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CHAPTER 4

AGRICULTURAL DEVELOPMENT BENEFIT

W APP’HOAc‘ﬂ’

The simblar approach as in the Phase 1 Study was eﬂployed in the estrma-.
Jtion of agricultural developnent benefits in the Phase 2 Study.
Agricultural development benenits are measured by the increment of net
value added due to the following major factors:

incréése'bf farmgate prices
- fnceease of crop yield
- expansion of cultlvated area

In the Phase 2 Study, however, the last item among the above factors was
deemed not to be dominant. More precise examination of the existing land
- use and lénd'capability'revéa}ed that very fed cultivable 1and remains
unused in the area of influence of the proposéd roads. Planted areas in
the area O?QiﬂfiqehCe were also reduced, comparing with the Phase 1 Study,
' due to the reduction of the areas of .influence mainly by the full con-
sideration 'of physical constraints to define the area as mentioned in
Chapter 2.

oevéiom'ent benefits were estimaled by the?foilowing formula:
DBL = E(P(w)i . FP(w)i - PA(H)i . Pc(w)i)
. o
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vhere, OBt :
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Development benefit at year t
Produﬁtion'émduht-Of i crop at year t
Farmgate price of i crop

Planted ares of i crop at year &

: Production cost of i crop at year t

: Land prepavation cost

with project case

Hithodt'prdject'case

Xind of crOps COnsidered in the Phase l Study vas limlted to 9 crOps
such as rice, maize, mungbeans, soybeans, ground nuls, sugarcane, cassava,

cotton and tobacco,

In addition to thEn, in the Phase 2 Study, garllc,;

chllll, VQgetab]es and fruit were taken into account.

Khile the basic data of planted areai productioh awount and yeild used

for the analysis in the Phase 1 were of 1978/79 crop year, averagés of

J _3 year date during ]9?7/78 to 1979180 vere appl1ed as the base data for
~the case of the Phase 2 Study
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42 "t:bﬂh:"ri'ori’S' ’o"r" ESTIMATION

—————e—e

~Land yse and land capabiilty fn the area of influence of each

prOposed road were examined preciSely checking aerfal photographs,
tAHDSAI photOs, and supplementing by field survey information.

 As the result, a consaderable deviation from the Phase 1 Study
. was’ found, EspeC1ally, nused cultivable lands are quite few

_ remained in the areas of lnf]uence of the proposed roads. the

_estinated future planted aress in each influence area of the

2)

prOposeqrroad arershown in Appendix 4-1.
Crop Yields

_Trendé'of'érop_yields were carefully revieded adding newly
codlected latest data to those obtained in the Phase 1 Study.

- As a fesﬂlt,'ré;iséd figures of Sase year crop yields were obtained.
~ Based on: them, future crop y\elds Were newly estlmated for both
with pro;ect case and wlthout prOJect case by Kiphee as shown in

Appendix 4-2, Effects of road development to the increase of
yields are mult;ple. Inprovemént of bargainlng pouer of- farmer
due to the better aécessnb1llty will brlng about an 1ncent1Ve

for farmeus to 1mprove productav1ty Social and economlc mobili-
ty. lnc]uding easy aCCeSS for agrtcultural extension offlcers,
enhanced by the road development will also pvovzde various impacts
to contribute inditectly to the improvement ‘of fanmers' agricultu-
ral practices More direct effects will be brought about by the
availabii1ty of less expen31ve agrlcultural lnputs as a results

- of improvenent of transport conditions.

Vjewingzthe_dbbﬁé-mentinnéﬂ.ané taking into consideration results
of the analysis of relationship between production costs and

: yie!ds;_fbture targéts_bf crop yields at Aaphoe level was forecast-

ed.
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Latest data of farmgate prices in 1980 were provided by Bivision of

Agricultural Economics of Ministry of Agricdlture and coopérati\:eg.

To obtaln prices in 1981 to be used for this study, prices of 1980 |
were inflated at 17. 8% for grazns, 28.9% for comnercial Cr0ps. They

~are then converted to economic prices in a same manner as in the Phase

”

1 Study. These prices, to be used as the prices for without proaect
case, are shown in Appendix 4-3. Farmgate prices in the with project

“case were also reVIewed Field survey information collected fn the

Phase 2 Study perlod indlcated that the assimption emp]oyed in the
Phase 1 for the prtte dlfference between with and without project is

50 ccnservatlve In Phase 2 Study, the farmgate prices ln the wlth
pr039ct case were estimated as also shown in Appendix 4-3.

gfﬁduction Costs anqnggﬁg"Prégarqﬁion Costs

Latest data of productlon costs by agro zone were obtained at Hinistry

of Agrlculture and Cooperatrves Based on this new data production

costs to be used for the estlmatlon of agricultural developnent bené-
flts were revased as shown in Appendtx 4-4, !n estimation of future
product1on costs, due considerat‘On was paid to the reasonab]e
consnstency with the target crop yields set up

Correspond;ng to the higher crop yield in the vith pr039ct case. it

‘was estimated that the production costs of’the Hlth project case hOU]d '

be higher than these of without project case.  As the: 1mprovs1ent
of tranSport condltlons nay help farmers to obta1n eastly less expen-
sive’ agrrcu!tura] input such as ferti};zer agro-chemicals and new
improved seeds of high yielding var1et1es, their intensive inputs

‘may consequently bring about raising up of production costs. laprove-

ment of farnlng practlce such as mechanizatIOn may also ‘affect the
increase of productin costs The above-menttoned increase of production

' costs in case of with progect will not cause the disbensfits as the

higher 1ncrease of production value due to the yield inCrease will be

' atta1ned Land preparation costs for new 1and opening is up-dated

o 900 Baht per rai
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4-3 NET VALUE ADDED

Undér the revised condttions mentioned in the foregoing section, net added
- value of agricultural productiﬂn'wés calculated {n a same manner as in
‘the Phase 1 Study, for both with and without project cases. Agricultural
' deve!d'ment benefits attributable to the project are deemed to be the

’ increment of net added value in the with proaect case comparing with the

without project case, The calculated benefits are summartzed in Table
4-1.
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Table 4-1 AGRICULTURAL DEVELOPHENT BENEFITS

(Million Baht/Year)

sway T
Rﬁgfe Origin | Destination | 1987 1993 2000
6 A. Khanu Woralaksa Buri  Rt. 117 {B. Bon Doo) 8.4 9.8 1.5
3 Rt. 115 (B. Thung Haﬁaa : B. Nong Takhian 13,7 21,6 "-'33.:8':'
chai) .
11 Rt. 1068 - Pho Prathap Chang 0.4 0.6 0.9
12 8. Wang Chik RL. 17 (8. Pa Doena) 2.9 4.6 6.8
14 Re. 11 {B. Nong khanak) 8. Wang Pong 40 5.0 6.3
15 8. Kang Tham _ | Rt. 1114 (8. Tha Makham) 1.1 1.6 2.2
19 Phrom Phiram Rt. 1Y (8. Hong Makhang) 2.2 3.1 ° 4.2
20 .Hat Bot 8. Nakhan 2.4 3.0 3.6
23 Rt.. 12 (8. Muang Kao ‘Rt. 1048 (Si Satchanalai) 7.8 13.5 ' 20.8
~ Sukhothai) | | | o
- 25 Thoen . " Hang Chien 58 1.2 9]
27 Rt. 106 {B. Mae Thoei} -  Thung Hua Chang 1.3 3.7 s
29 Rt. ]10 (8. Rons Sua lTen) B. Huai Khom 1.9 2. 2..'4'

30 Rt. 1020 (8. Thung Ngiu) Rt. 1020 (8. Chomphu)  10.1 1.1 12.5

3t Rt. 1016 (B. Kiu Phrao)  Rt. 1174 (B. Kaen Tai) = 11.8 13.1 14.8
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'CHAPTER &

ROAD USERS BEREFITS

-1 'GENERAL

Vehicle operatlng costs’ (VGC) u5ed in the Phase 2 Study were updated based
on the receént information collected. Furthermore, selection of represen- '
' tative vehicles d}ffered from the Phase 1 Study, revising it after exami-
nation of the results’ of ‘the latest 0-D Survey. Method of calculation of
- Yot employed in ‘this study is basically same as that given in 'the veport,
‘wStandardization of Vehicle ‘Operating ‘Costs for Thaitand, 1977" {heréin-
afteﬁ referred to as SVOCT). First, YOC on level tangent paved voad at
'benchmark speed is calculateéd. Then it is varied due to the travelling
‘speed and road surface condition, and finally it is transformed to the
'actual cosis of each ‘sybject voad link correspondtng to the actual running
conditlons on the links such as cuuves, grades and speed chage The
'wethod of conversion from the costs on level tangent roads to the costs
on actual road links was quoted from SVOCT, dlffering form the Phase 1
_where Uelta ~ L Hethod was employed. Road users benefits were measured
'by savings of vOC, valued in economic¢ prices, in case of with project.
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5-2 REPRESENTATIVE VEHICLES

Analysis of the result of the 0-D SUIVey’coﬁdUcted for the Phase ¢ Study
revealed a set of represcntative yehicles prevailing in the study area, as

explained in Chapter 3.

