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8-7 PREPARATION OF LARCE SCALE TOPOGRAPHIC MAP

The topographic features of the séction traversing the Luak and the
Phang Hoel Range in Segmént No. 22 and 23 are 'steep and diversified, and

vequire careful examination in r0uLing and désigning' Ihﬁrefbre, the

1/5,000 scale topographlc maps more prepared in this section, bas¢d on
the existing topographlc maps and the aerial photos, and used for the
study. '

*

8-8 Eucl&tsalwc STUDY

8-8-1 Design Standard

~ The design standard of provincial roéds is 3ubdivided'into“95veh'road -

classes from D to F6 accordlng to the prOJected ADI as shown in Table

'8-4.° The traff;c fbrecast assighed to each link shows that the EStimated

ADT at’ the 7th and 15th year after opening range ‘fron - )60 to l,lGB and
fFrom 193 to 1”3&1,jre3péétivei> Therefore, referring to the DOHY's |
standard, F3, F4 and F5 Standards are to be applled to each correspondlng

segnent according to the future ADI.

The design standards of these three road ¢lasses arve as follows:



. Sumrary of F3, f4 and £5 Standards

Pesign Standards

B . __F3 Fé F5 L
ADIll f | | 1000-2000 300-1000  below 300
Deaign Speed (Kn/h) _

Flat - and Hoderately Ro]llng 70-90 60-80 60

Rolllng and Hilly - 55270 45-60 45

Hountainous N 40-55 30-45 _ 30
Sbrface Type intermediate  low s0il aggregate
Carriageway Width (m) B 6.00 5.0 9.00
Shauldér Hidth (i)  2.00 1.75 -
Maximom Cradient (%)

Flat and'ubderateay flolling - 6 | 8 12

" Ro61ling and Hilly: 8 10 12

H0untalnous : 16 10 12
Right of Way (m)_ ]: o 40-60 40-60 20-40

Note: /1 ADT at I5th year after opening for £3 and at Tth year
for Fﬁ and F5.

-In:thélstudies_éftéf the optimum route was decided, f3, f4 and FS
StéhQardé were respectively applied to each read segrent according to
- the erECastéd ADT, as shown below.
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- Application of Design Standard

Standard SegmehE'No. R ADT _ : E l?;ggh
o | - 7th Year lsth Year
3 1, 2, 3,5, 1,  775-1,168  896-1,341 60.1
12 and 18 : . _ : o
Fa 27, 29 and 30 s45-829 . 13987 3.0t
£S 21, 22; 23, V60265 193-n7 - se.elt
24 and 25 - . .
_,Tota]:n N | 1547

Note: / The 1ength is shorter ‘than prOposed orlglnal léngth bY
- 1.0 Km. Ihe detalled descrlptlon is reférred 1n B B-2. .

/2 6. 9 Ken out of 56.6 Kn was planned to be paved as described
below.

According to tbe forecasted ADT Segnent No. 5 is to be c13331f18d as
i Standard_road. Hohever, it was 1ncluded in the F} Standard because
this SEott segment of only 12.7 Km long is sandwiched by’ the,road
'segment$:6F F3 Standabd'extending ovér'abdut 50 km'ih ién@th.

‘Fron an eng1neer1ng v1ehp01nt, 1t is requnred to pave all the stecp
gradient portlons of more than 5 percent regardless of the traffic
volumes,lln order to keep road surface’ from erosion ‘and from the viéw-
poxnt of safety. ln such portions, road: sorface is easaly scoured’ by :
rain water and eroded. lost of the seqwents for which £5 Standard ‘is
assxgned traverse the steep mountainous areas and the portions where the
grade is more than 5 percent_count 6.9 ¥m in total, For these portions
of 6.9 Km, low cost pavement in accordance with F4 Standard was adopted.

furthermore, fron viewpoints of accident prevention“and strdctural
'preference, it is undesirable to make piecemeal paverent for steep
portlons only It is teconendable to pave not only 6.9 Km of steep
grad1ent portions but all of 6.4 K, if flnancing arrangément allows.
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8-8-2 Geauetric Design

Oesign Speed

Ihé feialion botwech the design speed erployed in the engineering
study and the DOH's design speed is as follows:

 ﬂplati6h between Design Speed and DOH's Standard

- TJerrain Condition : : Design Speed
L , 3 f4 £5
“Flat of Hoderately Rolling 90(70-90)  B0O{60-80) 60
Rollmg or Hilly 70{55-70) 60{45-€9) 45
Mountainaus 55(40-55) 45(_30-45) 30

‘Notes Flgures in parentheses ‘show the ranges of design speed
' ShOﬁn in the O0H's Standard

~ As seen in the above table, the upper side design speeds were applied

in this study to design safer road structure.

-As rentloned in 8 B 1, on Lhe seiected optlrum route, the different

standard f} F4 or FS Standard, was applied respectively to each
road segrent according to the ferecasted ADI. [In this case, the

design speed applied to each road segment is as follous:
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D'es:ign'Stan:dar'd and ‘Design Spéed .
by Segment of the Optimum Route

Design - Design ' . Lcngth
Standard - Speed (Kn/h) Segment. Ro. o (Km) ‘
F3 0 1,2,3, 5 7and 18 : .2
70 iz . 1 5 5
Totel: 60.)
F4 80 ol (5:3)
60 771, 29 and 36 - - _38.0
. Tetal: 38.0
FS5 | s e 2
30 22,23, 24 and 25 _46.4°

Tetal: . . | 56.6

Note: - /1 Seqnent No. 19 is 1ncluded in the Phetcbabun =
Chai Badan Highway Project.

2) 99§599-§!5E9£19_999_&!zgf.v:-‘zﬁt
The geometric desxgn crlterla to be apphed correspondmg to desu;n

speed here determned based on AASHO'S recmmendatmn on geomel:nc
de31gns, as follows..



‘Geometric Design Criterin

Deseription _Design Speed (Kin/h)

N . 90 80 70 60 55 45 30
Min. Radius of 310 230 170 120 1000 0 - 30
Curvature (m)

“Min, ‘length of 150 140 120 100 90 80 50
Horizontal Curve (m)
Min. Stopping Sight 130 110 95 80 0 S5 40
Distance (m)

 Max. Gradient (%) 3.5 5 4.5 5 55 65 8
Hin. Radius of
Vertical Curve {(m) _ .

Crest . . 4,800 3,000 2,200 1,506 1,100 600 250
. Sag 2,500 2,000 1,500 1,000 800 600 250
Min. Vertical 80 10 60 50 65 40 25

Curve Lentth

The whole prbposgd alignirent was re-exanined corresponding to the
.georetric design criteria shown above, and special consideration was
paid to the followings.

' Sore parlts of the existing road betweén.Nong Bua Rawe and Lup Pho in
Segrent No. 29 and 30 were found unfavorable in the harizontal

alignment, as it is winding with some intersections.

‘ Ihen neW alignment was 1ntroduced in this section as a substitute for

“the existing road ‘The new alignment begins at the west of Nong Bua
Rawe and proceeds eastward to Lup Pho by way of the bridge now under
construction. The length of the new construction road is 17.0 ¥m
and it is shorler than the existing road by 1.0 Km.
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The alignment in ‘the mountainﬁus sectioh crossing the Luak and the
Phang Hioei Range in Segment No. 22 and 23 was refined by us1ng the

1:5, 000 scale topographlc maps SpeClally prepared for the study
of this sectlons.

The horizontal and vértical alignments were desxgned followlhg the
topography, and as the result, considerablc amount of. earthwork was
reduced. By the reflnement “however, no. shifent changé in total road
length occurred in these segments.

The detailed alignment designed on the 1t 5 000 scale topographic

" maps i& shown in Drawings of" Volume 2.

for the 1ntersectxnns with maJor hlghways, careful’ considerations
. were réqu1red. Thé Project’ ‘road crosses tio: natlonal highways,
“'Route 11 and 21. the. 1nterséct10n with Route 11, now under construc-
“tion, was d9519ned'as at- grade 1ntersect10n in 1ts delalled design.,
The oiher 1ntersect10n with Route 21 HaS examined in accordarice with
the DOH standard, based on Lhe trafflc volure. . The layout for both

of these :ntersectlons are shown in Drawings of Voluze 2.

lncorporatlng the aﬂendnents neatloned abﬁve, the optlmUm route was

5 dec1ded as 5h0hn in Flgure 8-2..

3) Typlcal Cruss Sectlun

Th typical i:ﬁéééi's:e'c'ti‘é:né'of each stafidard, £3, F4 and T5 Standard,
are shohn in Draw;ng of Volune 2, dzvidlng into embankment and cut

ﬁ'“sectxons Ihe pr1nc1ple of qeneral 1deas of the typital cross secti0n
' 'lS descrlbed 1n 8 3 2. N

T

.-
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8-8-3 ggyeﬁént-oesigﬁ

1) Design Principle

——— 8 e T . e et e

" As described in 8-3-1, DOI's F3, F4 or F5 Standard was applicd to
the respective road segment.

The kind of paverent for lhe_roéd classes of F3 and F4 Standard is

_ sinqlé'bitUminobs surface treatment (SBST) consisting of soil aggre—
gate sﬁbbééc on a layer of selected material, crushed stone base and
bituminOUs surface. As for class of £5 Standafd, soil aggregate
surfacing is solely applied on a layer of selected material, except

~for the portions with steép gradient vhere SBSV is recommended as
mentioned in 8-8-1.

The design of pavement was made based on "A guide to the Structural
Pesign of Bitumen-Surfaced Roads in fropical and Sub-Tropical
_CountrieS";'by tﬁg Overseas Unit Transport and Road Research
:labOratéry, Unitgd-Kinqdom. In the said quide, the pavement design

chart fer flexible paverent is prepared as shown in fiqure 8-3.

In it, 15 cm thick crushed stone base with surface dressing is
- employed with the thickness of subbase as a sole variable in the total
thickneés 6f‘pavement. In Lhe éhart, the determinants of subbase
_:thickness are CBR of subgrade soil and curulative nusber of standard
8,200 kq axle lead during the design life. The design life of
pavement was set at 7 years in this study. Sin¢e it is the normal
design practice in Thailand to design pavement for an initial life
of 7 yeérs, and ét the 7th year, to construct an overlay by asphalt
concrele.
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e o rm o v e S o e T e

The axle loads 0r'four'types éf'cOnmercial vchicies, in:both cmpty
and laden cases, were determined based on the results of traffic
survey, as shown below: . -

Axle Loqgg

'Axie Ldad‘(ton)

Type of Vebicles

front Rear .
HMeavy Bus  laden 5.0 e
‘Light Truck = Empty 0.7 1.0
: Laden 0.9 - 2.1
Medium Truck  Eapty 2.5 3.5
laden - 2.8 . 6.0
Heavy Truck Empty 2.8 2.6x2

Laden - 3.3 6.4x2




Based on Lhe t%éffic'forecast‘made in Chapter V1, the cumulative

number of slandard:ﬂ,ZOOIKq éxle'load during 2 yéars after the open-
ing of the Praject was calculated For each Standard section, sepa-

rately, as shown in the following tahle.

