4 Borrow Pit and Quarry Site

2.4.,1 Borrow Pit for'Gravelly.Laterite

Bowwow p1t for selected laterlte was lnvestlgated
along the ex1st1ng road The results of the 1nvest1gat10n

are summerlzed below.

Gbarnga-St. Paul River: Good selected laterite was

found in many portions within 5 km along the road.

St. Paul River-zozor: The material found in this

section was of poor -condition along the road.

'Zorzor”TOWn Areda: Good material was found only in the

]1m1ted 5 km area around Zorzor town.

Konia-Lofa River: The material along the road was

found to be poor condition.

- Lofa-Voinjama: Only on some potrtion aleng the road,

material fouhd was of poor condition.

Voinjama-Kolahun: The material was poor along

the road but rich along feeder road within 5 km from

the junction to the main road.

-Kolahun—Mendikoma. The condition of material
S was. the almost same as that of V01njama -Kolahun
.sectlon, and. good laterite was found near by Mendikoma

‘but is does not include coarse aggregate.

The dlstrlbutlon of the gravelly laterite 1is shown in
DWG II- 2



2.4.2 Description of Quarry Site

Location and the reserve volume for the 10 proposed

quarry sites are explained hereunder.

Site A, B & C - Belefuanai

These sites situated at_Beléfuanai village on thé right
side of the existing road from Gbharnga with approximate

distance of 1 km.

Site A is the largest in deposit,and B and C are
about the same size. No ove:mburden problém, but with

grass on the top.

 Eestimated reserve in Site A: 400 meters in length,
150 meters in breast, and 80 meters in height. Volume
= 400 x 150 % 80 = 4,800,000 m3.

Estimated reserve in Sites B and C: 180 meters length,
80 meters breast, and 60 meters height. Volume = 180 x 80
x 60 = 864,000 m3, |

Site D - Gbanway

This site situates at Gbanway on both sides of the road.
The deposit contains average over-burden, and should be con-

sidered as a spear side.

Estimated volume: 450 m length, 150 m breast and 80 m
height. Volume = 450 x 150 x 80 = 5,400,000 m3,

Site E — Zorzor

This site éituatés'ét_le km from Zorzor after LPMC

cocoa nurserY'garden on the left side of the existing road.
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It has a little over~burden, and is very economical site

in terms of'transportation for both sides.

Estimated deposit: 1.0 km in length, 500 m in breast

and 200 m in height. volume = 1,000 x 200 x 500 =

1 x 108 nl.

Site F - Tennabu

This site is located on the left side of the road from
Zorzor with a distance of about 500 m from road side. This
site is very suitable and economical because of no overburden,

exposed homogenequs deposit.

Estimated quantity: 2 km length, 500 m breast and

100 m height. Volume = 2000 x 500 x 100 = 1 x 10% m3.

Site G - Voinjama

This site is located on the left side of Zorzor, and
reached through the 1.0 km long one lane access road from

the Project,_about'7.0 km to Voinjama.

There are two qﬁarry-mountains. A portable crushing
plant had been operated, and provided the crushed
aggregates for Voinjama town until 1978,

Estimated reserve: each length is 300 m, each breast

is 100 m and height is 30 m. Volume = 2 x 300 x 100 x% 30

= 1.8 x 10° n’.

gite B - Johnny Towh

This site situates at Johnny Town on about 20 m right
side of the road from Voinjama. This deposite also has no
over-burden and homogéhebus rock exposed. It can satisfy
the economical supply located half way between sites G and.

I.



Estimated quantity: 1.5 km length, 500 m bréast:énd
106 m height. Volume = 1,500 x 500 x 100 = 75 x 10% n¥,

Site I - Foya

This site situates on 2,0 km right side of the road
towards Mendikoma through a swampy area. It is-a fahge of
mountains with clean tops and exposed homogeneous rock and
a suitable site for economical haulage of materials toward
site H and site J.

Estimated reserve: _1;0 km long, 200 m wide and 150 m
height. Volume = 1,000 x 200 x 150 = 3 x 10° n°>.

Site J - Mendikoma

~ This site is located on the left side of the existing
road at Mendikoma from Foya with a distance of about 20

meters from the road.

Though free from over—burden with homogeneous rock
this quarry site should be considered to be a spear side,
because it situates almost at the end of this hlghway.

"Estimated reserve: 1.0 km length, 400 m breast and
50 m height. Volume = 1,000 x 400 x 50 = 2 x 10 m>.

The location of the above quarry sites is shown in

DWG-I1-2.

2.4.3 Spec1f1c Grav1ty of the Rock bpec1men

The specific grav1ty was tested by MPW 1aboratory,

and the results are shown -as follows:

I1-6

SAMPLE SPECIFIC GRAVITY
A, B+ C 2.6l
D 2.63
B 2.64
J & G 2.69
H 2.64
2.62
Average 2.64
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FOR TOTOTA.MONROVIA

DATE OF SAMPLING

SAMPLING POINTS

July 10, G-1
11 6-2, G-3
12 G-4, G-11
14 Z-8, 7-10
16 21, 2-7
20 V-6, V-9
21 V-1, V-8

GDARNGA - MENDIKOMA HIGHWAY PROJECT
FEASIBILITY 5TUDY

SHEET No.

LOCATION OF SAMPLING POINTS

owg-II-1

T

KPADEMAI YELE
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Table II-1 Discription about Soil Sample (1)

RIGHT OR LEFT

DISTANCE DEPTH FROM - DEPTH. FROM . : : |
[ o . . ) : DES NG \
SAMPLE & TNTERVAL  FOR MENDTKOMA CUT SLOPE TOP ROAD SURFACE ESCRIPTIONS ABOUT SAMPLES
- 10m from 0.5m ' Lateritic mater;al ineludin flne gravel (40.5 - 2.0cm). Red clay with
- 0 - 0.2m € ¥
G-l Gharnga : 81 ;! llttle iron oxides and mica,
™ Junction LEFT (o' ope. h :
o8 section) 0.2m -~ O.6m Red’ plastlc clay, hard milky red clay with silt, glavel ($2.0cm) and mold in-
s _ - bottom layer.
‘ 0 - 0.2m Darkgbrown wet surface so0il with mold.
G2 s RIGHT 1.0m 0.2m ~ 0.6m Dark brown gravelly clay with mold.
0.6m ~ 1.0m Dark brown gravelly 8ilt with wa&thefed rock,
Okm ' L : Moist browu médiﬁh o fine sand, some clay and silt, litble medium to Ffine.
- . - 0. P18 ! = ’ s
-3 from G-2 RIGHT l_Qm © _ > gravel, (40.5mm -~ 2.0mm), trace~0f decomposed rack fragments,
G-31 pear by G-3 RIGHT 0 m' 1,0m _HiGHT _ gzzszi:§rgnarry 51te for Selected laterite, mlxture Erom gravel (0.5 - 2.0¢cm)
: : o - 0, . .
G4 332 63 LEFT . 0.5m 0. ) 2m. Red and hard 1ater1tlc materlal
_ m, e 0.2m - 1.0m Wet tanlsh browm clayey s5ilt and flne to coarse sand with mold.
G5 Okm _ RiGﬂT 0.5m d - 0.5m M01st 11ght brown,flne 1o coarse sand & clay and 311t trace of medium to
- from G-4 { embankment ) fine . gravel with mica, and mold. -
section)
.. . . 3 'b “ ) - . I3 t - l- -
Gt 3§§m s RIGHT 1.0m 0 . 0.5a gzzizm ii;izlbfzgnczi?y_& silt, some fine to medium sand, litile Ffine to
— 8 L] *
: 9k . . - s Moist tanish brown fine to coarse sand, some medium to fine gravel & silt &
&fT from G-6 RIGHT 1.5m 0 0'?m 'clay:gravEl (¢10;0cm) in bottom of side ditch,
9km ' :  "'_ - 'M01st tanish brown fine to coarse sand, some silbty clay'& medium to fine
G-8 from G-7 RIGHT . 2.0m ° OiSm gravel, irace of decomposed rock fragments.,
' . . i la h - rel 12 ith mold 1
69 g:ﬁm s LEFT 4.0m G - 0.5m iiiizmbzngigzlggtghay w1t, scoria (#lmm - 3mm) grave ‘é cm) wi 0 n
| . o foist i srown medi i 10cm - 1l¢m) on
(.10 ggg oo RIGHT 1.6m 0 - 0.5n __gSiszli;Eht brown medium sandy clay and silt some gravel (#10cm ¢m) o
m G- _ : . .
S S lay & silt fin el from
G-11 gkm 610 LEPT 5.0m 0 - 0.5m izziﬁeizg izik?rown fine to medium sand, some clay si ine grav r
rom G- _ : . *
. rom o - "M tt h,b wo fine to coarse sand & clay & silt, little fine to medium
Z-1 EOOm frgmg LEFT 2.0m 0 - 0.5m 'gfiiel 223; we;zhereé rocﬁ e e o
Zorzor G. .
. .Mdist red plastic clay, yellow harden silt, medium to coarse sand
2-2 o km LEFT 3.5m 0 - 0.8m (0.5 - 2mm) =5 ¥ ’
m - . _ ] . . . 1 .
73 9. 3km LEFT 0.5m 0 - 0.5m Moist groyish brown fine o medium sand, little silt with mold.

from Z-2
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Table II-1 Disecription about Soil Sample (2)

