3.7 Porestry

As discussed in Chapter 1, the role of farestry and
foréstry industries in the national economy has been
increasing very rapidly since late 1960's. During 1970 -
1978, total ptdducts'of forestry in.the éountry increased
at an annual average rate of 17.0%, and attained 774,600 m3
in 1978. Total forest area in Liberia is around 25,000 km2
which'includesllé;ooo km? of the national forest area and
9,000 kn2 of unprotected forest area, and 33 foreign-owned’
conceSSibns are operating under forest producfs'utilization

contracts.

In the influence area of the Gbarnga - Mendikoma road,
two national forests, namely, North Lorma National Forest
{(between Zorzor and Voinjama sectioﬁ) and Lorma National
Forest (between Charnda and Zorzor) exist along the road.
Total forestry area of the influence area is around 2,400
km2., Three logging companies, ALTCO, DLC and VLC acquired
concessions, out of which only two, ALTCO and VLC, are

operating at present.

Total forestry production in the influence area was
aroﬁnd 15,000 m3 in 1978, which included 10,000 w3 of sawn
timer ?rocessed at ALTCO sawmill in Luyema, Lofa Country,
and 5,000 m3 of logs. Most of the Jogs and timber produced
in the influence area are being carried by road to Tropai,
Nimba County through the project road, and are brought to
Buchaﬁan'uSinq LAMCO line. Oﬁly a part of the processed
timber‘is'trénsported to Monrovia by road, which are being
used for locél.con9umption. Production trend of the

fdrestry products by the two concessions in the influence

area is presented below.



Logs and Timber Production

| (m>)
—Year ALTCO—/:1 VLC-/w2 Total
1975 - - ~ s
1976 4,813 © N/A 4,813
1977 12,606 574 13,176
1978 14,413 344 ' 14,757
/1 AsSociaEed Liberian Timber Corporation

/2t Varjam Logging Corporation

According to the information gained from interviews

with the
national
areas are

and avail

logglng company (ALTCO) and the data of the
forestry 1nventory£1} the most important tlmber
located in the southeast region of the country

able forest in the northwest region, where the

influence area is located, is poor in good species for

export and guantities of logs with exploitable diameter.

Furthermore, topographical condition is not so attractive

with rougq

far away

Prod

h terrain and major portion of the forestry lies

from the existing highways.

uction prospect in future would not be so bright,

if the environmental aspects mentioned above.will not be

changed.

' However, the following factors shall be taken

into account for the estimate of future forestry pro-

duction.

a)

b)

Development of the Woiogisi mine indreaseé'deménd-
of local consumption. | '
Construction'of=Be11efYéllawKolahuh rbad, now
under detéiled'design, will facilitéte thé
forestry development by shortening the access

in the influence area.

/1: Natio

nal Forestry Inventory in Liberia, 1968
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¢) Project road will reduce transport cost consider-
ably if improved, which will make it feasible to

exploit relatively uneconomic forestry at present.

In due consideration of the above factors the pro-
duCtion:fOr local consumption is expected to grow at
comparatively higher rate, while the products for export
are not ‘considered to increase much unless world market
situation becomes quite favourable. This expectation is
alréédy traced by the current production trend in the
_ influence area that the share of the local timber in the
total production increased rapidly from 10% in 1976 to 70%
in 1978 and the production for export stagnated.

After studying the potential development of the
forestry resources in the influence area, future production
of logs and timber is estimated at 31,000 tons in 1989 and
56,000 tons in 1999. The expected annual growth rate of
the production are 10% during 1979~1989 and 7% during 1989-
1999 for local consumption, while that for export is

neglibigly small.

Future Production of logs and Timber

(m3)
1989 B 1999
for Export : 4,600 4,600
- for Local Cons. 26,200 51,500
‘Total 30,800 - 56,100

3 - 21



3.8 \11nlnq

| Tn the influence area, there exists a potential iron
ore, the Wologisi Iron ore, the fed51b111ty study for which
is now underway. Accordlng to the plan/—(1 about 7 millicn
tons of iron ore will be produced per year at the final
phase. The development of the iron ore is expected to give
substantial impacﬁs both ‘on regional economy and national
eéonomy in view of its dominant éhare in GDP. Impacts on
employment cannot be neglected i.e., around 2,500 local
pecple and 1,500 expatriates are to be involved during the_
peak construction period both for the Wologisi site and the

port construction site.

Iron ore development is considered to affect the
traffic on the Pfoject_road from the stage of the con-
struction up to the operation, Preparation of the develop-
ment is planned to start from 1981 and exploitation of the
iron ore will start from 1984. During the preparation
stage, about 100,000 tons of construction materials will be
carried to the project site from Monrovia. Since there is
no alternative transport mode for carrying these materials,

only the Project road will be used for this transport.

As mentioned above, the iron ore exploitation will be.
made in different phases. The first phase covers 5 years
starting from 1984 during which 4 million tons of con-
centrates will be produced annually, mainiy from the
weathered ore. In the second phase'of 1989-1998, annual
production will increase ‘up to 7 million tong of flnished
products per year from a mixture of weathered and pnlmary
ore. 'The third phase envisages the production of 7 million
tons of finished'products a year from the'priméry’oré
reserves and will continue'fgr more than 15 years., However,
transport of the iron ore is now being planned to be made

by pipe line which will be installed between the Wologisi

/1: Wologisi Iron Ore Project, Technical Study, 1979
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Site and Monrovia port. Traffic on the project road will,

therefore, not be affected by the transportation of the iron
ore itself. '

Along with the development of the mine, a community
town will be cqnstruéted at the Wologisi Site where foreign
engineers and management staff live together with local

7staff._ The expected population in the town will be 2,100
_in the first phase, 2,600 in the second phase and 2,700 in
the third phase as shown in the Table 3.4. The increased.-
population in the Wologisi Site is expected to affect the

traffic on the project road.

Table 3.4 Planned Population at the Wologisi Site

162t 2nal? 3rad?
Phase Phase Phase

Foreign Engineer and Administrator

j Martied o : 4 4 4
Unmarried 17 15 15
Planned population 33 31 31

Foreign Technician

Married. 153 166 i71

Unmarried 78 68 71

Planned population 843 893 926
Local Staff.

Married 195 279 285

Unmarried - 61 65 67

Planned population 1,231 1,739 1,777
Total ?lanned population - 2,107 2,668 2,734

Source: Wologisi Iron Ore Project Technical Study, 1979
/1t 1984 ~ 1988 |

/2: 1989 - 1998

/3: 1999 ~ 2013
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IV, TRATFFIC SURVEY

Before starting traffic survey on the project road,
review on the available data and information concerning the
traffic was made. Particularly, the records of recent traffic
survey conducted by the Ministry of Public Works in June, 1978,
were checked in detail together with the survey methods in-

cluding zoning system and investigation period.

The traffic survey was made to quantify and classify
present vehicle movements on the road under study. Classified
vehicle counts and origin - destination survey at 8 stations
were conducted under the schedule and procedures presented in
Table 4.1 and Fig. 4.1.

The iocations of the survey stations and the survey items
on O-D survey were so selected as to trace most of the zone-to-
zone movement both within the internal influence area and
between the internal and the external. Period of the survey
was determined to be seven days for grasping the weekly fluc-
tuation of the traffic. Although the survey time was already
in wet season, the rain was not soO heavy with only short time
shower and the survey was conducted under relatively fine

weather condition.



Fia.4.1 Location of Traffic Survey Station

MENDIKOMA
Station 8

Station 5

KPAKUTA

Station 6

KOLAHUN BAZIHFN

- ZORZOR

LFEGEND

— 0-b and Classified Traffic
Counts Station
Classified Traffic Counts

e .
Station

X 24 Hours Classified Traffic -
Counts BELEEUANAI

Station 1




Table 4.1 Trafflc Survey Schedule

Station No. __July (7:00 a.m. €0 7:00 p.m.)
and Location MgN Tég w&é Tég Fé% si; sy
e eeeeeen . . 2 - IN
1. Gbarnga T™C TC TC oD TC TC - TC
2. Belefuanai ¢ TC TC  TC  TC - TC TC
3. Zorzor T TC TC OD. TC TC @ TC
4, Voinjama 1 TC TC* PC OD TC TC @ IC
5. Voinjama 2 T™C TC TC TC TC TC BC
6. Kolahun 1 TC TC TC OhD TC TC @ TC
7. FKolahun 2 TC  TC TC TC TC TC TC
8. Mendikoma TC  PC  TC OD TC TC TC
TC = Classified Traffic Counts
Ob = Origin Destination Survey
* = 24 Hours Classified Traffic Counts

Station 'l: Gbarnga (about 100 m from the inter-
: section toward Voinjama)

Station 2: Belefuanai (about 300 m after Belefuanai
: toward Zorzor)

Station 3: Zorzor (1 km before Zorzor from
Belefuanai)

Station 4: Voinjama (Immigration gate before
Voinjama)

Station 5: Voinjama (300 m after Voinjama toward
Kolahun) '

Station 6: Kolahun (500 m before Kolahun from

Voinjama)

Station 7: Kolahun {200 m after Kolahun toward
' Mendikoma)

Station 8: Mendikoma (100 m before Immigration gate).



4,72 Traffic Count

“1aq§1£1od Lrarflc counts were carried out at 8 sta?ions
for cne week starting from July 9 during 12 hours from 7:00 a.m.
to 7:00 p.m.  In the survey the present traffic was classified
into 7 types of vehiéle, i.e. passenger car, taxi, pick-up and
bus for passenger traffic, and light truck, heavy truck and’
trailer for freight traffic. The results of the classified
traffic counts are cummarized in Table 4.2 and actual counts
records from 7:00 a.m. to 7:00 p.m. by station, by day and

by direction are presented in Annex IV-l.

Table 4.2 Result of Claq51{1@d Trafflc Counts

(vehlcles /12 hours)

Station Car Taxi Pick-up Truck . Total |
1. Gbarnaga 472 26 162 36 - 267
2. Belefuanai 32 14 82 19 146
2, Zorzor _ 27 23 97 30 177
4, Voinjamal 59 77 247 80 463
5. Voinjama 2 76 29 209 46 360
6. Kolahun 1 47 59 228 " 43 377
7. Kolahun 2 33 43 223 25 324
8. ' Mendikoma 14 38 114 17 . 183

Mote : The traffic volumes exclude the number of
vehicles travelling short distance (less
than a mile). o

ClaSblfled traffic counts for 24 hours ﬁere'alob éarried
out on station No. 4 to expand the 12 hours counts to ?4 hours
traffic by type of vehlcle. Since the 24. hours count covers
only one day, the results of the prev1ous survey conducted by the
Ministry of Public Works in the pre- fea51b111ty study in 1978
were used to supplement our results,



The expansion factor was estimated by calculating the

average of the present survey data and the previous ones,

and are summarized in Table 4.3,

Table 4.3 Expansion Factor for ADY

Survey P-Car Taxi Pick=-up Truck
1979 Survey © 0 1.13 1.12 1.19 1.25
1978 Survey /1 -1.39%9 1.28 1.26 1.44

Average 1.26 1.20 1.23 1.35

/1 The expansion factors of pre-feasibility
study were calculated by averaging data of
each station excluding some extraordinrary

ones.

~ The estimated expansion factor showed that the day-time
traffic from 7:00 a.m. to 7:00 p.m. was around 80 - 83% for

passenger car, taxi and pick-up, and 74% for truck.

‘The avérage daily traffic volumes (ADT) by type of
" yehicle and by station were estimated by applying these ex-
pansion factors as shown in the Table 4.4.

Table 4.4 Estimated Average Daily Traffic Volumes
{(Vehicles / day)

Station Car Taxi Pick-up Truck Total
1. Gbarnga 53 31 199 49 332
2. Belefunai 40 17 101 26 184
3. Zorzor 34 28 119 41 222
4. vVoinjama 1 74 92 304 108 578
5. Voinjama 2 96 35 257 62 450
6. Kolahun 1 59 71 280 58 468
7. Kolahun 2 42 - 52 274 34 402
g§. Mendikoma 18 46 140 23 227




puring the survey period, very few mini-buses were

identified on the proiect road, Since they were slm;lar to

pick-up in the physical chatacterlotlcg auch as axle load

and the use, the mini-bus was clasgsified in the group of

pick-up.