Cumulotive Numbers of Standard 8200 Kg Axle Load

H/T - Heavy Truck

.[Z Perived from the resulls of traffic survey.

~Type Eﬁﬁly,z Cumula- Cumulative Number of
Road of Ratio— ‘tive _Standargd Axle Load
Closs \'ehi-j/i (%) Nurber _ '
cles — of Eopty taden Total
L : Vehicles L
H/8 0 80,490 = 141,650 141,650
3 /1 50 300,220 90 660 750
: Wi 49 113,060 2,000 18,380 20,380
H/T . 48 35,140 420 13,390 13,810
Total 176,590
H/8 0 137,970 - 242,828 242,820
o L/ 50 230,590 70 510 580
M/ Y 40 95,§80 1,690 15,460 172,150
H/1 40 24,280 290 - 9,250 9,540
Total | 270,093
/8 0 86,630 - 82,080 82,080
Fs L/t S0 84,960 30 190 220
: M/ 40 34,500 610 5,610 6,220
H/ 1 40 10,220 110 3,890 4,000
Total 92,520
Note: /1 /8 - Heavy Bus, L/T - Light Truck, H/T - Mediuva Truck,
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As ShOhn ‘in the above table, the cumulatlve nUmbor or standard axle
load during 7 years was caleulated at 176, 600 270 100 and 92 500 -

for. F3 f4 and F5 Standard seections,: respeclively. It is hoted: that
the cumulative number of standard sxle load of F4 Standard section is
larger than that of 3 Standard section, despitc the lewer traffic -
volure on f4 Standard than F3 Standard section, - ]hls comes from the
higher share of heavy vehicles in total trafflc on F4 Standard sectioh
in Chaiyaphum pact. '

Subqrade CeR

s - e —— - A

The lests for subgrade s0il were carrled out to know the character:stlcs
of soils along the selected route. Suil savpllnqs viere made in 9 places
alb 1ntervals of about 15 Vn. Thelr locatlons ate ShOhn 1n quure 10A-1
of Appendlx 10 ' -

Ihe results of 5011 tests are sumnarlzed in Table 8 6, _and the detalls
of CBR test are ShOhﬂ in Flgure 10A-2 of Appendlx 10, . The CBR of

subgradeA501} was obtained as follovs:

(BR of Subgrade Soil

Sample No.  Segrent No. ~CBR
s-1 oz 13.0
s2 s s
53 Lo s
S-4 s 1.6
3 2% T 1.25
5-5 21 7.5
S-6 22 T sa
s T T e
5-8 29 e

' $-9 " 6.5

¥ s ¢ - R TP L T A PP R

KR 2

1 -1 was carriedIOUL in the survey for the
Phetchabun-Chai Badan Bighway Project.



As shown'in the sbove table, CBR values vary st rondom along the roqd
:Hence, pavcmcnt thickness also varies by each segrent, if the CBR
figures of the test result are directly applicd Lo the design charl.

_But it is impractical to consiruct paverment with d1fferent thickness

by short length Therefore, whole length of proposed road was di-

vided intc the followxng three parts, considerlng road classes, to

'GSSlqﬂ same valucs of desan EBR to whole lcnqth of reasonable dis-
tonce: o

Part_and Included Seqrents

‘ T Seqrent. Road "~ Road Length
Paft o - No. . ... Class (K} )
A 1= F3 £0.1
B ' 21 - 25 FS 56.6
c . . 21-30 F4 : 38.0

The design CBR of subgrade to be applied to each part was calculated
at 8.8, 7.4 and 6.6 for Part-A, Part-8 and Parti-C respectively, by
the following foremrla:

CBRd CBR " CBR max. ; 88 min.

" where,’ CBRd: Design' CBR
' :"'"'CBR Aéeragé of COR values in each part

' CBR max., CBR nmin.: maxirmun and minirun CBR values
- im cach part.

d: Factor given by following

Sanples 2 3 4 5 6

d 1.41 1.7 2.24 2.48 2.67
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4)

In calculation of CORA for Part-A, the COR values of Sample 5-4
and E-1!ih Segment-18 are excluded because of their extraordinarily

“small value.-

Thickness of Pavement

- . = e e Py o —

Applyan the calculated eumuletlve numbers or standard axle load and
subgrade design CBR to the pavement des;gn charL in Table 8- 3 sub-
base thicknesses were obtained as 10, 12 and 15 cm for Part-A, Part-8

and Part-g seckions, reépectively;

According to'the typical pavement sttdcture of DO, however, thickness
of 15 - 3D cm is necessntated fbr soil aggregate subbase course._ As
the thicknesses eaieu]ated fer Part- A and Part 8 are beleﬁ the lower

limit, thickness of 15 cm Has eﬁployed fﬂllﬂﬂlﬂg the typlcal paverent
structure of DOH

Thus, the paVenent des:gn of SBSI pavenent sections was made under

the fol]ew1ng pavement thlckness

F3; F& and F5 (Steep Gradient Portions) Standards

SBST AR S L2 em.
Crushed stone base CBRZ 8 - 15 cm
‘Soil aggregate subbase - CBR 220 - 15 cm
Selected material €BR 2

6 20 cm -

The pavement desiqh of soil aggregate surfacing for F5 Standard

sections was nade with the fe]lowing thickness, in accordance with

the H0H's standard for typical pavenent structures.
£5 Standsrd | | S
 Soil_a§greqate surface C8R Z 20 _ 15 enm
Selected material .. CBR 20 em

4]
=8

Iypical pavemént’strUctures'fer'F}, F&4 and F5 Standard scetions are

shown in Drowings of Volure-2.
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'5)' Pavement Haterisls

The test results SUggest'ihe following:

- 9ubgrade solls are 013351F19d mainly as silty and clayey

son] Hith high plastnclty, and correspond to A-§ or A-6
of AASHO classification,

- Laterxtes have sufflcxent CBR values enouqh to be used as -
subbase material. Honever, they do not satisfy such the
conditlons as spec:flcd in Standard Spe01flcat10ns of DOH

because of thelr high plasticity indexes and poor gradings.

Acbotding'tﬁ the information from ARD and Amphoe offiées, hoviever,
‘there are seversl sources of laterite in the Area, which have been
used és the soil éggtégatc material sources for the road construction.
1hergfbfe; it:wés"judged to be possible to find sufficient sources
of sbii'aﬁgregqtc‘wilhin'a reasonable distance for:the'Prbject by
detailed investiQation.' Sore material locations are indicated in
the.Fiqure 10A-3 of Appendix-10.

The 10céti0ﬁ ofimaterial sources for base and aggreqate for SBSI

. will afféét'lafgély:the cost of pavement works. Sose rock quarries
mostl& bffliméstone exist in the éurroundings of the Project road.
‘Thoée‘QUérries are: huﬁever;'far from the Project road. An alternative
plan to these qUarrles is, therefore, to make good use of excavated
rocks made of sandstone to be obtained frow the Phang Hoei Range,

. near Na Raya in Segrent No. 23. In case that the excavated rocks
are avaxlable as the materials of base and 5851, losq hauling can be
avoided, ‘Accordxng to the observation in reconnaissance, the fresh
racks of the Range seems to be sound and suitable as the materials
of base and SB5T, llowever, the detailed investigations will be

‘required prior to employing such rocks in the Project.
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8-8-64  lydrological Study

To decide the suitable openings. of the draiﬁhqo'faciliiEQQ'and:bridges

along the opt:wum route, wore detailed hydrologlca! studxes w¢re made
by employing the rainfall pattern characteristic to' thc project area,

1)

2)

';‘étslréeet_ésee
Based on the l/SB 000 scale topographlc maps, supplewentcd w;th
aerlal photographs, catchwent area of each Hatcr coursc crossnng the

optlmum route Has 1dent1f1ed as shown 1n fiqure llA l of Appendlx-ll.

Rainfall Pattern

~ The past records of hourly rainfall pattern vere available at lop

Buri and Don Puaﬁg ~ They are éharacterized by squall, COﬁcentrétiﬁg
more than 75 percent of dally ralnfall ih an hOUr, as shown in’ the ,
follo.unq table. '

Rainfall Psttera:

B )
__Houts : o
LOCatiOH e P A 1Y
- : 2 3 6 12 2
Lop Burifl 868 1064 1044 113.6  113.6 1136,

onq_uuaqgﬁf' 104.3 114,0; 117.0 N7.2 175 1240

.No[é. /l recorded in 1961!1___E
/2 recorded 1n 1962

There ‘aTe several rainfall cbservation stations in the Area.

- However, WOBt“dr'thé'aVéilablé Téébfds”aié”ﬁf'Fﬁdthly'b}}anhuél'

rainfall. The maxnnum daily rainfail in the Area was 153.9 ),
which was recordcd at the Phetchabun station on Bth Septenber, 1951,
the heaviest daily ralnfall doring 1951 - 1965 period (Source:
climatolagical data, Meteorological Departrent).
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Using this record as a control tetal, the above data were expanded

to formu]ate the rainfall pattorn in the Project Area. The effective

hourly ralnfall was then calculated by subtracting the less, which
was obtalned using the fol!oalnq equations:

1t

k

lﬁ_

L = R x (1 - 0000360 7) R < 100

64 | R > 100

ﬁhete, R, Cumulative loss rainfall (om)

Rt Cumulative rainfall {mm)

Though tvo paiterns'were formulated, the one based on the records at
Dong Huang was ysed in the study as Lhis gave larger discharge. It
is tabulated in Tablc 11A-1 of Appendix-11.

3) Discharge Analy31s

For the sqﬁalf lybé‘of raihfall the Rational Hethod, which bases on
the concept of average rainfall xntens1ty during séveral bours, can
not bc reasonably applied in discharge calculation. - Moreover,
- the analysis of the change of reserved volure with the lapse of Lice
is not possxble by this rethod. Unit Hydrograph Method which

1ncorporates the time lag between the beginning and the peak of flood
at’ the subject place was, therefore, used in the study.