DISTANCE

DEPTH FROM

I RIGHT OR LEPT ‘DEPLH FROM e .
SAMPLE o : : 3 !
& INTERVAL FOR MENDIKOMA CUT SLOPE TOP ~ ROAD SURFACE . DESCRIPTIONS ABOUT SAMPLES
/) 9. 3km RIGHT 3.0m 0 — 0.5m Moist gréy & brown fine to medium sand & clay & sil®, trace of fine gravel,
from Z-3 . _
Z-5 9.3km LEFRT 0;5m 0 ~ 0,5m Moist tan & brown medium to fine sand & silt & clay, trace of mold and scoria.
from Z-4 :
9. 3lm : ¢ ~ 0.3m Red plastic clay with fine sand &ﬁd gravel,
76 . LEPT - 0.6m
from Z2-5 - 0.3m - 0.6m Moist tanish brown medium to coarse sand & silty clay, much medium to fine
’ : gravel, trace of mold and mllky 51et
7.7 _ 9.3km RIGHT ' 0.8m - 0.4m ' Moist reddlsh brown clay with fine gravel from weathered rock,
from Z2-6 ° ' R : :
: : 0.4m — 0.8m Light yellow silt with sand and fine gravel from weathered rock.
3km o ' T : _
7-8 ?rim 77 LEFT 1.5m -0 - 0.5m ¥et reddish brugn_medium to fine sand, some silt & clay, trace or roots & mica.
9. 3km : 0 - 0.3m _ Moist dark grey sandy clay.
Z-9 : LEFT 1.0m o . P . . . .
from Z-8 0.3m - 0.5m Ho;sﬁ~reddlsh brown silt & clay and medium to find sand, trace of fine gravel
' S and Toots, light milky silt in bottom layer.
9. 3km LEET . o Moist tanish brown clay & silt, some Tine to coarse sand, trace of fine gravel
2-10 from Z2-9 ' 2-0m © - 0.om & roots, milky red clay and yellow silt, '
Vo1 4.6km froa RIGHT o m om Existing quarry for selected laterite, wet dark brown.fine to coarse gravel,
Yoinjama G.5 o some medium to coarse sand & silt & clay, trace of mold & roots.
v_2 8.6km LEST 1.0m 0 - 0.2, Dark grayish-brown'surface soil.
Yo A 2 - X .
from ¥-1 0.2m ~ 1.0m Moist light milkyish gray samdy clay, trace of roots and silt.
V-3 i;g:év_z LEFT 3.0m Q0 — 0.5m Moisﬁ datk red clay and flne 40 medium sand, trace of mica.
voa 8. 6km LEFT 0.5m o - 0.5m  Moist red plastlc clay wlth fine gravel (g0.5-1. Ocm) trace of barden silt and
- ’;om V.3 _ : : milky coarse gravel (g5cm).
f - . ) , _
. 8. 6km - .Moist-reddish bfbwn mediun to fine sand, some clayey silt, milkyish white clay,
Y=o from V-4 RlGH?_ € +0m ¢ - Q.5 ~trace of roots and harden sand,
Vo 8.6km RIGHT o m 0 Ex1st1ng quarry for selected laterite. Moist tanish brown fine to medium
- from V-3 - ' . gravel, some 511ty clay & fine to medium sand, trace of milky clay.
" 8.6km IE?T : : . Vet reddish bidﬁn silh & clay and mediunm to fine sand, irace of roots, trace
(atd from V-6 : 2.0m 0 - 0.5m of sandstone and mica.
- 8,6knm - LE?T 1.2 o  0.3m Moist red and brown medium 1o fine sand, some clay and silt, little decomposed
V-8 from Y-T : -8 ° rock frdgments, trace of fine to medium gravel, trace of roots and silistone,
; 8.6%m RiGﬁT o 0w -ZMolst dark red fine bo- medlum gravel ($1.0 - 3.0cm) some coarse to fine sand
-9 om V-8 : o and silt plastic red elay undeér 0,.5m depth.
from V-8 . . s

Exlstlag quarry for good,laterltlc material.
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. Table 11-2  Summary of Seil Leboratory Test.
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Table IT-3 Extended Unified Soil Classifications System to laterite ‘soils

Soundness clossitication 1o be mods

.CLASSIFICATIONS TO BE MADE ON ALL SOl MATERIALS . i
. _ on agQregates if desired
) s Grovel or toch greoler than 8 in hes Iﬁouidef Laro_e’ i:ru:_.'aed"o'r weamered rotk frogemants
O ; A
[ . .
> & Grovel or rock betwzan 3 inches ond 8 wches “fCobble | Mecum sized crushed of wasthared roch fragments
. ﬁ = 5_°/o h f:"::, C GW 1 wWell graded gravels with very few fines Parform the Coliforniac Coorsa
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Test Result (1)

GRADATION - ANALYSIS " FOR REPORTING - GRADATION" -ANALYSIS FOR REPORTING
- _ (ANALYSE GRANULOMETRIQUE) | PouR Le maeoRn) | " (ANALYSE GRANULOME TRIQUE ) (POUR LE RAPPORT)
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“Test Result (2)

GRADATION ‘ANALYSIS . FoR REPORTING ' GRADATION ANALY SIS FOR REPORTING

. - - . ‘ RAPPOR o - 1 POUR LE RAPPORT]
[ANALYSE. GRANULOMETRIQUE) S o | (POURLE RAPPORT) B - (ANALYSE GRANULOMETRIQUE ] :
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| SPECFIC GRAWTY ' _ _ SPECFK GRAVITY

(POIDS SPECFIQUEY Gs

[POIDS SPECFIQUE) Bs

GRAIN StZé (o~}

GRAN SZE (wa) - ‘ IO BN e T T T - - _ — .
" ; : Bied | 3=]- - 4. s Gl | G431 o-2h . . R 56-8 - . 9 | 9.52 | 4.76 | 2.00 [ 0.84 | 0.42 { 0.25 | 0.105] 0.074
w | CRAURONETRE) B L B 25L| 952 476 2200 | o8t | iR | S2%R [ 0105 0.0M Jo 8 -tGRANURoSZiTR:EJ AR AN R
L TOTAL PASSING{%) : 1. . _ ' = TOTAL PASSING(%)|. - :
o . . : : . . @ & . —— i
_f’ (TOTAL PASSANT) 200|928 921L] 98.91 24.3) 869 | ££.7] 63.8 | SRS\ $2 L) $¢.7 = (_r((:;;;!:zs;?m)} _ : 100|396 2e-°o1 $2 2 42.914/.5
& 5| GRAN SIZE(ma) N - ‘ " % 5| GRAN SZE(=e : :
EE (GRANULOMETRE ) R o S e | ) o | (GRANULOMETRIE). N 1 L )
§§“'fé¥§[’5£§§ﬁ§(%) ] 1 s g.g TOTAL PASSING( %)
£ 3 [(TOTAL PASSANT) e T S X |(TOTAL PASSANT)
. : S : SEVE ~ S
[gFEfl\éELAGEJ L ' - _ (CRIBLAGE] -
' - Wb . 420p . 0w | & tpan (35dme 3. o . S 5w AR 200 98 im0
GRAN SIZE ACCUMULATION CURVE - T | I I I ] L1 1] GRAIN SIZE ACCUMULATION CURVE [ P ] ] Bl 11 IAi i
m[COURBE.GRANULOMEm'QUE) o . 0w B20n o B AT R I 1oy [COURBE GRANULOMETRIQUE }
150 - B - - e . N - .

{POURCENTAGE PASSANT) (%)

PERCENTAGE PASSING

PERCENTAGE PASSING
[POURCENTAGE PASSANT] (%)

T
DIMETER . _ : {DWMETREY  (wa)
(DIAMETRE) (o=} S . _ AR _ S s s { AT T
£ CLat :meahal‘[ SLT (5LT) . I SAND (SABLE) - GRAVEL [GRAVIER) o ———g CLAY(ARGLE) | I
- ' : - i — 5.001 (673 0.074 -
.00 0.5 0.074 2.0 ) . .
' : : ' COLLOD
% COLLOD. . . *® Y
{COLLODE) . . : o oo _ (cou.me;
. y : . e ' ' : ) ’ MAXMUM DAMETER (GAMETRE MAXSMUM )
4.76mm < . %y gi] MAXMUM DIMETER (DAMETRE MAXS&24) | 28664 - _ _ 4. Temm < ‘___w_____‘_'_W__.“Qw__g_a WUA __________________________ G574 ™)
""""""""""""""""""""""""""""""""""" e F TN A B _ : ¥ coos ETER (DAMETREG0%) . .
476~ 2. 000 >t % 60% DIAMETER (DIAMETRE60%; ) 027 o - 4.76~2.00 o, 4L %) 60 ‘f’ﬁ” - _ ; 2,29 ™
g ) ) 4 G y - _._..____.--.-._.._.----______,.,,VQ.,,,.AA..' ................. 2 Z o ————— - it
[T ) R o T e o le] . . .| 302; DIAMETER(DIAME TRE 30% ] o
e i3 . .42: o ]
‘gg 2.00~0. 42w 0.2 % 30‘-oDlAMETER(DF’*_“"ETRE?O%f o %’g 2.00- 0.___?__“2 __________ I - A Y] TS— - SN TS———"
oG el I T DR o R i oo Ay o o] 102 DIAMETER{DIAME TRE 10% 5 .
55 -~ c 0 ol l 07, DIWMETER{DIMMETRE 10%0 5 o el e] 0.42~0.074mn 2h & | OB OMMETERIDBMETREI0% S |
£ & 0.42-0.0747 I 4 e e IQGJ..‘_..?.,.--...Q ......... y -'__...,-..._--(.1__.‘“,-..-.-.4 .......................... i 8:_ E ---------------- R R e =R e T g’ """"""""" é aéfFiCIENT OF UNIFORMITY
T e e o} COEFEICIENT OF . UNIFORMITY : 0.074~0.005m - o5 (COEFFICENT D'UNFORMITE} ~ i
0.0747 0. 0¢em G, o (CORFFICENT D UNFORMITE) . | R S N S A et pr G e e CRIRTE
A T R S T COEFFICIENT OF CURVATURE ' R - b 0. 005 ms> _ a:] COEEGIENT DE COURBURE)
0.005mn > 7 ol CorercEnT OF COURBURE ] | o |




Test Result (3)

'GRADATION  ANALYSIS . } FOR REPCRING oo 7 GRADATION ANALYSIS FOR PEPCRTNG
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Plasticity Index (IP)

Test Result (4}

The corelatlon Of quuld lelt

is glven below.

