The results of the three borings are summarized below: .

0.8

-B-1 = Clay Iayer of:14, Om thick (moisture content = -80% to 130%, Qu =
kg/cm? to 1.6 kg/cm?) - -

B2 = Clay layer of 14.0m thick (moisture content : 40% to 85%, Qu = 0.8
kg/cm? to 1.8 kg/cm?) S _ T

-B-3 = Clay layer of 11.0m thick (mo:sture content = about 50% Qu = 0.9 kg/cm?

to 1.0 kg/cm?2. -

As to thickness, B-1 and B-2 are the same at 14.0m, but B- 3 at 11 Om 1s a httle thinner
than the others, ‘ : e ] .

TFor Qu, B-3:is a }iftIe lower than others, but this value is thdlig_ht unreliable, judging from

its relatively low moisture content.

As described above, since there are no major differences in thickness and nature among the
three borings, an analysis was carried out for B-1, which indicated a somewhat poorer na-

ture than the others.
i). Stability of Embankment

Stability of embankments was anaiyzed by the foliowing equation:

(Cuo X1 + W X cose X tan (;bu)

1:"5 =
W - sing

x.\-'here,
Cuo : Apparent cohesioq_(t/mz)
¢u : Angle of shear regi.stance = 0° in this case
b ' _Length of sli.t.jing su_rface (m)
W Total_weigﬁt of soil (t/m). "
a  : Average incline d'egreé of sliding suffa_éé )

The calculation was made by computer for embankment helghts of 1 5 m, 2 5 m 4 5 m and
6.5m. Some examples of the calcuiatlon are shown 111 Appendlx 4, 2 5

The following figure shows the calculation results:
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In order to pi event slide fatlures during 'embankrnent work, a safety 'fe‘ctor of at least 1.25
is necessary. From the above fngme about 2 3 m high embankments mcorp01 ate the safety
facior’ of 1.25. :

In the abovc calculation, increase of cohesion owing to consolidation is disregarded. However,
the degree of consolidation when the embankment is completed was estimated to be 5 to
10% in the settlement analysis. Therefore, about 2.5-m high embankments, a little higher
than the above figure, can be constructed without any particular countermeasures.

Embankments hlgher than 2.5 m were planned for a 17-km long section. Fm this section,
some countermeasure should be apphed to prevent sliding failures.

There are many kinds of countermeasures 1o preveni sliding faﬂures such as a counter fill,
reinforced earth methods, sand compaction piles, and lime or cement stabilization piles.

Among them ‘a counter fill or reinforced earth methods are. recommended from the eco-
" nomic viewpoint. However, in this study, a counter fill was applied considering that it can
be used as a subgrade of frontage road which will be planned in future.

'T.he-plan.ned counter fill is shown in Route Report. This volume was included in the earth work

quantity.
i1) .Set_tlement

Af)plying the boring test results, settlement was calculated by the following equations by

“computer:
i} Consolidation settlement

. (CO—.‘EQ,VH
S = 1+ e
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where,

€o Imtlal v01d ratlo _
e : Voidratio after comohdation
H : Thickness of subject Jayer

ii) Iminedia_t’e settlen_l_ent

@ X BuV X n

Si o= &

where,’

Qe _Fmbankment load (t/mz)
Bm Wldlh of. load () - .
E Average modulus of deformation of sub]ect layers (t/mz)

n i Factor
iii) Settlérhent time
. (Ho/2P X Ty
- Cvo T
where,
Ho C.o'nver:ted. thick[1ess of subject layets (cm)
Cvo : Converted coefflczent of consolldatlon (cmz/sec)

“Tu +Time coefficient -

~ The calculated total amounts of settlements for embankment helghts of 1.5m, 2. 5 m, 3. 5 m
and 4.5m are shown in Table 4.2.3. : ' ‘ '
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Table 4.2.3

TOTAL AMOUNT OF SETTLEMENT

. - . {cm)
Embankment Kmds of Caleuldted Points

Height {m) Settlement 1 2 3 4 s
1.5 . ‘Consolidation 45 7% 0% 85 61
. Immediate - 10 16 20 18 13
_ - Total ‘55 91 118 103 74
2.5 - Consolidation 63 131 5156 - 151 121
o © Immediate 14 29 34 © 33 27
Total 77 160 190 184 - 148
3.5 - Consolidation 75 181 206- 211 186
Immediate 18 42 48 49 43
Total - _ 93 223 254 260 . 229
45  Consolidation 8¢ 222 248 256 236
- Immediate 21 55 62 64 59

Total 104 310 320 295 -

211

L — SETTLEMENT

As seen.in.the abové table, estiinated ‘se'ttlement at the center of the embankment reaches
1.0m to 3.0m corresponding to the height of the embankment.

Caicﬁlated settlement times are shown in Table 4.2.4 and Figure 4.2.4.
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Table 4.2.4 SETTLEMENT TIME AT CENTER OF EMBANKMENT

Embankment

- Degree bf:06nsaiidépi§n (gi;“  

Height - T
(m) C ' 10

S200 0 300

a0

B0

1.5 days 130

Settlement (cm) 10.0

510 1,170

18.0 . 28.0.

2,080

. 38.0°

57.0

4,940 18,820

80.0

2.5 -days . - . _18G 
- Settlement {cm) 16.0

810 1,400

31.0 47.0

2,480
62.0

5,680 ' 22,330
14870

3.5 days- 190

Settlement (om) 20.0 -

740 . 1,690

41.0  62.0

2,990

83.0°

8,810 26,770

112450

185.0

4.5 days 230

870: 2,000
50:0 - 75.0

3,550

- 98.0

8,090 31,780

149.0

238.0

" Settlement (cm) 25.0

PREPARATORY
. WORK
EARTH WORXK

PAVEMENT
WORK. -

CLEARING ~UP

QPENm
TRAFFIC

DATE 120 380

\8Q

(=]

EMBANKMENT HEIGHT

SETTLEMENT

Figure 4.2.4 SETTLEMENT TIME CURVE
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Asseen in Flgurc 424, speed of settlement is ver y slow owing to its very thlck consolidation
]ayer and single. dfdm condmon Assuming that the construction period is three years and

| the wozk schedule is as shown in Tigure 4.2.4, :emduai settlement at thc time of commenung
pavement work i is. estlmated as fol]ows

R_ESIDQAL _SETTLEMENT AT CENTER 01?‘ EMBANKMENT

Settlement (cm)

' Embank'mc'_nt

Y C AL Start - o
_}'Ie.l.gh;__(m). S _T:‘?_ta} -Of_l’aver};g:tu Residual Cong)fig(.lfﬁo‘ilf(oio)
LS s | 75 21
2B 630 126 BENTE
LASL .6 3% . w0 1
A4S . 248 a0 208 .16

As described above, @ tolérable residual settlement for maintaining a good pavement condi-
: txons ig’ general\y said to be about 10:0 cm. However, the estimated residual settlement reaches

75 cm, even in the case'of a 1.5-m high embankment as shown in the above table. Some coun-
_ termeasures are required. ' o

There are many measures to promote or prevent consolidation settlement such as sand mats,
the surcharge method, drain piles, sand compaction piles and lime or cement stabilization piles.

Amiong them, ‘sand thats are-applied to most cases of road embankments on soft ground
as an essential measure to promote settlement. Co ' '

Drain. piles (sarid 'piléS} paper drains, etc.) and compaction piles used to be widely-applied
16 reduce residual seitlement in Japan, especially for expressway construction on soft ground.
However, this is not the case recently, because they. began to be thought of as an uneffective
and unprofitable measure compared fo their expensive cost, as a result of post-inspection,

The surch‘argemét_hod is still'applied to many cases in Japan, Its ‘adaptability was therefore
: ex"ar’nin‘ed The proposed embankment is . 5m for most sections. If-the following thick sur-
- charge fills are applied to this 1.5-m high embankment and removed just before the start
of pavmg, the effect of the surcharge is estimated from Figure 4.2.4 as follows:

4-27



E I‘I‘FCT or SURCHARGE FILL ON 1.5M HIGH EMBANKMENT

Surcharge _ Hoight of Settlement (cm)

Height ‘har “ i 7 : - T o o
P . Surcltaiged Finat for At Start _ e C Effect

_ + Propose Proposed ~of ~Residual (m)
. Emb.i(m) Emb. . Paving . - L N

0 LS S8 o200 25- -

1.0 2.5 _ 95 ' 30 s (U

2.0 . 3.5 .95 36 59 6
3.0 4.5_ : 95. . 40 © 45 _ 30:

As seen in the above table, a 1. 0-m thick surcharge can reduce the resuiual settlement only
by 30 cm agamst 75 em of that in the case of no surcharge. Even in the case of a 3.0-m thick
surcharge, it is only 30 cm. This is because of the very thick consohdatlon layer and smgie

drain cond;tton

Only consoltdation settlement caused by. emnankment Ioad has been discussed thus far
However, a conmderable amount of settlément caused by secondary consolidation and pumping
up of ground water is also expected These cannot be dealt with only by countermeasures

apphed to road construcnon

Appropriate measures against settlement could not be found in this study. The same problems -
which existing Rt. 34 has encountered, i.€., repeated raising of the embarnkment and repeat-
ed pavement reha_bilitatio'n -after ‘opening, may not be averted in ML-9.