!he contept of the UBnit Hydrograph Hethod is expressed by the
followlng flgure'
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Hp . ko o 1L50K

;.g‘—'.' | :
gt 03

el 0.32

% ¥ime t{hr)

This figure shOas that the flood dlscharge (Q) ‘at the subject place
caused by the effective ralnfall (Ro) Occurred in an unit doration
(to) redaches its peak (Qp) with a:tlme lag (t,), then g;adqa!ly
decreases. The peak discharge is calculated by the following

: equat{on; of which deriﬁaiion_is:explaiﬁediin Appendix 11t

.0,2778 A.Ro

Qp :n.}t ¥ tk .l.-l.t‘o'cl;b.-b.dll..i‘.ll.‘ii‘; (l)
. ! . p . : B . - . M . !
tp_;_tg +;Of8 ty

= 2.8t

K g
where, Qb : Peak dlscharge (n}/sec)

A Catchwent area {sz)

=
=]

: EfFEClive ralnfall (mm)

tp t Time in which the dlscharge increase from zero
‘to Qp (ht)

'tk : Time in  which the dlscharge deciease ftOn Gp
‘ to 0.3 Op (hr) :

: ?Inwe lag betﬂeen 0.8 to ahd thﬁ peak of fl°°d (br)

tg:
ta : Unit duratlon of rainfa}l (hr)
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Time Lag belween the Beginning and the Pesk of Flood (ip)

T e e e o - - —

© Time of céoncentration was Laken as the time lag between the
" beginning and the peak of: flood. The meah‘Velocity of flood

vater was calculated by Rziha's formula  shown below,

Rziha's formula

V= 72 (%)9'6 e (D)

Where, v Hean velocity of flood water {¥m/hr)
H

»

Difference of elevation between subject
- places of river channel (¥m)

L+ length of river channel (Km)

.Ihen; thé'tiﬁe of concentration (tp) was calculated using the

mean velocity as follows:

- L
b=y

Unit hydrbgraph, which is the unit discharge curve by the unit

effective rainfall of 1 milliceter in unit hour in the catchrent

area, was esi%ﬁlishéd for each catchsent area, based on the

* respective charackeristics of catching basin. The main features
“of unit hydrograph are shown in ¥Fable 1)A-2 of Appendix-11,
together with the peak discharge calculated by the equation (1}.

" Maxinum discharge of each calehrent area was caleulated by

' supe;boéing the hydrographs by rainfall in unit hour. An exawple
“of hydrograph for catchment area No. 10 is illustrated in Figure

11A-2 of Appendix-11.
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The size of box culverts and- bridge openings wcre determined by the
compar;son of dlscharqe and Flow, capaeity.' The flow capocity of box
culvert and bridge was- calculated by the fo]lowxng Mannlnq s Formula:

\’ : % - R2/311/2 .-uo-ici-orubio‘--'--'iu:‘nii'io (}) :
Q=AY
#ﬁere, Q FleH capacity (m3/sec)
A Cross sectlﬁnal area of dra;nage structure (mz)
¥y tean Ve1001ty (m/see) | ‘
n : Manbing's. roughness coefflelent- 0. 02 for box
' culverts and 0.05 for Haterway at bridge 31t93
R :-‘Hydraulic radlus (n} LI

1 : Slope of the_drelnage faeitity‘

Ihe opt:mun route crosses the Pasak. Fiver and 1ts tributaries in
Segment 18. Due to the 1nsuffleient dralnage capaelty of .bridge
openlngs of the exlstlng Ioad - sore low formatlon sections suffer
From overleH in. raxny season._ For the COﬂStPUCthﬂ of a]l~weather
road 1t 1s requ1red to prov1de brldges neeessaty for rellef oper
toqether Hith the ralslng up of road fornation level. Hydroleglcal
study was made to deelde an’ approprlate embankeent height and length

of brldge for rellef open, con51derzng the reservnng capacity on

the upstream 31de of the embankment.; Dlscharge analysts was based
on the unlt hydrograph method as dev310ped prevaously



?) Haximuig Dlschargc
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As the catchment atea of No. 10 is qUJtc larqe the tlme lag

"betHccn the bcqinninq and peak of flood is rore than 90 hours.
1Ihercf0re modified rainfall pattern was introduced for the dis-

charge analys:s of this catching basin. The modified rainfall

_pattern is shoan in flqure 11A- 2 of Appendix- 11,
dischargc was decided as 1 ,987 in /sec From
" in the same Figure.

[he maximum
the discharge curve

b)) Bridge Lenqth

I e et

EIhc water level on the upstreaﬂ ares ‘al the time of flood is
calcu]ated accord:ng to the reserved voluce ion the area. The
pr1nciple appllcd for the determination of bridge length for

relief open is that the vater level should not exceed the past
- highést water leVel

- The relation betﬁeeﬁ Lhe water level and the reserved volure on

the upstream area ﬁés formulated based on the tepographic raps.

Ihe rollowlng IS the basic equatlon used for the calculation of
the reserved volume.

(It L) = (“t*ot 1+ Vg vY)

hheré; !t,;lt*l: Inflow volure at tire t and t+1_(m})
‘ :'-l f F he ’ H 1 5 3
Ut’ ﬂt+i' Gutflow voliueme at tire L and t+l (w")
e . S . 3
vl’.‘t}l'- Reserved voluwe at time t and L+1 (m”)

Ihe qeneral vxea of the river cross section at bridge site is
as ShDhﬁ below..

.Bridqe'Lénqth
‘for Relief Open

. . . T e o T
AR Py I NP T BT t_.‘.f.:..- o i ER

—— *A.—-——-—‘— e s [ ntbatiit Tk e s *"".-.': IR Ay oy
TRAVAINS e S AR DA A | R ¥ (G4
L]
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Ihe net inflow VOlume (It’ l) was calcu}ated oubtracting the -
base flow dlscharge which flons through thé hatchéd area From
_discharqc volume, The b051c Moy dlscharge qu caloulated bﬁsed on

the results of the river cross section survey, “assuming 83 uniform
flow, :

The outflow volume through the bridge opcnlnq HAS éalculated by
‘the following equation. ' '

where, Ot stcharge through the brldge for rellef open (m /seo)
- }u D;scharqe coefflclent,jj..f‘(h /h ) '

0.35 _
‘ | Perfect
- ]. Overflow
s
—= h2/hl  2/3. | R

B8 : Length of bridge (m)

hys Fater depth of upstream side (m)
hy: “Hater depth of downstresh side (m)
g+ Acceleration of gravity (9.8 m/sec’)

Using tﬁé’éﬁuatidns aﬁdiinﬁuté'&éhtiﬁnéd;ébOVe;ilhe witer level

on the upstrcam area can be deternlned by the convergent cal—

' culat1on. The Hater 1evel b) f1ood discharqc was calculated

first fbr the lenqth of the exlstlng br:dges. Ihen, it

was’ compared with the alloxable water level hhlch was taken as

the hlghest water level in the past, - If it excceded the allowable
one, the bridge length was prolonged and another calculat:on nas
made untll the calculated water evel becowes belbw the allouable

one.  The exanlnatnon for the determination of Lhe bridge length

for relief qpen is compiled in Appendix- 1.
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_'Discharge calculation was made to cach water course by the procedure

mentioncd above.: lhen the drainage facility with suiltable opening to
each place was selected.

a) Box Culvert

- be -

A'sizciqf 2.1 m x 2.1°m double cel} concrete box culyert with

hcadwh}ls and aprons was applied. ' The standard drawings of box-

culvert are shown in Orawings of Volure 2.

| b) Bridge

- —— -

i I-shaped pre-stressed concrete girder and reinforced cancrete
slab vere employed for long span and short span brldge respec-
tively. -The detailed descrlptlon on both super-structure and
sub structure of bridge is mentioned in 8-3-6. The standard
drawings are shawn in Yolure-2.

¢) ‘Pipe Culvert

As descrlbed in 8-3- S requnred locations of pipe culverks were:
ldentlfled by 1nventory survey and field recomnaissance, with
“the follohlng intervals as a standard.

“Interval of Pipe Culverts

Topography Average Interval (m)
Terrace area 500

 Paddy area ' 300

lhe nlnlmum d:aneter of pipe culverlts was sel at 80 em for easy

malntenance. The standard drawings are shown in Velure-2.
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8-8-5 Bridge Design |

Cut of the total 74’ brldqes 1ncluded 1n the route alternatives, ‘the'’
ausber of bridges to be constructed in the optimUm rﬁute is tota]ly

- 26, as shown bolow:

Replacement of timber bridge : 9 bridhis’ '
Kew bridges e
: he” tridge for rélief open o e
Total " '2¢ bridges

The structural sfudies on‘Bridge;afe déscfibed'in 8¥3;6;

'Ihe ]lst of those bridges in the" optlmum route is shohn in Iable 8-7,

together with' proposed 1ength and’ Lype, determinéd by the procédure
mentioned in 8 3-6. ST : : . C '

The length of bfidges was calculatéd baeeﬂ on“tne hydrnlogical analysis
of dlscharqe and Flow capac1ty as descrlbed in 8- 8-4.- The'results’of
calculations for brldges in the ontimum route are 3h0dn in Iable 11A~2
of Appendnx ll.‘ In determin;ng the br;dge 1ength the br;dge formation
was set as to keep clearance of 1 5 m above the hlgh water leVel.

B-9  IMPLEMENTATION BETHOD AND SCHEOULE

8-9-1 Design Method =

Among the propﬁsed road of about 155 Km in total length lhe Section of .
about 105 ¥m' does not invalve any cOnplex prbblens on its design, but
the remalnlng sectlon of : about 50 Km, Segment No.18, No. 22 and No. 23,

 bhas nany dlfficult and comp]ieated mattérs whlch reQUIre the hlgh level

of engnneerxng practice for the design.



.Svnmnnt ho. 18 is the scétion between fahun and Nong Dacng, crossing

the Pasak River and its basin. As ment ioned previously in this Chapter,

~ this segment ceduires the construction of new bridges of more Lhan
230 mifltolal lenﬂfh and of the raising up of embankment extending for

about 6 Ym as countermeasures to protect the proposed road from the

flood of the Pasak RlVer and its tributaries. In this report, the plans

of these vorks havc_bccn determined by a hydrological analysis based on
‘the fairly simplified assumptions.