(WL) and Plast"icity' Index (Ip)

Ip of the most of samples is over than 6 ranglng 10 to 25

Wthh is required for subbase course materlals in AASHTO

M 147- 65.

Six (6) results from all test results are picked up and shown

hereunder
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Test Resuld (5)

LIQUID LIMIT & PLASTIC LIMIT TEST.
(ESSAI DE UMITE DE LIQUIDITE ET DE  LIMITE DE PLASTIC!TE)

FOR REPORTING
{POUR LE RAPPORT )
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| OENOMINATION DE L ENQUBTE ET LOCALITE )

NAME OF SURVEY & LOCALITY

_L -

DATE TESTED BY. “DATE TESTED BY\
(DATE) (ESSAL PAR) [DATE) (ESSAI PAR)
FLOW CURVE . _ FLOW CURVE _ ;
(COURBE DE DETERMINATION DE LA LIMTE DE LIQUDITE) (COURBE. DE DETERMINATION DE (A UMIE DE LIQUOITE)
5 5 15 2

5

SAMPLE NO. & DEPTH

N DE L ECHANTILLON £F PROFONDEUR) Na Z - 7 { m -~ m)
UGUID LIMIT TEST PLASTIC LMIT TEST
(UMITE DE LIQUIITE ) UMITE DE PLASTICITE)
TEST. 80| nO.OF BLOWS | WATER CONTENT [ TEST NO. | WATER CONTENT
e'DE U £550 ) |{(NOMBRE. DE COUP JF(TENEUR EN EAU Y En'0E vrssay (TEMEUR EN EA)
' g g
N N T~ o A 26.2 %
2 2l Tyl %y 2 22.3 %
3 o | _3su% 3 | - %:
L T 1 .
A IEA _38.72.%) -
5 . %
: - [ HEAN VALUE T
6 - B Cuovde A
LOUD LMT PLASTIC LT PLASTIQTY INDEX
QLANTE DT UQUDITE) | (LaaTR 0E PLASTIGTE) | OROICE CE PuasTionE)
Wy 26.8 %lwo 27.0 %l 2.8 QE_ :
._I—‘ PR — | [ —— _,__'.;__:__.l.
é g L—A o ——— - -vwﬁ--*-—-—-“—---—-—————r:--:
55 . L. - - . e
L o _ .
[2 b e U A0
e ik T
SAMPLE N0, & DEFTH 4 - . i
j— { m m} = o
(5 DE L ECHANTILLON ET PROFONDEUR) Ho. V 2 o = L o
LIQUID LIMIT TEST  PLASTIC LMIT TEST - -
(LRTE DE LQUIDTES . (UMSTE OE PLASTICITE ) ) )
JEST. NG NO OF BLOWS | WATER CONTENT { TEST KO WATER CONTENT e I R
mepe v Lo NOMBRE DE COUP )| (TEREUR EN ERTIINDE LEssey TTENEUR E?E_EJ_I_U_)__ o -
! 33 14 N R 208 %
P .
g 2F | 384 %] 2 28] %
g ' 9
2] =3 ez % °.
SRR SR ' 8_____ _____ ‘:i: gziﬂ,.u ] b e s
e i A T T
6 Bl (B 2R
LU e | easicumt ] POASTISTY DL 36 ]
SO DS LU | CLMTE DD PLASTICTED | UNDCE O FLA
T T B
e 385 e, 209 < hie 6.6 =

1eoweREO of b

. e

LTI

WBRE D

11-16

7 8 %10

» LU ]

SAMFLE NO. & DEPTH

m)
(N*DE L EQHANTILLON ET PROFONDELR)

m —

PLASTIC LT TEST
(UMITE DE PLASTICYIE)

LKID LiMIT TEST
(LITE DE LIGHDITE)

WATER.COMTENT f| TEST NO WATER CONTENT

CTENEUR EN EAY e Lessu (TENEUR EN EAUY

TEST. NO. NO. OF BLOWS
(N*0E v E5Sa| [NOMEBRE DE COUP S

Lol 38 | aea% 1| 263 %
2 | .29 329%) 2 | 2866 %
3 2 | geb®) 3 %
4 b Y3 %

5 %% .
o || MER !Alﬁus”_ _______ -
6 % Viveiee prd f a_r
LIQUID L8iT PLASTIC LBT FLASTICITY lNDEX .
{(L¥ATE DE LQUDITE) | (LWATE DE PLASTIITE) | (MOICS DE PLASTIOTE)
w{' 3?'9- %wg 25'5- ?5,'0 !3'? ‘E\‘i
=0 R IR |
Z . 4
o e .
83 | .
: 3
SAMPLE NO. & DEPTH . G- 3 ‘ _ . ’g‘j
N DE U ECHANTILON ET PROFORDEUR) | 1 &V _th o #
LQUID LT TEST - PLASTIC LMIT TEST - e
(LMITE DE UQUIDRE) (LMITE DE PLASTCITE) 43 _ ‘\Q e
TEST NO: | NO.OF BLOWS | WATER CONTENT § TEST ND | WATER CONTENT L : \Q. -
(' DE L ES541 (NOMBRE DE COUP ) | (TENEUR ENEAUHESDE vessey] {TENEUR EN EAU) 42 . (:I.\\
1 32 | ALL 2| anS % -
. ) Qs . 9/ . - e
2 | 28 la9% 2| 289% . e
] o 3 ) o s c -
3 24. | 42.2% - f - o
4 %
LA DR A S -5 £ O - 39
5 . % : _
; "“L o ;aa-t-?m;a"”“““"*“
. 7 TEUR N
6 { I ooLore [‘-’-\?I\Ew:zj ‘Z_?_ 7 .
LQuod et -] PLASTIC LivE PASTICTY WOEX
LIMITE DF LQUDITES i (LIMTE DE PLASTITEY | (WDCE DE PLASTICE S )
ek qoi’“'ﬂ e
LT T T T T T
LoWGBDR QP FLoenl aRImMRRE D COUR
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Dry Density {d (g/cmj)
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failowing three (3) samples were tested as the typical

2 of esach stretch;

a-6 for Gharnga-Zorzor, Z-3 for 2orzor-Voinjama,

-2 for Voinjama-Mendikoma.
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{(kg)

Load

Test Resuit (7) '
CBR_ Test_for Gbarnga-Zorzor Stretch

Actual Load
:CBR_ = Standard Load 100%
_124.7 _ o
CBRy 5 = Th75- X 100 = 9.1%
G-2
' _ 192.8 SO
CBR; o = Zg30. X 100 = 9.5%
700 - | | R - - o CBR, , = g;ol x 100 = 8.1 %
G-8 ' 120.0
. CBR; o = Zg30 % 100 = 5.9 %
600§
o 260.8 _ "
| CBR, 5 = 370 =+ 100 = 19.07%
' G-6 :
: 340,2 o
: ' CBR = =—=Z x 100 = 16.8 %
T | // &6 : 240 2030
| ) -/’/’,”/,//' ' CRR, s = T35 X 100 = 20.7%
) 371442 - .
400l | / ' : OBR; o = 3530 X 100 = 18.4 %
e | o ” | L 90.7 "
i IR, LY 0 = 6.6%
Yy | . A | | CBR, 5 = T30 * 1° %
| - G-10 113.4 -
300 . // ' o s ."(}_-—2 CBR5 o = -2-6—3*5— x 100. = 5.6 %
o ,:/ / . .
T /I /. . . ’ X
/;;/ ‘ d S, G4 ' - Note: CBR, 5 is value at 0.1 in(2.5) penetration,
4;/ ! ,/z/’ ﬂ/ﬂ,f/f/’f’,,,f,’fwff’ _ _ : . an RS.O is value at 0.2 inl5. pe g
/ : / // : _ ' The CBR is generally selected at 0.1 in{2.5) penetration.
./ I / :
N /A s
//I
v i
Coor e
o 1 2 3 4 5 6 7 8 9 10 11 12

Penetration Depth (mm)
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(kg)

Losad

700

600

500

400

300

200

100 |

Test Result (8)
CBR Test for Zorzor-Voinjama Stretch

Actual Load

I11-19

CBR = Standard Load 1007
238.1 :
085',2..5 7370 100 17.4 %
Z-1 ,
317.5
CBR, 5535 100 15.6 %
a 215.5
CBR, . 570 100 15.7 %
73 .
272.7
CBR; .0 2030 100 = 13.4 %
5 7-3 o
CBRZ.S 1370 100 6.6 %
75
: 113.4
CBR, E) 100 5.6 %
i : . Z-1
’ | 113.4
,/,/”,///,/”/// CBR, 575 100 8.3 %
//,/’/ I 7-7 .
: , 170.1 .
. ./,,/””/(/%/ CBR5 o = 2030 100 8.4 %
’ . 113.4
CBR, . 576 100 8.3 %
' 79 '
s -~ g 158.8 ,
e ;’,,,f»f”’"é ! | CBRs5 o 2030 100 .87
'/// / Z-9 0.7
. - = - e = v — . 9' of
_______ L : - ,:::::25559,, . CBR, =75 100 6.6 %
i L Rt . - %-10
ﬁjl : -,”,,,fﬂ~”’1f’””"”ﬂfﬂf P CRR 22 % 100 6.4 %
/ ://// g —
-7 i
ST
L7
2