Although the seasonal variation of agricultural Lo

duction and gas consumption were checked, their effect on
traffic pattern could not be traced clearly. 'Aéjustment
of the seasonal fluctuation is, therefore, not made on the

estimated ADT.

4,3 Oriqin and Destination survey

An origin and destination survey was carricd out to

collect data mainly on :
1) Traffic pattern by O-D pairs and vehicle type;

2y Traffic pattern by 0-D pairs and type of goods
carried; and

3} Traffic characteristic such as type of fuel,
purpose of trip and occupancy.

4.3.1 S3Survey Procedurg and Data Compilation

Five stations were selected out of eight stations
for the O-D survey as shown in Table 4.1 and Figure 4.1,
Only motor vehicles were stopped and their drivers were
interviewed by means of the guestionnaire. The sample size
of the O-D survey was 100% at all stations over the 12 hours
(7:00 a.m. ~ 7:00 p.m.) survey.

In order to avoid dupilcatxcn in the preparation of
0-D matrix, the vehicles once stopped for interview wefe not
stopped again at the othexr stations. The'cbllected data were
processed and compiled into the following matrices for trips

between zones of origin and zones of destination,

4 = g



1) Matrix for the number of trips with car
2} Matrix . for the number of trips with taxi
3} Matrix for the number of trips with pick-up

4) Matrix for the number of Lrips with trucks

‘Since the Owb survey covers only one day records, ‘
available O-D matrices prepared by MPW on the basis of 1978
survey result were fully utilized for establishing the final
O-D matrices. The O-D matrices thus compiled were further
modified referring to the ADT estimated on Ehe basis of the.
traffic count.

The estimated O-D matrices for different types of

vehicle are presented in Annex IV-2.

4.4 Traffic Characteristics

Based on the 0-D survey data, traffic characteristics
were analysed. Results of the analysis are briefly explained

below and the details are presented in Annex IV-3.

4.4.1 Type of Fuel

Most of cars, taxies and pick~ups usefgasoline, super
and regular._ Particularly, super qasoline is most popular
'and.conSuméd by 70% to 75% of vehicles of this group. Very
few; 1% to 3% of this group, use diesel, Diesel is used mainly
by trucks. About 86% of trucks use diesel and the remaining

use gasoline, super or regular.

4.4.2 Ownership .

Aé shown in Anﬁex Iv-3, more than 80% of the vehicles

.excluding passenger cars are privately owned. 1In case of

passenger car, 66% belongs private owners, 34% is owned by

‘the government.



4.4.3 Purpose of Trip

Most of the vehicles are used for the purposes of
bu51ness,'for work and shopping, and the use of the vehicles

for the purposes of recreation and social/religious activity

is limited.

Althouqh the 0-D- survey was conducted durlnq the

OAUél Conference held in Monrovia, no special influence of the
conference to the traffic on the project road was ldentlfled
For cars, 70% is used for business, 14% for shopplng, 8%.for.
.aqricultural activity and 8% for social and religious purposes.
For pick-up, 77% is used for business trip, 10% for agricultur-
al activity, 9% for shopping and, 2% for soc1al and religious
purposes., For trucks, 75% 1is océupled by bu51ness trip, 17%

for agricultural activity and 5% for shopping.

4.4.4 ~Average Number of Persons per Vehicle

The estimated occupancy, rate ranges from 2. 3 to 4.3
persons per car with an overall average of 3.8, ‘while the
occupancy rate for taxi are slightly higher ranging from 5.2
to 6.3 with an average of 5.8.. The occupancy rate for pick-up
is very high with an aﬁerage of 10.9 persons, and that for
truck is 2.8 includinq crew. Around 30% of the trucks are re-
corded to have second dfiver, while no second drlver was re-

corded for car, taxi and plck up.

4.4.5 Cargo Carried by Truck’

As presented in Appendix V-3, about 25% of the trucks
carried agricultural c¢rop products, 17% cafried'conéumer goods,
5% carried log and timber, 9% carried fuel, 8% carried construc-
' tion materials and mix. Around 38% of the trucks were recorded

emnpty.

/1: Organization for African Unity



4.4.6  Average Load Carried by Truck

Aceording to the 0-D survey results, only 38% of trucks
were loaded fully, 14% were loaded three quarters and 10% were
loaded half or less than half. Around 38% of the trucks were

recorded as empty trucks.

4.4.7 . Frequency of Trips

Freguency of trips by type of‘vehicle were also re-
corded during the O0-D survey. Vehicles fraveled more than one
trip per day amount about 58% of passenger_cars and around 50%
of taxies. Pick-up recorded the highest frequency of trips,
68% of it have more than one trip pef day, while truck recorded
the lowest 32%.
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V, PRESENT AND TUTURE TRAFFIC

5.1 Present Traffic Volume
For the sake of traffic forecast, the Project road
was divided inte 9 links. FEach of them has homogeneocus

characteristic in traffic pattern and road conditions.

The present traffic volume on each road link was
calculated, on the basis of the O-D matrices presehted in.
Annex IV-2. For the calculation, all the short distance
traffic and the traffic within the same zone were excluded.
The estimated traffic volume on each link is summarized in

Table 5.1 and presented in Fig. 5,1,

Table 5.1 Present Traffic Volume (APT in 1979)

Link P-car Taxi Pick-up Truck Total
1. Cbarnga-Belefuanai 52 29 19% 57 334
2. 'Belefuanai-Golu 40 20 97 53 210
3. Golu-Zorzor 35 26 116 54 231,
4, 'Zorzdr—Baziwen 53 56 183 71 163
5. Baziwen-Voinjama 74 91 302 109 576
6. voinjama~Kpakuta 96 34 255 61 446
7. Kpakuta-Kolabun 59 71 280 56 466
8. = Kolahun-Foya 41 51 273 32 197
9. Foya-Mendikoma 17 45 140 23 225




Fig. 5.1 Present Traffic Volume by Road Section
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5.2 Futuré Traffic Volume

Future traffic volume on the proiject toéd was estimated
for three different types, namely, normal traffic, generated
traffic'and diverted traffic, on the hasis of the future
population, land use and economic activities forecasted in
Chapter TII. |

5.2.1 DNormal Traffic

Normal traffic is the expected traffic under the as-
sumption that the pfoﬁect road will not be improved but only
be maintained in: the presént condition, The projection was
made both for passenger traffic and cargo traffic separately.
Expected traffic diversion from the project road to the Belle
Yela-KQiahun road was also taken into account for the esti-

mation of the normal traffic.

1) Passenger Traffic

The growth in passenger t;affic'inclucluding'passenger
car, taxi and pick-up was estimated on the basis of population
growth, growth in per-capita income and income elasticity
of transport demand, assuming that present pattern of the

traffic will continue for the project life in future.

Basic conditions for the estimate of the normal passenger

traffic growth are:

a). Tgq = Tpi ¥ Gy

Tgq = future traffic generation in zone i

Tpi = present traffic generation in zonhe i

G; = growth rate of traffic generation in
zone 1

G; = (1+Pi) (1+€Yi)

P; = rate of population increase in zone i

vj = rate of per capita income increase in
zone i

& = income elasticity of transport demand



b) Population increase rate as projected in Chapter
I1T.

¢) Per capita income will increase around 3.0% per
year during 1979 - 1989 and 2.0% per year during
1989 - 2004.

d) Income elasticity for transport demand is 1.5.

On the ba51s of tbe above conditions, future'paSsenge:
traffic qeneratlon by ZONg was calculated as presented in
Table 5.2. The estimated passenger traffic is, then, dis-
tributed to each different O-D palr.by using the present
pattern method {(Frator method). The results:are:shown in
Annex V-1. Based on the 0-D matrices, normal traffic
volumes in future on each link were estimated as listed in
Table 5.3, | | |

Table 5.2 Future Passenger Trafflc Generation by Zone

_ (Vehicle/day)
1984 1994 2004
Zone ; g : :
., Pick- ., Pick- ; . Pick-
‘No. Car Taxi up Car Taxi up Car Taxi ap
1 47 26 138 93 33 274 165 93 . 487
2 32 13 142 62 25 276 109 44 489
3 7 8 28 11 13 47 18 22 - 76
4 32 85 172 64 169 341 114 300 606
5 30 56 182 50 1¢9 355 104 193 628
6 217 178 689 432 353 1,368 767 627 2,429
7 157 83 463 307 162 207 518 274 1,531
8 91 132 630 181 263 1,252 321 466 2,222
9 82 126 . 383 - 163 251 762 290 445 1,352
10 15 20 92 26 36 ° 163 . 45 61 278
11 0 0 1 0 0 2 0 0 4
12 6 3 50 11 5 95 18 9 161
13 0 0 0 0 0 -0 0 0 0
14 20 0 0 38 0 0 64 0 0
15 26 15 109 62 35 254 120 68 496
16 .8 a1 98 14 72 173 25 123 295
17 0 0 0 0 0 0 0 0. 0
18

0 0 0 o 0 0 0 0 0

Total 770 786 3,177 1,523 1,546 6,269 2,678 2,725 11,054




Table 5.3 Future Normal Passenger Tratfic
by Road Link

L " (Vehicle/day)
. Type of
Link
- in _ Vehicle 1984 M1994 2004
Car 75 160 295
1. Gbarnga~Belef j Taxi 40 87 166
arngarBeletuanal  pick-up 288 610 1,132
- Total 403 _ . 857 1,593
Car 55 118 219
. . Taxi 27 62 122
. Be] - : '
2. Belefuanai~Golu Pick-up 143 - 329 637
Total 225 509 378
Car 49 108 202
s : Taxi 34 74 143
3. Golu~Zorzor Pick-up 169 374 711
Total 252 556 1,056
Car 75 160 289
. . Taxi 80 165 295
4. Zorzor-Baziwen pick-up 273 591 1,104
Total 428 - 916 1,688
| Car 104 217 391
5 Bagiwen—Voin Taxi 132 263 465
n_. aziwen olnjama Pick-—up 446 924 11687
Total 682 1,404 2,543
Car 140 277 497
5 Lo Koakut Taxi 47 100 182
. Voinjama-Kpakuta Pick-up 3773 760 1,356
Total 560 15137 2,332
car 79 160 290
Taxi 113 314 393
7. Kpakuta-Kolahun pick-up 428 885 1,572
Total 620 1,359 2,255
Car 59 125 224
: , Taxi 65 146 = 271
8. Kolahun-Fova Pick-up 380 761 1,360
Total 504 1,032 1,855
car 23 40 70
L Taxi 59 106 183
9. Poya-Mendikoma Pick-up 188 333 570
Total 270 479 323




2} Cargo Traffic

The gréwth in cargo traffic'is to be estimated on the
.basiq of the expected'future economic transaction including
the commodity production and consumption for each zone.’
However, since detailed projectlon on the commodity productlon
by zone was not pxactlcally made due to the llmlted available
data and 1nformat10n, our cargo trafflc pro;ectlon is Londucted
on the wider reglonal basis assuming that the surp1us produc-
tion such as agrlcultural Crops, rubber and forestry goods
will be transported outside the influénce area. The ggthh
"in cargo-traffic was estimated with the following proceﬂure.

2%

a) ' Estimation of cargo comp051t10n on the present

traffic by commodity group by link;

b} Estimation of production growth for each commodity
group; '
c) Conversion of commodity production volume into

traffic volume and estimation of cargo traffic
growth rate; and

d) Estimation of future cargoc Eraffic'by applying the

estimated future growth rate on_cafgo traffic to
the present cargo traffic of each link

The rate. of the present cargo composition was estimated

for each link based on thé O-D Survey as presented below.

/1l Estimated cargo composition3on the basis of the 0-D
survey result was checked and revised referring to
the regional production data,



Table 5.4 "Rate of Cargo Composition Carried by Truck

(%)

" Link No.
3 4 5 6 i 8 92

Commodity Group

—
™2

agricultural Crops 14 14 14 14 14 18 18 18 18

Rubber : 2 2 2 0 0 0 0 0 0
Logs and Sawn Timber 18 18 18 19 19 0 0 0 0
'Euel : 1010 10 10 10 10 10 10 10
Consumer Goods_ _ 16 16 16 16 16 20 20 20. 20

Congstruction

Materials & 6 6 6 6 7 7 7.7

Mix _ 2 02 2 2 2 2 2 2 _
Empty - 32 32 32 33 33 40 40 40 40

‘Total 160 100 100 100 100 100 100 100 100

Using the above composition ratio, present cargo
traffic by commodity group was estimated for each link as

shown below.