The suitabilily of the plans,however, gives the great influence not

only on the construction cost but also on thé social life of the local
inhabilants living in the ares suffeted from the flood water. In the
stage of the detailed design, therefore, it is necessary to plan them

_ based on the more detalled surveys and studies including the following:

i

Determination of the flood dlscharge based on the analyzed rainfall
data. The ralnfa]l data must be collected from as many rainfall

gué@nng stations in the basin of the Pasak River as possible.

o Déter@?nation:of‘thé length and the location of the bridge for

celief open in coxparison of the flood discharge and run-off capacity.

- Inveéligation of the influence area to be covered with flood water.

- Comparative study of bridge types, especially on the suitability of
the application of the standard design.

Segment No. - 22 and N . 23 are sections between ¥ang Wat and Tha Pong
pass;ng through tio mountain Tanges, the Luak and the Phang Hoei, vhich
have . steep ahd co pllcated lopographxc features. In this study, the
rout:ng of this section was carried out based on the topographic map of
/s, UDO; ﬁrépéred speciélly for this work, but more precise survey will
be requ;red in the detailed design stage. Horeover, the considerable
amount of rock excavatlon, about 500,000 0 is expected. As lhe voluse
of rock excavation influences greatly the construction cost, the design
- should be caréied out.so as to minimize the excavation volume.

173
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In consideration of these points,’ 1t is proposed to carry out the
| following works for’ tho datatled desiqn, espocially for the above- .
mentioned sectionss - '

- Preparation of a topographic map of 1/1,000 based on the aerial -
photographic survoy.— ' '

- Plannlng of the horizontal alignnent in appIJCation of appropriato :
trensition curves,

- Carrylnq ouvt of a seismlc prospecting survey in order to check the‘_
volume and quality of recks to be excavated

- Study of the slope protectlon and the drainage ln Order to preVent

erosion.

- EXamxnatlon of the ut;lizatlon of the ekcavated hard rock 33

materlals of the base course.

In v1ew of the complexity of ‘the detailed desiqn works aé mentioned
'aboVe, 1t is desirablé to employ a highly qualified and experienbed
consulting englneers for the deta;led deslgﬂ.

8-9-2 Construction Methad

As rentioned above, the design of the proposed road 1nvolves rany
problems whlch need a high engineerlng level to selve them. On the
other hand, the construction works seem to require noither sophisticated
technique not special type of equipment. It wag JUdQEG thetefore,-
that COnstruction execution by local contractors is reasonable.

Although no speoial nethod for the construction is reqoired some.
‘consideration to bs taken on the operation are descrxbed below._._

H
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n Earthrork
The side bbfroﬁ method by bulldozer will

. be applied generally for
the construction of embankment.

‘For the new construction scctlons
- sidé borrow will be made from both sides of road to minimize Lhe

earth moving 0On the other hand, for the wldenlng sections of the
g exxsting road without r3131nq up, side borrow is desirable to be
madc,frqm one side to keep the existing traffic durlng construction.

However, for raising up of the existing subrerged sections. side
borrow method is not applicable, because the soils on roadside are
not suxtable as embankrent material, Materials should be transported
from suitable borrow pits by the shovel and dump truck method.
" For these sections, as the exxsting traffic has also to be kept,
the constructlon w:ll be carried out half by half of road width.
'0ur1ng lhe embankﬁent of first half, the traffic will use the other
half, and upon completion of the embankment of first half the

traffic -will be led to the completed half and the embankment will
:proceed to the reralnlng half,

' _Host of soils along the proposed road are classified mainly as
, sxlty or clayey soils range from A-2 to A-7 in AASHO's classifi-
'”catlon and aré mostly same kind of soils along the Phetchabun-Chai
Badaniﬂidhkay studied in 1978, According to the resulls of test
carriéd out in the above project, the cone indexes: range fron 7 te 7,
in case the ‘soils are compacted at the natural moisture centent,
and it decreases to less than 2 when compacted at about S percent
sbove the matural moisture content. The required cone index is more
' thénjjffhrjlﬂ ton ¢lass bulldozer and wore than S for 21 ton class
bulldozer. - In rainy seasén when the water content of soil is
| antlcipated to increase considerably, the construction will becore
difficult even by 15 ton class bulldozer. Therefore, earthwork was
- judgéd to be carrled out in dry season only.
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2}

The soaked CBR values at 95% of maxlmum dry density by AASHO’s T 99

~ compaction test method were measured in this study, while ones by

AASHO's T-180 have been ‘mossured 16’ the study of the Phetchabun—
Chai Badan H:ghway study. Comparing both the results, the CBR -
values by AASHD's T-99 are:generally higher than ones‘by,AﬁSHO"..
1-180. As the soils for both of the projects are mostly the:some,
this faet shows that it is desarable to apply the compactiOn by
AASHG's T-99 method as the standard of compactxon in:this: propdsed
road.

In Seqﬁent No,: 22 and 23, considerable amount of rock ekbavatibh;
about 500,000 m®, is expected. ' As the rock excavation affcets .
greatly the ccnstructlon ‘cost - and schedule, 1t is necessary to study
the effectlve constructlon method lncludlng application of appropri—

ate construction équipment prior. to the start of" lhe construction.

Pavement horks

The paverent horks should also be carrled out in dry séason:’ Heavy
rain will ihcrease the waler content of subbase and_base course
materials and accordingly couses difficulty-in compaction. 'Moreover

the rain Hlll decrease the. adhesion of bltumlnous materials and make

‘the Horkmanshlp of. SBSI poor.

Greal quantltles of base course’ raterial, about 100 000m3, will be
required’ fbr.the_Ptugeet.“ In case lhat the- excavated hard rock is
jU&ged'unsuiteble as the material: of the base colirse;” these rust be

.purEhesed In- order to supply a considerable amount bf lhem in a

short tire perled 1t is preferable to prbduce crushed stones and’
stock them in suntable manner pfior to the COnstruction.-é"-"‘
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;;Iho brldge construction is olso recomﬂcndable to be carried out in
. dry. season, when no temporary bridge will be required because the
| traffic ¢an go on the dried’ up riverbed as a detour, and moreover

©ho cofrerlng or drainage work will be required for the construction
of sub-structure.

'8-9-3 " Construction Sehedule

" The whole length of the proposed road vould be divided into five loks
for construction:

Lot I 35.4 Kn Segrent No. 1, 2, 3, 5 and 7
Lot 1E - - 26,7 Ko Segrent No. 12 and 18

Lot IT1 - 26.3 Km Segrent No. 2% and 22

Lot IV 30.3Km  Segrent No. 73, 24 and 25
tet ¥ 38.0 ¥m - Segrent No. 27, 29 and 30

The construction quantities of each lot are shown in figure 8-4.

tﬁese lots were de::cided' in consideration of the reasonable size of
conslrUCEieﬁ;quantities_and scale of construction. Accessibility to
' the construction from both ends of lot by utilizing the existing roads

vas also taken into' consideration.

‘Judgingrfrom the coﬂstruction quantities of each lot, and capacity of
main local contractors, it is estimated that the construction of each
lot'canlbe completéd in Lwo years and a half.  However, as Lot t1I and
1V involve consxderable amount of rock excavation and Lot 11 and V
involve brldges of fairly long in total length, special attention on
these ‘matters is nhecessary in quallfygng biddérs,

'Ihe tentat:ve constructiun schedules for the lots tOgether with the
1mplementat10n schedule here prepared ‘and are shown in Figure 8-4.

ot
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B-10 HORK QUANTITIES AND CONSIRUCYION COST

In’ the calculation of the work quantitles onn the optinUm route, followlng
three major work' 1tem3 which appeer $h F3 and F4' Standard were added to
the hork 1tems 1ntroduced in’ the comparxson of route alternatlves as

'mentioned in 8-4.

0) Crushed stone base
p) Soil aggregate shoulder

Q) Prime coat and SBST

The work quantities of the optimum foute by segrent are EhOHh-in Table -

8‘_80

The unit price to those work itéms;EEre'deGeldpéd by the sote manner as

':mentioned'in 8-5 and shown iﬁ'Tablé 8-9. R L

Ihe percentage of tax component and the percentage of foreagn currency
portlon included in the unit prlce in Table 8- 9 were dEternined referring
to the previous sludlesll on the similar type of constructlon in
lhalland under the assumptlnn that lhe constructlon would be performed

by local contractors

The Constructlon costs of naJOr work items were calculated by applynng
these unit prlces to the estxﬁated work quantit:és. The costs nf minor

items were added to the cénstruct:on costs of maJor work 1tems.

The tota}'cﬁnﬁttuetion cbétS'ﬁf'the optimum route wéﬁe;ééltulétéd by
adding the followinq'cost itens Lo them, - o

Physical contlngency _ :1)5” of direct constructlon costs

ingxneerlng and Admxn:stratlon : B’ of dlrcct construction costs

Zl_ "Report on lnves!ment Alternatives in nghways in the Cﬁrridors .k‘_;:
between Muak Lek and Ban Chat Badan, Ban Chai Badan and Dan’ Khun
Thot*, Vallentlne, Laurie and Dav:es, Augusl 1915
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The construction costs of the optiwum route by segrent are shown in
Table 8-10, The total construction costs of the whole length of the

optimum route are given beloa and the details are shown in Table 8-11,

Total Construction Costs

(million'Bahtl

Description ‘Financial Cost  Economic Costs
'!Djréci'Coﬁstruétion Cost’ 318.9 341.0
Physical Contingency 56.8 51.1
Engineering & Administration 30.3 27.3
“land Acquisition . 11.9 1.9
. Tetat - - 471.9 431.3

It was assumed that' the construction vork vould start in mid 1981 for
a period of two and a half years after the detailed design in 1980.
Yearly dlsbursenent was® calculated assumlnq that half of englneerxng
& adminlstratlon costs would be éexpensed for detailed desxgn in 1989,
land acq0131t10n costs in 1981, and 20 percent of the reralnlng costs
in 1981 and 40 percent in each year of 1982 and 1983,

Total investment costs vere calculated by adding price contingency to
the tota} construction costs dividing into foreign and local pertions
as sdmmariséd below:
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SUMAARY OF INVESTHENT COSTS -

(Finanéial Cost)

. In Baht

" for fbrelgn component.