In order to make the number of times of such work as few as possible, the following coun-
termeasures were applied, although they are far from being perfect: .-~ R

- To apply sand mats as a measure to promote-settlement. Other methods are not recom-
mendable, since they are thought to be uneconomical.' ‘

- To apply 50.0-cm high extra fill for sections with the embankment of lower than 2. O m
" in proposed helght to reduce the number of times of raising work expected after opern-
“ing. Although the extra fill is desirable for ot_her high. embankment sectlons, it.was
not applied in this case, because a counter fill is required to prevent sli_dirt'g failures.

-To apply AC pavements. It was described abotte that AC pavements are more Appropri-
ate than PCC pavements for roads on. soft ground. In Japan there is an example in -
which a highway was opened with AC pavement which was constructed up to a binder -

course, and then a wearing course was constructed after settlement had become stable.

-To apply bearing units for bridge approaches to prevent faulting.
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In the estimation of work quantities, volumes of the sand mats and the cxtra fill, as well

-as an extra embanl;mgnt caused by settlement which will occur during embankmcnt work,
~ were considered.

4.2.4 ° Pavement Design

Two types of pavement design for improvement, new construction and for rehabilitation
were carried out,

Paverents . f01 new constructlon were designed and classxﬁed into two types: a high leSS
paverment and.a low class pavement. High class pavements are ‘lsph'ﬂt concrete pavement
(AC pavement) and portland cement concrete pavement (PCC pavement), and a low class
pavement is double bituminous surface treatment (DBST).
A--high élass pavement was applied to projects with more than 1,000 in ADT in the 7th year
after opening, and a low class pavement to other projecis follo\vmg the recent pavcment
pollcy of DOH. Their application was as follows:

- High class pavements: All ML and IM Projects except for IM-2

-DBST o IM22
For projects to which high class pavements were applied, both AC pavement and PCC pave-
meni were designed. After a simple comparison between the two types of pavement from
the technical and economic viewpoints, the pavement type to be applied was decided.
Design for rehabilitation was carried out for folloxving_ two kinds of overlay:
Initial overlay: Existing lanes of all ML Projects, IM-23 and all RH Projects

Overlay for maintenance: All projects of AC pavementis at the IOth year after opening

The 'initi;_zl overlay was designed by PCC for projects with hee_wy traffic (ML-1 and IM-23),

and by asphalt concrete for remaining projects.
1) Pavement Design for New Construction
a) :_‘Dc'sigl'l Methods

.DOH has not yet establ:shed 1ts own authorzzed deSJgn method Therefore in th:s study pave-
_ments were demgned by applying the followmg tane methods and then their results were
reviewed to determme the appropriate one o be apphed m “this study
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- AASHTO Design Guide for Pavement Structures 1986 (AASHTO Method)

-A Gmdc to Structural Desigh of Pavements for New Roads: Road Resc‘uch L.abora-
tory (Road Note 29 Method)

- Manual of AC Pavements and Manual of PCC Pavements: Japan Road Association
(JRA Method) s s

Descriptions of the above des1gn methods are shown in Appcndlces 4.2.6, 4.2.7 and 4.2, 8

respectively.
b) Cumulative Number of ESA

The cumulative number of ESA used for the pavement design by the AASHTO Method and
the Road Note 29 Method was calculated based on ESA conversion factors and traffic volumes-
of heavy vehicles in onc direction for the subject projects. : :

The ESA conversion factors applied are shown below, which were obtained in the Master
Plan Study. : ' '

ESA CONVERSION FACTORS

MT CHT .. HB
0.63 ' 1.58 .- - _.0.60

The traffic volumes of heavy vehicles in one direction were derived fr om the results of the
traffic forecast described in section 3.4.6.

Cumﬁtative numbers of ESA calculated for each project are shown in Appendix 4.2.9.
¢) Design Period

According to DOH desxgn standards, pavements are demgned based on the cumulatwe nuim-
ber of ESA predlcted during the first seven years after construction. This means that the

design period is seven years.

The design period of DOH, however, is thought too short. In the AASHTO Method, the
design period is expressed in terms of performance period; This refers to the period of time .
that an initial pavement stricture lasts before it needs rehablhtatlon The minimum perfor-
mance perlod recommended in this Method is at least 10 years. In the Road Note 29 Method
it is suggested that a flexible pavement should normally be demgned fora ]:fe of 20 years
and a rigid pavement for a life of 40 years. :
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Considering these recommendations, the following design periods were applicd to p
designs for new construction:

avement

- AC pavement : 10 years
~-PCC pavement : 20 years

d) Results of Design |

Required _:f;hicknesses of pave_mént structures were determined by giving two design factors:
traffic volumes and bearing capacities of subgrades, by the design charts or the design tables
shown in Appendices 4.2,6 to 4.2.8.

The traffic volumes for the applied design methods are expressed in following terms:

- ASSHTO Method Cumulative numbers of BSA. for design fxeriods'(l(} years for AC
and Road Note pavement and 20 years for PCC pavement) These were derived
29 Method: from Appendix 4.2.9,

- JRA Method: Traffic classifications (L,A,B,C and D) determined based on daily
' traffic volumes ot_‘ heavy vehicles at the 5th year after new pave-
mernt, These were also derived from Appendix 4.2.9.

The bearing ca’pacitieS of subgrades are expressed in terms of Mn in the AASHTO Method
and :desigﬁ CBR in the Road Note 29 Method and the JRA Method. However, Mn can be
estimated from the design CBR as described in Appendix 4.2.6.

The design. CBRs were determined based on the results of CBR tests for each project by the
following equation:

Max, CBR — Min. CBR
C

Design”CBR = Average CBR —

where, o
C: Factors shown below

FACKORS TO DETERMINE DESIGN CBR

Over
Number of
: 5 6 7 8 9
Tested CBRs 23 4 10
ge , 141 191 224 248 267 2.8 29 308 3.8

Variables calculated for pavemnent design, design CBRs, cumulative nnmber of ESA and traffic

classifications are shown in Table 4.2.5.
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“Fable 4.2.5 DESIGN VARIABLES

Project Design  Cumulative No. of BSA - _ ' Traffic
No CBR of — \__Vls_“xwl(ﬁ___,f_ . - Loading
! Subgrade {0 years _ 20 years .Class of JRA
Phase I Projects ST o o
ML-1 8.0 60,233 145,978 D
ML-2 (1.4 1,709 4326 B
ML-4-1 81 7,185 18,643 <
ML-42 S os7 21 sS40z B
ML-SN 80 20418 51,660 D
ML-SW . X 14,500 36,936 D
ML-5S 80 5916 14,722 c
ML-7 7.0 5,226 13,188 c
Phase 11 Projects . . S
ML-3. : sal - 49100 - 12,168 C..
MI91 4.23 17,668 . 45,399 D
ML-8-2 - 4.23 14,579 a2y D
ML.-9-3 423 20,659 51,901 D
M-l : 543 . . 5. 1,307 A
IM-2 ©13.95 15t . 360 L
IM-11 534 1,317 3,713 B
M2 4l $32 . 1,470 A
IM-13 592 o 61 . 1,578 . A
IM-14 24 LIs6 -0 4330 B
IM-15 Case a3z 11,048 B
M-16 422 280 740 "L
IM-17 4,58 goe 2,139 A
L

IM-22 4.64 27 ST

Based on these design variables, the thicknesses of pavements structures for AC and PCC
‘pavement were determined by the three design methods design applied; The results are shown
in Table 4.2.6. ' - ' '
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~Table 4.2.6° 'RESUL’.I‘S OF PAVEMENT DESIGN

S Thicknass of Pavement Structure (caj

Frojact - e — — :

No. FEC ACC PCE ACC PLC ACC
F‘CC+SBC ﬁCm‘ﬂ_C_E*_?\;BC_ 4F'CE+SBE _ACHRC+SEC FGOSBE  ACMBRCHSBT

Phiase 1 Projects *

el RIS AR 30.x 15 LRI 30 15 154{13)+05¢15

+ :
.2 Lo+ 1 GI20HE 20 ¢+ 15 SHO)HED 25 + 15 5{8+10)429
HL-§-1. - 23 415 10420413 23 4 45 RIS 30 465 108(10)e15e15
HL-4-2 . 1B+ 15 - 5080 20 415 Fe{9)3 0 25420 5100425
ML_'-ﬁh'f a 28 ',1;_'1_,5 10420420 2 +15 1[}-}'.{"_[2””8' T30+ 1 '15;“3}”'5”5
'ML';ﬁﬂ_' 2% + 15 T 10420415 25 £15 10+(13]+‘1B CI0 0+ 15 15+(13“15+15'
LGS WAl 7 M205 23 ¢ 05 9a(MBHIS 30+ 15 . 104{10)+15415
ML= o B34 03 0 102045 234 15 BH(1141S 30 + 15 10+{10)H1520

I-23 - - - -

Phase 11 Projects
HL~ 25 HUS 1020420 23 % 15 - 10F(I0)430T 28 ¥ 15 104(12)420425
HL-9-1 28 #:05  10s28430 26 ¢ 15 40H{R3)430 30 + 15 LSE(18)426+20
HL=6-2 2004 15 - L0M25¢30 25 4 45 BOR{I2)4300 30+ 13 15H{1B)420429
ML-9-3 - 28 400 13623300 26 ¢ 43 10HIAI0 30+ 15 15+(18)420420

3
9-

IH-1 = aH20420 - 3410415 - 5420425
in-2 - 2,545 - SeI0410 - 0+
IH-11 - L0 - LM - S+{10)415425
-2 S 102045 - 5+0+30 e R3O
-3 - 10420415 - 5+10430 - 5420430
Ih-14 - 10420430 - 5410435 - $+(10) 420425
I4-15 234 15 10420420 23 4 15 T.5(10)430 25 ¢ 15 S4{10)415429
BUETINS - 5420415 - l0e28) - 5+15419)
17 - 7.5420415 - §410+25 - C5H20425)

fH-22 - C5+20413 - S+10+26) b= S+15+15)

Hater () Bituainous Stabilizaticn Base Course
S BBRSTE

Structural compositions for designed AC and PC pavements were drawn based on the above

'results.f'They are illustrated in Appendix 4.2.10.