They are classified into mo tor cycle (M/C),
passenger car (P/C), light bus {L/8), medium bus: (M/B), heavy bus’ (H/B),

pick- ~up trick (P/I), 4-wheel truck {4/T), 6- wheel track (6/1), and 10-

wheel truck (IO/I)

‘Speaking in cOmparisOn with the Phase 1 Study, H/B

was newly added and the size of L/T d:ffered ‘from that in the’ Phase ] study
/T, 6/T and 10/T miostly correspond to ur, M/T and H/T in thé Phase 1,

reSpectlvely.

Basic characterlstics of the representatlve vehlcles selected are given

in the fo]lowlng table:

~ Standard Vehicle Types

Note:

lower figures

e ere o oweY  oweows e o e o
fyﬁicali Sdzqki; foyota Toyota . Toyota Hino Toyota Toyota .lSuéuqflsuéu_
Vehicle Al100 Corolla Hilux, Dyna  BX321 Hilux, Dyna ~  KS22R JCMA90Y

- Isvzu 1suz2u -
Faster Faster - :

‘No.of 2 2 2 2 2 2 2 2 3
Axle L ; _ :

Ko. of 2 4 4 4 6 4 4 6. 10
~ Tyre : _ _ _ - :

Engine 100 1,300 1,600 3,000 6,400 1,600 3,000 3,300 5,800
‘Capacity ' S

-{Cc) . :

New 2.3 234 126 223 600 12] 216 335 580
Yehicle - Al30 ~124.5 |
Price

{103Baht) _ .
gconomic? 16,7 102.2 104.2 183.2 - 491.0 99.8  175.3 275.9 470.7
Cost w,m?. - a102.8

{103Baht) 3 ~102.8

][ Toyota Hilux represents the petro! englne type vehicle AEE"“* o

corresponds to the upper figures in the table, and lsuze Faster

- represents the diesel ergine type vehlc]e and corresponds to the

-.'_2/ economic cost of each vehicle was calculated net of tyre and tube

COSt'S.

. 68



5.3 ROAD USERS COSTS AT BENCHMARK SPECO ON LEVEL TANGENT ROAD
5-3-1 Components of Road Users Costs

Usually, road users costs fnclude maiﬁiy vehicle operating costs and
occupants time ¢cost. In this study, however, occupants time cost "as
~excluded because of its 1nsiqnifICance in rural areas, although crew cost
which depends on time was ‘ncluded in=VOC Thus, road users ¢osts in this
study mean YOC composed of. the following components:

}}  Fuel cost

2) 031 cost -

3) Tyre and tube cost -

4) Repaif and maintenance cost

5) Depreciation and interest cost
“6) Overhead cost

7) Crew cost

5-3-2 Benchmark Speed and Lifelime Speed

- First, each cost component of VOC is calculated in a standard condition,
i.e;'at behchmdrk‘speed or Yifetime speed on level tangent paved road.
fhé'fue] ;dst,'oil cost and repair and maintenance cost were calculated

at the benchmark speeds, which is 80 km per hour for passengér car and

72 km per hour for the other vehicles. Xhile, tyre and tube cost, depre-
‘CIatlon andlnterest,cost, ovérhead cost and cred cost were calculated at

" the average lifetime speed which was taken at 56 km per hour.

5-3-3 Basic Data of Cost fogggﬁgg&g
1) fuel Cost

In accordance with the réVisiOn of representative vehicles

which differed from the Phase 1 Study, fuel c0nsumption rate
for each veh\cle typé was rev1ened As data obtained from
vehicle manufactures in Japan are of different cfiteria such

-as ¥0- mode fuel consumptlon and fuel consumption at most economi-
cal speed on fiat 1o0ads, they arve not applicable divectly.
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However; they were useful ‘to check data available in Bangkok and to ‘find

out the most reasonable figures of fuel consumption. The figures obtain-
ed are given in the following table, ' '

The'uﬁit cost of fuel was obtained from interviews to the fuel distribut-
ing compahies_and related organizations. '

'~ Yhe se]llng price of premiun gasoline, regular gasoline and dlesel vere

calculated, by averaging the pup prices in 10 points in the Northern
Region, at 12.234, 11.734 and 7.719 Baht per liter, reSpectiveiy

The taxes included in these prices are 4,0624, 3.8927 and 059927 Baht
per liter, and subsidies granted to each type of fuel are 0.4051; 0.3355

and 0.3659 Baht per liter, respéctively.

Thus, the economic unlt costs of fuel ca]cu!ated are 9 5?67 8.}?78 and

7.0922 Baht per titer, respectlvely for premium, regular gasoline and
diesel.

The fuel cost by vehicle type, together Hlth re]evant data, is ShOnn
below: o

(Bahtlliter)

.

Fuel Cost .
Cwe 'P/c /B MB O H/B PIT AT G 10/1
Cfuar V- Regular Premjum Prem:un Diesel Diesel Premiun Diesel 'Dieéél Diest’
type (80%)  (60%) ' {60%) 1
Regular  Regular - " Regular
- (20%) {25%) _ - {25%)
. biesel ' : Diesel
, - (15g) : - (18%)
' Fuel 30.0 3.5 M0 95 53 1.0 9.5 66 4.0
consumptlon - o : ‘ ‘
~(kn/Vitér) |
Fuel cost 0.273  0.629  0.750 0.747 1.338 0750  0.747 1.075 1.}

Note: 1/ CompOnent of - fuel was estimatédﬁfrém 0-D SUr#ey. |
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Though a wide variety of ofls are used in Thailand the commonly used
oils can be classified fnto two groups, namely standard type as SHELL
X-100 or ESSO £XTRA and high-class type as SHELL SUPER PLUS or £5S0
URIFLO. An average price of them is 35.56 Baht per liter in Bangkok.
Viewing that ofl prices in Horthern Region is around 2 Baht higher
than that in Bangkok figure of 37.56 Baht per liter was used in this
- §tudy as ‘the seIIIng pr1ce of oils.

‘The custdmdety and business téx of oi!s'wére estimated at 2.439 and
1.956 Baht per liter, respectively. Hence the economic cost of oils
is éStimated at 33.165 Baht per liter.

The oil cost by vehlcle type, together with the consumption ratio is
shown below:

0il Cost

MC  p/C  UB W8 H/8  R/T 4T 6/T  30/%

Consumption 750

| | 1,000 920 770 450 920 770 450 450
{Km/liter) : S
0il cost . 0.044 0.033 0.036 0.043 0.074 0.036 0.03 0.074 0.074
{Baht/liter) '

3) Iyre and Tube Cost

The data on unit price of new tyre and its discount structure were
:obtained fron intérviews to the major -tyre manufacturlng companies and
local distrlbutors. Tyres are sold at about 20% discounted prices for
motdrtylce and about 30% discounted prices for other vehicles against
the Tist prices, and tubes ave sold at about 25% discounted prices for
al} vehicles. The selllng prlce of vetvead tyre is 35-45% of that of
new‘tyre The tax components included in selling price are 7.7% for
the business tox and 2. 0% for the import duty on materials.
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The tyve and tube cost by vehicle type, together with the velevant data
fs shown below:

Tyre and Tube €ost

e L e A e AR R A r L L A A . A -

H;c RO we W 7 4/1’  .- '6/1 10/

Tyre Size 2.75x18 wssmz 600x14 7.00x15 9.00x20 6.00x14 7. 50x15 7.50x16 9}0‘0)(20
4 ply - 6ply S8ply Mply ©6ply 10ply 12 ply 14 piy

Selling o S S o .

Price of 172 - 770 918 1,314 3,573 918 - 1,622 1,815 3,513
New T&T L '

(Baht)

New tyre o e e U o
and tube 155 695 . 829 1,187 3,226 829 1,465 1,693 3,226
cost less : - ‘ ‘ : -

tax(Baht)

Average

life of 30 45 35 40 50 35 40 45 50
new tyle : _ - _

{103 tn)

Selling : I EEE

price of = - - 380 .+ 580 1,600 380 580 620 . 1,600
vetiread ' :
tyre(Baht)

Retread

tyre cost - - 343 524" 1,445 - 343 524 560 1,445
less tax -
{Baht}

Average life
nOf retread

(IO% km)

]
]

28 32 a0 28 32 3 40

Nos. of . - _ - L _
retread - - 0.5 0.5 0 .- 05 - 0,5 1,0 1.0
“Tyre and - | SR ' _-_,5 L R R
tube cost 0.010 . 0.062  0.082 - 0.104  0.311 - 0.082 0.123 0.167  0.519
{Baht/km) - . - ‘ o ﬂ ' -
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4) ,r_agmmiy_a:me.m.m

The figures for hours of labor used in this study are basically same
as given §0 SYOCT, with minor adjustéent. The percentages of parts
costs were reviewed and adjusted ' referring to the Jan De Weille S
"Quantification of Road Usér Savings®.

The }abOr wage rate was taken as the same f:gure of minimum wage rate
for Northern Region, i.e. 51 Baht ger hour.

‘Ihe céICUlated_repair and maintenance costs are given belows:

~ Repair and Maintenance Cost

we o e/c uB  WB W RT AT 6/T  10/7

tabor Cost 1.30 1.5 1.90 1.90 9.46 .65 1.90 7.64 9.40
(hour/1,000 km)

parts Cost

(% of economlc 0.10 0.1 ‘0.21 6.21 0.12 0.12 O.Zi 0.21 0.07
cost of. _

vehictes1,000km)

- Repair and.