At assumed annual escalation rates of:
for local corponent, and 6 5% (1979} and 6% (1980—1982)

_ US$ Equivalcnbm~
(million) (million) B
Local Foréign Total ~Local fForeigh - Total
Direct Construction  203.3  175,6 378.9 10.17 . 8.78 18.95
Costs ‘
Physical Contingency  30.5  26.3  56.8  1.53 . .31 284
£nginecering & 10.3 20,0 30.3  0.52 1.00 1.52
Administration Lo ' Co
‘Land Acquisition 11.9 - 1.9 0é0 1 0.6
Sub Total 256,00 221.9 477.9  12.82 11.09 23.91
Price Contanencyl* S 89.0  45.5 136,5 - 4.45 . - 2.28 - 6.73
 Total 365.0  267.4  612.4 17.27  13.37  30.64
Remarks: /1 A? ekchahge rélé'qfo$$laUU =_Béhi‘2ﬂ ‘

0% (1979 1982)
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ROAD SKOMENTS

TABLE 8-1
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SPGMENT

SIGMENT

SPGHENT LENGTIT (KM)

1 Nong'Bua? National Wighvay 2.4 Mine road
: E Route XNo. 11
2 National Migh- Ang liin 4.7
way Roule No.1l _
3 Aﬁg Hin | Nohé'Phai 4.6
4 National High- ° Nong Ngu Luam 32.0 Mine road
vay Route No.ll :
5 Nong Phai ~ Nong Ngu Luan 12.7
6 Ang Bin ‘¥ang Phikun 1 26.9
7 Nong ghu Luam  Sap Sombun 11.0
8 Nong Rgulhugm Hin Dat Yai 13.3 Rural road
9 ?ang'Phikﬁn ' Sap Mai Daeng 12,3 ARD read
10 Hin Dat Yai Sap Mai Daeng 6.0 ARD road
11 Hin Pal Yai ' . Khao Khat 4.7 Rural road
12 Sap Sombun Rahun 11.9
13 Khao Knat Rahun 7.3
14 Khao Khat Sap Saro Thot 6.7 Rural road
. ‘- _ {North)
15 Sap Mai Daéng  Sap Sazo Thot 7.3 ARD road
f : {South)
16 Sap Samo Thol ~ Rat Charoen 5.8
{South) | :
17 Sép:Samdehot - Rat Charoen 7.0
(North) ‘
18 Rahun : _Noné Daeng 12.8 ARD road
191/ Nﬁng Déehg | Sap Bon (5.3) ARD road
20 R%L CharOeﬁ_ Vang ¥at 20.2
21 : Sép ﬁon ¥ang ¥at .10.2
22 Yéng ¥at *  Na Raya 16.1
23 Na Raya VTha Pong (¥est) 21.3
24 . Tﬁa‘Ppﬁg-(Yest) Tha Pong-(East) 4.3
25 ”'Tba Pong {BasL) fang_Kaiha 4.7
26 Tha Pong (East) Huai Nam Pam : : 23.0 ,
27 Yéng Katlha ¥on Bua Rave 21.0 ARD road
28 Héai'ﬂamibam Lup Fho "33.0 RID road
_ 29 Nong Bua Rave Non Puai 11.3
30 Non Puai Lup Pho _ 5.1 _ Rural road
Tolal ' - 157.2 203.0

Note: 1/ 'Se:méht No. 19 constitutes'PhétchaBuu -~ Chai'Badaq Highway Project
and exeluded from engineéring studfies in this Project.
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' TABIE 8-3

Table 8-3  SUMMARY OF ROAD INVENTORY

SEONENT ok .. ALTONMENT _j“';ﬁﬁ’;lg\?"‘“ | CULVERT BRIDGE OVERELOY  SURPACE TxrE
- RO ~ SECTIONS VIDM - LENom PIPE BOX " TIMBER N - o —— SOIL T am
(ka} ~ (km)  m) (k) (each)  (each)  (each) (@)  (each) () Oy'u(:zl;w‘ (km) AG?R:;SATE (km)
3 2.4 . - - 1 - - - - o - - 3.0 -
! Q220 02 5088 3200 2 - 7 92.6 - . 1,0-2,0 0.4 26.5 5.5
8 133 20 ag7is 133 s ~ 2 18.4 - - 0.2-0.6 0.7 13,3 -
? Jles 7.0-8.8 9.8 15 - 2 26,3 - - 0.4-1.0 1.4 12,3 -
10 6.0 BT 7.0-8.5 6.0 14 - 1 9.0 . - 0.2 0.4 6.0 _
1 4.7 0.5 ' 4.5-5.7 4.7 6 - - - - . 06 . 0.2 4.7 -
14 6 - a2 6 6 1 2 14.0 - - - - e -
15 I 75 R 7.3-8.6 1.3 8 - B 18.0 _ . R T
! i [12:8 4.0 6.0-7.0 10,0 12 - 4 53,8 1 75.0 0.5 5.6 12,8 -
1 53 - 7.5-8.5 3.3 1 - oy 15.0 . - - - 5.3 -
27,23 33,0 2.6 3.0-8,5  33.0 59 - 4 1.5 2 205.0 0.83.0 5.7 31.0 2,0
28 33.0 1.7 4.58,5 3.0 39 3 . _ 4 80,0 0.5-1.5 2.1 23,0 10.0
30 6.0 . 0.4 . 4860 60 . 6 - 4 51.0 - - - - 6.0 =

Note: 1/~ Inventory Survey for Segmenl 18, 19 was carried out in Phetchabun — Chai Badan Highviy Projeet.



1. Access controlt
2

Table 8-4

. economi¢ feasxblllty calculatlons.

Yhen des1gnated under the H:ghway Law,
. nghxay cr0531ng| Grade separation only after proven viable by

3. Railroad cr0331ng‘ Grade separalion only after proven viable by
- econonmié fea51bi11ty calculatnbns.

5. Yertical ¢learance

6.
1.

Design bridge loading

Pavemenl design shall

MINIMUM DESIGN STANDARDS FOR FROVINCIAL ROADS

= 4.50 m
= H3 20

be based on the accumulated number of equavalent
axle load predicted during the first 7-year after construction,

.9-. . s : 8. Pollow AASHO recommendatlon for any design details not separatel
4. Brid R . y desig y
ridge vidth (1): 8 m. for P, & Py, 7 m. for Py to Ry specified.
| {5) Pp P Py s Py P P,
Averagé Daily Traffic (5)| Avove 8,000 | 4,000-8,000 2,000-4,000 1,000-2,000 300-1,000 f - . Below 300 —
Deszgn Speed k.p.h. (zj : ' o . ) |
- Plat and loderateI) rolllng : 70 - 90 60-80 — 60
“Rolling and hilly 55 - 7O ; - 45-60 . 45
Mountaivious E 10 - 55 ] 30-45 30 A
Maximun Gradient % )| |
Flal and moderately rollnng F' 3 3 12 |
Rolling and hilly. 10 12 —
Mountainous : ) 10 12
Suggesteéd Surface Type . High Intermediate __ sl Low J______ Soil Aggregate _____ .
‘ndth of Carrlageway m. Divided 2 €7.00 7.00 6.50 6.00 5.50 9.00 . 6.00
wldth of Shoulder m. - 2,50 ' 2.50 2,25 1 2.00 1.75 Travelled Travelled
_ . : vay way
Right 6of Yay m. (4) r & 20 -40
P '. . l
Etplanatorv Noiles Hemétk

(1) Any Fp, F or F5 road that planned to he raised to Vatzonal nghway
D l 2
system in the future, bridges less then 15 m. long shall be to the

full roadbed vldth.

Design speed may be related in exceptlonal circumstances on account

(2)
-~ Tof rlght of way dlfflcultles or mountainous terrain,
(3) Refer 16 the AASHO Pollcy on Geometric 0931gn of Rural nghways ‘to
‘ relate désirable. grade lengths,'cli-bang lanes, etc._
{4) ¥ay be reduced in urban 6r semi-urban conditiens at the dlscret1on -
- 6f the Department prov1ded that a suitable eross sectxon 1nclud1ng
‘ -_servxce roads, vhere necessary, is obtaxnable. : _
) Plass Fb roads are req01red on the b331s of a 7—year ADT progoctxén

In specnal cases, “the Deparlment may reduce the carriagevay width to 3.5, 4,'.
4.5 or > m. on \BTIOUS ‘roadbed widths, i.¢. 4 m, on 8 m. roadbed wldih._

" Such ihe case the class of the road will be defined as class | (4/8).

If the

. geometric standa¥d of the road section in the said case below than Fy4 then
the road class will be definea as P (4) {4/8).

Por laterite road the travelled way vidth may be reduced from 9 m, to 7 m. and
the slandard will be defined as class Fs5 (0/7).
1

or be Just;fled by economic fea51b111ty caleulations.” Class Py to Py

" roads are réquired on the basis ‘of a 15-year ADT projection,

Class

F4 roads have a’ progécted ADT wmore than 300 in 7 years and less than -

."jl 000 in 15 yea¥s.

a progectéd ADT less than 300 in 15 years.

'Class-Ps roads have a projected ADT 1¢ss than

1300 in 7 years and more than 300 in 15 years. Class Fg ‘roads have

185
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Access cbntrolz' Vhen

Table 8-5

deSJgnated undor ‘the nghway Law.
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TABLE 8-5

MINIMGM DESIGN STANDARDS FOR SECONDARY MIGHVAY (RURAL)

Bridge'vidth (1): i between curbs

. 4, 8
2. Highway crossing: Grade: separation onl ' ' l | .
y after proven viable b eco i o f = ' ] T8
feasxblllty 081¢UIatlons. Y nomie o 9m ?referable for Sl, 7m preferable for 55)
idewalks: .5 m for bridges n and sub '
3. Railroad crossing: Grade separatlon ¢n1y after proven viable by economic Sidewalis %.5 w for bridges in_urb?n and suburban sxeas
feasibility calculatlons. 1.0 m for bridges in rural areas.
: ' . 0.4 m for bridges with no pedestrian.
et T b e ‘Plat and Hoderately ' Roll;n and _ g : . a4
Design Featpre Rolllng Hllly 8 .Hountginpus | 5. VYertical clearance = 4.SQ m
. - : e ] 6, D951gn brldge loadxng = HS 20 _
sign Speed k.p.h (2) 70 - 90 55 -.70 40 - 55 7. Pavement ‘design shall be based on the accumulated nuzber of equivalent exle
Maximum Gradlent (3) 6 3 G loéd predicted dur]gg the flrst-7fyear afte? con;tructlon.
i : o o _ . 8. Pollov AASHO recommendation for any design details not separately specified.
; Right of Way @ (4) fﬁ"*‘fﬁ*——-"““;*~~--ﬁ"4o B ) It SR, ' :
{ : i ' SR
! ‘Class 7 (5) S 5 S S, s o S
1 . ; L - D 1 2 3 4 : b
!' Average Deily Traffic - (5)| Above 8,000 4,000 - 8,000 | 2,000 - 4,000 1,000 - 2,000 300 - 1,000 Below 300
; Suggested Surface Type <—~—~ High — < --— Intermediate-- B I“t‘z:mfdoiate' Seoil Agéregate_
*  Yidth of Ca¥riageway m, Divided 2 €7.00 7.00 6.50 6.00 5.50 9.00
i . ¥idth of Shoulder m. 2.50 2.50 2.25 2,00 1.75 Travelled vay
Explanatory Notes ngark

(1) Brldges on sharp horlzontal curve or less than 15 m leng shall be to. tha
full roadbed Yldth-

desirable grades to grade lengths, cllmblng lanes, ete.