Thé. ﬁhree .desig-h micthods applied result in some differences in required thickness and struc-

tural compositions.
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Yor AC pavement the AASHTO Method and the Ro"cd 29 Method require almost the same
thick asphalt concrete surface and the JICA Method a relatively thick one for hlghways with
high traffic volumes. On the other hand, for hlghways with low traffic volumes, the Road
Note 29 Mcthod and the JRA Method require almost the same thick asphalt concrete Sut-
face, wlnle the AASHTO Method 1equlres a relatively tthk one. ' '

The Road Nofe 29 Method and the JRA method recomménd'aopiying a bituminous treated
base course including rolled asphalt for AC pavement of hlghways with high traffic volumes.
"The AASHTO Method, however, gives no such recommendation and allows a crushed stone
base course even in the case of highways with high traffic volumcs

For PCC pavement, the AASHTO Method and the Road Note 29 Methed also require : almost
the same thick concrete slab and the JRA method a reianvely thick slab In the JRA Method
it is recommended to place an asphalt concrete mtermedlate course between a crushed stone
base and concrete slabs for highways with high traffic volumes to improve durability and
watertightness of the base. Other methods, however, have no specifications for this matter.

These design methods wéle. not estabHQhéd o'nly on theoretioa! groimds They were main’iy
developed empirically by 1eflectmg the actual conditions of the soil, meteorology and con-
struction practices of the countries and régions concerned. Tt is therefore very difficult to
select an appropriate method for Thailand by desk work comparison alone.

The AASHTO Method h_owever was provisionally selected as the appro’priaté method from
the following reasons: . ' :

- The AASHTO Method is the newest design method and. is established based on an
analysis of the results of the AASHTO Road Test carried out on a tremendous scale.

-The AASHTO Method and the Road Note 29 Method require almost the same thick-
ness for the surface course of AC pavement and for the concrete slabs of PCC pave-
ment. in most cases. '

Although application of the AASHTO Method has been decided on, the s_tru_ct_ual oomp_o_si—
tion of the PCC pavement designed by this method was modified by adding an asphalt con-
crete intermediate course as shown in Appendlx 4.2.10, because the-asphalt concrete
intermediate course was judged to be very effective in extending the life of PCC pavemerit
from the experience of the Study Team. '

As described above, for AC pavement, a bituminous treated base course is recommended

in the Road Note 29 Method and the JRA method. However, it was not adopted because
data which prove its effectiveness could not be found.
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In recent PCC pavements of. DOH, an intermediate sand layer between a subbase course
and concrete slabs is adopted. Suchi a design, which provides an uncompactable layer with
a low bearmg mpaczty is doubtful in prolonging the life of the pavement.

..'e). Selectio_n _o;f-rApplied Pavement Types

A comparative study of construction costs was carried out for AC and PCC pavement designed
by the AASHTO Method.

Condit_iox_ls. fdr.thé .c.omparison were as follows:
- - Diesign life waé 10 ch.ars for AC pavement and 20 years for .PCC pavement.
- For AC pavement, a 5.0-cm thick overlay was planned at the 10th year after opening,.
- Applied construction costs were qﬁotgd from Chapter 5. .
-;Thtzi éverlay (#)_St was conveﬂed té the present cost at an éunuai interest of 12%.
The reéults are shown-below:

COMPARISON OF CONSTRUCTION COSTS |
(Unit: Baht/m?

: AC Pavement S
Project No, PCC Pavement

Initial Overlay Total
‘Phase I Projects o
MLl ©318 77 392 577
ML-2. ' 196 37 233 270
MI-4-1 297 54 351 483
ML-4-2 ' 189 46 244 326
© ML-SN : 303 69 372 . 404
ML-SW 296 65 361 372
ML-5S 243 58 301 351
ML ~ a7 62 © 389 497
Ph;flsf-? profects ' 309 52 361 481
ML9-1 397 71 468 587
SME-92 - 38 71 453 536
ML-9-3 S 338 69 404 547
™S 348 5340 i3
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According to this result, AC pavement is economic for all projects, even considering the
overlay costs in AC pavement. - : L R RN

However, DOH insisted on applying PCC pavement io hlghways with high trafflc volumes
since there are many AC pavements whlch had deteriorated earlier than expected in Thalland '

Through a serics of discussions Wiﬂl DOH, the pavement types to be applied to each project

were determined as follows:

PCC pavement :. ML-1, ML-5 and a section of ML-9 on solid ground :
DBST : IM-2
CAC pave:nent T All_ other projects
PCC pavements ';.vere general.ly applied to highways ‘;vith high traffie volumes. However,
AC pavements were applied to ML-7 and some sections of ML.-9 despite their h]gh traffic
volumes. This is because they are located in soft ground areas.
The pavements appﬁied to cach project are shown _in the Route Report.
f) Pavement Design for Rehabilitation
| i) | Initial Ovei'iays

Overlays were designed for two types overlays by asphalt concrete and by PCC. Overlays
by PCC were adopted for ML-1 and ML-23, considering their high traffic volumes of heavy
vechicles, -and by asphalt concrete for the remaining pro;eets :

The AASHTO Method (Appendix 4.2.6) was applied to overlay design. It is thought to be
the most reasonable design method because overlays are designed based on the degree of
deterioration of pavement which is expressed in terms of PSL

As described in the Master Plan Study, the criterion for'selecti:r'lg sections to be overlaid is
a PSI of 2.0. Sections to be overlaid can be easily selected by comparing this threshold value
" with PSIs measured. .

However, PSIs measured at the present time must be decreased until years when overlay work
will start. Overlays for existing lanes of ML Projects are scheduled to stast in 1993, and for
IM-23 and RH Projects in 1992, Therefore, the decrease in PSIS was estimated by the chart
prepared in this study shown in Appendlx 4,2.11, : :
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The results are shown in Appendix 4.2.12, This disclosed that overlays are required for the
whole section of all concerned projects at the scheduled year, In other words, PSI values
of the whole section of thcse projects were estimated to reach 2.0 or less of PSI by the years
scheduled to start mltla} over lays,

Varlables for the de31gn were determmcd in the same manner as the pavement design for
new constluctlon, addmg assessment of existing pavements as follows:

- -Design periods are 10 years for overlays by AC pavement and 20 years for overlays
by PCC pavement.

~ Cumulative numbers of ESA were derived from Appendix 4.2.9.
. Desig:n: _CBRS were determined based on CBR tests of existing subgrades.

- Variables for assessing exist'in'g pavements were obtained by following the procedures
described in Appendix 4.2.6. '

The required thicknesses of overlays are shown in Table 4.2.9.

In Japan and the USA, it is customary to plan an asphalt concrete overlay of about 5.0cm
in thickness, even if a thicker overlay is called for by design computation. Following this
practice, as for overlay by asphalt concrete, a 5.0-cm thick overlay was actually applied dis-
regarding the above calculated thickness in this study. ' '

On the other hand, for overlays by PCC, overlay of the calculated thickness was applied as is.

n the case of overlay by PCC over existing AC pavements in ML-1 and IM-23, a 3.5-cm
thick asphalt concrete layer was applied as a levelling course.
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Table 4.2.9 REQUIRI D I’HICKNESS OF OVERLAY

f’rujccl < Type Dcsngn .Cumuiatwc_ - Required FRL X Overl'\y Overlay
No. of Overlay CBR No. of BSA - Dor SN Dxeff or. Dol or, Thickness
| wig x10 SNexff  SNol  (¢m)™
Phnse 1 Projects N S T R
ML-1 pcc 282 145978  D=30cm  — D=30cm 30
ML2 0 AC 105 700 230 LOS 125 10
ML-4 AC 9.6 7,785 3200 14l L7910.0
M7 AC 6.0 5,226 325 14l L84 100
IM-23 . PCC 6.0 10,336 D=23cm © — D=23m 23
P}m‘;;il Projects _ _ _ : _ o _ _
ML-3-1 PM 6.3 5,710 360 143 217 122
ML-3-2 AC 6.3 5,710 3.60 213 L4783
RH-2 AC 6.0 1,218 260 1390 120 68
RH-3 AC 58 2,532 290 139 LSl 8.5
RH-s AC 87 s271 330 0 213 L1766

Note: PM = Penctration macadam,
ii) Overlays in Maintenance Stage

AC pavements and initizﬂ asphalt concrete overlays were desiﬂ'ned for 10 years as. the deSign
period, Overlays in the mamicu'\nce stage were therefore planned for AC pavements at the

10th year after construction.