{kg)

Load

700

600

500

400

300

200

100

o

Vo

CBR_Test for Voinjama-Mendikoma Stretch

Test Result (9)

///////////.VHB
T
e R
o _/_‘-/:i IV . /' //’ V-’z
\ S _ g : vt
// ' __,g;:::::::-::::::::::jw~"“““"’"ﬂw |
: ! - et .
_/., S 7::’:?/ .
< = *‘7"7'// :
e
V o - o
] P TN BN AN I S S |
1 2 3 4 5 . &6 7 8 9 _}0 11 12

Penetration Depth {(mm)

I1-20

Actual Load

CBR Standard Load 1o0%
CBRz-S = 12?64 x 100 = 5‘8-%
V-2 CBR. o = 53264 x 100 = 5;6 %
CBR, ;= T3re x 100 = 4.6 %
R, . = .11%%‘& x 100 = 13.2 %
" CBRs 0 = gi%%:dg X 200 - 112 %




Table II~'4._ Suﬂu'ﬁary of Road Surface Test

LOCATION - _
: Gbarnga-Zorzor ' DR Zorzor-Yoinjama - Yoinjama-Mendekoma

TEST ITEMS \ : . - ,

';:"—::::Zk::-::"“‘“:é: SRR s TS oo S e e e S S S S S _,H_,::;::—_:;;:m::‘:—.:z_——_':m e T Ty T T =
Semple Point _ G-2 G-4 G-6 | 68 | 610 || 71 Z-3 | Z-5 -7 | %-9 | zZ-10 | V-2 V-5 V-7 V-8 V-9
Sample Depth (m)- j. 0 | o { o- 0 | o Jo | o o Jo fo o Jo 0 0 0 0
Natural Moisture 10.7 | 15.0° | 10.6 6.1. 8.9 2.9 | 3.3 | 6.2 11,1 |10 9.4 8.0 | 83 ]18.0 8.4 |11.8

o Content (=) _ RE : T ‘ _ _ _
« :
Field C.B.R. (59 46.4 30.7 46.7 42.4 | 38,0 74.6 94.9 {08.0 | 42.3 34.3 16.1 |f 38.9 39.4 15.4 35.8 | 49.6
“Initial Dial 2.9 2.5 2.2 ]2 00 1.0]1.4}0.7]0.2]3.1 |2 5)l2.4] 2.3 ]1.7]0.8 .2j2.5 3. 7{2.5 i T fo.ef1.of3.5 |3 6[2.4]4.2]3.8 4.3 3.8 3.4 2.6 ]2.3
. Reading o {mm) : : o e _ 4
oo ' .
¢ o | Final Dial Re“‘(li“?' 0.6 o.ol12l0lo7li.4lo.7]0:2]2.6]1.802.4]2.0]1.3]0.8 h.5]2.4]2.2]1.00.6}0.7 [o.2|1.0[3.1]2.7{2.4]a.2n 6 2.3 ]2.2 2.0 g T
== mm : T - ' : : :
o Ry o ]
Total Rebound o116l 1.0l1.000.3 0l o] 0 Jo.sl1.4f 0 Jo.3jo.2f 0 p.7io.a|1is]1.50.5]1.00.4]0.1}0.410.9] 0 ] 0 J2.2]2.0)1.6[1.4]0.810.6
Deflection (mm) : _ ) i B .
| Nevalue |CaTTisgel 5o | oj0s } 38 ss | 75 Jerjies) 98 | 136 | 125 - 250 - | 208 139 9 127 91
£ per 10 CM Way ' ' :
e Pepth  — — — - ‘ . .
5| from  |Shoulder 36 | 25 17 29 | 30 1200 23 125 29 | 28 | - - - - 18 43
2 Surface A : . T . o “ o : '
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18001,
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1600
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800

600;

400
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Lzl | ] l

T RN N RIS SR

o 1 2 3 4 5 6 7 8
Penetration Depth {mm)

"TeSﬁ'Rgsulﬁ (10)
Field CBR Test

25
20001~ 2000]

1800 1800k
£ 3
., 1600 = Lol
a i
2 Q
w1 2

- V-9

1400 1400}~ e

1200 1200[

1060

1000
2-10

800 800
600

400,

400

200 200

N | Lo

IR R TS SR B _ B | ! 1 ! I 1 L
0 '3 4 5 6 7T 8 9 10 o 1
Penetration Depth {mm)

2 3 4 5 6 7 8 9

10 11
Penetration Depth (mm)
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Test Result (1l1)

Benkelman Beam Test

The 6.0 ton TOYOTA truck fuily'1oaﬁéalwith'la£eri£e'scil 
which was checked to be 5.2 ton per wheel and 6.0 kg/cmZ
air pressure of tire was used as the test load.

The deflection test were tried at two poiﬁts in:one'test
point. Only six (6) test result are drawn in the following
graphs. ' ' -

A : Max deflection

= Initial Dial Reading x 2

B : Final deflection

= Final Dial Reading x 2

C : Total Rebound Deflection

= A - B

11-23

(mm)

Dial Reading of Displacemeﬁt

0.5

0.5p

1.0""
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i |

ol P

+150

1
+100 '

+50 O
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Test Result (12)

Sounding Test

Carriageovay o _ Shoulder
e —— .

e

‘Penetration Depth (m)

0.2
0.4
0.6
0.8

1.0

0-2

0.4}

0'6

0.8

}..0 .

0.2
0.4

0.6

0.8L

0-_2

0.4k

0.6

0.8}

1.0

V-2 : . : : o ' 1 ] 1
R i o 1 i ] L I 1 1 1 i 1 i £ I L g i 1

o 20 30 40 50 60 70 80 90 100 110120 10 20 30 40 50 60 70 80 90 100 110 120

N-Value per 10 cm Depth from Surface
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\ FOR TOTOTA MONRDYIA

Typical Section

ZZZZZZZZ Gravelly Laterite

GRARNGA ~ MENDIHOMA HIGHWAY PROJECT
FEASIOILITY STUDY

SHEET Ho.

Borrow Pit and Quarry Site
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(i)
HYDROL.OGIC STUDY OF

DRAINAGE STRUCTURES



III. HYDROLOGICAL STUDY OF DRAiﬁAGE STRUCTURES

3.1 Formula for Anal?sis

For the selection of the analysis method for hydrclOgical
analysis.applicable tc the Project atea,evarious formulas

were reviewed comparatively and the following was applied”

Rainfall intensityffor frequency of 100 years, 50 years,
25 years, and 10 years is calculated using the formula stated
below. ' o .

100 years . .... ht 100 = 33 0

50 years ..... bt 50 = 22:tb354
25 years ., ht 25 = .19 £0.6
10 years ..... ht 10 = 317ct0.58

where, ht : rainfall intensity mm/h
¢ : duration of design rainfall or
t = (t'+l) -0. 2t' ‘hours '
' e Concentratlon tlme {hours)
These formulas were selected after. comparlson of the

monthly rainfall records of the PrOjeCt area and that of
CANTA-TAPITA area. whlch are shown in FLG. I1I-1.

Judging from the expected functlon of dralnage structures,

the ralnfall intencity of 100 years was applled to calculate
rlver dlscharges for brldge,'the intencity of 50 years and

23 vears for calculation of box culvert and pipe culvert,
respectlvely, and the rainfall 1ntenc1ty of 10 years was. only

calculated as the reference data.

I1I-1

The formula for calculation of discharge is given below:

o = 0.28 ht x i x Axnf (mB/Sec)
where, 0 : discharge '(m3/sec)
C : runoff coefficient (0.5)
A basin area {kmz)
£ : coefficient of shape
of the hydrograph (0.6)

However, for

River, Lowa River

large rivers such as St. Paul River, Weaher

and Lofa River the following Dicken's

formula was applied.

On the other

‘drainage capacity

(m3/sec)

coefficient of runoff in
hilly area {3.46)

basin area (kn?)

hand, for the calculation of the existing

the following Manning's formula was used.

2 1
Q = V*A = L . R3 . I2 . A
n
. S 3 '
where, O : capacity of drainage structure (m /sec)

\' :.velocity (m/sec)

' i L2
A : drainage section {m™)
R : Hydrological mean radius {m)
n roughness coefficient of

structure wall

1 slope of drainage structure (%)



3.2 Bydrological Analysis of the Existing Sttuctufe

Hydrological” analy31b of the ex1st1ng bridges, box-

culverts and pipe culverts are made by comparlng the dralnaqes
capacities and the expocted dlscharges.

3.2.1 Analysis of Catchment Areé.

The catchment area for each river basin was calculated
on the basis of the topograph1ca1 map (scale .1: 250 000) and’
hydraulic map avallable from the Land & Mlnnlng Mlnlstry
Only, the catchment area of St. Paul River was calculated on
the topographical map (scale 1.200,000) gained from the
Republic of Guinea. o o i '

The summary of calculatlon and analy51s is shown in-
DWG-I11I- 1 CATCHMENT AREA.