Design spéed may be ¥elaxed ' in exceptlonal clrcumstances on account of rlght of

Refor to the AASHO Pollcy on Gebretric Design of Rural nghvay to relate

In special cases, the Deparleent may réduce the carriagevay width to
3.5, 4, 4.5 o 5 m. on various roadbed widths, i.e., 5 m., on 8 m,
roadbed width. Such the ¢ase the class of the road vill be defined
"as class S4 (5/8). If the geomelric standard of the road section in
the said case below than S4 then the road class vlll be defined as

s (4) (5/8)

Hay be reduced in’ urban ‘or sémi-urban conditions at the dlscretlon of the

Department pxoV1ded that a suitable ¢ross section including service roads,

@)
‘vay dlfflcultles or ﬁountalnous terrain. .
(3)
(4)
wvhere necessaryj is obtainable.
()

Class Sp roads are fequ:red on the bas:s of a T-year ADT prosectlon or be
justified by eédnomic f9831bi11ty ¢alculations.
are requnred 6n the basis of a 15-year ADT proaectlon.

Class S1, S2 and 83 ¥o0ads
Class S] roads cay

exceed en’ ADT projection éf 8,000 beyond the 7th’ year and should be planned -
to for upgradlng to Sp when ADT reaches 8, 000 oxr it is shown to be economically

viable,

than 1,000 in’ 15 yearSa

7 years.

Class S4 ‘roads have a pro;ected ADT more than 300 in 7 years and less
CIass S5 roads have a préaected ADT lcss than’ 300 in



Table 8-6 RHSULT OF SO11, TESTS

TABLE 8-6

AR NATURA] o deNSTans R o CBR . o C :
seaMnT  sAMPLE AU sproreie TIASAGTENCH(Z)  SIRVE ANALYSIS(%) (PASSTNG ASTH SIRVE) COMPACTION {AASHTO £-193)  H.R.B. DESCRIPTLON
X0. KO, oo SRURE L GRAVITY T-90) S o o o 95% OF MAX, DRY -~ oF
CONTENT(%) B.le BUL 1 3fam oazge a4f of  4of ggof  0M.C(#) NS Trte/oady | DRNSITY oaTton SAMPLE
- _915? v , . ' 7'.10 97 20 | DENSITY{g/Cn’) c.B.R(Z) _sveu(g) CATIOW .
) s Wt ’: 1. e 100 99.8 67.7 37.3 7.6 2.010 13.0 E A g{:{;bzzzz
B~ B.63 2.81 - NP, . 100 99.4 54.9 23.6 - - o - A-2.4 m
| A 15,84 2,97 347 14.8 100 99.0 89. 4t o - : § , | Heddish brown
5 §-2 i HEAT Sk .  oo 99 9 §9.3 68.? 16,0 34.6  13.2x 1.958 11.4 0.20 A-2-6 Silly clay
B 1749 2,92 310 147 100 - 97.8 94.2 80.4 60.2 42.1 32.3 . - - _ - A-2-6 B
A 14.34 2.76 35,0 12,2 100 98,9 91.4 76.7 ¢ 1.8 51 16.0% P o 7 e Gray
7 §-3 o 2 per 12 | 98.9 91.4 76.7 62.7 54.8 510 16.0x 1.786 8.7 048 A-6 Crayey Silt
B 16.47 (2,57 426 19.8 100 89.7 68.5 52.9 48.5 46.0 - - - - A~7-5 "
A 3648 2.66  68.7 34.8 100 99.7 98.4 96, 30.5% 1.408 1.6 5,96 A-7-6 Dotk gray
'8 s~ 200 S0P L ST 100 99 984 96T 30.5 140 | 9 7 Clay '
B 35.23 265 70,2 23,7 100 99.1 93.9 97.4 - - - 1 - A6 0
| A 163 274 308 6.6 100 98.9 88.5 71.8 62.5 54.7  15.6x 1.817 7.5 0.62 At Brown .
21 S-6 —- ——— - . _ : _ , - ' : . Silty clay
. B. 12.777 ‘2,66-. -30.3 10.3 100 99.8 90.4 78.8 71.8 62.1 - - - : - A-6 .
N A 1878 2,67 26,5 6.1 100 99.8 98.6 3.5  14.8% - 1.838 8.1 0.68 A4 Drown =
22 5-6 s s : . : : : : : Clayey silt
B 21.38 2.65 29,2 241 100 98.9 81.6 - - - - A4 "
A 8.3 2,74 293 9.2 100 - 97.9 95.8 88.8 84.5 75.4  12.8% ©1.897 110 ¢ o.M A4 Reddish brown
: el L . . o - _ . . 5 Siliy clay
27 $-7 S ~ — — — — ; -
B 1177 2,71 29.4 12,1 100" 98.3- 95.3 93.0 84.0 - - - - A-6 "
. A 829 262 . N.P. 100 99.9 99.7 99.1 43.1  11.7% 1.873 14.0 _ A4 Dark brova
B 10.45 2.65 NP, 100 99.6 43.4 - - ~ - A-4 "
| A 1034 2.41 . 230 3.4 100 99.4 98.5 97.2 80.2  12.6% 1.880 6.5 | 0.0 A4 Dark brovn
30 8-9 — - _ = S - e » : Bilty soil
. B 8.74 2.64 - 25.4 4.8 . 100 98,9 97.6 91.3 - < - : - A-4 v
s EL 1902 473 20 100 99.6° 98,9 97.9 96.8 94.7 _18.2%x 1.707 1.25
- pofl g1 . 36,3 19,6 - 100 914 81 65.6 50.8 37.6 - :
A 17.96 2.95 42,5 13.0 100 98.6 84.0 32.6 12.2 8.8 - - - - A-2-7 g:f::;?ebr°““
-1 — e T T T § T T T
B L 2.96  67.8 34,7 . 1000 '98.4 79.8 36.8 23.5 20.9 14,23 2.236 48.0 - A=2-7 o
A 10.87 294 39.6 157 100 89.9 68,3 43.0 24.1 17.8 15.0 - - - - A2-7  [oRo¥ hrown
1L-2 : SERE ———— - — —— e e — _ ——— : :
| B L 2.93 42,9 7.1 100 91.1 69.7 44,4 25.8 19.8 17.3 . 9.6%x 2,208 504 0.30 A-2-6 o
A 12,54 3,98 424 138 100 97.7 81,7 65.8 34,9 24.2 171 - - - - A2 Reddish
13 ~ ——m —— — R P . S om e : Py
B : 2,71 54,0 17.4 100 96.9 83.8 61.2 33.5 23.5 '19.0 13.0x% 1.980 . 55.0 0.38 A-2-7 u
‘Notey /1 Those iwo samples are incorporated from . | *  ASHTO T-99 METHOD

‘Phetchabin ~ Chai Badan Highway Project

XX AASHTO T-180 HETHOD

189
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TABLE 8-7

Tablo 8-7 LIST OF IMOPOSED BRIDGES

"ROAD  BRIDGE
SEGMENT  STATION ' LENGTH REMARKS
- _NO. . (M)
o2 0100 || 20.0  Bridge en New Construction Road
124400 15.0 - do -
5 134050 25,0 - do -
leesso 2.0 - 20 - | |
12 124950 25,0 do - |
504300 21.0 Nev Consiruction Bridge
o 504600  24.0 _ do -
18 : T

504900  16.0  Rcplacement of Timer Bridge (V=4.4, 1-15.5)

664950 15.0 Bridge on Nev Construction Road

21 714200  15.0 ~ do -

_123900 300 e -
T 864800 15.0 _cdo-
T 921900  20.0 ~ do -

23 951050 40.0 - do -
121400 400 -do-

C 12tie0 1000 ~ae -
25 1214900 © 20.0 sdo -
1261500 25.0  Replacement of Tisber Bridge (VoA.0. L-23.3)
27 134250 30.0 - do - (v=4.0, 1L=22.5)
__M1s250  25.0 sdo - =40, 120.3)
2 oo 0.0 o e, 120.4)
""""""""" 1581900  30.0 - do - (¥=3.6, 1-15.5)

- 1594100 25.0 - do - {¥=3.6, 1-6.0}

30 1594250 30.0 - do - {¥=3.6, L=1}.7)

1591800 30,0 - do - {(¥=3.4, 1=17.8)




193
. . TASLE 8-8
- | L
‘Table 8-8 CONSTRUCTION QUANTITIES DY SEGMENT IN OPTIMUM HOUTE
L UNIT ROAD SEGHENT KUMBER AND ROAD GLASS
DESCR1PTION OF e e N o P o -
Oty L A¥3) 2 (¥3) 3 (R3) ‘5’_(1?_3). '7':(1'?'3) 12 (F3) 18 (3) 21 (¥5) 22 (¥5) 23, géﬁ) 24 (5) 25 (F5) 271 (P4) 29 (P4) 30 (P4) Total

SEGHBNT I-ENG’I‘H kn 2.4 4.7 4.6 12,7 11,0 11.9 12.8 10,2 16,1 21.3 4.3 4.7 210 11.3 5.7 154.7
¥ORK - ITEMS - | | |

Clealjing and Grubbing ha 3 19 18 51 44 48 15 41 64 85 17 19 ’ii 45 20 560

Eart_h Exca‘yatior} | ‘m3, ' 0 0 0 0 0 2’9,140 161,840 ‘13,‘4§o 256,290 160,850 18,550 '4,390 24,520 0 0 669,570

‘Soft Rock Excavation :m3 o ) 0. 0 0 8,330 0. 3,860 153,770 120,640 13,920 3,680 o 0 0 304,200