The design of thlcl\ness of the overlay in the maintenance stage requires assessmg pavement
conditions after 10 years. However this is practically 1mpossable For this reason and the
practice in Japan and the USA described above, the overlay in the maintenance stage was

applied as a uniform 5.0cm in thickness.

4.2, Drainage Design

The drainage design, i.e., the location, type and size of required drainage facilities, was de-
termined based on the design discharge calculated by the appropriate formulae, correspond-
ing 10 the exteni of the catchment area and an examination of existing drainage facilities
checked in the inventory survey, '

1) Pipe Culverts

Pipe tul\'er[s ranging from 80 cm to 150t,m in diameter were apphed because of éasy
maintenance and '\\"nlabtht}, brduddrd dr"mmg:, of pipe culverts are sho“n in Appendm '
4.2.13.
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Pipe culverts were installed at the selected sag poiuts based on the results of topographic
surveys and as-built plans of the e:ustmg roads prepared by DOH.

Extension of existing pipe cuivetts was planned when they are more than 80 ¢m in diameter
and in good condltxon ‘Those less than 80 cm in diameter and in poor condition were planned
to be replaced with pipes of more than 80cm in diameter,

: 2) : Box Culverts :
' Remforced conm ete box culverts (2 4 m X 2.4 m) with head walls and aprons were adopted
~ as the standard type In the case that a bigger flow capacity was required, a double cell cul-

vert of this standard size was used, Standard drawmgs of box wlvel ts are shown in Appen-
dix 4.2.13.

3) Discharge Computation

a) Rainfall Intensity
Rain'féll intensit}' was'determihed based on the rainfall intehsity duration curve for a fre-
guency of 10 20, 50 or 100 years. Rainfall intensity-duration curves from the four observa-

tory statlons in the Reg10n were applled to the pr0]ects as follows:

APPLICATI()N OF RAINFALL INTENSITY~DURA’I‘ION CURVES

" Observatory Station ' Project No.

Lop Buri : IM-23, IM-2, IM-11 and IM-12
Chon Buri | . ML-1," ML-2 and ML-5
Chanthaburi _ - ML-4 and ML-3 -

Bangkok - - O MLAT, DML, TMEL3,

IM-14, IM-15, IM-16 -
IM-17, IM-22 and ML-9

No!ci Rainfall intwsil)}-’duralion curves by station are shown in Appendix 4.2.14.

.'b)_ Rational Fo_rmula. |

Thie following rational formula was adopted to compute the design discharge where the caich-

meht area was less than 50 km?:
Q = 0278:C- 1A
: whére,

- Q: Design discharge (m3/sec)
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C:'Run-off._coefficien_t o
[ : Rainfall intensity (mm/hr)
A: Catchment area (km?)

The coefficicnt of run-off was determined by the graph used by DOH: as show'n'in Appendix :
4.2.15, which corresponds to the rainfall intensity and the topographlc features in the catch-
ment arca. The rainfall intensity was determined from the ramfall mtensrty—duratlon frequency .
curve and the time of concentratron compuied by the foilowmg equation: '

Te: Time of concentration (hr) |
L : Stream length (km)
H : Stream fall (m)

Catchment areas were measured on 1:50,000 topographic maps.
c) .Sn’yder’s'Eqﬁation '

Snyder’s equation was used to compute the following design discharge where the catchment

~ area was more than 25 km?:

Q = 0.001-qp(eri—m-trA
where, _ o
Q : Design dlscharge (m?/sec)
qp: Peak discharge (1/sec/ km?}
o : Reduction of point rainfall intensity for large catchment areas
i : Rainfall 1ntensny (mm/hr)
x: Infiltration capacity (mm/hr)
tr + Critical duration of rainfall (hr)
A : Catchment area (km?)

In the above equation, the peak discharge (qy) is expr_eSSed by the fgollowirlg- 'f'or'rnuie: :

where,
~ kp ¢ peak discharge coefficient
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The cntical dmat;on of 1a1nfall {tr) is explcseed by the following equation:

t1‘2—~—]§ X L°6XL1°3
.wher.e, :
L : Length of stream from source (o structure site (km)

Ly Le/Ly Le is the length of stream from the nearest centex of gtawty of
the catchment area to the structure site (km)

. .Snydel s equatlon is denved from the curves developed by the U S. Weather Bureau and
are taken from Ven Te Chow’s ““Handbook of Applied Hydrology”. These are shown in
Appendlces 4.2.16 to 4.2. 19

Ca__tchr_he_:’nt basins piotu:r_ed'fo_r_IM-z and ML-3 and their results of discharge computation
were shown as examples in Appendices 4.2.20 and 4.2.21, respectively. '

4.2.6 . Bridge Design
Tlﬁe number aliidleﬁgth of required bridges are s'ho'wn in Table 4.2.8 by type. The list in-
cludes all bridges for grade separation of iniersections, replacement for existing wooden or

narrow concrete bridges as well as for bridges crossing over rivers and canals.

The type of bridge to be applied was determined based on the following idea:

Sieel_ :_Box'Gifder .= Cul*ve bridges _at' intersections

Stoel-l G_ircler = Skew bridges \;.rith less tllan 60 degrees in intersection angle
* PC Box Glrder = Bridgos with more than 30rl1 in span
| PC I Gifcler' | - Bridge which ranges from 25m to 30m in span

PC Box Girder (in sits) = Extraordinarily long span bridge
Slab Eridge = 'Bridge:s with less than 25 m in span

Since a_ common typs of substructure applied by DOH is a pile bent pier and an abutment
- with concrete piles, it was also employed i in this study in general. in bridges at interscciions,
however, a wall type of pier was applied conmdermg the Iandscapc and damage by vehicles.

The length of concrete piles was determined to be 15m for bridges in n ML-7, 10m for those
at {ntersections at the beginning point of ML-1 and 7 m for those in the other study roufcs

: based on an analysis of the boring results.
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An average of 20-m long bearing units was designed for bridge approach sections in ML-7
and for the intersection at the beginning point of ML-1 where settlement of the soft ground
is expected. The general views of the designed bridges and the bearing units are shown in
the Route Report,

Phase I Projecis

Projeot Type * Number of Length
No, Bridge {m)
ML-1 PC I Girder 6] 147

PC Box Girder 4 140

Steel I Girder 2 58

Steel Box Girder 7 175

Sub Total 19 450

ML-2 Slab Bridge 10 218
HL-4 Slab Bridge 35 754
PC Box Girder : 2 118

_ Sub Total 37 872

K15 Slab Bridge 20 542
PC I Girder 5] 220

Steel Box Girder 13 430

Sub Total 39 1252

ML-7 Slab Bridge 28 825
FC I Gipder 5 1084
Sub Total 33 1909

IH-23 ~- -
Total 138 4701
Phase II Projects

ML-3 Slah 11 210
ML-9 Slab n2 1496
PC Girder 4 708

PC Box 10 504

PC Box (in gitu) 2 520

Sub Total 88 3308

IM-1 Slab 3 37
IH-2 Slab - . -
IM-11 Slab ! ‘ 1 27
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Phase II Projects

Project Type Number of Length
No. Bridge {m)
IH~12 Steel I Girder 1 17
g Slab 1 70
Sub Total 2 87

IM-13 - -

IM-14 Slab 3_ 140
IM-15 Slab 8 72
IM-18 5lab 9 ar7?
IH~17 Slab 3 B5
IM~22 Slab 6 225
Total 134 4548
Grand Total 272 9249

4-43



4.2.7

Intersection Design

(1) Analysis Approach

An assessment of traffic capacity against future traffic volumes at major intersections relat-
ed to the study routes was carried out. The major intersections taken up in the study were
17 as listed in the following table and also shown in Figure 4.2.5.