Haintenance  0.083 0.197 0.317 0.482 1.069 0.205 0.465 0.969 0.809
Cost{Baht/Kn)

'5) Depreciation and Interest Cost

Deﬁre@iation and interest cost of vespective vehicle was calculated
using the follewing equation:

2
It

(P - 1) CRF + L-i

Where, = D = ODepreciation and interest cost
P = Economic value of vehicle
L = Salvage value of vehicle
CRF = Capital recovery factor
i = Annual rate of interest, 12 percent
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The salvage value and annual milage differed from ‘those of the Phase 1
‘Study revising based on Jatest survey 1nformat10n and discussion with
DOH.

The depreciation and intérest cost by vehicle tybé is‘ﬁhoﬂn béloﬂ:

Pepreciation ahd:lﬂterest Cost

WC  P/C LB W8 wB  P/T 4T 6T 10/

Ecoromic Value - S o T L
of Vehlcle 16.7 102.2 104.7 183.2 491.0 100.3 175.3 275.9 470.7
(103 Baht) ' = :

Salvage Value

of Vehicle . -  20.0 '10.0 10.0 50.0 15.0 10.0 450 50.0
{103 8aht) : o
Service Life
(Years) 6 . 10 7 7 9 10 8 10 10
CRF 0.2432 0.1770 0.2191 0.2191 0.1877 0.1770 0.20)3 0.1770 0,!770
Annual Travel o ' - A ; : %
(163 kn) 10 20 40 4Q i 25 35 40 50
DepréciatiOn

and Interest  0.406 0.847 0.549 0.979 1.268 0.676 0.985 1.157 1.609
CoST | S o |
{Baht/¥m)
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6) Overhead Cost

The OVerhead cost was counted for conmercial vehicles' medium bus,
heavy bus, 6-wheel truck and 10- vheel truck. It was estimated that
overhead costs at average 1ifetime speed of 56 km per hour were 7% of
economic cost of vehicle for heavy bus, 4% for 10-wheel truck and 2.5%
for medium bus and 6- ﬂheel truck.

The overhead toSt by vehicle type is shown below:

Overhead Cost

WB  H/B 61 10/T
Overhead Cost | |
(103 Baht/Year) 4.6 34.4 _6.9 18.8
Annual Travel | -
edky 07O 49 50
Overhead Cost N
(Baht/Km} 0.115 0.491 g.173 0.376

| 7) grew_COStg

Crew costs vere estimated ba51ng on the actual wages to be paid to
'Cigws of buses and trucks. As light buses and 4 wheel trucks are
ushally owner operated; their cred costs were counted at half of wages
for employed dkivers:

Hage rates here cauefully reviewed lefer!lng to the latest lnfornatzon :
obtained fron ET0 and other agencies and some modification was made.
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The crew costs by vehicle type are shown below:

Crew Costs

L/B M/B we 4T 6T IOIT

Kumber of Crew: _

- Driver } 1 1 I ] |

- Asst. Driver - - - - - 1

- Conductor _ - R 74 - . -

- Labor ' - - - - Z 1

“Crew costs at | | ‘.

tifetime speed 0.600 1.440 1.303 0.686 1.020 1.680
(Baht/Km) _ : . : ‘

Thus calculated vehicle operating costs at benchmark speed on level tang-
 ent road, asphalt concrete'paved@nuigood-conditioned, are susmarized in
the following table:

‘Yehicle Operating Costs |
(at Benchaark Speed on Level Tangent Paved Read)

. . ' - : | (Baht/km)

) 8ench- . Tyre & v Repair & Uepre-l/ Over- v Crew ]/
remele pees o O mwbe QR e fhterest’ head  Cost  Total

Type (Kn!hr) Cost Cost Cost Cost. Cost ‘cost '
M/C 2 0.273 0.044 0.013  0.083 0406 . - . - 0.819
P/ 80  0.629 0.033 ©0.093  0.197 = 0.847 - - 1799
/B 72 - 0.750 0.036 0.107  0.317  0.443 - 0.465 2.118
M/B 72 0.747 0.043 0.135  0.482  0.816 0.089 1.116  3.428
H/8 72 1.338 0.074 0.404  1.069  1.057 0.381 1.610  5.333
P/T - 72 0.750 0.036 0.107 0.205 = 0.545 - . 1.643
ay 72 0.747 0.043  0.160  0.465 . 0.794 - 0.532 2.741
BT 72 1.075 0.074  0.217 0.969 0.964 0.134  0.701 4.2
10/T 72 1.773 0.074 0.674  0.809 1.3 0.201 " 1.302  6.264

e e - — ¥ - —————

Note : I/ converted from the costs at Yifetime speed of 56 Km/hr to the costs at
benchmark speed. 76




5-4 ROAD USERS COSTS ON ACTUAL ROADS
5-4-1 .fgﬁtdrs;&t@ﬁjﬁg;_‘!g&

The actual VOCs on each road 13nk concerned are to be estimated trans-
fonning the basic tosts calculated in 5-3 1nto ‘the actual costs corres-
ponding to the actua) conditions of each road Yink. Major factors
affectlng VOC may include: trave]ling speed, road surface type, grades,
curves, speed change caused by traffic restriction.

As the basic costs estimated in 5-3 are those at benchmark speed on level
tangent paVed road; it is required first to obtain Y0Cs on éach road

~ class by surface type at travelling speed on level tangent road. Then,
they are to be varled,xnto actual VOC with additional costs caused by
grades, curves and speed change.

£-4-2 YOC on Level Tangent Road at Initial Speed

Ihe'VDCs‘at banchmark speedion level tangent paved road were converted.
to VOCs at initial speeds on level tangent road of three road classes,
" j.e. paved, laterite and earth.

Judging'ffom'the field observation in the project area, travelling speeds
on level tangent roads, or initial speeds in other words, were determined
as follows:
Initial Speed by Road Class

(on Level Tangent Road)

Vehicle Initial Speed (¥m/br)
Iype - Paved road Laterite Road Earth road
HIC o 64 48 32
p/C .80 56 32
/s 72 - 48 32
M8 2 48 32
H/8 - 72 48 | 32
71 B 72 43 32
Y3 72 48 - 32
6/1 64 48 32
07 64 a8 32
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The conversion indices for variation due to spéed and'rOadisUffate'é
were quoted from the T.P. 0’ Sultivan's "Road User Cost {n Thailand;
Technical Report No. 36" (here1nafter referred to as RUCT) and also
|efe:red to SVOCT.

For fuel cost, oil cost; tire cost and repair and maintenance cost,
the conversion factors in RUCT were employed, and for depreciation.
and interest cost, overhead cost and crew cost, those in SVOCT were .
employed. ' :

The fuel cost curve is U shaped, rising at high and low speeds. The
lovest point is appeared at in bétween 45 and 55 km per hour of'speed.

The 0§1 cost are not changed by speed, but varled by surface type, :
§0% increase for cars and 75% increase for other veh\c!es on earth
road, compared with paved road.

Tire wear is a function of speed and of road surfaces. The tire and
tube cost is higher in the higher vehicle speed and also the higher
costs appear on the worse road surface. Conversion indices of tire and
tube costs are assumed to be the same for all vehicles.

The'repair and maintenance COSt_curve is U shaped, rising at high and
at low speeds, in similar fashion to fuel consumption. The lowest point
is at speed of 48 km per hour.

The depreciation and interest cOst'éf cars is not‘différent‘by'speeds.
but that of other vehicles is higher at Yower speeds, and it also increases
dependlng on. the badness of the road surface..

As the uverhead cost and the crew cost anvolve a conception of tlme cost
they are h1gher at lower speeds

ihus convetted VOCs on level tangent road by three road classes are

sunﬂarrzed in Appendix 5-1 and VOCs by different speed were also tabulated
in Appendix 5-2 and illustrated in Appendix 5-3.
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5-4-3 A‘dan_io:n_é'l Costs due to Road. ﬁé_@(:}j‘_ig}_

; AdditOnal costs caused by curves grades and speced change cycle viere
calculated applying the coefficients givan 1A SYOCT, as quoted in
Appendix 5 3. In this study, it is assumed that speed change cycle is.
occurred by thﬁee cduses; f.e. timber bridge, vallage and cross road.