3.2.2 Hydrological Study on Existing Drainage

1) Bridges

All bridges of the Progect road were analyzed and found
to be safe for the flood of 100 vears ralnfall 1ntenc1ty.
The result of the hydrologlc study on the existing br1dces
are shown in Table III-1, o '

The bridges on the.rivers,_the.highest water level of
which are near to the discharge capacity are presented in

Analysis Result (1)-(5).

2) Box and Pipe Culverts

Other dralnage structures are also analyzed and the
results are shown in Table III-2~ III-4, some capacities of

which were found not ehcugh.

I1I-2
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Table ITI~1 Bridge Inventory and Hydrologicel Study

g - B -
Bl‘idge Accllma Dle . R‘iver Name Br. . qpan ’ . E‘ffee‘bive . . - e : o Ca A - .
: J _ _ _ Spar _ _ o e pacity Discharge Catchin
o (mite) B ' Longth (m) ~Composition (m) Width (m) ~ IP° °F Be Oondibion  (m3/s) (3/s) Basin No.  Remerks
goaRNGA O Y . _ - S ‘ e e e
i nle B ' o : : S . : . See
s 363 429 Noon miver 1515 1495 6.90  Steel Gixder CGood 1232 109.5 21 Hydrograph
2 5 '6 44‘ oo River 18.20 - 17.80 7.50 Concrete T-Beam "o 197.9 188.0 28 - do -
3 7. 4 St. Paul River 123.45 14.80412.20 .©  7.40 Concrete T-Beam (5) noo 3543.2 3132.6 39 - do -
PP . L o, H15.25+49.60 ' Steel Truss (1) '
4 37.7  60.6 , 3 9.8 9.45 7.40 Concrete Slab " - 59.9 32.0 33
5 39.8 64 .0 Leys River . 9.85 - 9.45 7.40 n ; R n | . 59.9 2%.8 38
6 43.4  69.2 o . 18.60° 18,20 7.43 Concrete T-Beam " - 224.4 63.7 40
7 44,6 T71.8 - 15.60 15,20 7.43 woo " S 1242 36.9 41
8 48.3 7.7 Sepayea River 15.60 15.20 7.45 " : " 172.8 - 26.9 44
9 54.6  87.9 - 9.60 9.20 7.40 . Conmcrete Slab " 34.0 33.6 49 - do -
10 55.1  88.7 | | . 9.95 9.55 7.25 " | " 48.9 26.7 50
11 63.2 161.7 : o ' _ 10.25 . ‘ 9.85 7.45 "o o " 63.2 12.5 54
Z0RZOR 0 0 3 L . S I : _
1 0.5 0.8 S 16,30 . 15.90 7.70 Concrete T-Beam Good 119.1 35.5 58
2 11.5 18.6 Weaher River L 10550 ) 10.00 -~ 7.45 Concrete Slab i 65.0 30.9 67 -
3 12.5 . 20.1 Via River . 47.60 10,10+418.15 "o e () " . 1240.2 415.0 74 - do -
' ' +18.15 : - Concrete T-Beam (2
4 14.1 22.7 o - _ : 9.50 9.10 " Coi?:iete 'é}.ia,b . @ " 71.3 - 11.5 68
5 15.3 24.6 Layie Creek 15.70 15,30 " Concrete T-Beam " ' 95.1 46,4 69
6 17.0 27.3 Bene Creek .10.40 10.00 oo Concrete Slab : " 64.0 32.5 70
7 17.9 28.8 o - : C 16,50 : 016,10 oo Concrete T-Beam - " 112.0 35.5 73
8 25.7  41.4 Gabaryca River 31.25 . 15.30+15.15 - T7.40 L o 460.6 60.7 76
9 28.6 46.0 Luealh River L 49.95 24,65+24 .50 " Concrete: Box girder " ©1011.4 124.1 78
10 30.8  49.5  Lave River . 68.40 14.80+19.20 n Concrete T-Beam " ©1175.3 484.0 86 - do -
o S 418,00+14.80 - S . '
11 33.1 53.3 Zear River 49.10 17:40+18.30 " . n _ " ' 983.2 38.1 85
R ' +12.20 - S :
12 42.3 68.0 - Lota River ' 93.20 '305_404_-30.75 _ T7.45 Concrete Box girder " ©2939.3 879.7 100 ~ do -~
' : i} _ +30.85 _ B S . T o '
13 45.3 72.9 _ R ~31.45 - 12.10+18.55 T7.40 Concrete T-Beam - - " 769.1 101.1 99
14 56.5 ~ 90.9 - Zeliba River < 37.60 18.30+18.50 " "o " 484.9 182.5 104
VOINJAMA O 0 _ : _ : : . o _
i 4.8 .7 15,75 : B 7.45 Concrete T-Beam Good J105.4 84._3 108 - do -
2 23.6  38.0 18.90 18.90 nolo m - n 163.3 33.8 120
3 26.8 43.2 o . ) 12.60 - - . . "o N no o LU 82.6 40.9 122 - do -
4 43.6  70.1 Meiyo River 43.85 12.75+418.45 " " e 24407 104.0 136 ~ do -
: - 112,65 ' -
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‘Table ITI-2  pischarge Calculation (1)

Catchuent Discharge Catchment Discharge

4,48

II1-6

No. oo 2 39. " . EinSItim.; Draix_]ag'é -.StruCtalil".‘.eS':f Remarke ' Nd;_Area Existing Drainage Structures Remarks
(k") (m"/sec) bimension (m) gif;;“ (ma_/S_eC_) ' (kn?) (m%/sec) ‘Dimension  (m) gial,z;— (m?/sec)
1 1.6 3.60 .f§é22§;-§ilgg 2.9 out % 3.8 B.16  C-Bx 3.50 x 3.05 38.9
2 0.6 1.54  p{cor) ¢1}35” 2.8 27 14.3 19.93  C-Bx 2-6.5 x 3.05 202.4
3 0.9 2.30  P(cor) #1.20 2.2 28 215.0 187.98 Br 7.50 x 18.20 197.9
4 2.5 '6.60. 'g;sx 2-3.00 x 1.50 28.0 29 2.5 6.11 - C-Bx 3.50 x 3.10 44.1
5 2.2 5.37 CABx‘é.go X 3.00 32.4 30 2.2 6.41 P(cor) g0.80 9.4
6 1.2 _3.01. 'P‘Q§r5,91‘?s' 3.6 | - o 4. g2
P(cox) #1.00 : 31 45.0 51.83  plcor) 2 - #1.50 7.6
7 1.0 2.57 Do) #1o60" a.4 32 1.1 2,47 Fleo0 8020 5.7
8 2.6 4.66 'p(cdri'#lL26_ 2.2 Out 33 11.0 31.99° Br 7.40 x 9.85 59.9
9 3.0 6.44  C-Bx 2-2.45 % 1.60 23.3 34 1.5 3.25  Plcox) 2-$1.00" 2.6
10 - 20,0  26.82 C-Bx 2-3.50 x 3.50 102.4 35 0.8 2.33  P(cor) $0.60 0.6
11 2.8 6.01 C-Bx 3.10 x 2.20 24.1 6 0.6 1.84 P(cor) 2-$0.85 1.8
12 1.5 3.62 P(éor)'¢1.4o | 3.1 37 1.5 3.96 C-Bx 3.00 x 2.50 27.1
13 3.7 9.76. C-Bx 3.10 x 2.20 24.1 38 9.5 26.83  Br 7.40 x 9.85 59.9
14 1.0 2.82 i:ggi; g;:gg" 4.5 39 8,758.5  3,132.55 Br 7.40 x 123.45 3,543.2
. p(cor) #1.05 : : _
15 1.2 2.90 . $0.70; 5.1 40 53.0 63.72 Br 7.43 x 18.60 224.4
#1.40
16 1.3 2.81 - Pleor) nggzgg | 5.8 41 23.0 36.89  Br 7.43 x 15.60 124.2
17 9.2 5.q1 e gg:zg” 3.7 out 42 3.8 9.28  C-Bx 2-3.10 x 3.00 7.1
18 60.7 57.27 C-Bx 3.00 x 3.00 33.9 out 43 1.8 ' 4.35  P(cor) 4-$1.20 9.0
19 315.3  187.46 Br 7.25 x 9.85 197.9 44 10.0 26.90 Bxr 7.45 x 15.60 172.8
20 3.8 6.80 Plcor) $0.80 0.8 out 45 1.0 2.91  P{cor) 3-g1.40 2.4
21 79.0 109.54 Br 6.90 % 15.15 123.2, 46 2.2 4.28 plcor) 3-$1.60 13.7
39 6.2 = 12.9 C-Bx 2-3.00 x 3.00 67.8 47 8.0 15.89 C-Bx 2-6.40 x 18.20 193.8
23 2.0 - 4.63 g(éor}'z—éi.dof- 6.2 48 1.2 2.70  P(cor) 2-gL.50 7.6
a4 2is 4.87  Plcor) #0.60 - 45 49 15.0 33.62  Br 7.40 x 9.60 34.0
o g1.50 S | . | - |

.95 2.5 p(cor) #L.60 9.1 50  11.0 26.70 Br 7.25 x 9.95 48.9




TABLE III-3 Discharge Calculation (2)

Catchment Discharge Existing Drainage 'Strixctures_ . “Catchment Discharge Existing Drainage Structures