Hard Rock Excavation ~ m> 0 o o 0 0 4,160 0 1,930 102,510 120,640 13,920 3,680 0 ) ) 246,840

B:_:barﬂetent. S_idegﬂér;-oi' '-_:-3 . 4;8%0 51,390 60,010 93,460 . 53,790 719,930 33,850 63,800 309,600 193,680 16,540 25,640 91,260 74,080 35,430 1,192,400

Pmbankment, Borrow Pit' " 0 o 0_ | S0 o 0 156,730 0 0 o 0 o 6o o 0 156,730

Eabankment with' Selected . \ o o . : ' o ' '

_Matemal : 0y _'m3: 2,280 ;6?729 10,490° 28,960 25,080 27,130 28,820 20,810 32,910 ' 43,630 8,800 9,590 10,400 23,230 o 282,850

Seil Aggregate Subbase m3 1,610 :7,570 7,410 20,450 17,710 19,160 20,350 19,180 - 29,600 38,150 7,750 8,840 30,390 16,310 8,320 252,800

Crushed Stone Base 2/ 2,520 4,940 4,830 13,360 11,550 12,500 13,270 0 1,570%  4,410%  780% 0 . 20,400 10,950 5,590 106,650

8011 Aggregate Shoulder 2 ij %0 1,880 1,840 5,080 4,400 4,760 5,060 0 540%  1,530% . 270% 0 7,080 3,800 »940 39,140

_Prme Coat and SBST 2/ me 14,400 28,200 27,600 76,200 66,000 71,400 75,840 0 8,800% 24,750%  4,400% 0 114,480 61,440 31,350 604,860

'Erlpe Culvert ) 28 1z 107" 286 232 304 277 215 528 752 68 70 239 433 178 3,829

Box Culvert ® 0 17 17 17 o 17 26 0 105 20 34 0 0 o 0 253

Long Span Bridge m 0 0 o 0 0 : o 0 0 o . 0 0 o _ 0 0 0 0

Short Span Bndge. m o . 0 ' 20 . 65 0 25 o 237 - 60 15 100 0 30 : 80 30 115 | A&
LAND ACQUISITI(N . | | _ | o | |

Highly Developed Land ~  ha 4 nm o n 30 2 24 o 8 13 17 3 Ca 20 36 22 229

Less Developed Land - ' ha IR ¢ I .8 “ 1 21 18 24 o 33 51 68 14 15 '0: ) 9 G

268

thé: l/ 10 be understood as laternte surfaclng in case that P5 Standard is applled.
o 2/ To be excluded in case that | 35 Standard is applned.
3

Surface treatment is executed for ‘steep gradlent portions.



Table 8~9  UNIT WATES FOR CONSTRUCTION
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TABLE 8-9

L UNIT op  PINAKCIAL TAX. FOREIGN
DESCRIPTION gusNTITY ~WNIT PATE  COMPONINT ~ CURRENCY
| (Baht) (%) PORTION{#)
Clearing and'Gfubbing ha 15,000 9.1 42
Eafth-EXcavgtioh 0 15 9.9 46
SoftiROCk‘Exéhvation o3 95 . 13.7 51
Hard Rock Excavation w3 135 13.7 51
“Bobankaent, Side Borrow n3 55 9.6 41
 Frbankment, Borrov Pit m3 60 9.6 41
Fubankment, Selected Materia) m3 80 9.6 43
Seil Aggregate $ubbase[l | n3 140 10.8 a7
Crushéd Sténe'Base; n3 380 6.7 51
Soil Aggregate Shoulder nl 140 10.8 47
Prime Coal 4nd SBST n? 40 5.5 55
~ Asphalt Concrete ton 750 5.5 55
' Pipe Culvert o 2,100 8.2 34
Box Cl;}vert _ fa 19,000 - 10.8 38
Long Span Bridge 65,000 11.3 46
Shorl Span Bridge " 40,000 11.3 46
Land Acquisition
~ Highly Developed Land ha 40,000 - -
- Less Developed land ha 10,000 ~ -

Note: /1 To be understood as laterite surfacing in case that F5 Standard

is applied.
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TABLE  8-10

Table 8-10 CONSTRUCTION COSTS BY SHGMINT IN OPTIMUM ROUTE

(1,000 Baht)

! M . .
smone  EMNT o DO B sy

N0 (km) S5 cost o TION

1 2.4 P30 2,693 - 160 1,450
2 47 P 9,741 520" 2,660
3 .6 0P 10,991 ~s100 3,050
5 12,7 F3 25,781 1410 ¢ 2,610
7 1.0 P 17,859 - 1,220 2,110
12 11.9 ¥3 24,835 ;200 0 2,670
18 12.8 P} 45,816° 1 0 4,410
21 102 - . BS - 13,9710 650° 1,750
22 R (75 SE - SR 75,215 1,030 5,820
23 - 21.3° F5 - 70,846 1,380 T - 4,160
24 : 4.3 F5 9,116 ; 5"2'_60'- 72,670
25 4.7 B5 6,823 310 1,860
27 21,0 P4 31,958 800 115910
29 1.3 P4 19,965 1,530 2,310
30 5.7 - m 13,242 880 - 3,020

154.7 | S ws,m2 840

Note: l/ Costs of 15 and 8 percent of dlrect constructlon cost-for
phy31cal contlngency and- englneerlng & admlnlstrat1¢n,

f

respect1?ely are” included .
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" TABLE 8-11

Table 8-11  TOTAL CONSTRUCTION COST OF OBTIMUM ROVIE

.

DESCRIPTION | Ugf,T f}zﬁ"gﬁ; RE Q-ty "‘.”3313,}.".'.’ Ecoggg;c
_ . - ' ' ' 'ty ~ {Baht) (@ (1,000 Rahts) (1,000 Bahts)
DIRECT CONSTRUCTION COST : o |
Cléa:.r"i:ng ‘gn‘d Grubbing h; 15,000 R 560 8,400 7,636
Earth Excavation = 35 9.9 669,570 23,434 21,114
S(;:lfF Rock Excavation .m3 . 8 95 13.7 304,200 28,8‘59 24,940
ﬂard Rock Ex§avation - o 135 ‘13.7 246,840 33,324 28,759'
;Embankmént; Side Bortov. h3 55 9.6 » 1,192,400 65,581 59,285
Eabanknent, Borrow Pit 'm:_ 60 9.6 156,730 9,406 8,501
Embankment vith Selected Material i 30 - 9.6 282,850 e WL
Soil Aggregate Subbase 1/ : 3 140 : 13.3 252:3(5)0 i?i;’i ' 2{:’:2:
Crushed Stone Basée | n 380 6.7 106,650 40,527 : "37’812
Seil Aggréga;te-shc.uider o 140 10.3 '39':140 5',479 : : '4’837
Prime Coat and SBST m 40 5.5 - 604,860 24,195 22,864
Pipe 'c\;';vert n 2,100 8.2 3,829 8,012 7,383
Box Culvért _ o 19,000 10,8 253 - 4,807 4,288
Long Span Bridge m 65,000 11.3 ) : o 0
Short Span Bridge o 210,000 11.3 117 31,030 27,568
Sub total - 341,190 307,061
Minor' Ttems 2/ 37,722 33,949
 Total _ 378,912 341,010
PHYSICAL CONTINGENCY 3 56,836 51,152
ENGINEFRING AND ADMINISTRATION = . 4/ 30,312 27,281
Sub Total ' - 466,060 419,443
LAKD ACQUISITION | o

Highly Developed Land - ha 40,000 - 229 9,160 9,160
Less jDeve);o'Pe.d Tand Do -~ ha 1'0;,00'0 - 268 2,630 2,680
Sub Tota S - - ; 11,840 11,340
GRAND TO’PAL . S : o . ' 477,900 431,283

Note: To be understood as iateiite surfaéing in case that B5 Standard is applied.
'iq% of direct éonsﬁructibn ¢ost of major work items with extra cost in mounteinous area.

15% of direel construction cost.

Rk

8% of direct consbruction Qost.
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PIGURE 8-3

Figure 8-3 PAVFMENT DESIGN CIIART

Surface dressing

AN

A ——— -

150 rn thick base

 Minimum thickness of Sub-base of 100 mm to be

used with subgrades of CBR 8 to 24 percent,
Material used in this zone 1o have CBR of notl
less than 25 percent.
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- Chagler IX

EVALUATION

91 GENERAL

The proposed Project is an integral part of the Gﬁvérnment‘s program Lo
improve thé.rural'and provincial} highway networks in order te stimulate
and accelerale the socio-economic developrent in the rural areas. The -
‘proposed road, which connects three Changwats in an east-west direction,
reels tOnsequently the Govermment's policy to decentralize the industrial
activitiés away from Bangkok and to enhance the economic exchanges belween
fu;al centers. The ircediate ebjectives of the Project includc (i) to
reduce the transportation coSts; (ii) to improve access especially in rainy
season and (iii) to accelerate the agricultural development along the
route. The first objective will be eﬁa]uatéd'in estiration of savings

of road users' costs for forecasted traffic. The other two objectives
Hi)i be assessed in eslimation of net added value of agricultural

developrent. -

" In addition to the above quantifiable benefits, one of the rost important
effects of the Project will be that the proposed road improves greatly
Lrunk road nelwork in the area connecting hajor centers in three

Changwals in an east-west direction.
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9-2  ECONOMIC EVALUATION

9-2-1 Economic Costs

The cconomic costs of the Pibject‘ihclﬁﬁc‘coﬁ#tfﬁbliéﬁ‘cdSEs'andfrdad
maintenasice costs, estimated by dedicting tax elements from the
fFinancial costs. They were estimated st 1979 céhstaﬁt”price.

The econonic constrUCtxon cnsts, composed of dlrect constructlon cost,
engineering and administratlon costs, physical contlngency and land

acquisition costs, were estlmated in B lDand are suhﬂmrlzed ‘belons

.jtonstructibn'tésis

* (million 8aht) -

B

%80 17
1980 -0 93,0
1982 . 1623

1983 . ST 162.3

'Ihe economlc road nalntenance costs were estlmated by the conventlonal.

type of equatlons. Slnce 11ttle infornatlon Has available of the _
correlatlon betheen road malntenance costs and level of traffic volume

by surface Lype, the follonlng gquatlons Here der;ved based on the

previous studyl— after some nodnflcatlons'

For soil agafeqate sutfacé tbéd-(f§:§téqdafd)_,;;;_ -
19,000 3 27 x ADY, (Baht/km) AR

For SBSI road (F3 end F4 Standard)
22,000 + 22 x ADY (Baht/kin) .