5-4-4. Bi’id_!ié_l‘iEP,S.t.iQ&_Ecﬁiiljﬁi
'Based on the calculated YOC on level tangent road of three classes and

given coefficient for varfation due to road geometrics, actval VOCs are
estimated for each road link to be concerned with each proposed route.
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6-5 ROAD USERS BENEFITS |

The road users benefits were deflned as the savungs of VOC due to the
project. The savings were obtalned from the difference of total VOCS
" in the related road network in case of with project and those of without

- project case. They weré calculated by vehicle type ‘and by traffic type
and then summed up. :

Thus calculated road GSefs’benefits of each proposed road are given

in Table 5-1. Deviation from the figures in the Phase 1 Study is
ma1nly caused by change of projected ADT, up- -dated VOC data and diffe-
rence of method of cost transforming.
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Table 5-1

Table 5-1° ROAD USERS COST SAVINGS

(Mi]]ion Baht/fear)

Study : | ‘

Route Origin Destination 1987 1993 200

Ko. - - ' :

ﬁ{g Y "A. Khanu Woralaksa Buri RU. 117 (6. Don Doo) 314 46.0 79.0
| 8 | ‘Rt. llS (B Thung Maha- B.-ﬁong:Takhian ' 13.4  20.3  35.8

' chat) I |

1 Rt. t068 * Pho Prathap Chang 0.7 L1 1.7

12 '3 ‘Wang' Chik ~ RLTIZ (B. fa Gaeng) 6.1 9.5 15.0

14- Rt. 1V {8 Rong Khanak) " B. ﬂang‘Pong | : 2.4° 3.4 5.0

15 'B; Wang Thom RL. 1114 (B. Tha Makham) 2.4 3.8 6.0

12 Phrom Phivam Rt. 11 {B. Nong Makhang) 2.2 3.2  §.1

20 Kat Bot ~ B. Nakham 2.0 | 2.9 4.8
23 Rb. 12 (8. Fung Kao (si Satchanaléi) 13.5 18.8 28.7
(23-2)  Sukhothai) -

25  Thoen ' Hang Chin B 16.7 26.6 48.6

27 gt. 106 Thung Hué Chang 06 0.7 11

29 Re. 10 : B. Huai Khom 1.8 2.9 5.
_jo Re. :020 (8. Thuﬂg Ngiu) RE. 1020 {B. Chomphu) 12.8 17.4 26.5 |

31 Rt 1016 (8. Kiu Phrao) Rt. 1174 (B. Kaen Tai) 18.0  28.6 51.9
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CHAPTER &

ENGINEERING

'8-1 FRELD SURVEY

':Tbe ihvéﬁ;ofytsdf9¢¥s‘wefe ténd&cted for aliithe existing roads concerned
Hiihfthé_ﬁfbﬁosed routes in order to collect data necessary for the road

design. Additionally, thé topographic survéys were carried out for the
rolling 5nd'moﬁntain0us §écti0ns, to grasp the diversified geographical

- featu?es, Soi1l sampllngs and tests were also made mainly to 0bta1n data
“for pavement des:gn ' '

6:1-1 -lhventOry‘SusQE.

“Length of the existing roads on which the iaventory survey was performed
totaled at 482 km, including ‘alternative voutes. The major items, the
methodsé -and the purposes of the lnventory survey are as follows:
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Distance

A]ignﬁént \

Cross section
Road surface

Flood condition
Drainage structure
Bridge

" Right of way

Method

Distance measure
instrument

Hand level and
prismatic compass

* Tape measurement at

intervals of 500 m

Observation

'Observation and

hearing

Tape measurement and .

Observation'

Tape measurewent and
observation

“Tape measurenent

Purpose

" Jo determine the length -

of the subject road

B determ:ne poor alignment
_sections to be improved

o Judge the necessity of

raisxng up and widening
To estimate traVellng Speed

To determlne the sections to
be raised up and additional

‘drainage structures

To deétérmine the drainage

"structures to be improved

To determlne the brldges to be

improved

To estimate. required w:dth of
r)ght of way

Ihe outl:ne of the couditlon of the ex1st|ng roads revealed by the 1nventory

survey are s follows. '

road.
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Qutline of the Conditions of the Existing Roads

JFountainous

Road Condition

.R0ute.'Lengtn‘ Terrain Align-
Ho.  (km) ment
Ho.6.,46.0  flat Fair/gad
(6-4)~ |
No.8 '53.5°  Falt " Fair/Bad

Ho.11 6.8  Flat Fair
H0.12 13.0 Flat Fair
No.14 21.0 - Flat/ fair/Bad
' Rolling
No.15 8.3  Flat Fair
Ro.19 14.4  flat Fair
Ho.20 15.7  Flat Fair/8ad
Ho.23,.51.9  flat Fair/Bad
(23-2y _ |
N0.25 54.0 ’Roliiné/ Fair/8ad
- - Mountainous o
N0.27 16.6  Rolling/  Fair/Bad -
Hountainous
Ko.29 13.2  flat/ Fair
- Rolling
Ho.30 47.8  Flat Fair
No.31 $5.0  Flat/Rolling Fair/Bad

3.574.7

(m)

3.n0.0
2.5"8.4

8.0
3.049.90
3.58.0

3.509.0
4.008.0
5.009.0
3.4%9.3
4.8v7.7
3.5%10.0
4.526.0

4.008.0

17 Selected alternative
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Humber Overflows

of
bridges

Laterite

tarth

Laterite
Earth

Laterite
Earth

Laterite

- Earth

- taterite

Laterite
farth

Laterite
farth

Laterite
- Earth

taterite
Laterite
Laterite

Laterite

faterite

length
(km)

€

1
1-2
T-1
1-35

T-7

12.0
1.3

6.8
6.1

6.5
0.1
7.3
1.9

0.2

12.4

4.4




6-1-2 Reconnaissance for Hew Rq_a_gge_tgj;gg_g .

for new road sections, careful veconnaissances were carried out to detemmine
the new alignment.

Prior to the reconnatssance, desk studies for routlng Here Carried out
" based on the 1/50,000 scale topographic maps and the 1/15, 000 sca]e aerial
photos obtained from the Royal Thaf Survey Cepartmént.

The principal check'poinis in the:reconnaissanCe were : 1) deep'cuy; ii)
high embankment, iii) soil chavacteristics, iv) reqdired draiﬁége struc-
tures, v) river condlttons and’ bridge locations, vi) necess:ties of access
'roads, and VII} dlfflcultles of acqu151t1on of rlght -of- ways.

The reconnaissances were carrned out for about’ ‘61 km in total Iength.

6-1—3 Topographic Survey

Topegraphic surveys were carr1ed gut mainly for the extstlng and new road
-~ sections ia rolling and ﬂountalnous areas. Although Study Route Ko.19

passes through a flat area, a profile survey was perfonmed espec;ally 10
confirm the length of overflow section. ' |

For partial or whole Sections in Study Route Ho.8, No.11, Ho.14, No.23,
No.29 and No.31, topographic surveys have been done by DOH, PHD, and
other agencies. The resulis vere fully utilized for. thls ‘studt.

Length of sections on which the_topographic survey wés cénduciea‘ Was
96.0 km in total as shown in the below table.



Length of Topographic_Suryey

- Route No.

Ho.11
No.15
No.19
No.23
No.25
1 Hé.zw

" Total

Length {km)

Existing Road Section New Road Section Total
- 0.2 | 0.2

- 0.5 0.5

- 14.6 14.6

- 8.1 8.1

54.3 1.7 56.0
6.6 ) 16.6

70.9

25.1 96.0

Horizontal and vertical alignménts were

measured by using transit and

level, respectively, and cross sections were surveyed at intervals of
100 m in principle and also at crest and sag portions in addition to

them.

: Rivér CTOSS:SéCtiﬂﬂ survey was perforsed only at one site where a long
bridge cr0551ng over the Ll River has planned on Study Route No.27.

Fo the other rivers, the surveys were carried out in the inventory or
topographic survey for the existing roads.

6-1-4 Soil Test

Physical and mechanlcal tests here carrled out for 6] soil samples in
total as shown below.
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Number of Soil Tests

Route No. o Objectives

Subgrade Sori Laterite  Crushed Stone  Total

No.6
fo.8
No. 11
 Ho.12
Ro.14
No.15
‘No.19
Ko.20
Ko.23 - -
No.25 3 ) 1
No.27
Ho0.29 : :
No.30 R - | 1
Ko. 31 - 2 | B

R A - L L A
i
S W W NN T

[SCT VAR =]

-t

t -
l;;if-‘.a. a»_c;_

=)
—

Total 43 11 IE

PTIOF to the performance of the sarpltng existlng test data pertalnlng
to the prOposed roads were co]lected

In Study Routes No.23, Ho.30 and No. 31, the soil tests for subgrade and

~ subbase soils have already done by DOH, for theé whole or some sectlon of
them. All the collected ex1st1ng data were used for this study and soil
samplings in these sectlons were om1tted

The main items of soil tests are as follows.

- Natural moisture content test

- Consistency test

- Particle size distribution test
- Specific gravity test

- Compaction lest

- CBR test 9%



Samplings were made by the study team and tests were carried out by the
Material ang Research Division of DOY.

The 0ut1lne of characteristncs of subgrade soils 1s summarized below and

'the details of $ofl test results are shown in VoIUme 2 by each study
route, : : '

Soil Characteristics of Subgrade Soil

Route No. - Description | PI CBR ,
‘No. 6 Silty clay-Clayey Silt 9.7 ~ 11.0 2.2+ 3.5
Mo 8 Clayey siit | . 41187 3.0+ 8.9
Hooll oo g0 aeee - 9.4~15.2 1.15 2.0
Nol2 Silty 5ana ) | KP ~ 22.4 6.0~ 6.7
No.14 Clayey silt | 8.1~ 20.9 1.8 13.3
Ho.16 = -isdo -ee- 106 2.3
No.19 | silty clay-Clay CHP o~ 17.3 1.6+ 17.0
Ko.20 “Clayey silt NP A 370 2.1+ 10.6
No.23 -iw b --e- 35.4+ 53.8 = 1.8+ 2.8
Ho.25 'Sfity clay-Clay 6.2~ 138 1.3~ 15.0
No.27 - Sand-Silty soil P~ 66 3.9+ 30.0
No.29  Silty clay NP 4.1+ 13.2
| rao.'so -~ Clayey eile - 11.4 ~ 24.5 3.1~ 6.4
%o.3) Clay-Sand 10.1 ~ 22.0 1.2~ 7.0

As showu in the above table, subgrade soils are mostly classified as clay
or silt and have 2.0 to 5.0 of CBR value, except for some study routes.
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8-2 DES!GN STANDARD

Accordtng to the highway ClﬁSSlflcﬁtiOﬂ of DOH, plovincial highways are
defined as the roads which are of secondary lmportance for national
development but essential to eff1c1ent ‘provincial administra tion, 1inking
Amphoe ang other lmportant centers or areas to provincial capitals = Based
on this def1nlt1on 211 the proposed roads in this study are categﬁrized

as provnncia] ‘highways. '

DOH has the minimum design standards for prdvincial highway under the
name of F standard. The F standard is subdtvided into seven road classes
from FO to F6 accordlng to the progected ADT in Table 6-1.