*  Area , o) _ : _ Remarks . No. Aven Remarks
o B e ’ - . [ . ! . -
(km™)  (m"/sec) Dimension * {m). gii); (m*/sec) _ (kn” ) (m3/sec) Pimension (m) S?E? (m3/sec)
51 3.3 5.92 P (cor) #0.80 0.8 76 34.0 60,68 Br 7.40 x 31.25 460.6
52 2.3 10.41 C-Bx 2-6.40 x 3.00 193.8 77 3.7 6.19  Plcor) #1.40 3.8 out
' $0.60
>3 4.0 6.86 P (cox) #1.80 6.2 78 126.3 124.14  Br 7.40 x 49.95 1,011.4
54 2 _12.46_. " Bx - '7.'4.5 x 10.25 53,;} 79 3.9 6.52 Plcor) 2-g41.60 9.1
55 1.3 4.20 P(cor) 2-g1.20 4,5 80 1.8 3.90 p{cor) #L.20 3.5
- ' . ' $1.00
56 1.0 2,25 P (cor) 2-$1.20 3.3 81 6.7 10.10 C-Bx 2-3.00 x 3.00 67.8
- $0.90 ' . .
57 0.8 1.93 P{coxr) ¢$0.85 2.4 82 2.4 4.98 P(cor) 2-#1.20 4.5
; 5 2-80.80 ‘
58 21.2. 35.51 - Br 7.70 x 16.30 119.1 83- 1.5 3,62 P(cor) 2-41.50 7.6
59 4.4 8.96 c-Bx 3.10 x 3.10 37.1 84 1.8 3.60  P(cor) $1.80 4.6
60 1.5 3.25  P(cor) #0.60 5.1 85  25.7 38.08  Br 7.40 x 49.10 983.2
. 2-¢1.,20 S
61 .0 11,95 “p(cor) 2-$1.60 9.1 out 86 726.2 484.03 Br 7.40 x 68.40 1,175.3
62 .0 14.24 P{cor) 5-#1.60 22.8 87 12.0 13.73 p{cor) #1.20 6.9 out
_ e 5 2-¢1.25
63 . 4.48  P(cox) 2-g1.60 4,5 88 4.3 7.71 P(cor) #1.20 out
64 2.6 5.06 P(cor) 2-$1.60 '13.6 89 26.3 23,17 P{cor) 4-$1.20 9.0 out
' 2-$1,20 :
65 0.6 1.5 P{cor) ¢0i70 1.9 30 2.7 5.85  P{cor) $0.80 0.8 out
_ $1.00 ' _- |
66 1.1 3.21  Plcor) 3-$1.20 6.7 91 4.9 3.68 plcor) #1.15 1.8 out
67 16.0 30.93 Br 7.45 % 10.50 1 65.0 92 . 2,82 Plcor) 2-$1.40 6.2
68 3.3 11.45 Br 7.45 x 9.50 71.3 93 3. 5.84 p(cor) $1.20 4.8 out
) ' 2-¢0.80
$1.00
= ' ' 9y, : 3.0 out
: ; Br 7.45 x 15.70 95.1 94 10.0 13.11 Plcor) $0.80
69 24.0 46 .40 _ x1 951 _ A 20
70 16.0 32.49 Br 7.45 x 10.40 64.0 95 - 2,98 P(cox) #o.90 1.0 Out
71 1.0 2.91  Plcox) $0.80 0.8 out 96 6. 11.20  C-Bx 2-3.00 x 3.00 67.8
- . 51 .21 ' 3 3 - ' 2.1 out
- #1.20 2.2 out 97 ] 5,02 P (cor) 2-¢0.90 .
72 10.5 14.94 Plcor) & _ : _ l.20
: ) o . 08 ' - 27.3
73 12.2 35.48 Br 7.45 x 16.50 112.0 o8 1.3 2.82 5-$1.60
' - Cy 59 769.1
74 591.5 414.99 -Bx 7.45 x 47.60 1,240.2. gg 94.6 103__1;. Br 7.40 x 31.45
75 3.6 8.48 Cc-Bx 3.10 x 3.00 35.6 100 1,610.6 .. 879,66 Br 7.45 x 93.20 2,939.3




TABLE III-4 ° DischarQe Calculation (3)

Catchment Diséharge

Existing Drainage Structures.

5.90

NO.  nrea R g ‘ am _ : Remarks
(km®)  (m°/sec)  Dimension (m) - COPAT (13 /56
_ city
101 4.2 7.53 . P(cor) 2-g1.60 = S o9a
102 . 4.55 P(coxr) 2-¢41.50 13.9
| S 2-gl.40
103 1.1 2.82 P(cor) 3-$1,20 | 7.3
_ _ #$0.60 S
104 193.1 182,46 Br 7.40 x 37.60° ' 484.9
105 0.8 2.26 p(cbr)'é-¢1;60  o 9.1
106 27.8 32,35 C-Bx 2-3.00 ¥ 3.00 67.8
107 1.3 3.14.  P(cor) 2-g1.50 9.1
108 67.0 84.28 Br 7.45 x'15.75 105.4
109 0.9 3,06 C-Bx 3.00 x 3.00 ©33.9
110 Q.7 2.04  BPlcor) 3-gl:id0 . - . 9.1
11l 0.8 '2.58;“ fP(cbt)”4;§1;4o_ '__ 12.2
112 2.0 4.00 - P(cqr) #1.40 s . 3.0 - Out
113 6.0 9.91  C-Bx 2-3.00 x 3.00 67.8
114 15.0  23.07  C-Bx 2-3.00 x 3.00 67.8
115 1.5 '3.85  plcor) 2-g1.60 10.5
| - #1.00
116 3.7 6.91 C-Bx 3.00 x 3.00 33.9
117 43.7 43.73  C-Bx 2-3.00 X 3.00 67.8
118 2.4 2,21 P(cor) $1.60 ;6.7
- . $1.20
119 11.0 18.16 C-Bx 2-3.00 X 3.00 67.8
120 14.0 33.83 Br 7.45 x 18.9 163.3
121 2.6 5.24 P(cor) 2-£1.60 18 1
122 22.0 40.85  'Br 7.45 x 12.60 82,6
123 7.0 13.91 C-Bx 3.00 % 3.00 33.9
124 2.1 4.96 P (cox) 2-$1.20 6.1
240,80
125 1.1 .C~Bx 3.00 x 3.00 33.9

1TI-8

Catchment Discharge

No.. e N % . %xxstlnq Drainage Stxz:;:ies remarks
(ki “} (m°/sec) bimension (m) . (msjsec)
: _ city

126 4.5 8,31 C=Bx 3.00 x 2.00 20.4

127 3.4 8,01 C-Bx 3.00 X 3.00 33.9

128 8.0 9,75 C-Bx 3.00 x 2.50 27.1

129 5.0 10.73 C-Bx 3.00 x 3.00 33.9

130 23.0 21.70 C-Bx 2-3.00 x 3.00 67.8

131 11.0 16.58 - C-Bx 2-2.50 x 2.00 31.2

132 1.3 3.14 P(cor) gl.20 2.2 out
133 11.0 16.58 C-Bx 2-2.30 x 1.80 24.6

134 0.6 1.45 "P{cor) #1.50 3.8

135 2.2 3.68° P(cor) #0.80 0.8 out
136 140.1 103.95 Br 7.45 x 43.85 244.7

137 1.3 2.53 P{cor) $1.20 2.2

138 8.0 13.98 C-Bx 2-2.40 x 1.80 26.2

139 2.3 4,60  Plcor) 2~éo,7 1.3 out
140 0.8 _ 2.17 P{cor) 40.75 i.3

- - 40.60
141 1.3 3.33 Plcor) g1.60 4.6




GBARNGA . Z0ORZOR

BRIDGE NO.l (Mem Creek) |
HYDRAULIC CROSS-SECTION.OF THE CREEK FOR BRIDGE at 18.6km

AN

t

E
.00 |
4.00

Analysis Result (1)

[2;oq 11.15 2.00
©=109.54 m3/sec = i=0.002
n=0.04 :
H A~ P R O SR 0
: . : - I3 L,
) m2)  (m) - m) R3 - T2 (m/sec) (m3/sec)
0.50 5.85 12.56 0.462  0.598 0.0447 0.668 3.91
1.00 12.15 13.98 0.869 0.911 " -~ 1.018 12.37
1.50 18.98 15.39. 1.233 1.150 " =~ 1.285 24, 39
2.00 . 26.30 16.81 1,565 - 1.348 " 1.506. 39,62
2.50 33.88 17.81 1.902 1,535 " 1.715 . 58.12
3.00 41.46 18.81 2,204 1.694 " 1.893 . 78,49
3.50 45.03 19,81 2.475 "1.830 " 2.045 100.27
4.00 56.60 20.8L 2,720 1.948 " 2.177  123.24
Hm vV {(m/sec
4.0 < T
—————————— ~7¢: (m3/sec)
HHHHHHH s i .
3.0 o I T T I T N
——————————— 'L’/| |
;/a 5 L
-~
2.0 e I | { :
P i I .
- by B
N
1.0 | gl 1 } | I
. ; ‘ : 1 | _:1 i vV (m/sec)
1.0 L.ﬁ R 2.0 | 2.5
L ; f 0 I R . T Q (m’/sec)
20 40 60 80 100 120 140. : _
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GBARNGA = Z0RZOR

BRiDGE NO.?I(Noorn River)
"HYDRAULIC CROSS—SECTION OF THE CREEK FOR BRIDGE at 42.9km