For asphalt concrete roaﬁ'(after”ovérlay)
22,500 + 16 X ADT: (Baht/kn)

/1 “reasibility Study for Provincial Road Improverents™, April,1978.
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Annual routine maintenance costs vicre estimated as shown below. In

addxtion, an,overlay cost in 1990, 7th year after opening, was estlmatcd
at 50,7 mllllﬂﬂ Baht for F3 and F4 sectlons.

Apnual Routine Haiﬁtenaneeicoéts

{million Baht)

- “Year

1986 5.0

1990 1.4 {only for F5 section)
1998 5.3

To attain the projected agricultural benefils, the initial land preparation
~ costs and the annual production cosls are' required. However, these costs
Were not incorporated in the project costs but deducted in the caleulation

of net! agricultural benefits.

9-2-2 Economic Benefits

for the calculation of economic internal rate of return, the following two
qbahtifiabie.benefits are considéred. (1) the savings of road user's costs
_ and (11) the 1ncrewent of net added value of agricultural production
attr;butab]e to the Progéct

The sévihgs'of road usefs' COSQS,.HhiCh consist of vehicle operating costs
'and occupants' tire cost, were calculated as discussed in Chapter VII
’and repeated below.

Road Users'-tosts‘Savings

(»nillion Baht)

. -:Year
7 jogs - 11346
©19%0 S 130.7

1998 0 U 161.6
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The ‘agricultural-benefits attiibotablé to the proposed read isillio
ihéibmeht”of‘ﬁet aadéu'vélaé“or'ﬁfoaéhtzan;?that ié'fhé*aiffbrénce*iﬁ?'
net added value between with and withoul: thé: Préject, as dlscussed in
Chapter Y. They are summarlzed bBlOH'

': Aghicullural Benefits

N (million Baht)
71984 TTTTTA950 ’77"ff' 1998
0. .o W W

Net Value of Production i"12'»5.5 111,72 181.2 122.5 193.0 "131.7

' Land Preparatlon Cost 26 6 3.5 3. Q } 5 3;& 3 5
'het Value Added . 108 9 107 7 177 8 119 0 15?;¢ 13a 2:' .
Increment: L2 sgi8 :='r=555;4 '-
Note: W : with project W : without project

9-2-3 Eébnomic-sttifiCation_g‘

Discount:ng the economlc costs and benefxts mentloned above over a 20 years
evaluatlun per10d the econbmie 1nternal rate oF return (EIRR) nf the PrOJect
was calculated at 21.7 percent which indicates’ the Project is justif1abie
economxca]ly._ Streams of costs and bénefits are‘tabulated_ln Table 9—1. ‘

Sen31t1vity 6f the EIRR was tested for a casé assuming 20° percent ancrease
of costs and reductlon of benefits by the' same rate. The result shous Yhat
 the EIRR decréases to_la.s percent which indicates the Project is still
viable écononically éven in such 'pesﬁi:ﬁiétié 'éa‘se_"aé.the above,
As stated!in 8-8-1, 1t is d991rable to pave all sections where FS standard
- is assigned, not only steep gradlent sectlons. - The: addltlonal ccnstruction
costs were est:mated at 40 2 m:lllon Baht for the addxtional pavement of
49, 7 km in case that ‘all sectlons were paved : Ih}sj;ngreases tolal con-
struction cost by 6.4 pepcgqg and decreases the EIRR From 21.7 percent to
20.7 percent, but the Project is still justifisble economically.
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Analys:a to check the optimum tlminq of the PrOJch shoved that a

' postponement of ene year vould reduce discounted costs of 40.9 million
Baht but also reduce discounted benefits of 73 million Baht, This
means’ that the postponeﬂent of the Project is not justified and the
PrOJcct is reconmended to be implemented as early as poss:ble.

9-3 ttftcrs 10 THE rAéM{Rs

'farmers a]so benefxt from thc 1mproverent of road farmers' income
will 1ncrease as a consequ0nce of ralslng up of farmgatc prices owing
to the sav1ngs “of lransportatnon costs and handllng costs, Furthernore,
'lmprovercnt of farming pracllce to be stimulated owing to the Project
wl!l bring about the increase of crop production. Annual crop income,
after deduction of production cost from gross production revenue, of
typical farms, with 25 rai on the Nakhon Sawan/Phetchasbun side and

20 rai'oh'the-fhaiyaphum side, will be changed as follows:

' ggpﬁél Farm Incone of Typical.Farms

(Béht)

o 1978 1998
'??Zrﬁf . | : . Without Projecl  Hith Project
- NP C_ N/ C__ N/P C
~ Paddy Farm . 7,217 :'4,367 7,565 4,633 8,274 - 5,350
naize'rérm o :'_ 3,442 2,728 3,608 2,953 4,987 4,104
Cassava/Kenaf ‘ - 7 210 - 7,210 - 11,222
Farm o
Note:  'N/P & Nakhon Sawan/Phetchabun Side

C

[

Chaiyaphum Side

Details are given in Appendix - 13.
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9-4  SOCIAL IMPACTS

The PrOJcct Hill have a remarkable 800181 1ﬂpnct to the Area. !ho project'
road prov1des direct connectlon between three Changdats in an cast hest

~direction. thlle road network surroundinq the Area is rclatxvely densor

in a north- south directlon, roads in an eost-hest d:rection are 5carcc.
There exist only Route 12 and Route 205 which apart more than 150 ki cach
other. in this satuatlon, the proposed road Hlll q;ve a- grcat 1mpact to
The proposed all- woather road will provide bettcr aocess to the
establlshed soc:al 1nst1tutlons such as schoo]s, health centers and

admlnlstratlve centers, and oonsequently Hnll contrabute to thc r3131ng

“upoof socle cultural standard of the rural COqunltles

9-5  SECTIONAL -ANALYS!S'

One of the most remarkable oharacterlstlcs of the Pro;ect 13 that a new
road section 1nvolv1ng a mounta1nous sectlon causes an ekpen31ve construc-
tion cost in spite of small trafflc volume. Espe91ally, ‘Road Segment
No.21, No. 22 " No.23 and No.24 Sap Bon to Hang Katha, costs 282,0 mill:on
Baht , about 46 percent of total project costs,. thle its length shares
only 36 percent of the total and the’ forecasted traffic’ volure does:not h
exceed 300 in ADT in 7th year after opening.- However, a sectional

economic evaluation showed that the above mentloned section would be

_Just1f1able econon1cally hav1ng EIRR of 12.7 percent. Furthermore,

the construct:on of thls section is of vital lnportance in view’ of the

completeness of the 1nter-Changhat road netﬂork ‘as thls section’ laéks
any road at present .- Vlewxng the above, . 1t is- reeoomendable to impleﬂent
the whole seetion of the Projecta_ '
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9-6* CONCLUSTON

The e evaluatlon indicates that Lhe Project of the optimum route is
technically sound, economically v:able and socially desirable, It
Cis worlhy of tak:ng fUrther aclions toward earliest implementation of

' the Project. In the subsequent stage, careful work of detailed
design is rqquired.
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TABLE__ 9-1

Table 9-1  COSTS AND BENERITS STATEMMNT .

(miliion Baht)

. COSTS  BENEFITS . | DISCOUNTED
Year FL7(  7 ‘ -  Agripui~; ;_ k.4  géime>-_ B _1KT,12%
- Coénst, - tural YO¢ Cost . . . o
Cost _ _RMC_ Total Benefil  Saving Saving® Total 'Costs - Bencfits
1980  13.7 137 - T
1981 93.0 93.0 - 830
1982 162.3 162.3 | S o 129.4
1983 162.3 162.3 R U X
198 5.0 5.0 1.2 645 491 1148 3.2 65.1
1985 . 5 5.0 102 66,2 50.2 126.6 . 2.9  64.1
1986 5.2 5.2 19.3 68,0  51.3 138.6 2.6  62.T
1987 5.3 5.3 28.4 69.7 52.4 150.5 2.4  60.8
1988 5.4 5.4 375 714 536 1625 2.2 58,6
1989 C5.5 0 5055 59.2 0 732 547 18T 2.0 60.2
1990 52 521 58.8 749 55.8 189.5 16.8 | 54.5
1991 5.0 5.0  58.4 77.0  57.5 192.9 1.4 - 49.5
1992 5.0 5.0 58,0  79.2  59.2 196.4 1.3  45.0
1993 5.1 5.1 57.5 . 81.3  6L.0 199.8 1.2 40.9
1994 © 5.1 5.0 571 835 627 2033 1,0 37.1
1995 5.0 5.1 56,7  .85.6  64.4 206.7 0.9  33.7
1996 S 5.2 5.2 562 - 87.7  66.2 210.1 0.8 . 130.6
1997 5.2 5.2 55.8  89.9  67.9  213.6. 0.8  27.8
1998 5.3 5.3 554 92,0 69.6 217.0 0.7  25.2

Total 431.3 124.6.555.9 669.7 1,164.1  875.6 2,709.4 381.8.  715.8

Discounted Economi¢ Costs: - 381.8
‘Construétioﬁ:OOSts o ' 341,6_:(89%)-
rRMC - 40.2 (11%)
Discountéd Fconomic Benefitst ©715.8
Agricultural development bene?its. 157-1'”(22%)
YOG saving . _ 318.9 (45%)
' Time cost saving a 239.8 ”(51%)
Net Présent Valuel e 334.0
Benefit Cost Ratio! : ‘!;§Z;(l;25 if exeluded Lime
saving)
R - - 20.7% (15,1 if exeluded tige

saving)









1)

- 2)

3)

4)

Chapler X

RECOMMENDATION

As thé Project is justifiable technically, economically and

socially, it is strongly recormended to take necessary actions so

~as to implement the Pioject as scheduled.

Altheugh the Project is originally classified as o proviecial high-
way, it is recormendable to designate the Project as a secondary
national highway in view of a significant irportance of Lhe Project
to the improvement of inter-regional highway network in the area
concerned.

It is recommendable to implesent the Project as a whole judging

from the results of the analysis on the oplimum timing of the Project
and also of lhe sectional evaluation. Considering that the massive
amount of fund is required for the full developrent of the Project,
it will be one of the possible reasures to arrange with an external
source for financing the Project.

As the detailed design work of the Project would involve engineering

‘problems of high complexity, especially for the difficult section of

the mountain ¢r035ing and the Pasak crossing, it is desirable to
eizploy a qualified and experienced consulting engineers for the de-
tailed design work.
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