Pr03ected average ADT of each study route at 7th year and 15th year after
opening range from 90 to 1435 as shwon in Table 3-7 of Chapter 3. F4
standard was applied for most of the study routes based on the forecasted
ADY. The estimated ADT at I5th year of Study Route No.6 and Ho.12 are
in éxcess of 1000, Although 3 standard should be adopted to these routes
F4 standard nas also applied from the economical vnehpolnt. On the other
hand, ADT at 7the year of Study Route No.11 and No.19 were forecasted to
be less than 300. F4 standard was appl1ed to them, although F5 standard
" should be applied according to the ADT. The reason is that the exlstlng
roads, at present, satisfy wostly the F4 standard. ADT at 7th year of .
Study Reule No.20 and Ho.27 are estimated at 246 and 80 respectively, and
F5 and F6 standards was applied to each road corresponding to each ADT.

Uesigo standards app]ied to each study voute are summarized below.

Application of Design Standafq_

ADT

Stahoord Route Ho.. 7th Yeor ISto Year
F4 6,8, 01 12, _lq; 15, 242 - 887 _;33—. 1435
19, 23, 25, 29, 30, 31 -

5 20 213 361
6 27 | | 90 136
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- §-3 PRELIMINARY DESIGN
631 Geonetric Design
1) Design Speed

Ihé_deéign speed employed in the engineering study is as
“ follows: '

Design Speed

Desiga Speed (km/h}

Térrain tdndition

. _ _ » F4 ) £5 anqure
f]at Or Foderately Ro]11ng : 80(60.- SOim_ﬁ 60_
Roliing or umy | L 60(85 - 60) 45
Hountainous o 45(30 —‘45) 30

Figures in parentheses in the above table show the range
-of design speed specified in DOH's standard. The higher
d951gn speeds were emp!oyed for thls engineering study.
Besides them, 40 kmlh wWas applled to the design speed

o0 the sections paSSIng through densely populated areas.

2) Geometrlc Desrgn Crlterla

The geOmetfic design criteria corrésponding to design speed
were determined referring to AASHIO's recommendation as follows:

Geometric Design Criteria

Description ___Design Speed (kn/h)
_ T 80 60 a5 4o 30
~ Min. Radius N |
Curvature (m) | 210 120 65 50 30
Min. Stopping e
Sight Distance{m) ns 75 55 45 40
Gradient{%) | ' -
bDesirable 4 8. 6.5 7 3

Max imum - 8 10 12 12 12




3) Alignment

In principle, the alignments of the proposed route were designed so
as to follow the existtng al:gnments of the existing roads concerned,
 as much as possible. '

Thus, the improvement of alignment wés considered only for poor exist-
“ing allgnments, yhich do not Satlej of the geometric design critcria
In the sections that pass ‘through deasely populated areas, even if
there are sharp horizontal curves which do not fulfil the geometric
design criteria, no improvement was designed when removing number of
houses is necessitated.

By- passes weye planned in sect1ons passnng through vtllages in wh:ch
it is difficult to obtain rore than 20 m wide right of ways. - Beside _
by-passes, a new access road to National Highway Route 117 was planned

for Study Route No.6. o '

Hew roads including the by-passes and an access road were designed
for about 51 km in total leagth as shwon belew.

Length of Kew Road

Route Ho. _ Length {km)  Remark
Mo. 6 (6-4) 1/ 16.3 excluding alternative
- routes
No.ts 0.5
No.19 _ 1.5 | |
Ho.23 (23 2)"“’ ' ‘ 30.4 excliding a]ternattve
_ routes
Ho.25 - e
No30 0.25
Total | 50.85

1/ Selected alternative
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4) Typical Créss Section

The typical cross sections of F4, £5 and F6 standards arve shown in
Fig. 6-1 dividing into embankment and cut sections.

In" the typical cross section provided in the DOH's standard, the
 dimensions of the width of roadbed, carriageway and shoulder are

shown. Ihey here applied Hlth no change for this StUdj. The DOH’s

typical cross section specifies the Cross slope of carriageway from

1.5 % to 3.0 % for £4 class road. In this study, 3% was used as the
Cross slope.

The components which are not shown in DOH's typical cross section,
such as the embankment and cut slopes, the minimom depth of the side
borvrow. d]tch and the width of berms between the teoe of embanknent
slope and Side borrow ditch were determined through the study of the

~ typical sections of recent DOH' s hlghway projects. Their Spec1f1catlos
_are as fol]oas

- The gradient of embankment slope is 2:1

- The gradiedt of cut slope is'1.5:1 in principle, but varisble
~ according 't0 the cut depths and soil conditions,

- In embankment section, 2 m wide berms were provided between
~the toe of embankment slopes and the side borrow ditches.

- The minimum sizes of the side borrow ditch specified are
80 cm in depth and 100 cm in bottom width.

- Ihe’minimuh gradient of the side slope of the side borrow
~ diteh i$ 1.5:1.
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6-3-2: Earth Earthwork Desfgn

Required minimun heights of embankment were detersined mainly ih'coﬁsideraf
Lion of the influence of surface water on the road structures. The minimum
height of embankment employed in this study ave shown below.

Minimum Embankment Height

Description = . Hininum Height {m)
Upland ' _ 1.0
Low Iand . |
Field of Up]and Crops 1.0
Paddy ' s
Approach of Bridge in Fiat Aréa : _ - 2.0 _
Flood Section | ' | 0.7 (above flood level)

The side borrow method is the most common and economical method for
ewbankient construction in Thailand. This method was, therefore applied
to almost whole sections of the proposed voads and construction costs
riere estlmated under this method. However, in some Sections of submerged
areas such as Study Route No.11 and Ho. 19 it was found through the soil
test results that the road side soils ave unsuitable for the naterials

of ewbankment because their C8R values are very low, less than 2.0. In
'such séction, the borrow pit method which carries the emhanknent materi-
als from the borroa p1ts set at dlstant places was app]led |

Cutting was desngned to improve poor existing vertlcal alignwents of
the ex1st1ng roads ma1nly in mountainous areas. Such ¢uttings were ne
hecessary in a fed short sections of Study Route No. 20, Ro.23, No.25,

' No.27 and No.31. The deepest cutting is about 5.0  in the mounta:nous
section of Study Route Ko.31. Others ave rostly less than 3.0 m. Al
these Cuttlngs were Judged to consrst of common s6ils based on observa—
tions during the inventory survey '
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6-3-3 'Pavement Design
1) General

For F4 ¢lass road, single bituminus surface treatment (SBST)
_ with crushed stone base and sofl aggregéte subbase was applied.
" For £5 and F6 class road, soil aggreagate surfacing with select-
ed natérsal layer was employed in general, but SBST was designed
“in the sections passing through densely populated areas and
1.0 kmilong approach section to the exist'ing paVed.roads.

in Thailand; following two design wethods are mainly used for
flexible pavement:

a) DOH Method : Technical Note No.12/2520 of the Material
and Research Oivision of DOH. This method is mainly based
on the Asphalt Institute Ms-1 “Thickness Design, Full Bepth
Asphalt Paverent Structures for Highways and Streets".

b) Road Note 31 Method : Overseas Unit Transport and Road
" Research Laboratory United Kingdom Road Note 31 “A guwide
to the Structura}'DESign‘ﬂf'Bitumen—Surface Roads in
Tropical and Sub-Tropical Countries".

Prior to pavement design a concise comparision of the above
two design methods was carried out. The surmary. of the
results of comparative study is described below.

1) 1n Road Note Method; the thickaess of the base is fixed
' at 150 rm or 200 rm and oaly thickness of the subbase
can be determined through the design procedures. On the
other hand, in: 'DOR method; the thlcknesses of both base
and: subbase can be deteymined arbltnarlly. Thus DOH Method
can flee]y choose pavement naterta]s considering utiliza-
tion of tocal resources.
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i) The design chart in Road Note 31 Method §s given for double
bituminous surface tleatement (DBSI) where SBST is designed
the thickness of base plus subbase estimated by Road Note 3
Method is usually thinner than that in DOH Pbthod Thevefore
DOH Fethod is thought to be suitable for the conservative design -
of SBST pavement. :

111) On the over]ay at the stage construction, Road Hote 31 Method
recomwends fixed thickness of ovetlay 50 mm of aspha]t concréte
or DBST with 75 mm of crushed stone base. In DOH Method, the.
thickness of overlay can be calculated.