H=5.00m
———
(@]
—
3
3.00 11.80 3.00
0=1880 m3/sec  i=0.002
n=0.04
B A P 2. 1 v Q _
) (m2) . (m) R R3 12 sec)  (md/sec)
0.50 6.15 13,21  0.466 0,501 0.0447 0.672 4,13
1.00 12.80 14,63  0.875 0,915 " 1.023 13.09
1.50 19.95 16.04  1.244 1,157 " 1.293 25.80
2.00 27:60  -17.46 '1.581 1,357 7 1.516 4) .84
2.50 35.75 18.87 1,895 1.531 " 1.711 61.17
3.00 44.40 20.29 2.188 '1.686 " 1.884 83.65
3.50 53.30 - 21.29  -2.504 1.844 » 2.060 109.82
4.00 62.20 22,29 2,790 1,982 " 22,215 137.77
4.50 71.10 23,29 3,053 2.105 " . 2.352 167.21
5.00 80.00 24.29 3,294 2.214 " 2.474 197.90
5. 50 88.90 25.29 3.515 2.312 " 2.584 229.72
Vv (m/sec)

‘/;Q m3y/sec)

1.0,

j‘I'S |Ii

$ | V(m/sec)

40 60

80 1

00, 120

i40 160 180

200 220 ¢{(m3/sec)



_Amilys;is Result (2}

GBARNGA - Z0RZOR . = | R o
GBARNGA - Z0RZOR SR N : - GBARNGA. - ZORZOR

BRIDGE NO.3 (St.Paul River) . BRIDGE NO.9
HYDRAULIC CROSS-SECTION OF THE CREEK FOR BRIDGE at 44.4km HYDRAULIC CROSS-SECTION OF THE CREEK FOR BRIDGE at 87.9km
H=7,50 m
} H = 2.50m
o T — e
)
. . E . . _ o 3,80 2.00 3.80
~ | | T8 o
) . O._J_'

25.00 73.45 ' 125.00 3 :
) A _ : _ g 0 = 33.62 m?/sec 1L = 0.002 n = 0.04
@ =3,132.6 m3/sec i = 0.002 n = 0.04 :
' _— H LA P 2 L\ v Q.
Yy @ : R T
_ _ , - Am) (m2) (m} N R 3 2 (m/sec) (m3/sec)
- - g R T 0.50  2.90 9.666  0.300 0.448 0,0447 0.50L __ 1.45
(m) w2 B R3O LT hge (03 /s0c) 1.00 7,70 10:666 _0.722_0.805  © 0.895  6.92
0.50  43.98  98.45 0.447 ,0.584 0.0447 0.653 28,12 “—é'gg ii'gg ié'ggg i'iéé i'?iz' = i'éZS. -;g’gg -
1.00 98,45 .123.45  0.797 0.860 " 0,961 94.62 : : DAoL 2 : :

2.50 22.10 13.696 1.617 1.378 " 1.540 34.03

1.50 160.18. 124,45 1,287 1.183. " 1,322  ~211.76
2.00 221.90 125,45 1,769~ 1.463: - " "1.635 . 362.78
3.00 345.36  127.45::2:.710 1.944 . * - 2,172 750,27
4.00 468.81 . 129.45 3.622 .2.358 " 2,635 -1235.34
5.00 592.26 131.45 4.506.  2.728. " 3,049 1805.53
6.00 716.71 133.45 5.363 3.064 " 3,424 © 2450.61 -
7.00 839.16 135.45 6.195 3.373 - " 3.769  3163,07
7.50 900.89 -136.45 6.602 3.519 W 3,933 3543.20

H (m)

3. 0L
o (m3/sec)

// 3 3
- vim-/sec

{m) ' - . - : V(m/SeC}'- ‘

. | | _ -_ |
sg.al g o(m3/sec) _ T T T T T T A }
1.0 E L | %
6.0 | Lok | % E I
5.0 ; -4 | l | |
4.0 N ! | |
3.0 i "~ % : | -
2.0 ' . i . L 1 H ) { {4 { £ L 3 1 - I ] .
1.0 c . s 3 o | vim/sec) l-OI b o 1.50 Vi{m/sec)
,H_M__:‘:_,__H:_L_— ‘ i : —— } 3 . J | IJL i L . 1 ; .
165500 Tooe 5000 se05 o /o) 0 10 20 30 40 5o 9m/sec)
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ZORZOR_~ VOINJAMA
BRIDGE NO.3 (Via River)

HYDRAULIC CROSS-SECTION OF THE CREEK FOR BRIDGE at 20.1km

8,20 m

Analysis Result (3)

ZORZOR ~ VOINJAMA
BRIDGE NO.10 (Lawa River)

HYDRAULIC CROSS~SECTION OF THE CREEK FOR BRIDGE at 49.5km

H =
Q ' H=6.50 m
.. O
m ™~ o
I T, [ i1g}
(=] - o~
9 —t ———
S - _
. o (=)
. . O o
o) ST .
o _ D | ~
,,, | / ’
T — (@)
R _ | 15.00 | 38.40 | 15.00 -
7.00 3.00 33,60 4.00 I '
TR : , 0 = 484.0 m3/sec i = 0.002 n = 0.04
Q0 = 415.0 m3/sec i =0.002 n = 0.04 :
H A P ‘ Z 1 v Q. TR B . N 7 v 0
: o R I Sy = : . R _
{m) o (m2) - {m) R ; R_3 L ,-? (m/dec) (m3/sec) m) () {m)} R 3 o iz (n/sec) (m3/sec)
1.00  34.60 36.43 0.950 0.966 0.0447 1.080 - :37.37 3.00 38.40  40.40 0.950 0.967 0.0447 1.081 41,51
1.50  52.65. 37.84 1.391 1.246 . " 1.393 - 73.33 2.00. 81.80 50.60 1.617 1,377 ° 1.539 125.89
3.00  71.20  39.26. 1.814 1.487 " 1.662 - .118.33 3.00 135.20 60,80 2.224 1.704 " 1.504 257.42
3.00 109.80° 42.09 2.609 1.895 WTTT2,118 . 232.53 2.00 198.60  70.99 2,798 1.985 " "2.219 440.69
4.00 151.65. 47.14 3,217 2.179 W7 3.435 . 369.27 “5.00 267.00 72.99 3.658 2.374 " 2.653 708, 35
560 197.50. 51,78 . 3.814 2.441 - " - 2.728 538,73 6.00 335.40  74.99 4.473 2,715 ™ 3.034 1617.60
.00 245.10 53,76 4.557 2.749 " 3,072 752,91 6.50 369.60 76.99 4.801 2.846 " 3,180 1175.33
7700 292.70 55.78.5.247 .3.020 W 3.375- 987,72 .
8.00 340.30 57.78 5.890 3.261 " 3,645  1240.23
H (m)
H (m) V{m/sec)
8.0 s 0 (m3/sec) 7.0+
7.0
6.0
5.0
I
4.0 -
|
|
2.0 //1
I
1.0 _ | _ » _ |
T ' { 1 L I vim/sec) L . b s . L ! Vi{m/sec)
0.5 t5 | 15 20 23 3:00 3.3 | 0.5 1.0 1|5 2.0 2.5 3.0 3.5
) i TR IR S 1 ‘ TN J_'Q(m3/590) : ; s i i i 1 ! I ) 1 f " Q(m3/'sec:)
100 500 : 1600 1200 0 100 500 1060 1200
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o Analjsis Result {3)

ZORZOR — VOINJAMA.

‘ _ . | VOINJAMA - MENDIKOMA
BRIDGE NO.12 {(Lofa River)

BRIDGE NO.1

HYDRAULIC CROSS~SECTION OF THE CREEK FOR BRIDGE at. 68.0km . HYDRAULIC CROSS-SECTION OF THE CREEK FOR BRIDGE at 7.7km
H=8.00m . - H = 3.50 m
™ - s
E r,
= /// o
K _ O
w »
: l _ . . o : : ‘ 2.04 11,75 2.00
2-90 . 83,20 - 5 . 00 : [ S
Q = 879.70 m3/sec i =0.002 n = 0.04 - _ O = 84.28 m3/sec i = 0.002 n = 0.04
H A P . 2 R v 0 i “H A P 2 1 v Q
(m) ‘@) . R BRI T2 hysec)  (m3/sec) L m) i) () R R 172 prsec) (md/sec)
1,00 84.20 ©86.03 0.979 .0.986 0.0447 1.102 92.79 0.50 "%.13  13.16  0.466 0.601 0.0447 0.672  4.12
2.00 170.40. 88,86 1.918. 1,544 . " 1.725 293.94 _ 1.00 t2.75 14.58 . 0.874 0.%914 u 1.021 13.02
3.00 258.60 91.69 2.820 _ 1.996 " 3,231 576,94 1.50 19.88  15.99  1.243 1.i56 " _ 1.292 25,68
2,00 348.80 94.51 3.691 _2.388 v 2.669 - 930.95 2.00 27.50  17.41 . 1.580 1.356 " 1.515 41,68
500 441.00  04.34 4.531 . 2.738 " 3.060 1349.46 _ 5.0 35.38  18.41  1.922 1.546 % 1,727 _ 51.10
6.00 534.20 ©99.34 5.377 . 3.068 " 3,430 1832.31 3.00 43.25 19.41  2.228 1.706 " 1.906  82.43
.00 627.40  101.34 6.19%. 3.372 " 3.768  2364.04 3 E0 51.13  20.41  2.505 1.845 " 2,062 _ 105.43
500 720.60 103.34 6.973  3.650 " _ 4.079  2939.33 . : -
_ H (m)
# (m) . : :
. _ . v
" 9.0L : o : 3.5 _ , (m/sec) .
8.0 Q(m3/5ec). : Q(m3/sec)
I "V wysec)
7.0L s .
e
6.0 s
R
5.0 s
4.0 -
3.0
2.0
1. , . o
0 l ' _ | L L S Vim/sec) - Vim/sec}
10 20 30 40 e :
e ; . o ; 3/560) . . L
E L 4 { \ 1 ! Q(m : - — - : 3/gsec
0 | 1000 o - - 10 1 Joo 110 Qm¥/see)
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VOINJAMA -~ MENDIKOMA