STUDY INTERSECTIONS

Phase I Projecis

Studied Intersmection

Seq. Project Nanme
Ha. Location Existing
Control
IS-1 HML-1 (Rt.3, Chon Buri Bypass) Beginning point Signalized
I5-2 ML-1 {(Rt.3, Chon Buri Bypass) Intersection Signalized
with Rt.31bH
I5~3 ML-1 (Rt.3, Chon Buri Bypass) Intersection Signalized
with Rt.344
15-4 ML-4 (Rt,3, Klaeng-Chantha Buri) XKlaseng Unsgignalized
(Intersection
with Rt.344)
I5-5 ML-4 (Rt.3, Klaeng-Chantha Buri) Chantha Buri Unsignalized
(Intexrseoction
with Rt.316)
I5~6 MHL-8 {(Chon Buri-Pattaya Beginning point (New Plan)
New Highway)
15-7 ML-5 (Chon Buri-Pattays Diversion point (New Plan)
Hew Highway) of Access Road
to Laem Chabang
I5~8 ML-5 {(Chon Buri-Pattaya Laem Chabang (New Elan)
New Highway) {(Intersection
with Rt.3)
I5-9 ML-7 (Rt.304, Min Buri - Min Buri Unsignalized
Chachoengsao) (Beginning point)
1S-10 ML-7 (Rt.304, Min Buri - Chachoengzao Unsignalized

Chachoengsaon)

(Intersection
with Rt.314)
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Phase II Projects

Studied Intersection

Seq. Project Hame
No. Location Existing
Control
I185-11 ML-3 (Rt.3, Sattahip - Ravcng) Beginning point Unsignalized
Is-12 ML-9 (Banghkok - Chon Buri Beginning point (New Plan}
New Highway) {Intersection

with Rt 3344)

I8-13 m—— do —-- Intersection with (dew Plan)
Bangkok Outer
Ring Road

I8-14 — o dQ = Intersection (New Plan)
with Rt.3119

I5-15 e do - Intersection {New Plan)
Kt.314

I5-18 ~—-- do ~-- Intersection (New Plan}
Rt. 315

I8-17 -~ do ==~ Intersection (New Plan)
Rt, 1344

Intersection conditions and traffic movements of the study intersections are shown

pendix 4.2.22,

in Ap-

The survey of turning movements of vehicles at each intersection was conducted in the field,

and future turning movements were forecasted for the design target year of 2000, (Descrip-

tions of the traffic survey and forecast are given in Chapter 3).

The usual practice of a phased approach [or the improvement of intersections is given in
the Master Plan Study Report (see Chapter 10). The intersection improvement study was
proceeded with the analysis flow shown in Figure 4.2.6.

Topographic maps for somc of the proposed intersection sites were prepared for the preliminary
improvement design., For the existing intersections to be improved, major physical features
such as geometry, number and use of lanes, channelization and traffic control were observed
through the field investigations.
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(2) Turning Movemenfs

Surveys of tuzmng movements of vehlcles were camed out at the exnstmg intersections by
dividing vehicles into seven types as.described in Chapter 3. In the capacity analysis of each

ntersection these varlous types of vehicles were categorized into three groups taking the
respective vehicle characteristics into account as follows:

1. Motonﬁcycl'e' - MC (M()lor(‘,ycle) |
2. Passenger Cars { PC (Passenger Car)
LB (Light Bus)

. o CLLT (Light Truck)

3. Trucks - IHB (Heavy Bus)
MT (Medium Truck)
|HT (Heavy Truck)

Conversmn factors for motorcycles and trucks into passenger car ¢quivalents were employed
at 0.5 for motorcycies and 1.5 for trucks.

By introduciﬁgﬁ the_ p‘éa}c h'_éur factor (PHF), all traffic volumes were converted into flow
rates for the peak 15-min interval on the basis of the results of the traffic surveys.

{3) Unsignalized Iut'erseétions

1 ‘Methadology
The procedure eniployed for the capacity analysis of unsignalized intersections follows the
same methodology as given in the Master Plan Study Report. 1t is based on the use of gaps
in the major road traffic stream by vehicles crossing or turning into the stream. The gaps

. in the lﬁajor road !;_raffic flow are used by a number of competing flows. The priority order
for the utilization of gaps by vehicles is in the following order:
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(1) Left turns from the minor road

-2 Right turns from the major road

- (3) Through movements from the minor road
(4) Right turns from the minor road

Major Road

Minor . Road

The critical gap size for each Vehicle: maneuver with respect.to the_major highway running
speeds was directly introduced from the HCM as follows:

CRITICAL GAP SIZE

_ : ' _ Average Running Speed (major roads)
Vehicle Mancuver - : : | 50 km/h T 90 km/h

- (1) Left Fur11 from Minor Road* " 5.5sec 6.5 sec
(2) Right Turn: from Major Road 5.5 6.0
3 Through from Mmo_r Road* 6.5 8.0

._ {4) Righi 'furn:frdin M_inor_Road* ' 7.0 - 85

© Note: * Gap sizes are for Stop Control for minor road

The gap 51zes gwen in the above table are different from those used in the Master Plan Study,

' m ‘that the major foads were supposed to be fwo lane irrespective of pnmary/ secondary or
all mtersectlons taken up for the Feaslblhty Study are located on’

provmcml hx_g_h}!aays. As
. : sizes given in the above table were used by refe:mncr to the

major four-lane roads, the gap
mem,
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The average running speed on major roads in the proximity of the proposed existing inter-
sections was set at $0 km/h, observed at the sites. For the Bangkok-Chon Buri New High-
way (ML-9), it was set at 90 km/h due to its desirable horizontal and vertical-alignments.

The potential capacity of a movement is defined as the ““ideal’’ capacity for a specific sub-

ject movenient, assuming the following conditions:

. Trafflc on the major roadway does not block the mirior road.
2. Traffic from nearby intersections does not back up mto the intersection under con-

sideration.
3. A separate lane is provided for the ex»iuswe use of each minor street movemernt un-

der consideration.
4. No other movements 1mpede the sub;ect movement

The potential capacity in passenger cars per hour is selected f_rom ;hc following figure (HCM):

Potential Capac'ity'
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A solution for the capacity of ¢ach lane on the minor approaches to a Stop- or Yield-controlled
inter sectlon is gwen in the level-of-service criteria. It is related to general delay r
criteria ‘are given below:

anges. The

LEVEL OF SERVICE CRITERIA FOR UNSIGNALIZED INTERSECTIONS (HCM)

Reserve Capacity I Level of " Expected Delay to Minor Road
“fpeph). L “ Service’ S Traffic .-
. >400 _ e . A Little or no delay
300-399 B Short traffic delays
200-299 C ~Average traffic delays
100-199 D Loug traffic delays
0- 99 - E Very long traffic delays
Les§ than 0 F Serve congestio'n

They are based on the reserve, or unused capamty of the lane in question. This value is com-
puted as:

CR = CSH - Vv~

where,
.CR ': Reserve or unused capamty of lane in pcph
CSH Shared-lane capacity of lane in-pcph
v : Total volume or flow rate using lane in pcph

Intersections with low Ieve}s of service of D, E or F were considered to be Sllb_]e(:t to the
studies of 51gnahzed mtersect:ons

2) Analysis of Level of Service

Level-of-service analyses on the existing five unsignalized intersections (IS-4, 15-5, 15-9, 15-1¢
and IS-11), and nine newly proposed intersections, were carried out.

The level of service for all crossing or turning movements at each intersection was analysed.

3) Evaluation

In the analysis of !eifel 'of service described above, possible improvement. measures to the
existing intersections:such as channelization or addition of traffic lanes were taken into cal-
culation procedures However, the study results show that each intersection will have at least
one low level of service movement at the target year of 2000. Therefore, it is required that
all fourteen intersections be subject to the study of signalized intersections. The analytical

results are given in Appendix 4.2.23.
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(4) Signalized Intersections

1) Mecthodology

To proceed with a preliminary assessment of tha signalized intersections, a method shown
in HCM was employed. The method provides a broad assessment of whether the intersec-
tion under consideration is likely to be oversaturated for a given set of demand 'volu_me'sand

geomelrics.

The following information on intersection geometrics and turning or crossing movements
are required to evaluate the probable capacity of signalized intersections:

Geometrics : Number and use of lanes _
Volumes  : Given in vph for each movement

As phased signat design is not éxactly known in this stage, the critical lane volumes are iden-
tified by considering conflicting movements given in the following figure:

For a N-S road, critical conflicts are the S >R movement with the S-bound through move-
ment and the N—W movement with the N-bound through movement

The critical volume for a N-S road is the largest sum among S— E volume plus the maximum
single-lane volume for the S-bound through, plus left-turn movement or N=W volume plus
the maximum single-lane volume for the N-bound through, plus left-turn movement. The
critical volume for an E-W road is obtained in a similar way.

The total critical volume for the intersection is the sum of the cri'tical \?olumes for the N-S
and E-W roads.
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The critical volume for the intersection is compared with the criteria to generally determine
the probable traffic cqnditions at the intersection, The capacity criteria in HCM are given
for normally occurring situations as follows:

CAPACITY CRITERIA FOR SIGNALIZED INTERSECTiONS (IICM)

Crit{c_al Volume for Relationship to
Intersection (vph) Probable Capacity
- 0to 1,200 _ Under Capacity
1,201 to 1,400 Near Capacity
> 1,401 Over Capacity

The values gi\_'eh'in the above table represent the range of normally occurring situations as
follows:

- Cyele lengths from 30 to 120 seconds
- Heavy vehicle share up to 10 %

- Level terrain

- Standard lane width from 3 to 3.5m

The results of the traffic survey for the study roads show that the heavy vehicle content ranges
from 10 to 40%: Therefore, it is considered that the capacity criteria for the evaluation of
the signalizéd intersections have to be set lower than those given in the above table, taking
the present traffic conditions into consideration. The capacity criterion for Over Capacity
was tentatively set at 1,200 vph in the study. '

2) Capacity Analysis

Capacity aﬁalysés of the signalized intersections were carried out for all 17 intersections, and
the analytical results are given in appendix 4.2.24. The following is & summary of the analyses:
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Intersection Critical Volumes (vph) . Capacity

1320 Over

Is - 1 v

IS - 2 1270 | -~ Over

IS - 3 1900 ~Over

I8 - 4 720

Is - 5 730

IS - 6 1340 ' Over

IS - 7 800

Is - 8 1710 Over

18 - 8 320" '

IS - 10 420

Is - 11 570 . y

IS - 12 2670 | over .