Table 5.5 Present Cargo Traffic by Commodity Group

{Vehicle/day)
——== x
. —— Commodity 4, 5, 3 4 5 6 7 8 Total
Link _ :
1. Gbarnga-Belefuanai 8 1 10 5 4° 1 18 57
‘2. ‘Belefuanai~Golu 7 1 10 5 31 17 53
3. Golu-Zorzor 8 1 10 5 3 1 17 54
4. gorzor-Baziwen 10 0 14 7 11 4 1 24 71
5. Baziwen-Voinjama 15 0 21 11 17 7 2 36 109
6. Voinjama-Kpahuta 11 0 0 8 12 4 1 25 61
7. Kpahuta-Kolahun 1 o0 0 7 11 4 1 23 56
‘8. Kolahun-Foya & 0 0 4 6 2 1 13 32
9. Foya-Mendikoma 4 0 0 3 5 1 1 9 23
Note: Commo&ity Group: 1. Agricultural Crop
' ' 2. Rubber

3, Logs and Sawn Timber

4., TFuel

5. Consumer Goods

6. Construction Materials

7. Mix

8. Empty’



The results of notimatioh of Future production:growth

by commodity group presented in Chapter 11l were fully em-

ployed in the projection of the growth of cargo traffic.

¥or the estimation of cargo traffic growth on' the progect

road, the following conditions were applled

a) Agrlcultural gcods and rubber will be carried'by
4.0 tons truck and logs and timber be carrled by .
7.0 tons truck and 11.0 tons truck, respectlvely.

k) Consumption of fuel will 1ncrease in parallel to
the expected traffic growfh in the région .

c) Traffic of consumer goods, constructlon-materials
and mix will increase at approximately the same rate

with that of the regional GDP.

The approximate growth rates of'carqo traffic were thus

estimated as follows:

Table 5.6 Growth Rates of Cargo Traffic

Commodlty Groups 1979-1988 1989-2004

Agrlcu]tural Cropa 11.5% _8;0%
Rubber - | 0 /1 11.0 /2
Logs and Sawn Timber | - 5,0 ¢ ' 6;0.
Fuel 8.0 6.5
Consumer Goods 7.5 5;5.
Construction Materials 7.5 5.5
Mix 7.5 5.5
Empty 7.5 5}5

/ 1979 ~ 1984
/2 : 1984 - 1994, and 8% from 1994 to 2004

Future rnormal éargo traffic by ébhmédity and by link is
estimated by applving the calculated grthh rate to the esti-
mated_present cargo traffic of each link. The results of the
estimate are presented in Annex V-4, and summarized in the

following table.

W
]
oo



Table 5.7 Future Normal Cargo Traffic

(Vehiglg/day)

Tink | 1984 1994 2004
1. Gbarnga-Belefuanai 83 159 285
2. Beleéfuanai-Golu 75 148 _ 262
3. Golu-Zorzor 77 152 272
4., zorzor—-Baziwen 102 200 - 353
5, Baziwen-Voinjama 158 306 542
6. _Voinjamaprakﬁta _ ' 91 184 325
7.. Kpakuta=Kolahun 83 168 298
8. Kolahun-Foya _ 48 93 173
9. Foya-Mendikoma 33 . 70 119

3) Expected Traffic Diversion and Total Normal Traffic
‘Projection :

"A new'road connecting Belle Yella with Kolahun is
planned to be conétructed starting from 1981. The road,
if Completed, will reduce the distance and travel time
between northern part of Lofa County and Monrovia, and then
affect the traffic on the project road. The road, now in
- detailed design stage, is scheduléd to be constructed by

arocund 1984,

.In addition, a new road is planned linking Kpakuta
and Bopolu {up to Monrovia) for the construction of the pipe
line of the Wologisi Iron Ore Development Project. This
road will also reduce the distance from upper Lofa to
Monrovia and. is expected to affect the traffic.on the project
‘road. However, this road takes mostly same course in its
major-poftion as the Belle Yella-Kolahun road. The impact of
this road to the traffic on the project road can, therefore,

be considered almost same as that of the Belle Yella-

Kolahun road.

~ 9
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cince the Belle Yella - Kolahun road will reduce the

time and cost, some portlon of the trafflc travp111ng on

the pLOjeCt road from north-eastern part to Monrovia will
divert to the new road, For the estimation of the diversion,
travel time from upper Lofa to Monrovia is calculated for
each different types of vehicles both on the project road
and the Belle Yella - Kolahun road under the following

traveling speeds assumed.

Estlmated Travel Time fLom Upper Lofa to Monrovia

(hrs)
Project Belle Vella-Kolahun
Road - _ Road
P-Car 5.39 5.01
Taxi ' 5.39 : 5,01
Pic-up 6.04 5.76
Truck 6,79 ' 6,82

By applying the time difference estimated above to
the traffic diversion curve, diversion ratio from the pro-
ject toad to the Belle Yella - Kolahun road was estimated
for different types of vehicles. From the estimated ratio _'
and the normal through traffic, expected traffic diversion
is calculated Lor each link as presented in Table. 5.8.
These diverted traffic will occur irrespective of the:im-
plementation of the Project, and, therefore, be taken into
account in the estimation of future normal traffic on the

project road.

Total normal traffic volume for passenger. and cargo
was finally estimated by deducting the diverted traffic
from the estimated figures in the preceding section. The

results of the calculation are presented in Table 5;9.

10
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Fig. 5.2 Traffic Diversion Curve
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Table 5.8 Expeéted Traffic Diversion
from the Project Road

- : (Vehicle/day) -

Link Type of 1984 1994 2004
' p-Car 9 19 35

: o Taxi 1 .3 5

1. Gbarnga=-Belefuanai Pick-up 46 9g 181
' Truck 25 43 85

Total 81 168306

pP-Car 8 18 33

. Taxl = 1 3 6

2. Belefuanal-Golu Pick=-up 46 105 204
B : Truck 24 47 84 -
‘Total 19 173 327

P-Car T 18 34

: : Taxi 13 )

3. Golu-Zorzor Pick-up 46 - 101 192
Truck 248 - 47 ‘84

Total 78 169 316

P-Car 8 18 32

. Taxi. -2 3 6

4. Zorzor-Baziwen Pick-up 46 101 192
Truck 24 47 - 84

Tokal . 80 169 314

P~Car 8 17 31

: ‘Taxi _ 1 3 5

5. Baziwen-Voinjama Pick-up 45 92 169
' Trick 25 49 187

Total 79 161 392

p-Car 714 95

: Taxi . 1 3. 4
6. Voinjama-Kpakuta Pick-up 22 46 81
- Truck 6 13 .23

Total 36 76 133

pP-Car 6 13 23

: : Taxi 1 3 4

7. Kpakuta-Kolahun Pick~up 26 . 53 04
Truck 6 120 2%

e Potal 39 81 142

Note : Projection of the traffic diversion is based .

- on. the volume of the through traffic to

Monrovia,

- 12



(Vehicle/day)

T T T"'—N o TYDG of T
Link :
_ vehiele 19?€m"~1994 2004
B - Car 66 141 260
Gbarnga-Belefuanai Taxi 39 64 161
Pick-up 242 S 512 951
Truck 58 113 200
Total 105 848 1,572
Car 47 100 186
Belefuanai-Golu Taxi 26 59 116
g Pick-up 97 224 433
Truck 51 101 178
Total 221 484 913
| Car 41 90 168
o Taxi 33 71 137
-7 - ' ; .
Golu-zZorzor, Pick-up 123 273 519
Truck 53 105 188
Total 250 539 1,012
Car 67 142 257
‘Zorzor-Baziwen - Taxd /8 162 289
_ ; Pick-up 227 491 916
Truck 76 152 268
o Total 448 947 1,730
Car 96 200 360
Bazi —Voi L Taxi 131 260 ‘460
azilwen-volinjama Pick-up 401 832 1,518
Truck 133 257 455
Total, 761 1,549 2,793
Car 147 291 522
o o Taxi - 48 103 187
B _V01n]ama—Kpakuta PiCk"'Up_ 395 806 1;437
: Truck 97 197 348
Total 687 1,397 27,494
Car 85 173 313
_ . - Taxi 114 317 397
Kpakuta-Kolahun pick-up 454 938 1,666
Truck 89 180 319
Total 742 1,608 2,695
Car 59 125 224
. Taxi 65 146 271
Kolahun-Foya Pick-up 380 761 1,360
©Total 552 1,125 2,028
Car 23 40 70
. o Taxi 59 106 183
Foya~Mendikoma Pick-up 188 333 570
' Truck 33 70 119
Total 303 549 542

5 - 13



5.2.2 Futute Genﬁrated Trafflg

Improvement of the Project road will reduce the trans-
port cost and time, and is expected to result ‘in the 1nduce~
ment of additional traffic botn for paSSenger and cargo.

The generated cargo trafflc comes out partly from increased
price competitiveness of the goodg in the 1nf1uence area

and partly from expanded production of goods. ‘The generated
‘passenger traffic is mainly caused by cost reductlon effect
and partly by increased population thlouqh the Project imple-
mentation, which is Con81dered small in this case because

the road already exists in the ‘area and well maintained, and
the aqucultural development glves more 51qn1f1cant influence

on the regional population growth.

For the estimate of the generated traffic it is assumed
that an additional trafficéi will occur mainly by the reduc-
tion of the transport cost w1th a price elastlclty of the
traffic demand Ratio between the reduced vehlcle Operatlng
cost and the vehicle operatlng cost without the pro;ect is

Gcalculated for each road 11nk.

On-the basis of tﬁe ratio and the proje‘cted'fut_ur’e"normé}_
traffic volumé, the expected generated traffic is calculated
as presented in Téble 5.10. 'Compdsition of the generated
rraffic is also presented in Annex V-=5. The generated traffic
will come out after the completion bf the improvement work in
1984, and grow at 7.5% during 1984 - 1989 and 5.5% during
1989 —~ 2004.

/l: G.T. = ADT (Normal) - 9%%92f-'£

Where C1 = Vehicle operating cost without Project
Cyp = Vehlcle operatlnq cost with Project
6 = Price olast1c1ty of transport demand is
assumed at 1.0, {(The figure is estimated

by the recent experience of the Consultant)

5 - 14



5.2.3 Future Diverted Traffic

As mentioned in the preceding section 5.2.1, construc-
tion of new foads is planned to connect upper Lofa with
Mbnfovia..'The expected traffic diversion.from the project
road to the newly constructed road (possibly Belle Yella -
Kolahun road) is already studied and incorporated into the
final estimate of the normal traffic.

As no conpetitive road exists in the influence area,
there will be no traffic to be diverted to the project road

from the other road.

Possibility of the diversion from the air traffic was
also examined and was judged to be negligible. As shown in
the table below, the existing air passenger traffic between’
Monrovia:and Voinjama is quite small. Furthermore, if con-
sidered the large time difference between air and land trans-
port the possible diversion from the air.to the project road '

will be negligiblly small.