Yiewing the characterlstlcs mentloned above, GOH Fethod was applied for
the desngn of SBST pavement in: this study.

The désign perlod of pavement was set at 7th year and overlay was planned
atthebeg1nn1ng of 8th jear,'after 0pen1ng in this study Ihe advantages:
of the stage’ construction are as fOIIOﬂs

i) Through locatlng and repalrlng, to be done in the second stage,
“of weak spots that may develop durlng the flrst stage, paVement
performance can be improved rore effectlvely.

it) Through the survey of the actual trafflc on the road dur1ng the
first stage, more accurate analysis of traffic can be done to
enable the necessary correcttons of ortglna].paveeent design.

HOnever, the overlay by asphait concrete is not always economical because
the cost of asphalt concrete is rather high and there are cases that
thicker 1ayer than that of theoretically estimated is requlred actually
due to difficulties of construction. The overlay by S8ST with crushed
stone base was;.therefore"employed?ih ;his'stody. |
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2) Number'of Meavy Trucks (NHT)

From ADT by yehiclé type by study route shown in Yolume 2, average
ADT of heavy trucks, medium trucks and heavy busses were obtained

first

As all the proposed roads consist of o traffic lange, nUmber'of
heavy trucks (NHT) on design lane are éxtimated as follow:

3) Averagé Gross‘Hefght of Heavy Trucks (AGH)

CMT =

Averége ADT x 50%

Based on the 0/D survey results, average'gross welght of heavy trucks
was estimated as follows.

A#érége Gross Weight of Heavy Trucks (AGHW)

Type of
Yehicle

Gross
Yeight (kg)

Heavy Trdck

Medium Truck

Heéavy Bus?*

Ladén

- Emply -

Laden
Empty

" Laden

21,000

7,000

8,400
3,400

12,300

Empty .
Rate(%)

60
40

55
45

100

Average

Gross Weight (kq)

15,400

6,150
12,300

* 40 persons x 609 + Vehicle weight 9,900

~ The évérage gross weight'of heavy trucks on the design lane was
calculated multiplying the above average gross weight by component
ratfo of NHT by vehicle type and then totalling them.

4) Design Traffic Kumber

~ Assuming that single axle load limit is 8.200 kg, initial traffic
number. (ITH) is estimated based on traffic analysis chart {Fig. 6-2)
using AGN and KHT previously estimated.
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Using annual growth rate of ADT, ITN adnusteent factor was calculated
by the following formuld: ' '

PN
Factor = .____,(.1 + r)_ﬂ.:ﬁl_._
20r
Where r = annual growth rate of ADT

-
i

~ Design period

Design traffic number (DTN} for the desigp periods of 7 and 15 years

 were obtained by multiplying ITN by the ITH adjustment factor.

5)

Design CBR

If the nurber of CBR Lests is not large, say less than 10, the standard

‘deviation can be estimted by the foi]ouihq equation:

Se = R
. d

Where; Se : estimated standard deviation

R @ range of values, i.e, the.differehcé between
the greatest value and the smatlest valve.

d : factor (see the belos table)

Factor for Estimaling Standard Deviation

Humber of _  Factor

Value n | : (d)
2 1.1284
3 1.6926
4 2.0588
5 2.3259
6 2.5304
7 2.7044
8 2.8472
9 2.9700
10 3.0775
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Iho Material and Research OGevision of OOM uses the CBR value of about
the 30th pelcentiie as the design CBR, Usfig the standard deviation
calculated by the above equatlon, the 30th percentile CBR value, i.e,

the désign CBR, Was estimated corresponding to rnumber of (BR tests
_through the following equation:

Design CBR CBRm - 0.524 Se
Hhere, CBRm : Hean value of tesied C8R value _
- 0.524 factor for estimating 30th percentile value

Se standard deviation corvesponding to aumber of
: L8R tests

e

»e

kWhen the selected materia! layer is planned takirig the effect of the
“selected materfal layer into account, average CBR value of 5ubgrade
at the po1nt wWas calculated by thé following equaltion:

N 3 . 1/3.3
[h,canl + h,C8R J

CBRs = 2
100
where : . €(BRs =  (BR value of subgrade layer included selected
- material layer (%)
CBR_l = CBR of stected material {%)
CBR, = CBR of svbgrade soil (%)
'h] = thickness of selected material layer (cm)
hz_ = thickaness of subgrade soit {wm) k2 = 100 -

Pavement Thickness

Applying the calculated des1gn traffic nurber (DTN) and design CBR
to the thickness design chart (Fig. 6.3), required thickness of
ful]~depth asphalt concrete layer was obtained.

The Asphait Institute vecommends the use of a substitution ratio

(S,) for making ‘conversion from asphalt concrete layer to untveated
granular base and subbase. Specificatly it is recommended that;

10



H

- High quality granular material (cvushed stone} ... 2.0

- Low quality granuiar material {good qUaiity‘latébite).-Sr = 2.7

Assuming that the substitution tatio of SBST surface is 0, required
th\ckness of base and subbase was calculated as the following example:

- Estimated thickness of full-depth asphalt concrete ‘layer : 230 mm

- Where 150 mm thick crushed stone base is designed, converted asphait
concrete layer is 76 m because the substitution ratio of crushed
stone is 2.0 ' '

- 'Required thickness of subbase isftaltuiated as follows:

230 om - ?Srm = 155rrm

156 mm x 2.7 (Substitution ratio of good quality Iaterite)
= A20 mm

The overlay thickness of asphalt concrete is obtained by deducting
the estimated thlckness of 7 years dESlgn period from that of 15
_years design period. The overlay thickness by asphalt concrete thus

estimated was converted to the thickaess of crushing stone base using
substition ratio.
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The. designed pavement structures of SBST by each study route are shown .
in the table baiow .

Designed Pavement Structure

Route  Road - Sturctures. of 7 years Salected OVeriay Thickness

| _ Design Period (em) : . (rm)

How - Class Surfac—e Base  Subbase aterial 'S_urface Base

oy _ | |
6 FA . SBST 150 390 - SBST 60
AC=50 150 330 - AC = 40 -

8 F4 ©SBST 150 260 - $BST 40
o F4 st 150 270 - SBST 60
12 F&siST 150 170 - SBST 60
14 FA SBST 150 W - SBST 50
a5 FseST 150 350 - SBST 60
19 F4 SBST 150 190 - $BSY 40
202 s S8ST 150 300 - - SBST 70
' sesT 100 140 - SBST 50
23 F4 $8ST 150 380 - SBST 70
25  F4  s8ST 150 180 200 SBST 60
27 §6  S8ST . 150 150 - SesT 50
29 F4  SBST 150 150 200 SBST 50
36. . F4 T sesT 150 260 - SBST 40
W2 R sesT 180 250 ; SBST 50
R S8ST 150 190 - SBST - 40

* In £5 and 6 class road, SBST pavement was planned only in the sections

passing through village areas and the approach sectwns to existing
pvaed road.

! In Route No.6, asphalt cencrete pavement was designed in some

sections considering heavy traffic for suger cane transportation.
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6-3-4

12 In Route No.20 and Reute 31, since there were extreme diffe-
rénces for ADT and CBR by section, two kinds of pavement
thickness were designed.

The deslgn of soil aggregate surfacnng for F5 and F6 class roads
was made with the fo!lowrng thickness, in accordance wlth the DDH
Standard for typical pavement structure.

20 150 ™"

1Y

S0i1 aggregate surface CBR

Selected material CBR2 6 200"™
Typical pavément'structute for F4, F5 and F6 ave shown in Fig. 6-4.

Orainage Design

Perfection of drainage facxlltles is an indlspensable factor for .
maintaining the road in ali-weather condition. The extstlng roads
of the proposed route have very poor drainage facilities in number

“and in capacity. Substantial lmprovement of drainage fac;lltles
was required for all the proposed roads.

1) Pipe Culvert

Pipe cu%verts of 100 ¢ diareter in minieun W3S appl1ed for this
study con51der1ng easy maintenance. The standaud draw1ng of -
pipe culvert is shown in Fig. 6-5.

in flat areas the locations of pipe culvérts'were.détérﬁined”
through the inveatory survey, with the folloaing standard iater-
val:

. '$tandard Interval of.Pipe Culvert in Flat Area

~ Bescription o Staﬁdard'lnterQal {m)
paddy area |

flood Section 200

Others 0 500

-

————— e ————
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2)

In’ roi]ing and!, mountainous areas’, pipe culverts were set at the

‘selecued sag points based on the results of topographic surveys.

For the iﬁproVeﬁént sections, where the existing pipe culverts are
:in‘gOOG'conditidn only extensfon of pipes of short diameter were

plamed. In other words,existing pipe culvérts of less than 80 cm
diameter,even if they aré in good condition, are wholly replaced by
100 ¢ diameter pipe culverts.

Box tu1§ert

A size of 2.4m % 2. 4 m concréte box culvert with head wall and aprons

wWas applied to this study as a standard type. In case that blgger

3)

flow cap&cnty Was requnred the doudle cell culvert paired Hlth the

said size of culverts was used, The standard drawing of box culvert
is shown in Fig. 6-6 ' -

Requtred locatlons and types of culverts were determined by comparing

'dlscharge with flow capacity, calculated by procedures descrlbed

bélox.