BRIDGE NO.3

Analysis Result (5)

VOINJAMA ~ MENDIKOMA

HYDRAULIC CROSS-SECTION OF THE CREEK FOR BRIDGE at 43.2km

BRIDGE NO.4

HYDRAULiC CROSS-SECTION OF THE CREEK FOR BRIDGE at 70.1lkm

_ _ H=5.00m a
H = 3,50 m 5 -
(&) 5
‘& ()
. ) o =
l J —— | —
1.50 9.6 ‘ : .
SR 9 150 110.00 23.85 | " 10.00]
Q = 40.85 m3/sec i = 0.002 n = 0.04 Q = B5.53 md/sec i = 0.001 n = 0.04
H A iR —z 1 v 5 " A P 2 1 v 0
; . T ) R I .
{m) @2y - (m) _R' : -_R' 3 Lo (m/sec) {(m3/sec) {m) _(m2) () . 'R. 1 = 2 (m/sec) (m3/sec)
0.50  5.05 11.01 0.459 0.595 0.0447 0.665 3.356 0.50  12.76 27.33 0.467 0.602 0.0316 0.476 - 6.07
1.00 10.60  12.43 0.853 0.899, " 1.005 10.65 1.00 27.18 30.81 0.882 0.920 " 0.727 19.76
1.50 16.65 13.84 1.203 1.131 W 1.264 21.G5 1.50 43.28 34.29 1.262 1,168 u 0.923 - 39.95
2.00. 22.95 14.84 1.546. -1.337 n 1.494 34.29 2.00  61.03 37.77 1.616 1,377 " 1.088 66.40
"2.50 29.25 15.84 1.847 1.505 " 1.682 49.20 2.50 80.46 41.25 1.951 1,561 " 1,233 99.21
3.00 35.55 16.84 2.111 1.845 " "1.839 65.38 - 3.00 101.55 44.73 2,270 1,727 " 1,264 138.51
350 41.85 17.84 2.346 1.766 " 1.974  B2.61 4.00 145.40 46.73 3,111 2.131 " 1.683 244.71
. H {(m}
V(m/sec)
' 0 (m3/sec) | 9963/38‘3)
|
g S
Che
T
1L :
. - r |II| T _ v (m/sec)
v (m/sec) N S R T PR ——
20 | 0.4 0.5 1| 1.0 1.5 1.8
— Q(m3/sec) L Lotl o0 - . L Q(m3/
50 50 : 100 150 200 250 sec)
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(1v)

TYPICAL CROSS SECTION AND
PAVEMENT STRUCTURE,

AND DRAINAGE STRUCTURE



DESIGN SPEED _80km/.h (LOFA RIVER-VOINJAMA- SHELLO )

1.50

050 11,00 1,70 050
h.
o 3
S o

B

o

THICK : 30~ 48CM

1.50
050
| k50, Q
O
’ a
f’ﬁ
Lo
8
ol 150 A2 |
0 PAVEMENT & SHOULDER
THICK : 30~ 48CM

[PAVEMENT & SHOULDER

GBARNGA -~ ME‘ND!KOMA HIGHWAY PROJECT.

FEASIBILITY $TUDY ISHEET No.

TYPICAL CROSS SECTIONS OWG. -1
(UNIT & W)

DESIGN SPEED 60km/h { KONIA- LOFA RIVER)

1,50
050, 10.00 175 050 3
8
le]
8l

PAVEMENT 8 SHOULDER
THICK : 30 ~48CM

PAVEMENT STRUCTURE
(10 YEARS STAGE"W!ZE CONSTRUCTION METHOD)

1ST STAGE
SURFACE COURSE THICK
T e e HOTMIX ASPHALT CONCRETE ACM (I~ V)
e T, BASE COURSE THICK :
e infiel it e CEMENT STABILIZED {12 CM (I.IL.V)
T S - 15CM (1.W )
o 7 o To T sUB BASE COURSE THICK :
— — SELECTED = LATERITE 15CM (1. V)
S T T e 20CMm (1)
. 30CM (L. W)
2ND' STAGE  (AFTER 10 YEARS OVERLAY)
'\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ SURFACE COURSE THICK :
L IO | ROopDMIX ASPHALT TREATMENT {3 cM (LIILW)
R 15CM (V)
LRt e L b ST STAGE PAVEMENT
0_ o,_ _O"" g 0'""—-0
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BOX CULVERT 3.0x3.0-2
| © {4.0x4.0-2)

PL A_N SCAgé A

GROUND LINE

1 : : £ '
_ lt . _RoAD| waY f
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i R | 8 : i
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—— e e e e —
| PR :
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D } §
- l
APPROAGH REINFORCED CONCREYE BOX CULVERT i APEROACH |
PROFILE scate A
SQ - 10.00 or_11.00 .50
1.5 . 1.50
or 700 T 200
£ . _ IERR S
\._'\;‘J g@ . ’:’.5
slo
8033 .
e ls
D % I :
3?‘9 ”_'ﬂl

| apemonen |

REINFORCED CONCRETE 'BOX CULVERT

CROSS SECTION ScALE A

{A-A)
!
P
035 3.00 Jao 300 _[lozs
(04E] (4,007 (040} (4.007  {045)
b 200 L]
{9.20}

I

. CH .
T T e e — =~ P i
Ao
I | e k) o |
0341 300 030 . 3.00 osmg,
(04 1400} 3’ Y (400} ’ QO i
%.9% _ g T2
H—— T{ez201 : -
! R ]
Q_AW_L_..____*i_ _____ ~dlaah
B ggm
N =ha §
]
e L W.J

a5

GBARNGA ~MENDIKOMA HIGHWAY PROJECT
FEASIBILITY STUDY

BOX CULVERT 3.0x30

[ TYPICAL DRAINAGE STRUCTURES
PLAN scaLe A
I £ L
i i
o ——ROAD lwav ]
I i
I |
\ B
Y A TR N
B B et EalEks -3
] i | |
| ] 1
_ } !
U AN S [
.—v.‘—»m—————»t—a- ————— -—-—-.—--_---—-!—~ —_—
| : l
| @ {
! - !
RENFORCED COMCRETE BOX CULWERT

PROFILE

10,00 or 11.00

SCALE A

03as

. O
& o
il L]
_n
—" a5

[

| &l PPROACH Ly

040
i

REINFORCED ‘QQNCRET.E

CROSS SECTION scale

BOX CULVERT | APPROACH

FRONT VIEW scalE A

{A-A] : g
8 B 3
L% —r T i ——T Y Y
. i T m]
‘ (=]
t ) a
b § oss'l_ 300 0,35 b
R . —— 1 I 0!
- g oL i
o éﬁ % ._,__,_.ng_i:",,J__A_,- 8
3 ] &
. - |
0.35! 3.00 1035
3.70
,,_-,_—.———_—L e ——
' )
SCALE A wwond ™

Note : The figures (n the parenfhesis
denote Box Culvert{2-4.00x400)

SHEET Ne.

DWG. I7- 2
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PIPE CULVERT - - * CLOSS DITCH freasia

GBARNGA- MENDIKOMA HIGHWAY PROJECT
ILITY  STUDY _ SHEET Mo,
TYPICAL DRAINAGE STRUCTURES  [DWG W-3

{(A-A])

0.25

400

c 210

T Y- T) 14.50)
_ i g2.900 £4.80
o.zal- 160
-f2.10) .
£2.40N

0.3, 0.30

| ‘

2.20
T2.70)
£3.000

]

050

12,30
£2.601

{1500

_Sand B Gravel

{fA-A)

1.30
azs 080  0.25
| 8
.ol
8 ¢
o] =
GeRTEIS e o
8
d

L o
040, 080 40

1.60 10
¥ - T

CROSS SECTION SCALE B

(A-A) e _ e
o oso | | 160" | loso ~ -Cover tSemsy Soit) Foundation (Sand & Grovel)
6.7 B , }(g_}%;’ ! J
o 4,95 ) - 60
' " T T o)
(3 40h
2
@ .
o Note - The figures in the parenthesis : -SCALE A
& _ denote corrugated metal pipe D150 and D160
o A= ed ! pip SCALE B
TR ] DR ’
e / A SCALE C

¥

hgsxsuzo_,ar_sg‘u/ L

¢ 1 2 3 (m)
G ot loatund

1 2 im)

4] i 2 (m}
[PETRTRTRTH PRTNE ANTE ]

PLAN  scae A | BLAN .. .
| - f o o LAN = scace a PLAN  scaLE a
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0.50 - 1000 or 1.00 - o0 | 080 ,.50' 10.00 o 11.00 “150 050 050 'TF 1000 or 1100 030
oF 200 7.00 or20d | _ _ lor 2,00 7.00 qr2.00| | | lgr200 7.00 Lﬁ:_oo
l £ IR ) '1 £ —l \ ‘ l
! by ; ‘s
" ;0 . . " L1 .I T H | | ¥ i | 4 i ¥ 1 T I 'S ) | TS
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FOR TOTOTA MONIROVIA
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