Regular Flights - Lofa County {1978)

No. of No, of Persons/

_ DirectiOn passengers Flight day
Monrovia-Wologisi 83 48 0.23
Monrovia-Voinjama 1,410 48 3.86
Monrovia-Foya 949 48 2.60

Source; Air Liberia

5.2.4 Total Projected Traffic

pProjected total traffic on the Project road is calcu-
lated by adding the generated traffic to the normal traffic,

‘the result is presented in Table 5.11.
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Future Generated Traffic

Table 5,10
- _ (Vehicle/day)
- : Type of ' :
Link Tahicle 1984 1994 2004
1. Gbarnga-Belefuanai Car 14 29 47
Taxi 8 16 26
Pisk=-up 46 95, 155
Truck 17 35 57
Total 85 _Ml75 285
2. Belefuanai-Golu Car 10 21 34
Taxi 5 10 16
Pick-up 18 37 60
Truck 15 31 50
Total AR 99 160
3. Golu-Zorzor Car 9 19 31
' Taxi AR 14 23
Pick-up 23 A7 77
 Truck 16 33 54
. Total 55 113 185
4, Zorzor-Baziwen Car 14 29 47
' Taxi 16 33 54
Pick-up 43 89 145
Truck 23 47 17
Total e 198 323
5. B ziwen-Voinljama Car 20 41 67
: Taxi 28 58 94
Pick-up 76 157 256
Truck 40 82 134
. Total 164 338 551
6. Voinjama-Kpakuta Car - 31 64 104
. Taxi 10 21 34
Pick-up 75 155 252
Tyuck 29 60 98
_ Total 145, 300 T 4ss
7. Kpakuta—-Kolahun Car 18 37 60
. Taxi 24 49 80
Pick-up 86 177 288
Truck 27 56 971
Total 155 319 51.9
8. Kolahun~Foya Car 1 25, 41
Taxi - 14 29 47
Pick-up 72 148 - 241
Truck 1 29 47
- Total, 112 231 7T 37%
9. ¥Foya-Mendikoma car - .5 10 16
Taxi 12 25 43
Pick-up 36 74 121
Truck 1.0 21 34
Total 63 130 T 212
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.Table 5.11 Total Projected Traffic

{Vehicle/day)

S Type of
Link .
~ Vehicle 1984 1994 2004
o Car 80 170 307
Cbarnga-Belefuanai 1?X1 47 100 187
Pick-up 288 607 1,106
Truck 75 146 257
Total 490 1,023 1,857
Car 57 121 220
: L Taxi 31 69 132
Belefuanai-Gelu .
anai=hoe Pick-up 115 261 493
Truck 66 132 228
Total 216 583 1,073
Car 50 109 199
o Taxi 40 90 168
Golu~zZorzor Pick-up 146 320 596
Truck 683 138 242
Total 305 657 1,205
Car 81 171 304
: ' . Taxi .94 195 343
zorzor-Baziwen Pick-up 270 580 1,061
Truck 99 199 345
Total 544 1,145 2,053
Car 116 241 427
o, . Taxi 159 318 554
Baziwen-Voinjama Pick-up 477 989 1,774
Truck 173 339 589
Total 925 1,887 3,344
Car 178 355 626 -
o Taxi 58 124 221
Voinjama~Kpakuta Pick-up 470 961 1,689
Truck i26 257 - 446
Total 8372 1,697 2,982
Car 103 210 373
- ‘ Taxi 138 366 477
Kpakuta~Kolahun Pick-up 540 1,115 1,954
' Truck 116 236 410
Total §97 1,927 3,714
Car 71 150 265
Taxi 78 1175 318
Kolahun-Foya Pick-up 452 909 1,601
Truck 62 122 220
Total 664 1,356 2,404
Car 28 50 B6
. _ Taxi 71 131 224
. Foya-Mendikoma pick-up 224 467 691
. Truck 43 91 153
Total 366 679 1,154

5 - 17






e VEHICLE OPERATING cosT L






YVI. VEHNICLE OPERATING COST

6.1 General

For the calculation of the vehicle operating cost
{(VOC} on the Project road, a method developed by the
Transport and Road Research Laboratory, UK [URRL) and the
conventional methodil were studied comparatively. Though
the comparison, the TRRL methodig was chosen from the
view points that the estimated VOC can reflect actual road
conditions using various factors in case of the TRRL more-

than that in case of the conventicnal method.

The TRRL method was formulated on the basis of the
assumptions that vehicle speed and operating cost are
related to the horizontal and vertical alignment and the
road surface condition in addition to vehicle type, price,
age and load. As the physical parameters of the road, the

following eiaght variables are considered.

(1) Rise and fall

{2y Horizontal curvature
(3 Road width

{4) Roughness

{5) Altitude

(6) Moisture content

(7} Rut depth

(8} Looseness

/1 : Used in "Quantification of Road User savings”
o Jan de Weille

/2 : For the practical application, only standing cost
and depreciation cost were estimated by wmodified
method.



6.2 Typical Vehicles and Unit Cost

Based on the results of the traffic survey, typical

‘vehicles on the Project road were selected as presented
below.

Passenger Car : Toyota Corona

Taxi : Toyota Carolla or Datsun 120Y
Pick-up . . Mazda 1,600 or Toyota Stout
Medium Truck : Isuzu TXK-40 or Toyota 600D6

Heavy Truck : Mercedes LK2624

Characteristics of the vehicles are summarized in the

following table:

Item Toyota Toyota P“iﬁiifi . isuzu Mercedes
Corona Carolla 1600 P TX-40 LK2624

Pay Load ' :

Cagacity T ‘ - - 12 tons 22 tons

No., of' ' ' '

Axles 2 2 _2 2 3

T of ' D _ .

Fﬁgi Gasol;ne Gasoline Gasocline Diesel Diesel

Horse o : ' _

Tower 113 13 - 125 240

No. of :

Tyres -4 4 4 6 10

Tyre Size  5.60x13  6.15x13 6.00x14.6 8:25x20 10.00%20

Grogs Weight -
(‘\]ehj_(jle Weight)

[¥1]

0t 6.0 't

: /1 : : o
Unit cost™ for the typical vehicles and other
relevant basic figures for calculating VOC are summarized
in the fellowing table. .

/1 : As of December, 1979



Table 6.1 Unit Cost

P-Cor  Taxi Pick-up M-Truck H-Truck
2

Purchase DF 7,340 5,470 6,000 22,900 70,000
Price (USS$) DP 9,250 6,890 7,500 28,100 86,000
TYFG & Tube D 55 45 67 300 338
Price (US$S) DPp 65 55 90 350 390
Ade of p 2 1.33 2 2 2
Vehicle({Year) UNP 2 1.33 2 2 2
Useful Life of P - 4.5 3.5 3.5 5.0 6.0
vehicle{Year}) ~UNP 3.0 2.0 2.0 3.0 4.0

Averagé Annual
Milage (km/year)

Wages (USS$/year)

36,000 65,000 40,000 55,000 60,000

1,500 1,800 2,200 4,500

Taxes (US$/year) 76 309 426 1,182 1,547
Insurance P 685 800 840 2,800 9,050
(US$/year) NP 856 1,000 1,050 3,500 11,315
- ' DF 1.59 1.59 1.59 1.26 1.26
Fuel (US$/Gallon)y,  y g4 1.80 1.80 1.50 1.50
DI : Duty Free _ P : Paved Road
DP : Duty Paid UNP : Unpaved Road

6.3 Vehicle Operating Cost under Various Conditions

The VOC varies depend on the various road conditions.
Based on the results of the inventory survey, and soll survey
on the Project road and the future improvement plan, the

following conditions were considered,

{l1) Rige and fall : 10, 50, 70 m/km
{2) Horizontal curvature : 50 degrees/km
{3) Road width : 10 m
(4) Roughness : Paved voad = 2,500, 3,750, 5,500 mm/km
Unpaved road = 4,500, 6,500, 9,000
mm,/ km
(5) Altitude : 500 m
{6} Moisture content : 15%
(7) Rut depth : 15 mm

(8) f,ooseness ¢ 25 mm



made using the TRRL formula
(Details of VOC

Calculation of the VOO was
and the results are shown in Table 6.2,
calculation by the modified TRRL method are pregented in

Annex VI~-1 and the recults aré shown in Annex VI- -2 in detail)

Since the horizontal alignment of the Project road will be
improved on the relatively limited portlons, the'estimated
effect of the curvature 1mp10vement on the VOC lb sma11

Therefore, the calculation of the VOC both for with— and
without-Project conditions was made  in due consideration of

the two variable components, Rise arid Roughness.

Phe degrees of Rise and F?ll for each road sectlon
were estimated on the basis of the results of the road:
inventory survey and planned profile of the Project road.
The Roughness was also calculated using the TRRL formula/1
for each section and for each year of the economic life of

the road up to the year of 2003.

/1: Roughness is given by the following formula.

For paved roads

R = Ro + mN
where N —_number of accumulated millions of standard
axles

Ro = initial roughness of the road
1/3_,1/3

m = 1.250/antiloglﬂ (a -~1,3841)

a =/0.20209 + 23.1318 C% - 4.8096C

b = v0.20209 + 23.1318C% + 4.8096C

¢ o= 2.1989 ~ SN (modified structural number)

For unpaved roads -

R = 3.250484T-1.627%40.016T°
where T = number of accumulated

thousandsg of standard axles



Table 6.2 Vehicle Operating Cost

(USCent/km)

. Road Paved. Road Un d Road
Type of . 24 Road paved Roa _
rYpe o Con~" Rise and Fall{(m/km) Rise and Fall (m/km)
Vehicle 7.,
dition 10 50 70 10 50 70
‘Passenger Car G 13.80 14.33 14.65 20.14 20.78  21.15
F o 15.91 16.44 16.76  23.57  24.27  24.62
| P 18.90 19.43 19.75 29.10 29.79  30.18
Taxi G 11.30 11.83 12,15 15.10 16.44 16.11
F 12,38 12.91 13,23 17.03 17.70 18.08
P 13.98 14.51 14.83 23.63 24.32 24.71
pPick-up G 19.92 21,11 21.98 26.99 28.52 29.59°
_ ' F 22.05 23.44 24.3)1 30.88  32.55 33.54
_ P 25.36 26.75 27.62 38.24  39.97  40.99
M-Truck G 35,92 40.05 42.70. 47,15 49.80 - 51.56
S 'F 39,10 43,23 45.88 52.94 55,64 . 57,49
| _ P 44.51 48.64 51.29 63.42 66.21 68,17
H-Truck G 72.04 74.86 76.65 95.30 98.12  99.79
F 79.35 82.17 83.96 107.79 110.67 112.35
P 90,20 93.02 94.81 126,98 129.87 131.67
Paved Road G = Good {Roughness = 2,500 mm/km)
F = Pair (R = 3,750 mm/km) '
P = Poor (R = 5,500 mm/km)
Unpaved Road G = Good (R = 4,500 mm,/ km)
F = Fair (R = 6,500 mm/km)
P = = 9,000 mm/km}

Poor (R
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VII. ENGINEERING STUDIES

7.1 Road Sections

In view of practical implementation and for the purpose
of the alternative study, the whole section of the road was
divided into five sections taking into account the projected
future traffic volumes as shown in Fig. 7.1. The traffic
volumes on the five sections were obtained as shown in Table
7.1 on the basis of the result of traffic forecast presented
in Chapter V.

7.2 Road Inventory

7.2.1 General

The first portion of the existing road between Gharnga .
and St. Paul River was constructed in 1954, the second portion
. between St. Paul River and Foya was completed in 1958, and
the last portion between Foya and Mendikoma is considered to
have been completed thereafter. Since then, thé laterite

pavement has been well maintained by Bong and Lofa maintenance

offices.

According to the available drawings prepared by the
MPW engineers, the design standard of the road is as follows:
pavement width is 6.0 m (20 ft.); maximum gradient is 10%;
and design speed is about 50 km/h. The total running t ime

from Gbarnga to Mendikoma totalling about 275 km is about six

to eight hours,

Special characteristic of the existing road comes from.
the laterite soil, a typical soil found in tropical areas.
For considering the improvement plan, the following general

characteristics of the laterite soil are to be fully taken
into account:
1) It is very hard in dry season and fairly stable

even in wet season.



Fig.7.1 Road Section
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2y  Trafficability of the latérite road is influenced
mainly by the characteristics of other soils such

as clay, silt, sand and gravel.

Road lnventory survey was conducted during the field in-

vestigation starting from late June, 1979, the results of which

are summarized in Annex VII-1 and explained briefly hereunder.

(Detailes of the road inventory are presented in Appendix) .,

7.2.2 Road Surface
General conditions on the road surface are explained

hereunder.

Section ‘I. Gbarnge ~ St. Paul River

The road surface was fairly good in the dry season all
. through the stretches. Many pot holes were, however, shaped
and the surface on the shoulder became very slippery during

the heavy rain season.

Section II, St. Paul River - Zorzor

In the whole sections throughout Gbarnga to Mendikoma,
this stretch is relatively stable and reliable from the view
point of the road surface condition because the gravel laterite

is well spread on the road,

Section ITT. Zorzor - Lofa River

In this stretch, in addition to the poor alignment, many
portions are covered by the clay laﬁerite, which affects
trafficability and sometimes stop the traffic after continous
rainy days. On the other hand, drivers and users suffér from
uncomfortable shock by bumpy surface and dust cloud during
dry season and even in the wet season when fair weather

continues for several davs.