Dischargé Calculation

Thé_discharge of respective catchient areas wias calculated separating
into ‘the following two cases.

Where the_tétthméht afea is less than 50 ki, the following Rational
Formula was use:

=]
3]

0.278.C.1.A°

= deszgn dischatge (m3/sec)

where, Q
' C = vun-off coefficient
I
A

= intensity of ralnfall_(nthr)
- catchwent area {kn?)
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Intensity of rainfall wa's determined based on rainfall intensity - dira-
tion curve for a frequency of 20 years, prepared by: DOH. Iheré aré only
two observatory stations, Phitsanulok and Phrae stations, which provide
the said curve in the study area.  They were applied to the study routes
‘dividing into two'groups as follows:

_AppYication of Rainfall Intensity - Ouration Curve

Gbservatory Route Ko.
Station
* Phitsanulok ~ No.6, Ro.8, No.11, Ho.12, Ho.14,

Ho.15, Ho.19, No.20,H0.23

Phrae . No.25, Ho.27, ¥0.29, fo.30, No.31

Run-of f coefficient was determiﬁed-by the graph USed:by O0H, Hhibh is
correspdnding:tolthe rainfall intensity and the topographié féatureé'in
the catchment area.  Run-off coefficients by topography against the
rainfall intensities 6f 50 to 150 rm per hour are Shown below.

* Run-Off Coefficient (Intensity 50 mw/hr - 150 mm/hr)

Topography . | contiotent

- Steép; barren, imperviOuS §ukface _ 0.?:4?0.§
- Stéepgforest_and steep grésé readow | 0.4 - 0.7
- IFOrest'laﬁds of moderate'to'steeﬁ slopes 0.2 -0.4
.- Flat pervious surface _ o 0.1 -70.2
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Catchment areas were measred based on 1/50,000 scale of topographic
- maps.

Khere the catchment area is more then 50 k2, the following Snyder's
: £Quations were applied to obtafh the desiga discharge:

Q= 0.001 gp (aei - g) tr. A
where, -@ @ design discharge (m3/séc)
gp :  peak discharge (1/sec/km?)

 q - reductlon point ralnfal] lntensrty for large
' - catchrent area

i r’aqun intensity (mm/hr)

g ih%iltratidn capacity (nm[hr)

tr cfitical duration of rainfall (hoﬁr)
A  caichmeﬁt area (kﬁ?)

In the above equation, the peak discharche {qp) is expressed by the
'f0110d|ng formauta:

gp = KB
tr

where, ' kb o peék disbharge coefficient

The critical daration of rainfall (tr) is expressed by the following
equation:

: _ LS .. 0.6 . 0.3
.tl‘ = —“.—g-xt Xl.l .
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where, L : length of stream friom source to structure site (km)

Ll =  L¢/L s Lc js the length of stream from the point nearest
' ' the center of grav1ty of the catchment area to the
structure site {km)’

In the Snyder Equation o 15 given by the curves developed by ‘the U.S.

Weather Bureau and kp and ¢ way be taken from Ven Te Chow's “Hand book
of Applied Hydro]ogy

~ 4) Capacity Calculation

The flow capacity of box culvert and bridge was calculated by the
following Manning's Formula:

Q = A
v - %_R2/3 V2

wheve, @ - : flow capactty (m3lsec]
| A A Cross sectional area of dra1nage structure (m }
V - Mean velocity (nlsec)

a : Nanning's roughness coeff1cient. 0.02 for box
culverts and 0.05 for waterway at brldge sites

R : Hydraulic vadivs (m)

I : Slope of the drainage facility

The resuits'of the hydrologi6a1'anaiysis‘mentionéd above ‘are shown .
by each study route in Volume 2.

6-3-5 B8ridge Design
1) General
Humber and length of  the proposed brldges replacement of the
exlstings tiwber br1dges and new construction; are shown below,

by each study routes.
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Humber and Leng;h of Propesed Bridge

— — s ——

Rdute No.- Reblacémeﬁt Hew Construction . Jotal -
Humber Length(m) Humber Length(m) Number Length(km)

No.6{6-4) 1 10.0 2 29:0 1 39.0
oo 8 M 230.0 2 3.0 13 266.0
Nodt - o - . - -
‘No.12 5 107.0 - - 5 107.0
No.14 2 29.0 - . 2 29.0
.15 - L - - - -
No.19 ] 40.0 - 0 4000
No.20 2 36.0 B 20.0 3 56.0
No.23(23-2) 1 450 8 1670 9 212.0
Ne.25 22 397.6 6  143.0 728 5d0.0
No.27 -3 9.0 - - 3 91.0
No.29 3 5.0 - . 3 54.0 -
No.30 11 202.0 - - N 202.0
No.31 17 280.0 21 2020 38 5720

Host of the éxiét&ng*bridges aré timber bridges with widths range fron
2.5 to=570 ﬁ Some of then are rema1ned broken’ in the]r cond|t1ons
All these existing tlmber bridges have no bearrng capaCIty to deSIgn
loading of HS-20 and thus were planned to be repiaced by pevmanent

concrete bridges or concréte box culverts.

Rew bridges were planned mostly for the new roéd sections based on the
results of the field réconnaissancé In the 1mprovewent sections they

were also planned at lhe selected 51tes thie brldges are requized
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2)

3)

8ridge Length

The length of bridges was determined through the h&drological analysis
of discharge and flow capacity as described in 6-3-4.
Super -Structure

A majority of super-structure of the DOH's Standard design is made
of reinforced concrete or pre-stressed concrete sturcture. Major
types of super-sturcture and relative span length applicable ave

as follows: '

Hajor Types of Suber-StPﬂcture

Types of Super- Applicable Span

Structure ' !ength (m) Remafkf
Reinforced Concrete Slab 5 - 10 Thickness of Slab
(RC-S1ab) _ ‘ 32 - 53 ¢m
Precast Pre-stressed 5 - 10 Height of Beam .

Concrete Beam(PC—Beéﬂ) . 16 - 35 en
Pre- stressed Concrete 8ox- up to 21 'Rectaﬁgleishaped
Girder (PC Box Girder) ' - 1.0x0.7m
Pre-stressed_Concrete 20 and move I - shépéd

Girder (PC-Girder)

Both RC- Slab and PC-Beam: br]dge are sultable for short span bridge :

. which no saltent dlfferences in construction cost per unit length.

On the other hand, PC-Box Girder and PC- Girder are appropriate for

long span bridge. The fo]]owtng two types of concrete bridge were
applied in this Study.

RC-S1ab bridge for short span bridge
PC-Girder bridge for tong span bridge
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In prinéiple; the:lohg span bridge was plannéd over the deep rivers
where the construction of sub-structures was supposed rather difficult.

Nhile, short span bridge was planned at the places where the rivers are
relatively shallow, :

AmOng the prOposed rOads, on]y one brldge, about 65 m in length, crossing
over the Li river on Study Route’ No. 27 was des1gned as a long span bridge
and’ all othér bridges as-a short span bridge.

4y g@;—gtr&cture

_Careful observation on the conditions of sub-soil and data collection
on- the foundation types of existing and on- going brldges in the study
area were carried out. From the results of the above works, it was
founq that the pile foundation with 10 t6 12 m long concrete piles
are'éommonly used and are suitable for sub-soil conditions in the
study area. The pile fouadation with 12 i concrete piles was, there-
fore, apﬁlied to the deéign of all proposed bridges. |

All plaanned bridges have 7.0 m wide carriageway and 1.0 m sidewalks

‘on both sides. The standard drawing and the drawing of long span
bridge are shown ' in Fig. 6-7 and 6-8.
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Figure 6-3

‘Figure 6-3  THICKNESS DESIGN CHART
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CHAPTER 7
'CONSTRUCTION AND MAINTENANCE COSTS

| '741' CONSTRUCTION WORK QUANTITIES

Construction work quantities on major work items were calculated on the
basis of the engineer1ng studies performed in the preceding sections,
The major construction work comprises the following 16 items:

" a) Clearing and grubbing
b) ' Roadway excavation - classified eavth
“c}  Roadway excavation - classified soft rock
~d)  Etwbankment - side borrow method
e) ' Embankment - borrow pit material
)  Embankment - selected material
g) Subbase - soil-dggrega{e
h) Base - crushed rock
i)  Shoulder.- soil aggregate
j). Asphaltic prime coat
k) Single bituminous surface treatment
1)  Asphaltic concrete
). R.C, pipe culvert
n)  R.C. box culvert
o) R.C. bridge - short span
| p) P.C, bridge - long span
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~ The avea of land acquisition attributable to the widening of existing
road and new road construction was also caiculated. The area was clas-
sified into deveIOQed 1and and‘ less déveloped land, on “the basis of
data obtained during field surVeys.