IS - 13 2500 Over

I8 - 14 1470 _ Over

I8 - 15 1300 Over

I8 - 1B 1870 : ~ Over
17 2140 Over

I8 -

3) Evaluation
The analytical results of the signalized intersections indicate that the critical volume for 1S-4
(Klaeng), IS-5 (Chanthabur_i), 1S-7 (Chon Buri - Pattaya New Highway, Diversion Point),
1S-9 (Min Buri), IS-10 (Chachoengsao) and IS-11 (Sattahip) is less than the capacity criteri-

on of 1,200 vph. Accordingly these intersections will be sufficiently controlled by traffic signals,

The other intersections have critical volumes more than the capacity criterion. Accordingly,
they are required to have grade-separation control.

18-7 (Chon Buri - Pattaya New Highway, Division to Laem Chabang) has a critical volume
of less than 1,200, HoWe\(er, grade-separation control was recommended because of the traffic
increase due to the extension of the New Highway to Pattaya from Rt. 36.

(5) Summary of Analysis

- The capacity analyses for intersections are summarized as follows:
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_ Phase I Projects

... Project Existing IS Improvement
- ) Contrel ———
Seq, Locat;pn Signalized Grade
ﬁoﬁ L Separation
1S-1 = Chon Buri Bypass, Signalized Grade -
15-2 Chon Buri Bypass, Signalized Grade
- Rt. 3;5_ . : Separation

15-3  Chon Buri Bypass, Signalized Grade

Rt. 344 . Separation
IS-4 Klseng - ‘Unsignalized Signalized
15-5 Chantha Buri Unsignalized Signalizedx
1S-6 . Chon Buri-Pattaya (New Plan) Grade

_Hew Hwy., Bedinning Separation

point '
15-7 Chén Buri;Pattaya- (Néﬁ Plan) Grade

New Hwy.. Laem_Chabang Separation
15-8 Chon BuriFPatbava {Hew Plan) Grade

Mew Hwy., Laem Chabang Separation
1S-9  Min Buri ' Unsignalized Signalized

Chachqéngsﬁo | Uﬁsignalized_ Signalizedx

IS-10

% Including chanpelization
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Phase T Projects

New Hwy.

Rt . 344

Seq. Location - " Control Signalized’ ~ Grade
No’, o e I R Sopafgpibn.
Is-11 Sartahlp Unsignalized Signalized
I1S-12 - Bangkok - Chon Buri - (New Plan) [G?gdef‘:_
o New Hwy. Rt. 3344 Separation
IS-13.  Bangkok - Chon Buri (New Plan) Grade =
~ New Hwy. Quter Ring Separation
Road : . o
15-14 ° Bangkok - Chon Buri (New Plan) Grade
New Hwy Rt 319 ' "Separat;on
15-15 Bangkok - Chon Buri (New Plan) Grade :
New: Hwy. Rt.314 : -Separat1on
1518 Bangkok - Chon Buri " (New Plan) : .‘,Grgde‘”j
o New Hwy. Rt.315 s : VSeParatloo
15~17 - Banghkok - Chon.Buri (New Plan) ‘Grade

't'Separation

(6) Intersection Design

Based on !he capac1ty analyses for the proposed mtersecnons 1mprovement demgns for each :
subgect inter secnon were carried out mainly on the basis of the des;gn cr1te1 ia stlpulated in
A Policy in Geometric Deﬁgn of H}ghways and Streets 1984: AASHTO.

For designs of loop ramips, however, an exceptional design speed of 35t0 40 km/h was adapted
considering the limitation of rlght of-ways. : :

A summary of the designed intersections is shown in Table 4.2.8 and the detalled drawmgs
are given in the Route Report ' :
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' Figure 4.2.7 SUMMARY OF INTERSECTION DESIGN

| Phase I Projects

" Seq.

No .,

Improvement P01nts ' Existing Improvement
Conditions Plan

IS-)

©Is5-2

18-3

"Erom Chon Buri Bypass, &
two-guadrant cloverleaf type

'The same  type of intersection -—{\(~
as 15-2 was planned. \\\

A Trompet type Lntersectlon
was planned

Chan, Buri .
o . . Hunicipal BRK
.'Pm overpass brldge Was NP

designed for a traffic flow
from Chon Buri Bypass to “3,/’ﬂ

Bangkok : _ ) " [ Bypass

For = tlafflc flow from
Chon Buri to Chon Buri Bypass,
an existing at-grade inter-

‘section shall be remdined

because of low traffic volume

Jin- this direction. However,

the room for the ramp way

_ .construction is remained for
- the future increasing trafflc

W15
volumes Re _ <

A partial cloverleaf- type 2M NN syvass. A

it
K

was planrned. E ) \\/, N7
In order not to interrupt - :

traffic flow on Chon Buri. .
Bypass, Rt.315 was designed
to‘cross over -Chon Buri

Bypass. For right-turn traffic

Rt.344

-) QYPass. ’/(\ .

ramp was planned

Chantha Buri

Only tno channels were designed
for left-turn traffic from e 316
Rt.3 -and Rt.318. . Rchs
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Figure 4.2.7 SUMMARY OF INTERSECTION DESIGN (Cont'd)

Seq. -

Na,

Improvement Pbints_

 Existing -
. Conditions

Improvement
- Plan

15-8

15-7

15-8-

Is-10

erossing avay Chon Buri

A partlal'cloverleaf type

.'brldge

'F01 a trafflc flow from _'

designed for left-turn traffic.}g.304

- A modlfled Y-type 1ntersect10n §$.

Has planned : R e [%;9.. 
. Py ‘{Qaﬁ o

For trafflc flows in all ' :_,/’R,gyﬁ
=,

d1rect10ns, a grade separatlon_rvw4¥,_

Bypass and & railway closely
located wWas designed.

‘In order to shorﬁen the
‘overpass brldge, the lane

to Pattaya. was shlfted to

_the rallway 31de

A trumpet type intersection
- Was planned

A ovexpass brldge was’
desigined: for a traific flow

to Laem Chabang

interchange was planned. Chen Buri’

HL-5 was designed to CTOSS - taes o
over Rt.3 by & overpass _ Lnasang i  Hh-

Pattaya to ML-5 and a right— 'f_'panﬁya e
turn traffi¢. from Chonburi ' o

~to Laem Chabang, loop ramps
were de51gned .

since forecasted trafflc
flows from ML-5 to Chon Buri.
and From Laem Chabang Lo
Fattaya were low, they were
planned to be treated by
U-turn on Rt.3.

uus-  

U por
Pattava

f

Laem
i ; Chabang

Only two channels were Chachoengsac

Rt.314

v
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~ Figure 4.2.7 SUMMARY OF INTERSECTION DESIGN (Cont'd)

zeq. Imnrovement Pozntq Existing '1hproveme“t
iy 7 Conditions Plan -
15-11 -~ Tvwo ohannels wers planned Tl | .
: : for left-turn traffics Sattahlp - PRattaya
(Pattaya to Ravong, e
-Rayong to Sattahlp)
Rayong
"15—12.' - ETA Second Stage elevated _ _
. expreSsway is plannad to Bang :
“eéxtend upto the I8<12 - inter- Kapi B |
‘section - in the:near future: s |
Therefore,_thls 1ntersect10n Bang Ha r
“ig to bhe operated by at-grade.
s1gnal control: utitil ETA"s
. ._Flyover 13 constructed
. 18+13 ' —':Trafflc volume of the Hew_* _ Bang Pa-In
: Highway and ‘Banghkok Outer (NMew Plan}
Ring Road’ are.as high as.
25,000 "~ ~33,000. ADT: - They -
. are. proposed to be high class
road: in. that the design: speed :
is 100 km/hr. As both h1ghways Chon Buri
are expeeted to open Lo’ trafflo PN
at the same. Lime in 1884, : Bang 'Na
Junct1on style 1ntercharge WasSs :
planned 1n thls 1ntersect10n
- : Min Buri ’
.18-14 - ~,;Normal dxamond - type 1nter~ } _] . )
-change was d351gned within B : -
80 meters wide right-of-way _ T:Chm1Buri
(Ngw.H;ghway Qverpass) Barlg Na _ 3 |
" Chachoeng- ] i !
15-15- == do --- sl —A‘L——
- : : | ' q. o
Bang pakong }
. BEK
1% —— e Chon Bur
is-18 ; do whon 25 Phanat Rikem Pattaya
. _ BKK
1817 ~-- da -=- Chon Buri Bang Pun
B i Pattaya












CHAPTER 5
CONSTRUCTION AND MAINTENANCE COSTS

5.1 CONSTRUCTION COSTS
5.1.1  Quantities
DOH has standard specitications and payment items for highway construction.

The major work items were established based on the standard specifications with some addi-
tions especially required in road improvement works. The work items were [inalized as tollows:

‘ Unit
EARTH WORK
Clearing and Grubbing ha
Roadway Excavation (Unclassified) m?
Roadway Excavation (Ciassified) in’
Embankment {Common) m?
Embankment (Borrow) m?
Sand Mai m?
Removal of Existing Structures each
SUBBASE and BASE COURSES
Subbase m?
Aggregale Base m?
Shoulder {Soil Aggregate) m-
SURFACE COURSES
Asphaltic Prime Coat m?
Asphaltic Tack Coat m’
Double Bituminous Surface Treatment m?
Asphalt Concrete Surfacing lo?
m-

Portland Cement Concrete Pavenient
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STRUCTURES (Equivalent)

RC Pipe Culvert (D =1.00 m) _ m -
RC Box Culvert (2-2.40 x 2.40m) ' m
RC Bridge (W =11.00m) S om
PC Bridge (W =11.00m) . o m
Bearing Unit ' - m?
LAND ACQUISITION (Average) S ha

The quantities by work item listed above were computed based on preliminary design draw-

ings on the following scales:

Plan : - 1 .15,_000
Profile . Horizontal 1 : 15,000
Vertical 1 : 1,000

Cross Section ' 1 200

~ The guantitics by work item and land area to be acquired by study route arc summérizéd_ :
in. Table 5.1.1.