Section 1V. Lofa River - Shello

The road surface of Lofa river - Voinjama stretch is
comparatively well malntalned 1n spite. of many trafflc Thé
road surface startlng from V01n3ama to Koldhun is comparatlvely
good, but in the next stretch from Kolahun to Shello, the laterite

contains much clay soil, and many pot holes were found on the



road surface caused by rain water, but still its trafficability
was fairly maintained,

Section V. Shello - Mendikoma

‘The last portion of the road from Shellio to Mendikoma
is narrow in road width, but the road surface is fairly

maintained.

7.2.2 Horizontal and Vertical Alignments

According to the result of the suréeys, it was found
that improvement in the vertical alignment is considered to
bé more urgently réquired than in the horizontal alignment.
The road stretches with the gradient of more than 5% are 251
poiﬁts on the Project road. About 21 stretches of the road |
are of the steep gradients with more than 9%. The road

stretches with steep gradients by section are summarized as

folloWs;
Table 7.2 Road Gradient {Points)
Section © 5% G 7% 73K G € 9% 9% < G
Section I 22 2 0
Section IX 49 21 4
Section III 43 27 8
Section IV 35 27 9
Section V 3 1 0

T o t al - 152 78 21

Compared with the vertical alignment, the condition of
horizontal alignment is relatively fair. But there still exist
about 122 places with.stéep curvature of less than 250 m on
all the réad“stretch. About 28 road stretches are with steep
curvature of less than 150 h, The number Qf the points with

felétively steep curvature on the Project road is summarized

in the following table.



fable 7.3 Road Curvature (Points)

Section RE150 150<R<250 250<R<400
Section I 0 9 38
Section 1T 6 21, 66
Section 11T 18 38 80
Section IV 4 26 _ 74
Section Vv o 0 : 7

Total 28 - 94 265

7.2.3 Cross Section

On the basis of the cross 59ct10n survey, typlcal cross.
qcpttonq of the road are shown below. The effectlve carrlage
way of the road from Gbarnqa to Kolahun is 7- 12 m wide, “The
carriage way width is, in genetai relatlvely w1der on the
embankment portion but becomes narrower on the cutting
section. -From Kolahun the. carriage way becomes narrower
particularly on the section between Fova and Mendlkoma with
the effective w1dth of 5.5-6.5 m, T

_ Typical Cross Section
. of Existing Road

Rock cut sldpe




A predominant feature of the Project road is that
‘the width of the carriage way on the embankment poftion

was enlarged as shown helow,

Driginally, the siope of the embankment was designed
and constructed with sufficient safety. The road has become
wider by about 1.4 m and the slope of the embankment has
become steeper due to reqular maintenance works of the road
surface. '

Widencd Pmbankment Secticn

e
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_ Efosion of the embankment wag found only on limited
portions of the road. Particularly, the high embankment pertions
neaf'St._Paul River Bridge was extremely eroded méinly due

to heavy rain and the width of the carfiage.way was shrunk

to about 3.8 m, which was insufficient for two lane traffic as
illustrated below.

Eroded Embankment Section
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AL the original embankment edge of the culvert, trace
of serious erosion was identified. For the improvement of
the road, such characteristics of erosion has to be fully

taken 1nto account.

on many portion of the cutting section, erosicn of the

cutting slope was found as illustrated below.

rrosion of Cutting Section /M

N/
N BN

This was caused by the erosion of the side ditch. Such

-~

erosions were identified at 73 places on the cutting slopes

of the Project road as given below:

Gbharnga ~ Z0Orzok 6 points
Zorzor ~— Voinjama 31 "

Voinjama- Mendikoma 36 M

For the improvement, the cutting section is to be widened
by bench cut shape with about 0.7 m wide step on the foot

of slope.

7.3 Bridges and Drainage Structures

In Liberia, bridges are basically of concrete structure.
The reascn for Lthis is that 1) all the steel materials are
imported and steel bridges are very costly, 2) concrete
materials are easily availabie, and 3) long span is not

reguired, becausSe there is no deep valley and no earthquake.

In Liberia, super structure of concrete bridges are
being standardized on the basis of the length of the span as
given below, and substructures are free from horizontal force

from earthguake.



Length of Span

Type of Bridge

Less than 30 ft Slab bridge
a0 ~ 70 ft T-beam bridge
80 - 100 ft Box-girder bridge

~ The strength of concrete structure of the existing
bridges was measured on the basis of Schmidt Hammer and
the results are summarized below:

Concrete Structure

Compression Strength.

B - (kgfem?)
Slab 380 ~ 460
Beam ' 400 - 560
Deck : _ 320 - 360
Pier 260 - 280
" Abutment : 380 - 600
Wing 300 - 360

From the field inspection, no brittleness phenomenon was
found on the surface of concrete structure, and it is judged
that the strength of the.concrete has been increased as time has
proceeded. The bridge inventories are presented in Annex VI1i-2
and the'cbnditions of bridge and drainage structures are hriefiy

described as follows:

Gharnga-Zorzor

There are eleven existing bridges from Gbarnga to Zorzor.
two bridges (Mem Creeck and St. Paul River) are of steel
Structure, and other nine bridges are of concrete structure.
There are no problems for the bridges from the structural

/1

and hydrological viewpoints. “—

/1: lydrological analysis is presented in appendix.



Box and pipe culverts were checked and the function

was analyzed. They were fairly well maintained except

that the maintenance of the slab surface concrete was requred

for the first bridge located at 28.7 km from Gbarnga.

zorzor-=Voeinjama

There are fourteen'bridges of concrete structure f;om 
Zorzor t£o Voinjama. Five of them afe longer than 45 m; the
longest one is the Lofa River Bridge of 93.2 m length; the
second is the Toma River Blldge of 68.4 m length; and Other
river bridges are of 49,95 m, 49. 10 m, and 47.6 m 1enqth.
From the field survey and hydrologlcal analysis it was judged

that all the bridges have enough clearance.

Most. of the pipe culverts found on this sectlon are

located under the existing ground level but drainage functlon

Was not poor.

voinijama-Mendikoma

In Voinjama—Mendikoma,'there exist four bridges. The
largest bridge is located near Mendikoma of 43.85 m length.

The structural conditicn of these bridges were good.

Besides, boxes and pipe culverts. are found, which were

well maintained and their function was good.

As a result of the¢ field survey and the hydro-

logical analysis, it was confirmed that the existing
bridges are in good condition as described in above, and

judged that replacement is not necessary for coming 20 years.

7.4 Soils and Aggrégate

7.4.1 Soil Sampling and Test

5 A |

Soil samples were taken from thirty points along the
existing road in such a manner that at least one scil sample -

is to be picked up from the road stretch of about 9 km.

/1: Regarding the sampling method, more detailed discription

was made in Appendix.
e T



Main object of the soil sampling and test is to confirm the

reliability of the laterite s0il as the embankment body.

Soil samples were brought to the Soil Laboratory of the
Ministry of ‘Public ‘Works, Liberia, where soil tests were ﬁade
for eight test items. -All the tests were carried out in
accordance with the AASHTO standard, except the CBR test for
subgrade -which was tested. accerding to the JIS Al2ll, s a
modified or 81mp11f1ed method of the AASHTO CBR test.

From the reSults of the laboratory tests it is judged
that the CBR value of the subwgrade or top of the embankment
1s_at least 4 to ll. This indicates that the construction
of the sub-grade will be made satisfactorily by using the

laterite soil.

Th0 list of the soil samples and laboratory tests,
and the summary. results of the test are shown in Annex VII-3.
(Details of the soil sampling and the test results are

presented in Appendix)}.

7.4.2 Road Surface Test

Tn order to understand the existing road surface, the
‘road surface test was conducted in the field., The test items

and the survey points are as presented below.

1) V¥ield CBR test o 16 Points
2) ‘Road surface deflection test 16
3)  Sounding test i  *

For the test of items 1) and 2}, a heavy truck fully
lcaded with 1aterite s0il of 5.2 tons with tyre alr pressure
of 60 kg/cm2 was used as the test load. The field CBR test
was conducted in accordance with AASHTO standard, while the
deflection_téSt was carried out by using the Benkelman Beam.
Sdunaing teét was also conducted by using a special equipment

designed by the Road Research Laboratory of the Ministry of

Construction, Japan.

/1:  Japan Industrial Standard .
These results are converted to soil support value
and applied for pavement design.
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The results of the field road surface test are also

listed in Annex VII-3.
The recorded field CBR value shows a high value ranging

from 15.4 to 108.0 with an approximate average of 47.0,

which seems to be of very high value if considerxed that the

test was carried out in the rainy season.

tions of the road surface recorded were less tha
and 1ess than 4.5 mm ln V01njama~

The maximum deflec~

n 2.5 mm in

Gharnga--Voinjama stretch,
Mendikoma stretch., Besides, the thickness of laterlte pavement
as support layer was checked .and confirmed to be about 20 cm '
by the sounding test. Through this test and analys;s for
subgrade material it is judged that the laterite soil is good
material for road body-embankment. (Detalls of the road

surface test are also presented in Appendix.)

7.4.3 Aggregate Materials

The investigation of coarse aggregate for asphalt mixture
was conducted and_lﬂ'quarry sites were identified. Location
of the guarry sites as well as the estimated volumes are

- presented in Appendix.

Through the reconnaissancé, it was found that most of
them belong to igneous group characterized by the presence
of guartz and feldspar, and classified as granite or syenite.
These igneous group rocks are considered as fair to good for
the bituminous mixture. All the proposed sites have no |
problem for the right of way, reserve volumes, and the
access road to the sites can be constructed rather economically.

/1

Rock tests &~ on the quarry material.taken from the
proposed sites we;e carried out for the'items'of specific gravity
and its moisture content by the Ministry of Public Wofks_
Laboratory. = The value of specific qravity was Z2.64 and 2.66;

_and the moisture content was 0.41% and 0.92%.

/1: Abrasion test was excluded, since it was judged that
the quality of the rock is fairly suitable for the material

of asphaltic mixture through the test exploration.
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Por the analysis of the gravelly laterite, CBR test was
conducted for the blended sample materials (G-3'and V-9),
which were taken from the investigated borrow pits. The
result was presented in Fig. 7.2. As shown in the figure,
the CBR value is 50 to 60 under the optimum condition or the
dry condition although it is less than 10 under wet condition.
Since gravelly soil with CBR value exceeding 30 is considered
as a good material for sub-base, the field perfotmance is

expected to be made satisfactorily if compacted in dry season.

On the other hand, characteristics and practical appli-
cability of the gravelly laterite were preliminarily analized
in accordance with AASHTO criteria. The following conditions
are required to be met for using the soil aggregate as sub-
base and bage material by AASHTO.Ll

Consistency:
- Liquid limit 25
—~ Plasticity index 6
Grading:
- within the group of A, B, C,
D, E and F
(For using as the surface course,

Grading A and B are excluded.)

By comparing the test results with these criteria it
is found that most of the samples are classified as bad or -
poor for the materials'of sub-base and base except the
sample G-4 although around one third of the samples mect
only :the grading requirement. The result suggests that the
laterite in the Project area is better to be mechanically treated
using crushed stone or chemically treated for using as
sub-base and bace materlals‘. Application of the chemically

treatment is dlSCUDSGd in more detail in Annex VII-4.

/1: AASHTO M 147-65.
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From the results of the studies mentioned above, the

following conclusive remarks are made for the course aggrigate.

1) It can be possible that the gravelly laterite in
the hatural condition be applied only for the sub-
base course if carefully selected excluding fine

~and clayly socils.

2) Selected'laterite soils are, in general, not suit-
abhle for pavement course, but if stabilized
mechanically or chemically they can be used as

sub-base and base materials.

3) Crushed aggreqate are to be applied not only for
" the wearing or surface course but also for base and

sub—-base course as a stable material.

‘Alternative plans for the pavement structure are formulated

in due Con51derat10n of the above each idea and the availability

of the adgregate.

7.5 Design Staéndards

7.5.1 Basis of Design Standards

_ In Liberia, there is no specific standard for road design.
All rbads have been designed basically referring to the design
standard of AASHTO

~In case of asphalt paved road MPW has been using the

following de51gn standard.