The cost of “tand acqursition for DOH roads was not c0n51dered as ft has
been the usual practice’ for DOH rural roads, Width of right ~0f -way for
reads which belong to the agencies other than DOH Was considered to be
30 meters except for road in villages where it was considered to be

20 metors, ' '

‘The calculated work quantitles and ]and area by Study Route are present—
ed in the respect:ve section of route descrrption in Voiume 2. '
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7.2 CONSTRUCTION UNIT RATE

The unit rates as of 198) for major construction work §tems were studied,
In the analysfs of the unit rates, due consideration was paid to the
hauling charge of construction materials from the source to the con-
‘struction site, HMaterials such 3$ bitumen, cement and rc:nforctng steel
bars were considered to be transported to the pro;ect site from Bangkok

_The selected matertal for embankment and later1te for subbase course
and shoulder were considered to be procured within the reasonable

~ distance from ccnstructlon site according to the results of soil and
material tests, _

The rock quarries available for such work items as SBST base, asphaltlc
concrete and structures are limited in numbers around the proposed
roads. 1héir locations are indicated in the réspective sections of
Yolume 2. The shortest routes for hauling of rock materlals were

" examined referrlng to the exnsting rvoad nétwork around the proposed
‘road, :

Calculated unit rates were compared with those in bids for highway
projects located in the similar geographical aveas.

The unit rates for the major work items are shown in Table 7-1.

127



7-3 CONSTRUCTION COST

Constiuction costs of major work items were calculated by applying- the
unit rates to the estimated work quantities. The cost of miscellaneous
yorks such as slope protections, concrete d:tches, guard rails; traffic .
signs and marking et¢. weré estimated at 7 percent of - total cost of
“major work items referr1ng to the similar type of highway projects.

Added to these direct costs were physical contingencies (lS%f, design
~and construction superv1s1on (10%) ‘and land vaU1sit1on cost to obtain
'a total road cost. : ‘

The construction cost together w1th the land acqu;sitiOn cost are given
‘in Table 7-2 by Study Route, -~ = ' :

calculated by deductlng the tax component of éach work item from the _
financial constriuction cost, The percentages of tax c0mponent ‘{ncluded
in the unit rate are shown in Table 7-1. They were detern1ned refer-
ring to the previous studies on the similar type of construction in
Thailand, ‘under the assumption that' the construction would be performed
by local contractors. fconomic construction costs are shown in sections
of respective route descrlpt1on in Volume 2,
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7.4 mﬂuumcz cosT

The annual routine majntenance costs for earth, laterite, SBST and
asphaltic concrete road were estimated. In agreement with the practice
: generally accepted the formulae derived comprtse fixed cost and traffic
dependent cost. . Ihough little fnformation was available of the correla-
tion between road maintenance cost and traffic volume by surface type,
' the followlng formulae were elaborated from the analys1s of the OOH
maintenance budget and equipﬂent revolving fund for 1982, together with
- reference to maintenance studies.~

Annual Routine Maintenance Cost

—

Surface-?ype ' Annual Malntenance Cost*

{Baht/km)
" garth : 12,000 + 75.V%*
" laterite - 21,000 + 26-V
S8ST | 27,000 + 11-V
Asphaltic Concrete 30,000 + 4.V

" Hote: Economic¢ Cost.
' x4 -1 ¥ means AADT (Anaval Average Daily Traff1c)

The road na1ntenance benefits are considered to be the difference of
naintenance costs in the networks related to each proposed road between
with and without project construction.

1/ "gtudy of Highway Maintenance and EqUipwent Reeds" KAPPSAX March,
1976.
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7-6 CONSTRUCTION SCHEDULE ANO COST DISBURSEMENT

To estimate'the_jeérly disbursement of construction cost, éonsﬁructfpn
schedule was worked out for each study route, COnstructioh period was
“estimated from work 1tems and thetr respective work quantities and a!so
from length of project read, Rainy period ‘of about five~m0nths was .
also taken fnto account, considering the work efficiency in that period.

Each prOJect yoad was classified into éither of the construct10n period
of two-years or three-years dependlng oh the pro;ect sca]e. Typical
- construction schedules for two-years project and thrée-yeéars brojett
are preseated in Figure:7-1. |

Yearly disbursement of construction cost was calculated on the basis
of the construction schedule as set out‘above.

In the estimation of. yearly dlsbursewent of finanC1al cost, anauval
price escalation rates were assumed as 15% (198] - 83) and 103 (1983 -
_8?) for dmestlc component, and 7. 5%. _(]981 - 83) and 6.5% (1983 - 87)
for foreign component. ' - ' -

In Table 7-3, summary of yearly cost disbursement is given dividing it

into local and” fore19n CUrrency component, on condition that forelgn '
portlon shares 48% of the total cost before escalatlon.
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Figure 7-1
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Table 7-1

e S —

UNIY RATES FOR MAJOR. WORK ITEMS

‘tand Acquisntion

- Highly Deve]oped'Land ha

50,000
© Land Acqu1$1t:on ' - R
- Less Developed Land ha 15,000

Table 7- |
o ,f‘ _ Ug;t Financial 60;;2- -
Pescription - ‘Quan- Unit Rate aent Remarks
o tity  (Baht) gy L
Clearing & Grubbing ha 17,000 9
Roadway Excavation 3 o ,
- €lassified Earth n 36 10
Roadway Excavation 3 ,
- Classified Soft Rock m' 80 10
Embankment | 3 B
- Side Borrow Method m 45 .9
trbankment 3 o B
-~ Borrow Pit Materlal m 60 9
Embankment 3 : S S
- Selected Material "M 80 1
Subbase : 3 _ o
- Soil Aggregate B 106 11
Base . 3 . -
- Crushed Rock m 309-416 ‘8
Shoulder 3
-+ S0il Aggregate m _ 70 "
Asphaltic Prime Coat m’  10.8-11.3 8
fSingle Bltumlnous > L . .
“Surface Treatment w 27.6-28.6 100 t=12m
Asphaltic Concrete a2 97 10 t =50 e
R.C. Pipe Culvert m _2;400-?;700 8 # IOO,ZHi{h Héadﬂai]s
R.C. Box Culvert " -18,000-18,?00 10 1.(2.4x2.4) with'$pr0ns
R.C. Bridge : - - s:last;ridge
~ - Short $pan m 39,500-41,400 11 Span'6- 10 m
P.C. Bridge - - ) P.C. Girder, span 2
- Long Span m 70,200 11

- 30 m
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Table 7-2 SUMMARY OF CONSTRUCTION COST

o T (10° ant)
w;t:;i. y Roite . Road ~ Length - f i;_n‘a—fnjc”ihailfir E;:og cf_w
Humber Class (km) Cost Cost
64 4 6.0 110,306 100,384
8 £4 53,5 128,674 116,850
I 6.8 14,35 13,095
2 4 13,0 42,275 38,430
14 f4 21,0 38,280 - 34,815
s FA 8.3 17,634 16,080
AL TR N 14,4 33,35 30,460
g 20 | . F5 E 5.7 21,857 19,719
-2 51,9 153,377 134,509
BT e 54.0 139,607 126,010
21 f6 - 16.6 21,742 19,520
29 M 132 22,510 20,450
30 e 47.8 110,063 99,757
n '  FA 55,0 131,294 118,541
TOTAL - e ar.2 985,380 893,580

Note: )/ éxchjdihg price contingency
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Table 7-3

Table 7-3 SUMMRY OF YEARLY COST DISBURSEMENT -/ -
__(Mi1tion Baht) _

Study 1984 1985 1986 Total
Rou.te .__.,?/____ 3/ T o . .

No. /e F/e™ L/c  F/IC L/cC F/c L/C F/C Total
6 15.2 12.2 4.7 32.6 21.5 20.8 84.4  65.6  150,0
(6-4) - - (3.68) (2.85) (6.53)

8 17.7 14.3 48,7 38.0 32.1 24,2 98,5  76.5 1750
| | o o (4.29) (3.34) ' (7.63)

1 - - 3.2 2.6 83 6.4 - 1.5 9.0 205
_ | (0.53) {0.39) (0.90)

12 - - 9.6 7.5 24,6 18.6  34.2 26.) . 60,3
| | (1.49) (1.14) (2.63)

14 - - 8.7 6.8 22.3 169 31.0 23,7 54,7
;  1.35) (1.03) (2.38)

s - - 4.7 3.1 10.3 7.7 144 10.8 - 25,2
| S - (0.63) (0.47): (1.10)

19 - - 7.6 5.9 19.4 147 27,0 - 20,6 . 47.6
: - - (1.18) (0.90) " (2.08)

20 - - 50 3.8 12,8 9.7 17.8 - 13,5 .31.3
o . - | | {0.78) (0.58) (1.35)

23 21.2 17.0 58.0 45.3 383 29.0 117.5 91,3 208.8
25 19.2 15,5 52.8 41.2 33.9 2.4 106.9 83.1 190.0

- - (4.86) (3.62) : (8.28)
27 - - 4.9 3.8 126 96 . 17.5 134 _ 309

- {0.76) (0.58) (1.34)

29 - - 5.1 4.0 13.1 10,0 18.2 14,1 32,3

| | ; - {0.79) (0.61) (1.40)
30 5.1 12,2 416 32,5 27.5 '20.8 84.2 . 65.5  149,7
. S . - (3.67) (2.85) {6.52)
3 180 146 496 388 32.8 20.8 1005 78,2 . 178.7
. {4.38) =(3 41): (7.79)
Total 106.5 85.8 340.6 266.0 316.5 239.6 763.6 591.4 1385.0
(33, 29) (25, 75) (59.04)
the:"ll including price contmgency o
: Local Currency
. Foreign Currency e
() Hillion USS Equwalent Q US$ 22.63 Baht)
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