The guantity of asphalt concrete of the intermediate layer and of the shoulder 1'equifeme'ﬁt _
for PCC pavement was included in the item of asphalt concrete surfacing, and the-double
bituminous surface treatment was applied for shoulder pavement in built-up sections in'the

AC pavement routes.

Quantities for the initial overlay of the existing lanes were included in work items concerned,
" while quantities for a 5-cm thick overlay planned at the $0th year after construction in AC
pavel_nent were excluded. It was calculated separately as shown in Section 5.2 '
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5.1.2 Unit Costs

5.1.2.1  Financial Unit Costs

The unit costs in 1988 were derived. f‘rom both actual contract umt costs m 51mllar construc-
tion projects in the Region and prelmnnary unit costs estimated by the Study Team

Due consideration was paid to'the hauling charge of construction materials from the sources

to the construction sites.

Materials such as bitumen, cement and réinforcing steel bars were assumed (o be transport-
ed to the project site from Bangkok. ' S

Borrow pits for embankment materials faterite sources for subbase dnd shoulders and rock
quarries for base, asphalt concrete surface, cement concreéte slab and structunes Were dete:-
mined route by route through the site mveshgatxon and. dlscussxons with DOH (see the Route

" Report). The shortest routes for hauling these materials were examined on the_basm of the
existing road network connecting the study routes with the sources. ’ '

Hauling distances from these sources to the study routes are shown below: .
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S o D_isia'ncc -Haulin Distance (km
Project -~ - ‘Length - from ' — ke ( ')

No.” — (km) Bangkok  Embankment Subbase Crushed
e (km) - - . Rock
Phase | Pro;ects . : T
ML-L 1360 90 17.00 17.00 11.00
:'MI_J-z_ a2 150 27.00 28.00 21.00
ML-4 - 6186 310 14.00 17.00 16.00
ML-5 - 50.33" 120 10.00 1400 17.00
ML 4094 0 7000 53.00 70.00 -
IM23 o 2687 120 2100 35.00 35.00
Phase I Projects :
ML3 446 180 10 15 17
CMLOJ - 2500 s 95 83. 98
ML92 . 220 - - 4 . g0 67 6
CML93 T 347 65 15 15 15
M- 18.7 53 31 s3 62
M2 S o3se 145 S 36
ML 40T 140 23 58 63
iM-12 0 sko 90 23 63 68
IM:13 S 178 55 29 52 57
IM-t4 25.6 & 25 52 13
IM-15 247 28 25 18 88
M6 208 30 2 @ 9T
IM:17- 28.7 40 44 51 64
M2 59 55 25 56 13
‘RH-2 ‘395 235 = 35 62
'RH3" 179 7 ~ 38 @

RH-5 - 39.3 - 124 — 40 - 38

As a result the unit costs to be emp]oyed were modified and estimated on the basis of the
above assumptions and c0n51derat10ns and are summarized in Table 5.1.2.
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5.1.2.2  Economic Unit Costs and Forcign and Locai Currency Portions of Unit Costs

The econonnc umt cost to be used for economic evaluatlon was computed by deductmg the
tax component of each work item from the financial unit cost. The percentage of tax com-
ponents 1ncludecl in the unit cost are shown in Table 5.1,3.

“The percentage of foreign and local currency portions of the financial unit cost by work
item are shown in Table 5.1.3, divided into the two cases that construction is performed
by local contraclons and by forelgn contractors..

Both percentages for tax and carrency portions were quoted from the Feasibility Study Hand-
book for Improvement and New Construction Road Projects (FSH).
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5.1.3 Construc!ioﬁ Costs

Constmction costs of major work items were estimated based on the unit costs and work
quantltxes The cost of mlscellaneous work such as slope protection, coner ele ditches, guard
rails, and traffic signs and markings was estimated at 7% of the total cost of major work

items. The total construction costs were computed by adding the following cost items to the
above constructlon costs: :

—‘Pli'ysiciili"cbgtingency: 10% ‘of direct construction costs
- Design and construction supervision: 10% of direct construction costs

- Land acquisition-cost

The fmancxal and economic construcnon costs for each study route are summatized below,
The breakdown is shown in the Route Report.
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SUMMARY OF CONSTRUCTION COSTS
{Unit: thousand Baht)

Project Length Financial Economic
No. {km) Cost Cost

Phase I Projects
ML-1 13.60 347,856 317,675
ML-2 27.27 224,503 197,763
ML-4 61.86 593,260 534,823
ML-5 50.33 1,105,048 1,020,239
ML-7 40,94 754,017 664,890
IM-23 26,87 164,043 147,322,

Subtotal 220.87 3,188,727 2,882,712

Phase II IM & ML Projects

ML-3 44.6 417,200 373,297
ML-9 81,7 3,569,696 3,214,898
IM-1 18.7 49,294 43,295
IM-2 35.9 46,437 40,627
IM-11 40.7 139,179 122,930
IM-12 5L.0 245,340 216,902
IM-13 17.8 81,048 71,884
IM-14 25.0 136,369 120,628
IM-15 24.7 115,250 101,977
IM-16 20.8 118,251 104,335
IM-17 19.2 97,534 85,744
IM-22 15.9 05,838 85,714
Subtotal 396.0 5,111,436 4,582,231

Phase II RH Projects

RH-2 39.5 52,949 47,511
RH-3 17.9 23,668 21,2517
RH-5 39.3 42,381 38,360
Subtotal 96,7 118,998 107,128
Grand Total 714,17 8,419,161 7,572,071

Construction costs estimated through detailed engineering and cost examinations in this Feasi-
bility Study phase were considerably different from those roughly estimated in the pre-
feasibility study in the Master Plan Study, The reasons are as follows!

- Construction quantities were calculated based on a more accurate design on the bagsis
of topographic surveys.
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- Authough embankments were planned by the side borrow method for most projects
in the Master Plan Study, this was changed to the borrow pit method except for IM-2.

-For IM Projects except for IM-23, DBST was applied in the Master Plan Study, but
this was changed to AC pavement except for IM-2, ‘

5.1.4 Residual YValues

Based on FSH, the residual value in the case of a 15-year lifctime was estimated as follows:

EBarthworks
Pavement
Major Structure:

where, RV
C
t

¢ RV = 100(1 ~0.0067 x 15) = 90%
: RV = 100(1 —0.0333 x 15) = 50%

RV = 100(1 —0.0333 x 15) = 50%

: Residual value
. Initial cost = 100
: Analysis period of time in years = 13

Resicual valucs for each study route are also shown in the Route Report.

5.1.5 Construction Schedule

Taking into account each contractor’s capability to supply construction eguipment, the labor
foree required and financial preparation, the project size manageable by onc contractor was

determincd as follows:

- Road Length

: 15km to 20 km

- Embankment Volume: Less than 500,000 m?
- Construction Period : 3 years for ML Projects and 2 years for IM Projccts

The following assumption was made in crder to prepare the construction schedule:
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RE QU[RF l) CONST RU(’TION I’I‘ RIOD

Wk liem _ ' Mm\thly Pcl l‘ormancc or Requlrcd Pexlod
B "l.aud -Acqui_sit-ion - '_Payment in the f\rsﬁ war of construction
Preparatory Works : 4.0 months - ' ‘
Farlh Works 40,000 m3/month
Pavement Works . 2km -4 km_/month :

Bridge Works 8.0 months/50 m total span length
12,0 months/ 100w total span length _
14.0 months/more than 200 m totat span length
Bxisting Laue R
Overlay Works 4 kin/month
Cleaning-up ' 2 months

u addlition to this assumptton, considering the ramy season from ‘August to Qctober in which
no major work ¢an be excented, the construction schedules were prepared as shown in Flgures

5.1.1, 5.1.2 and 5.1.3,

ML Projects and IM-12 were scheduled for a 3-year constriction period to start at the be-
ginning of 1991 and be completed by the end of 1993. For ML-1 and ML-35, however, an
alternative construction schedule from the beginning of 1989 to the end of 1991 was pre-
pared, corresponding to the year 1992 when Laem Chabang Port will be operated.
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Figure 5.1.1 CONSTRUC’IEONSCHE_DULE FOR ML PROJECTS AND IM-12
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‘Figure 5.1.3 CONSTHUCTION SCHEDULE FOR RH PROJECTS

On the other hand, IM Projects except for IM-12 were schieduled for a 2-year construction
period to start one year later than ML Projects and to be completed in the same year as
the ML Projects, based on their smaller scale of construction. RH Projects were also sched-
uled for 2-year construction; however, in reality, their main work can be completed within

one year. -
5.2 mnmrmmﬁz ms‘rs.