Design Speed _ 72 km/h (45 mph)
Minimum curvature 360 m

Maximum gradient 7.0%

Minimum sight distance 90 m

Bridge design load HT-20

Bituminous 3.75-7.5 cm,
pavement on 40-50 cm
laterite base

Pavement structure

In decmddlngd951gn'standard of the Project road, various

féctors were carefully studled mainly on the basis of the
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above standard.and teferring_to the ASSHTO's standard.

7.5.2 Deslgn Speed

whe Project road is the main road linking 1nte110:
hilly reglon% to the Great Monrovia. The Project road, one of
international roads Connectlng neighboring countries, is
considered to be a primary road. The de51gn 5peed of the
primary road in Liberia 'is standardized to be 80~ llO km/h in.
flat region, 55-80 km/h in hllly reglon, and 40-60 km/h in

mountainous region.

~ According to the field survey, it was found that ﬁhe
most part of the road belong to hilly region except the
mountaineous region extending 40 km of the stretch-between

Konia-Lofa.

In due consideration of the topographlc chardcterl thS
and the applied design standard in Liberia, design speed is _
basically proposed to be 80 km/h. For'determining the design
speed on the stretch of Konia-Lofa, comparative study was made
between the different design speeds.of 80 km/h and 60 km/h.
The result of the comparison juStlfleS the appllcatlon of 60
km/h for the design speed on the limited sectlon. (Details

of the comparison are presented in Annex VII-~5.)

7.5.3 Sight Distance

Sight distance is expressed by stopping sight dlatance
and is calculated by the follow1ng formula:
v v
D = (N
38T 29t ¢ (3.6)°

where, D: Stopping sight distance (m)
'Running.speed (km/h) _ _
f: Coefficient of longitudinal friction
between tyre and road way
t: Reactlon time of driver to push brakeE

g: Acceleration due to grav1ty



| The reaction time (t) changes case by case, but t=2.5 sec
is applied folldwinq to the AASHTO. Substituting these value

in the above formula the following is obtained:
2

D = 0.694V + 0.00394 x %m
' Coefficient'of longitudinal sliding‘friction (£} varies
according to the condition of tyre, road surface, brake humid
condition, etc, However, the following figures are applied
in the case. '

Sight Distance

Design Running 7

Speed speed £ 0.694V  0.0039 - D (m)
(km/h) . (km/h)
80" 68 0.31 47.1 58.7 105.8
60 54 0.33 27.4 34.8 72.2

" On the basis of the above result, the proposed stopping
sight distance is calculated at 110 m at design speed 80 km/h
and 75 m at design speed 60 km/h., '

7.5.4 Mlnlmum Curvature

The mlnlmum curvature is decided by the design speed and

is determined by the following formula:

N
127 (&' + i)
~ where, R: Minimum curvature

Degign speed

£1: Coefficient of horizontal slldlnq
friction between tyre and road surface

i: Slope of road surface

In case of asphalt paved road, the value of (£') is
0.4-0.8 for dry surface road and 0.2-0.3 for wet surface road.
The relation between design speed and (£') ostablished in
1nternat10nal standards such as AASHTO RAL and JRC is shown
in Fig. 7.3. In this case, the value of (£') is assumed
at 0.12 whén'de51gn speed 80 km/h and 0 13 at design speed
60 km/h.
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The value of (i) is assumed to be 8% in case of asphalt
paved curve portion and maximum joint slope is assumed to
be 10%,

Substltutlng the values of (f') and (i) in the above

formula, the value of R is calculated as given below:

When design speed 1s 80 km/h

___8o*
R =137 (0.12 T ooog) - 2 m

. When design-s?eed is 60 km/h

2
R = 60

© 127 (0.137F o.io)

135 m

From the above result, the value of minimum cutvature
(R) is proposed at 250 m when design bpeed is 80 km/h and
140 m when design speed is 60 km/h.

Fig. 7.3 Speed & Road Friction
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7.5.5 Road Width

According to the desigh tandard applled in leerla,.
width of asphalt paved road is 7.8 m, Wthh_lS con51dered,
to include shoulder width of 1.5 = 2.0 m. In the AASHTO
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(m)

Carriageway width of 2-lane road

Frge 7.4 Minimum Carviageway Width of 2 Lénp Road
Determined hv Uperating Exporiments
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Design Speed for Passenger C-r

Japan Road Desian Standard

°

and truck in ADT (%)

Sharing rate of the total of buses

This table was obtalned by the running test in two

d]rectlon two lane road in Japan under the followlng conditions:

a)

b)

“The runnlng speed of each coming car qhould be

kept to be constant.

The shéring rate

(P%) of total buses and truck in

ADT changes as the kéy'parameter to estimate the

necessary road width for drivers under the above

"restriction.

-
]
-
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standard, road width is set at 6.0-6.5 m and 6.5-7.0 m

for speéds 60 km/h and 80 km/h, respectively. On the basis
of the above conditions and referring'to the experience in
Japan presented in Fig. 7.4, road width for the Project

road i1s proposed as follows:

a) 7.0 m for speed 80 km/h

k) 6.5 m for speed 60 km/h

Present and forecasted traffic volume of the Project
road is given in Table 7.1. The future traffic volume per
hour of each section is estimated at 140-500 DHV (future

design hourly volume in year 2004).
Considering basic traffic capacity for 2 lane and

2 direction road is 2,500 DHV, the above standard for road

width is considered to be enough.

7.5.6 'Superelevation of Cross Section

Generally, road CfOSS'SlOpé.iS set at 1.5-2.0% fof paved
road. In case of the proposed roa&, superelevation for
drainage is proposed to be 3% in order to let drain water
pass smoothly to the side earth diﬁch, the slope of which
will be‘kept at less than 5% to stop the erosions of ditch
beds. '

On ‘the basis of the studies mentiéped:in the precéding
sections, the proposed design sﬁéndara for the'Gbanganendikbma
Highway Project is determined and summarized in Table 7.4.

Proposed typical cross sectoins are presented in Fig. 7.5
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Table 7.4 Proposed Design Standafd

Design PFeature Hilly Mountainous
— Region Region
1. Design speed (km/h}) 80 60
2. Pavement width {m) 7.00 6.50
3. Shoulder width {(m} 2.00-1.50 ' 1.75
4. Right-of-way (m) 50.00 ' 50,00
5. Stopping sight distance (m) 110.00 75.00
6. Minimum radius of horizontal :
curves (i) 250,00 140,00
7. Minimum radius of vertical 75.00 50.00
' curves {m)
8., Maximum vertical grade 7% 8%
9, Minimum coefficient of
vertical curves:
K (crest) 2,900 m 1,400 m
K (saqg) 2,400 m 1,000 m
10. Mihimum coefficiént of
horizontal curves:
K (crest} 2,900 m 1,400 m
K (sag) 2,400 m - 1,000 m
11. Combined grade 10.5% 10.5%
12. Road drainage grade 3.0% 3.0%
13. Shodlder horizontal grade 4.0% - 4.0%
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Fig. 7.5 proposed Typical Cross Sections

Désign Speed 80 km/n (Lofé River - VOinjéma -~ Shello)
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7.6 Preliminary Design

Preliminary design of the proposed road was made based

on the design standard explained in the preceding section.

. 7.6.1 ‘Plan and Profile

‘ImprOVed plan and profile were prepared in accordance
with -the proposed design standard, which are presented in
appendix.. Horizontal alignment is to be improved with the

following number of curved portions,

No. of Portions

. Section to be Improved

Section I 7

.Sectioh 11 | 26

Section ITI 51

Section IV | 24

Section V - {No change.)
Total = 108 portions

- The portions with. the gradient of more than 7% for the
design section of'80Km/h and more than 8% for the design
section of 60Km/h are to be improved. Accordingly, most of
the vérticél aliqnment on the residual stretches will be

improvéd to make it smooth line.

As the result of improvément, the length of the road will
become about 271Km as presented below.
. {Kin)
Road Length

Section
‘ Improved Present
T _ 44,4 ' 44.5
II 56.0 56.5
ITI 68.7 69.0
TV - 88.1 o 91.1
v. 13.7 13.7
Total 270.9 274.8
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7 6.2 haLLhwork

The embankment helght was determined taking into
consideration Such factors as topographlc condlplons, Flood
conditions and drainage'structﬁres.' It is designed that
the maximum embénkment height is around ldm in due consideration
of continuous heavy rain in the PrOJect area. ‘In the portion
where the height of the embankment is more than 5m, a step or
terrace with 1.5m of the width is to be prov1ded on the
embankment to keep it Qtable. Proposed slope of the embankment
is designed at 1.5:1.0. _Slnce-;t is £ound_that the laterite
soils are suitable for the road body, the laterite soils along
road are planned to be used as the embankment materiéls.

Cutting waé planned to improﬁe'main1y at the steep or
undulated portion of the existing vertical allgnment : Sfeep
cut slope is proposed 1n view of the Charactexlstlcs of the
laterite soil and to protect it from erosion caused by the
heavy rain. The slope of the cutfing-sectiQn'is désigned at
0.5:1.0. For protecting the cutting.section from the eroéion,
a terrace is designed at the placé where height bf the slope

exceeds 5Sm.

7.6.3 Pavément Design

For selecting the optimum pavemeht design Of_the Project
road, such local conditions as climaﬁic conditidn and . available
pavement materials are fully taken into consideration, .and the

foliowing three design methods were comparaEiQely studied.

1) AASHTO, Interim Guide for Design. of Pavement

structure,
2}y US ASphait Inétitute Methodjin ”Thickhess Design
Asphalt ‘Pavement Structures for Highway and Street".

3) UNESCO, Pavement Design Method
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In addition, Pavement Design Guide of Japan Highway
_Institute was reviewed only for referrence. Through the
comparatiVe study, AASHTO method was selected to be applied
since regional or local factors can be ihcorporated and

su}table design thickness can be given in the method.

In order to detefmine the most optimum pavement design
alternative plans were formulated for surface course, hase

course and sub-base course as presented in Table 7.5.

- Alternative A emphasizés the structural safety and
Alternative B, C'and D consider the use of local materials
(Laterite) as much as possible. Initial construction cost is

planned to be kept minimum in the alternative D.

Comparison and selection of the optimum pavement'design
for the Project road were conducted under the following
procedure. ' '

1} Estimate of Total Axle andél

. Fof-the estimate of the axle Joad on the Project road,
average eguivalent factor for one truck against the standard
one with the axle load of 8.2 tons was calculated by using the

/3

cargo loading fathiZ and average truck weight data=—. The

estimated average eguivalent factor for one truck is 0.80,

Then, average one-lane annual trafflc volume of the truck

was calculated over the de51qn years, By multlnlylng the

average equlvalent factor of 0.8 to the average annual trafflc

volume, averadge equlvalent traffic volume was calculated

./1: Defails_of the calculation are presented in Annex VII-6.

/2 Estimated from 0~D Survey
/31 Obtained from Automobile Guide Book.
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Total axle load was finally estimated by multiplying the
expectcd 6981qn years and number of days per year to the

calculated average equivalent traffic volume.

.a)- Soil Support Value (8)

_ Sdil'support value was estimated on the basis of the
: . - /1
calculated design CBR valueél cf the sub-grade and correlation
between the soil support value and CBR value. The estimated

soil support value was presented in Annex VII-6.

b) Caléulation:oﬁ Structural Number (SN)

‘For deciding the thickness of the pavemerit, the structural
Number (SN) of asphalt pavement was calculated for each sectidn_
and for four different_desiqn years of the road on the basis
of the total axlefload and soil support value estimated above
in due considefation of the regional factor. The estimated

Structure Number (SN) was presented in Table VII.3 in Annex VII-6.

c) Pavement thickneSS

The pavement thickneés for each alternative was calculated
by using SN value as explained in Annex VII-6, which is

summarized. in Annex VII-7.

2) -Selectidn of ‘the Most Optimum Pavement Structures

For selecting the most optimum pavement structures for

/2

_each section of the Project road, costs comparison®- was

conducted in terms of net present value discqunted at 12%.

./i: The CBR value was estlmated under the condition that
T s0il samples were soaked for four days.

/2:+ Under the condition that the expec;ed economic benefits
o are equal, the least cost alternatlive can be selected

as the -optimum plan.
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The costs to be compared includes costs for the pavement
structures, annual maintenance cost and vehicle operatlng
cost, L Through the net cost COmparluon/z, Alternative B was

selected for all the road sections as summarized in the

following table.

Cost Comparlson of Alternative

/3

Pavement Structure (Present Valuef—

Section Section Section Section Section

1 IL 1T . IV v
Alternative A 19,639 20,846 40,133 66,832 4,970
Alternative B 016,854 17,514 35,814 57,567 4,199
Alternative C 17,570 17,517 37,419 60,434 4,369
Alternative D 17,641 17,987 38,319 61,825 . 4,361

7.6.4 Drainage Design

Drainage is one of the most important factors to keep
the road all weather condition. For the evaluatlon of the
existing drainage structures, hydrologxcal_analysn—;ﬁé was
preliminarily made on the basis of the available data.-
Results of the Schmidt Hammer test were checked to evaluate
the structural strength. Informatioh on the past”floods
gained from neighbouring people was also used as the sUppli—

"mental data for the evaluation.

Through this, all the existing bridges were found to be safe

for flood with 100 year recurrence period and to have enocugh-

Vehicle operating cost differs between the different

/1
pavement structures,
/2 : Detalls are presented in Annex ViI- -8,

/3 Discounted at 12%.

~
.

Results of the analysis are presented in Appéndix.
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structural strength_compared with the design loading of AASHTO
H- 20, In some portions the capadity of the drainage Structures..
such as@Orrugated pipe é_nd culvert box is not enough for
discharging the flood water with 25 years and 50 years
reéun:enge periodf respectively. Number of the3portioﬁs to

be improved are summarized for each section as follows.

) ~ Section portions
Sec., I Gbarnga — St. Paul River 6
Sec. II St. Paul River — Zorzor 4
Sec.fIII ZorzZor-— Lofa River 12
Sec. 1V Lofa River - _— Shello 6
Sec., V Shello— Mendikoma : ' 4

Total 32

Besides the improvement of the existing structures,
box culberts and corrugated pipe are additionally required
for the stretch of realignment. Proposed structures for the

Project are summarized below.

Type of Drainage Cross Section Max. Discharge
structure ' (m}) . - (m?/sec)
Corrugate pipe g 1,00 : 1.40
do g 1.50 3,80
do s 1.50 x 2 7.60
Box culvert 3,00 x 3,00 21.47
do {3.00x3.00)x2 42.94
do 4,00 x 4.00 . 46,22
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7.7 Construétion Work Quantities

Constructlon work quantltles were calculated based on
the information obtalned ‘during the tleld lnvestlgatlon
including inventory survey and the prellmlnary de51gn made in
the precedlng section., They are calculated by section w1th

the following items, and are summarized in Table 7.6.

Site clearance
Barth works

1) Common road excavation
2) Rock road excavation
3) Borrow excavation

4) Waste excavation

pavement works

1) Surface course
2) Base cource

3} Sub?Base course
4) Shoulder work

Drainage
1) Corrugated pipe
2) Culvert box
3) Side ditch

Miscellaneous works:
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7.8 Construction Plan_ and Schedule

7.8.1 Construction Plan

To formulate the construction plan for the PrOJect road

the following assumptions or Condltlons are con51dered

1) Construction work is to be'conducted only during the

dry period of 8 months (November to June) a year.

2) Whole the construction work is divided into 3
packages in due consideration of the work volumes

together w1th the flnanc1al requ1rement._

3} During the construction, the existing traffic is to

be kept on the Project road.

Under the consideration of the above factors, construction

‘plan is made as follows.

1) Earthwork

For the embankment, the moisture of the laterite soil
to be used shall be kept at around the optimum poiht from the
results of the soil tests. For cohfirming this, the earth

work is planned to be carried out only in the drieSt 6 months,

During the cbnstruction, the exiSting traffic is to ‘be
kept. The construction is, therefore, planned to be carried
out half by ha1f of the road. During the embankment of the -
first half, the traffic will use the other half, and upon
completion of the embankment of the first half, the traffic
will be led to the completed half and.the embankment will
proceed to the remaining half. Tn addition, the method of
night time construction is also considered in somé part for

keeping the existing traffic.

As considerable amount of laterite soil will be used

for the road embankment structure, study on the materials



including soil support values is further to be made in more

detail in accordance with the actual implementatidn Stan.

2) Pavement Works

The pavement works are also to be conducted in dry season,
since heavy rain will increase the water contents of sub-base
and base course materials which cause difficulty in compaction.
For executlng the pavement works for each package, two sets
of the asphalt plant'with the capacity of about 60 tons per
hour each and two road stabilizer with the capa01ty of 3, OOOm2
per day each are planned to be installed or mobilized.

_ The most 1mportant work is constructlon of the cement
stabilized base course wh;ch will be operated on the road for
mixing the selected gravelly laterite and cement using the

road stabilizer.

| For the road section II and V, projected traffic fOr.
which is relafively small, improvement by seal coat is planned
.temporarily during.the period between 1983 and the commence-
ment of the proposed"pavement works in order to materialize

the expected benefit of the whole project at the earlier stage.

7.8.2 Construction Schedule

Whole the construction work is divided into 3 packages,
each of which contains 2 construction sections. The size of
these construction sections were determined in due considera-
tion of the éonstruction guantities. For the preparation of
the Schedule, the construction section with larger traffic
volumes is planned to bhe 1mplemented in the earlier stage

and construction of each section can be completed in around

three:years except Section V.

Tentative construction schedule for each package are

presented in Fig., 7.6.
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7.9 Cost Estimate

7.9.1 Geﬁerg;

~ On the basis of the estimated work gquantities and unit
prices, construction cost was estimated under the following

conditions and assumptions:

1) The construction works will be undertaken by

contractor (s} selected by international competition.

2) The basic costs of materials and labours to be
incorporated into unit prices of construction costs

are as follows:

Material Rate(US$/()  Labour Rate (USS/h)
Cost . - Cost '
“Bitumen | 0.33 Engineer 6.25
~Fuel 0.33 Foreman 1.10
Lubricant - 1.36 Operator 0.78
Cement 70.00/t Driver 0.66

' Labourer 0.47

3) Fofeign currency component of the construction cost

consists of the following:

a) - Construction material: around 90% of the

construction materials such as pitumen, fuel
jubricant, cement, steel, corrugate drainage pipe

and others are included in foreign portion.

b) .Equipment and machinery: all the costs of "’

construction equipment and machineries are
includeé in foreign component, but for the

maintehance costs five percent of them belong

to local component.



c} Labour: some Of thegspeCial machinery and
plants are operated by foreign_operators, and
their costs are included in foreign currency

component.

d) Engineering cost: détailed desigh and

construction supervision are conducted by

foreign engineers.

4) All the costs other than estimatéd in 3) are included

in-local components

5) 'Transportation cost of machlnery and equ1pment is

estlmated as the mobilization cost,

6) The installation, dismantling'ahd'overhead costs

of plants are included in relatéd unit prices.

7) Physical'éontingency id estimated at 10 peﬁcént of

the total cost excluding engineering services.
8) The cost for engineering services and the administ—
rative cost are assumed at about 10 percent of

the total cost.

' 9) all the cost estimation is based on late-1079 price
level. '

7.9.2 Construction Ccét

On the baSlS of the above assumptlons, the construction
cost by Sectlon for the proposed plan was estlmated by
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app1y1ng these unit prices to the estimated w01k guantities,
the summary of the cost estimate is presented in Table 7.7
and 7.8. The estimated total construction cost ig USS$75.2
million which consists of US$59.6 million of the foreign
.currency portion and US$15.6 million of the local currency
portionﬁ Disbursement schediule of the construction cost is
presented in Table 7.9. (Detailed cost estimate for each

section is shown in Annex VII- ~9.)

7.9.3 Road Maintenance Cost

Road maintenance costs were calculated by using the

foliowing formula after compared with the actual disbursed

/1

cost in Lofa area.—

K=k(+ > Ty /2
b 7T )
where, ¥K: Maintenance cost (US$/km/year)
K,: Basic maintenance cost corresponding

to T ({USS§/km/year)
T:. Present traffic (ADT)
T, : Basic traffic (ADT)

For the application of this formula, the basic mainte-
nance cost is to be revised in accordance with the recent
cost data. . This adjustment was made by analyzing the cost

components.

/1 Detalis of the comparison are presented in Annex VII-10.

/2 This: formula was quoted from the final report on hlghway

organlzatlon and malntenance study, leerla 19796
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The basic maintenance cost, thus calculated, for each

pavement structure is as follows.

K, for laterite roads

b

950 USS/km/year
K;, for surface-treated road: 2,800 US$/km/yéar

K, for asphalt concrete road: 3,600 UsS$/km/year

For the estimate of the maintenance cost, the_basic

traffics to be applied are assumed at 100 ADT for laterite

surface road, 600 ADT for surface treated road and 1,000

ADT for asphalt concrete road.

Annual road maintenance costs of the Project road

are calculated under the above conditions, the results of

which are presented'for the representative year below.

Annual Maintenance Cost of Hotmix Pavement Road

=" o= o
Year Sec. I  Sec. II Sec. ITI Sec. IV Sec. V
1984 160,200 203,400 248,400 327,960 49,320
1994 160,200 203,400 284,294 444,058 49,320
2003 _201,532 211,638 394,335 625,092 531,613

Annual Maintenance Cost of Roadmix Pavement Road
(Tb:GOO, Kb=2,800) (U585}
Year Sec. T Sec. Il Sec. 111 Bec. IV Sec. V
1984 124,600 158,200 194,810 303,120 38,360
1994 154,089 160,364 304,129 490,604 40,885
2003 219,711 221,612 446,775 125,277 54,120
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VIII. PROJECT EVALUATION

8.1 General

For the economic evaluation, eCOHbmic Project costs
and quantifiable benefits were estimated, based on which
economic internal rate of return was calculated. Sensitivity
analysis was also conducted to assess the economic viability

of the Project under various assumptions.

In addition to the economic analysis, socio-economic
impacts of the Project implementation such as impacts on
regional economic development, improvement of health and
education, etc. were studied and incorporated in the Project

evaluation.

8.2 FEconomic Evaluation

8.2.1 Economic Costs

Economic construction cost is estimated by applying
shadow wage rate for unskilled labourers to the estimated
construction cost, which is assumed to be 50 percent of

actual wage. The calculated economic construction cost is

Us5572.9% wmillion.

The foad maintenance costs estimated in Chapter Vil

were applied for the economic analysis as the economic cost.



8.2.2 Economig Benefits

For the calculation of the economic 1nterna1 rate of

return, the £01l0w1ng quantlflable ‘benefits were con51dered

(1) Savings of road users' coSt;
(2) Savings of road maintehance cost; and’

{3) Dust stopping.

In addition to the above beneFité, development benefit
is expected from the 1ncrea5ed agrlcultural production in the
influence area under with- PrOject condltlon.r However, this
benefit was not directly estlmated in view of the present
situation of the Project area that the existing road has
been functioning relatively well under good maintenance
work, thé.alignment of which will not be changed'basically
in the Project, and the big scale agricuitural development
projects are already undeiway together with the feeder
roads development. Instead, this expected agricultural
development benefit was indireCtiy estimated and included

in the future generated cargo traffic.

Reductlon of the accident would also be an expected
econOmlc beneflt of the Project, but which was’ excluded in
this report since the.availéble accident data were quite
limited and the resulting estimation would have considerable

uncertainty.

1} Saving of Road”UserS‘ Cost

Savings of road useréf cost coﬁsiét of the Savings of
vehicle operating cost and time cost, which are the major
benefit attributable to the Project. The expected savings
are estimated by calculating the difference of rdad'usefs'
cost between with Project and without Project conditiOns.

For the calculation whole the savings are counted for the



benefits for normal traffic, while one half of the savings
for generated traffic.

a) Savings of Vehicle Operating Cost

~Based on the estimated basic vehicle operating cost
in Chapter VI, vehicle operating cost for each section and
for each vear Qf'the economic life up to 2003.was cal-
culated by type of vehicles both under with and without
Project conditions,

The savings of vehicle operating cost is the
difference between with and without Project conditions, and

calculated in each gection as summarized in Table 8.2,

b) SaQings of Time Cost

Expeéted savings of travel time is evaluated as
road users' bénefit. For the evaluation, time value was
measured at US$0.24 per hour on the basis of the per-capita
. GDP of US$4804L in 1979 and assumed annual average working

=7

hours of 2,000 hours.