DOH maintains hzghways under its respons;bﬂxty by 12 divisions which are further divided
into 73 districts.- In 1987 DOH spent 2,448 million Baht on maintenance according 1o ity
annual report. However, this budgetary category does not include the administrative costs
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of maintenance. Table 5.2.1 shows actual eapenditurcs by DOH budget category for the calen-
dar year 1987, The total administrative cost, excludmg those for highway police, construc-
tion management and land acquisition, was 1, 315 million’ Baht in 1987, It is reasonable to
assume that road maintenance takes up to 50% of this amount, i.e., 658 million Baht, or.
27% of the direct maintenance expenditure, Thus the direct maintenance cost should be in-
creased by a factor of 1.27 to obtain the lotal cost 1nclud1ng ‘overhead.

“Table 5.2.1 BUDGET AND ACTUAL EXPENDITURE 1987
' (Unit: Baht)

Jtem ' Budg_et Actual Exp.
1.  Administrative 1,990,031,935 1,94(_),‘60_6,214.43
1.1 General Management 980,272,280 974,582,693.26
1.2 Engineering Admin. 85,647,012 82,688,941.87
1.3 Operating Management 285,698,070 - 257,978,071.91
1.4 Land Acquisition 371,633,630 368,133,887.08
1.5 Construction Management 67',841,660 - 63,998,420.06
1.6 Highway Police - '_193,939,283 193,224,200.25
2. Special Construction © ~ 160,950,605 160,044,750.66
3. National Construction _ 1,361,711,755 1,349,429,153.27
3.1 National Highway Constr, B 504,836,511 © 502,472,351.28
32 gﬁi‘;‘fdacr‘;f‘;{éhf;’;ys 856875044 846,956,801.99
4. Provincial Constr, 2,073.,881,5.92 2,025,271,050.19
5. Mainienance 2,489,644,537 _ 2,448,002,880.66
5.1 Routine 1,066,395,472 1,065,645,210.02
5.2 Special 1,432,249,065 1,382,357,670.64
6. Interior Security 486,121,876  480,290,555.37
Total | | 8,562,342,300 . . 8,404,544,604.58

Maintenance work is classified into four types by DOH: routine mamtenance penodxc mam-
tenance, special malntenance and betterment, and emergency maintenance. If an aréa re-
quiring mamtenance exceeds 10% of the road surface, then the sub;ect road is eligible for
the special maintenance budget, not _th_e routme maintenance budget. Table 5.2.2 shows the
breakdown of maintenance. expenditures in 1987. Equipment costs of routine maintenance
are accounted separately but those of periodic and special mamtenancc are not, since such
maintenance is normally done by contract, L '



Table 5.2.2  MAINTENANCE EXPENDITURE 1987

 Item _ .Ammmt Percent

| (million Baht) (%)
Routine Maintenance ' B

Matetials and Labor 751.0 28.7
Eqguipment 470.1 ;8'0
Periodic Maintenance - 803.0 30.7
- -Special and Betterment 457.0 17.5
Emergency Work 40.0 1.5
Administrative 95.8 36
Total 2,616.9 100.0

Note: Totals in Tables 5.2.1 and 5.2.2 do not agrée due to a minor difference
in classification,

Efforts have been made continuously in DOH to reflect actual maintenance needs and work
costs in the maintenance budget allocation. The so-called K-Factor Method was introduced
in the mid-1960s. By this method, the standard maintenance cost per km for each type of
road (laterite, asphalt and. conciete) is modified by Ka and Km factors. The Ka factor is
calculated from the physical features of the subject road and traffic volume, whercas the
Km factor reflects the locational cost differential. The Ka factor for asphalt roads includes
12 parametric factors, none of which reflects the surface condition. Obviously the underly-
ing assumption here isthat AC pavement requires routine maintenance regularly. T he Ka
factor for PCC pavement, however, does include parametric lactors reflecting the surface
condition. The K-Factor Method has been used to allocate the budget for routine and spe-
cial maintenance. Factors for each road in each district have been calculated and updated

by an elaborate computer system.

However, it has become increasingly recognized that a calculated allocation can be signifi-
cantly different from actual maintenance requirements, particularly in the case of special
mainténance of asphalt roads because the K-Factor Method pays little attention to the actu-
al surface conditions of asphalt roads. In 1986 the Thai Pavement Management System (TPMS)
was introduced. TPMS is a systein adopted from the BMS System, a pavement maintenance
management system developed in the U.K. TPMS puts priorities among the various main-
tenance requirements of a large number of roads based on two level field investigations, first
at the local level with minimal skill and measurements, and second with skilled personnel
and measurement devices. TPMS accepts unit costs of maintenance work by type and by
area and produces prioritized lists of maintenance pr ojects with cost estimates. TPMS was
implemented and used for the allocation of special maintenance budget for the year 1987,
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For the purpose of prOjeCi evaluation-in this study; roxily'routi'né-and petiodic 'm'a'int'enance-
were considéred. Based on the overall performance of lughways in-Thailand,- partlcularly '
In recent years, it was decided that mamtenance cost’ estxmates as calcu]ated by the K-Factor
Methed would represent a fair esttmation of what i is actually needed to mamtam ‘the existing
and proposed roads. Tables 5.2.3 shows routine malntenance cost estlmates for edch project -
and existing road. Base standard per. km costs in the K- Factm Meéthod are provided for two-
lane roads. Routine maintenance costs for four-lane roads are obtaitied by doubling the amount
for two-lane roads, The calculation of routine malntenance costs. for ML- 1 and MI.-2 are

shown in Appendix 5.2.1.



 Phase I Proj_ebt_é

Table 5.2.3 ROUTINE MAINTENANCE COSTS -

{Unit: million Baht/vyear)

" 'RH=5 "'-39_.'3__

0.757

.Existing , Proposed

R L_ehgt}_; 1984 2008 1994 2008

- Route | (kn_n)_ ' :
ML=1 13,6 - 0.368 .. 0.368  0.419 0.660

ML=2 . 27.3. 0.644  0.714 . 0.735  1.27g

ML-4 . 61.9 1,809 1.883 2,111 3,252
ML-6 . . 50.3 * * 1.781 2.202
ML-7  40.9 1.038  1.146 1.262 2.100

L IM-23 - .26.9 0.518 0.506 0.272 0.348

‘Phase 1I Projects (Unit: million’ Balit/year)

Existiﬁg- Proposed
. Length ™ - 1994 2008 1994 2008
Route (km) '

CME-3 44.6 1.020° 1,221 0.714 1.164
‘ML-9 - 81.7 x Cx 1,303 1.818
IM-1 - . 18,7 0.318  0.326 0.180 0.314
g 35,9 0.469  ©0.538 0.403 - 0.851
IM-11 40.7  0.690 - 0.782 10.435 0.707
I4-12 51,0 0.874- - 0.965 0.516 0.942
IM-13 - 17.8 0.127 0.197 0.171 0.282
IM-14 25.8 0.275 0.314 0.267  0.443
M-15 24.7 0.382 0.407 0,287 0.440
-1 20.8 0.265 0.287 0.192  0.33:
IM-1T. - 19.2 0.388 0.442 0.295 0,504
-2z 15.9 0.188 6.190  0.155 0,262
RH-2 39.5 0.645 0.761 0.376 0.701
RH-3 17.9 0.384 0.459 0.239 0.431

| 0.831 . 0.662 0.918
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" As described in Section 4.2.4, a 5- ~cin thxck asphaltlc concrete overlay was planned in the
10th year-for AC pavement, but there are no overlay rcqulremcnts for. PCC pavement since
‘the design life is set at 20 years for the 1attex 'Iable 5.2.4 shows the perlodlc mamtenance

costs for each of the study routes.

T'xhle S 2.4 PERIODIC MAII\'.I ENANCE COSTS

Phase I ijecls

o Qverla)i

Route S Cost
) Year ~ (thousand Baht)
S ML-l e —
ML-2 2004 39,874
ML-4 2004 90,658
C ML-5 — =
ML-7 2004 59,603
IM-23 — —
Phase H Projecls
QOverlay
Route Cost -
Y"*"T‘r (thousand. Bahi)
ML-3 2004 61,748
ML-9 - 2004 187,544
M- 2004 11,036
IM:2 2004 6,318
IM-11 2004 28,448
M-12 2004 35,762
IM-13 2004 12,348
IM-14 2004 16,446
IM-15 2004 18,592
IM-16 2004 13,434
IM-17 .. | 2004 19,995
M-22 2004 10,203
RH-2 — S
RH-3 — _
RH-S — .
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