Uéing the estimated time value with the calculated
occupaﬁcy ratio time value for each type of vehicle was
calculated as presented below. In the calculation, time
value'for.driver(s)'is not included except for passenger

car since it was already incorporated in the vehicle

operating cost.

/1¥, Estiﬁated on the following assumptions:
{1) GDP in 1979 is Us$860 million at 1979 price.

(2) Population in Liberia is 1,790 thousand in 1979.



Tybe of Vehicle Time Cost (US$/h)

pP-Car _ 0.96
Taxi 1.20
pick-up 2,40
M~Truck 0.48

H-Truck 0.48

On the basis of the estimated time value;_average
running speed and the road length, difference of travel
time cost between with and without Project conditions was

calculated for each road section as presented below.

savings of Time Cost _
' {USS)

' . Year -
Road Section 1984 1994 7003
1. 43,174 91,681 159,000
I1 36,665 80,290 141,263
ITI 93,004 195,962 335,501
TV 183,886 378,471 630,241
v 12,121 22,024 35,611
Total 368,850 758,428 1,301,616

2} Savings of Road Maintenance Cost

When the existing laterite surfaced road is improved,
new maintenance System for paved road is.employédQ
The maintenance cost on the present 1atérite road will be
avoided after the Projeéect be implemented., The avoided main-
tenance cost on the existing road is a benefit of the :
Project, which are summarized for each section as presented

below.



Savings. of Road Maintenance Cost

) {Us$)
Road Secticn - Year B
1984 1994 26073

i 94,484 176,075 292,120

T 90,711 165,587 272,132

III 199,600 381,501 630,591

v 338,824 654,280 1,060,609

v 26,225 42,234 64,554

Total 749,844 1,419,677 2,320,006

3) Dust_Stopping

. One of the most important effect of the road improve-
ment will be the dust stopping on the Project road, which
will benefit not only road users but also non-road users

including the residents along the road.

The benefits from dust stopping were measured by the
least cost alternative. The selected alternative is
"the prime coat spreading which will be recuired for
the.eXisting laterite without the Project. Such dust
stopping costs were calculated on the basis of following

assumptions:

a) Minimum road width for spreading of prime coat is

6.0 m.

b) For the whole section, spreading of prime coat

will be made once a year after the rainy season.

The dust stopping costs to be saved by the Project
were. calculated and presented in the table below. However,
thié'benefit was excluded in the basic analysis on the pro-

ject economy and included in the sensitivity analysis.



Section Cost;(US$/year)

i 152,000
11 191,000
ITI - 235,000
IV 301,000
v o 47,000
Total 926,000

Note: ‘Prime coat cost is 0.57 USS/m2.

8.2.3 Econémic Evaluation _

Based on the economic costs and behéfifs,—economic
evaluation was made by‘caléulétihg-economic internal réte 
of return (EIRR)'and benefit cost ratio (B/C Ratio) over
the assumed economic project life-of 20 years.  Results
of the calculation are preéénted in tﬁé'following table.
(Calculation sheets are presented in Annex VITI-1.)

‘Section EIRR B/c/1 First Year

B Rate Of Return
I 15. 4 1.3 11.9%
I . 13.5% 1.1 10.0
I 18.9 1.7 1246
v 21.8 2.1 © l4.6
oy 12.1 1.0 10.7
A reject  18.9 1.6 1040

/1l:  at the discount rate of'12%

The ETRRs for Package 1, II and 11T areleS-%?
20.6% and13.3%, respectively. - | | |
' AS iﬂdicateé hereinabove, the Pr@ject is_etpﬁgmically
justifiable as a whole although the_EIRRS of Section II and

V are relatively low because of the low traffic volume,



Sensitivity of the EIRR was tested with respect to
-15% increase in the construction cost, 15% reduction of
the benefits, and under the condition that the dust stop-
ping benefit is included in the Project benefit.

-

Results of the sensitivity analysis are presented in
the following table,

Sensitivity Anélysis (FIRR)

(%)

Section  Case I Case TI Case IIT Case IV
I 13.7 13.2 11.6 - 16.3

Iz 11.3 10.6 8.7 14.5 -
11T 17.1 16.6 14.9 19.7
v 19.8 15.4 17.6 22.4
1% 9.7 8.9 6.9 13.7
Whole 17.0 16.5 . 14.7 19.7

Case I : Construction cost increase by 15%.

Case II : Project benefit reduces by 15%.

Case III: Construétion cost increases by 15%
and Project benefit reduces by 15%,

Case IV : Dust stopping benefit is included in

the Project benefit.

The results Shéw that increase in the construction
cost .affects the economic viability more than the benefit
reduction, and the Prbject is economically viable even

" though under the condition of the cost increase by 15%,
If the dust stopping benefit is included, the EIRR

becomes a high rate of 19.7%.
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B Table 8.2 Savings of Vehicle Operating Cost

(Us$ 1,000)

, _ VOC | _
Section Year With Project 71t he : Savings
! e Without Project of VOO

 N.T. . G.T. N.T.  G.T.

1984 . 1,205 268 2,413 532 1,340
1 1994 2,516 573 5,009 1,125 2,769
2003 4,438 891 8,711 1,722 4,688
1984 1,119 266 2,213 521 1,221
IT - 1994 2,394 . 554 4,706 1,074 2,572
o 2003 4,245 872 8,237 1,662 4,387
1984 2,737 611 4,634 1,026 2,105
ITT 1994 5,730 1,285 9,615 2,133 4,309
2003 9,948 2,041 16,425 3,333 7,123
1984 4,553 1,037 8,055 1,821 3,894
v 1994 9,465 2,154 16,466 3,715 7,782
2003 16,315 3,446 27,580 5,785 12,435
1984 300 66 512 113 ' 236
v 1994 564 140 951 233 433
' 2003 919 220 1,534 364 687
1984 9,914 2,248 17,827 4,013 8,796
Total 1994 20,669 4,706 36,747 8,280 17,865
2003 35,865 7,470 62,487 12,866 29,320

Note: N.T. is normal traffic
G.P. is generated traffic

For the calculation of the savings for truck, the
following composition ratio estimated on the basis

of O-D Survey was applied.

Medium truck: 72%
Heavy truck 1 28%



8.3 Socio-Economic Impacts

In addition to the quantifiéd benefits described in
the preceding section, considervable favourable impacts,
tangible or intangible, are expected through the Project

implementation.

One of the most important:impacts will be the effect on
reglonal economlc development nalnly through fa01lltaL1ng
agricultural production such as food crops, and logs and
timber. Partloularly, the progress of the exlstlng agrlcolw
tural development projects (LCADP and BCAhP)-will be further
promoted, which will 1ncrease the income of the farmers and

at the same time, enhance the reglonal economlc actlvlty

To keep the trafficability all through the year on the
Project road, which is now hampered by continuous rainfall
during the rainy season, is an anothef important impact not
only to the regional .econonic actiVity but;also to the
socio-political ac£ivlties.. The improvement of the road will
also contribute to the betterment of educational and health
situation in the region by shortening'thé access to the

schools and hospitals.

During the implementation of the Project considerable
number of workers will bé employed recruited ffom the region,
which is oxpected not only to solve the onemp10yment.or
under-employment situation in the region, bu£ also will
_contrlbute ‘to the development of the reglonal economic
activity. Through all these 1mpacLs, living standard of

the people in the region is expected to be raised up.
Another aspect of the impact is the contribution to

national and international integration. The Project road

connects the Trans-West Africa Coastal nghway at Gbarnqa

8 - 10



'and:willsbe'an important'branch in the international road
network. The improvement of the Project road is expected
to encourage socio-economic activities on a wider regional
baSis; The Project road will also improve the national
ihteqration by encouraging smooth socio-economic exchange

between the central government and provincial governments.

Besidé the above favourable impacts, nedative impacts
on the regional socio-economy are expected. Considerable
1arge investment fbr-the road project will raise the ‘prices
of'thé construction materiéls; wages and other related
materials in the region.  Labor shortage problem is also
expected, particularly for skilled labors. For the efficient

implementation of the project, these negative impacts are to
be fully taken into account and be made them as minimum

as possible.
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I¥X. CONCLUSION AND RECOMMENDAT TON

The Project evaluation indicates that the Project is
technically sound, economically viable and socially desira-

ble, It_is, therefore, recommended that the following
actions be taken for the earlier implementation of

Project.

1} As the Project is justifiable it is strongly
recommended that necessary works including the

detalled design be started at the earliest moment.

2) As the Project requires the considerable amount
of fund for the full development and traffic

volume differs for each road section, stage

wise construction is recommended.

3) Considering the amount of the required fund, it
will be one of the possible measures to arrange
with the external sources for financing the
Project. Preparation of such arrangement 1s

recommended to implement the Project as scheduled.

4} As the base course of the Project road, cement treated
base is proposed in this report. For confirming
this and determining definite cement component, it
is recommended that the following test be conducted
in the So0il Laboratory of the Ministry before

starting detailed design.

- Wetting and Drying Test of Compacted Soil-
Cement Mixture (AASHTO T135-70)

- Cement Content of Soil-Cement Mixtures
(AASHTO T144-74)












Annex III-~1

Crop Production in the Influence Area (1878/1979)

Crops Area (ha) Yield (t/ha) Products (t)

Upland Rice

Lofa county 2% 24,600 0.9 22,140

Bong county 5,300 1.0 5,300

{Sub~total) (29,900} (27,440)
Swamp Rice ' '

Lofa county /1 3,300 1.3 4,290

Bong county 400 1.3 520

{(Sub-total) {32,700) {4,810
Total Rice Production 33,600 32,250
Coffee

Lofa county /1 6,300 0.28 1,760

Bong county 200 0.2 40

{(Sub-total) (6,500} (1,800}
Cocoa

Lofa county /1 5,000 g.28 1,400

Bong county 400 0.25 100

{Sub-total)} (5,400) (1,590}
0il Palm

Lofa county /1 600 5.0 3,600

Bong county 100 5. 500

{Sub-total) (700} (3,500)
Source: (1) Upper Lofa County Rural Development Project

(2) Upper Bong County Rural Development Project
(3) Agricultural Census, 1971
(4) LPMC Production Records

/1 : includes both LCADP area and outside LCADP area

I11~-1



Annéx IIT-2.

Crop'Production in the Influence Aréa (1988/1989)

Crops

ATea(ha) Yield(t/ha)  Products(t)

Upland Rice
Lofa county

5,600

(3) LCADP Annual Report, 1978

ITI~2

- improved 1.7 95,520
- not improved 15,000 1.0 19,000
{Sub-total) {24,600) (28,520)
Bong county o -
-~ improved 1,600 1.4 2,240
- not improved 3,700 1.0 3,700
{Sub-total) {5,300} (5,940)
- Total of upland rice 29,900
Swamp Rice _'
Lofa county :
- improved 2,300 3.5 8,050
— not improved 2,800 1.3 3,640
{Sub-total) . (5,100} {11,690)
Bong county o o S
- improved 600 3.0 1,800
~ not improved 300 1.3 3,900
{Sub-total) (900) {5,700)
Total of swamp'rice 6,000 17,390
Total Rice Production 35,9060 51,850
Coffee
Lofa county .
-~ improved/new 2,800 0,9 2:520
- - not improved 4,500 0.28 1,260
(Sub—-total) {7,300) {3,780)
Bong county _ _
- dimproved 400 1.0 400
- not improved 200 0.2 40
{(Sub~total (600) (440)
‘Total Coffee Production 7,900 4,220
Cocoa ' '
Lofa county ' : o
~ improved 2,300 0.8 1,840
~ not improved 4,200 0.27 1,180
(Sub-total) (6,500) (3,020)
Bong county .
- improved .800- 1.0 800
- not improved 400 0.25 100
{Sub~total) _ (1,200) {900)
Total Cocoa Production 7,700 3,920
0il Palm _ _ . '
“"Tofa county 1,600 10.0 16,000
~ Bong county ) 200 . 6.0 1,200
Total 0il Palm Production 1,800 | 17,200
Source: (1) Uppexr Lofa County (2) -Upper Bong County
by
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