. CHAPTER 2. ROAD AND STREET SYSTEM

2.1 Inuoducnon

iFor the planning of'the road and street system of the study area, con-

. sideration: should be glven: to the: landscape, landuse, proposed

:zoning. étc.y as’a tourist resort, “Needless to say, the proposed widths
of the roads must have suf ficfent capacity.to meet the future traffic
volume; hdwever, the environmental ¢ffect of the réads on the surround-
10gs should b’ substantially” taken into consideraiion. -Proper planning

~_should be’ conducted s0° Lthat, as it is an international tourist resort,

the study. area should be affected. as little as possible by the noise,

vibratién, exhaust gas and other pollutién cowing from vehicles runaiag

on the’ roads and streets in thé aréa.

- As mﬂst of the roads in Thailand are planned according to the standards
of the AASHO, ‘these Here adopted for the planning of the road and street
network of Pattaya. 1f necessary, however, the standards of highway
structures of the Japan Highway Association should be adopted-as well.

The roads or highways of Thailand can be classified into two categories
one of which 1s under the c¢ontrol of the DePartment of Highway, and the
tother, undéer the contrél 0f the' prowlncial government.

he master” plan ‘on the road and street system has alveady been established
and the’ feasibility study has been made to obtain greatér accuracy follow-
ing the concepts of the raster plan.’ The baslé c¢oncepts of the master
plan have not beéen: changed.' The flow chart of the study ftems of the
feasibility study is sho;n belov. '

Fig 2 1.1, Hork Flow Chart
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=3 T—i " T—6 ‘are. shown as Tourism roads.

R-1, R-2, R-2' are shown ‘as Residential roads.
R-3 s shown as lécal street.
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The following are ¢ontained 'tn this réport,
~ Existing Conditfons
~ Planning of the Road Network

Concepts of the master plan, ttaffic analysis, and evaluation and
measures for dealing with the problem points.

- Road Design

Design critetia, technical examination of the intcrsectiOns and
other areas ; :

_«~ Planning of Local Streets

The landuse planning to establish the road and street network 13
described. : -

"~ Beach Road Improvezcnt Plannlng

A comparison and examination of the circutation system is deseribed
from the viewpolnt of tourism.

L= EXecution Program _
= Costs of Construction, Haintenance and OperatiOn

‘The local streets are not 1ncluded 1n the calculation of the COSts,;_

General'Vieﬁ of:Patté§éifédé féfiéyé'ﬁill‘
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| 22 ' :E_x:is.t‘ing Conditions
.'2,2;1:"0ufliﬁe
(a) Topography

1) - The study area 1is generally characterized as flat land, and a gentle
'3lope begins fron the central part ‘of the study area to the seashore line.

2) Pattaya hill’ rises 100m above sea level and ig" located in the
_4central part of the study areaj it has a pétential to be the landmark
for the Pattaya beach resort. :

3 The area between Sukhumvit Highway and the provincial highway Route
Eho. 3135 ia a swampland where lotuses and other plants are growing,

4) . The eicvatiOn at the Na ‘Kiua New Town B area is about 40m in height

and from there, the gentle slope extends in n0rther1y and southerly
directiOna. :

' (b) Geology_

The geology of the Pattaya area 18 composed of palaeo -rocks consisting

- of - argillaceous quartzite which is browaish yellow to brownish gray
interbedded with phyllite a mictoidlded chalk schists, ‘and porphyritic
_hornblends, blOtite and lentogranite; on thése bed-rocks are found
“terrace deposits consisting of sand and gravel, and alluvial deposits
_consisting of clay,’ sandyclay, sand and gtavel.‘ In the nefghborhood

of ‘the beach are found beach and ésturine deposits mainly consisting

of sand deposits The schisgt at a point 20km to the north part is cut
by a fault, and forms a peculiar toPOgraphy. Granite is partly exposed
in the southern part of Pattaya, ‘but is widely distributed in the ridge

portion of this area. Fig. 2.2. 1 shows the geologiCal distribution in
this area. .

a1 Flood plaio 24

Q coastal deposits

Vailey fi11ed 2nd

vl } errace depostis

Argiltaseous

Psqr quirizite

pecrystaliice
iitestoce

PEn Granitegreiss

"c; . Crantte

' Fig, 252.1' Geological Outline
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" 2. 2 2 Pxisting Road hetwork

The road ‘and street network of the study area is ‘shown in Fig.. 2,2.2,
Its featurea are as followsl

_ ’All the roada and’ streets are paVed wlth asphalt, bot there are
‘many damaged portions requiring repair.

~ Sukhumvit Highway is used 2s an aciess road from Bangkok to
;_Pattaya, and the work to widcn 1t to a four~lane divided highway
will be soon completed. .

- Three access roads from Sukhumvit Highway lead to Pattaya beach.

- The road netwotk 15 cOntrolled by the Highway Dept. and the
provlncial government as shown in Pig. 2.2.2.

- Host of the existing hotels, restaurants, stores, etc. are
develoPed in theldistrict lying between the two-lane beach road

and the two-lane back rOad., These two parallél roads are connected
by nany connection roads A4n to 6m in Hidth).-

= A {ntersections of coxners;’ the tadius of the curves or the
_alignments are’ not satisfactory.;,

;f‘rrly, sidewalks have not been constructed except on a part
of thé beach road. ) :

- host roads are not equipped with effective drainage dltches.

~ Host’ ‘of the existing rOads are cOnstructed on flat lands without
large excavations and have iow enbankcents, being paved with asphalt
‘on’ sandy ground. ,

e, 2.3 Hidth of the Existing Road 5

the lecation of the width measUrements of the existing roads and the cross
sections were shown in Fig. 2,2.3 and Fig. 2.2.4 respectively. The
existing road widths fn the study area are described below,

{a) HNa Klua Area

1) - The right oE way of the access road Erom Sukhuavit Highway to the
Na Klua market aréa is. 13m to 16m while the paved roadway is 5m to 12m,
. and from this area to Pattaya beach it is’ 20m for the right of way amd
- 1,50 for the: paved roadway.

2) The width of the stteet linking the Na Klua market aréa to a new
market place is less than 3m at the cdrner of Na Klua market.

;3) The uidth of thc paved roadway of anothet access road linking the
Na Klua mﬂrket atea o Pattaya beach is 1ess than Sm.

(b) Pattaxa Afea

1) - A typical cross sectioa of the beach road was shown ia Fig. 2.2.4-2,
The pedestrian way is on the beach side’ 1o the northern part of the mafn
beach and’ 18> shifted to the inland side to create parking space from the
southern part OE the beach to the downtouh area. )



2)  The road fa downtown Pattayé is so :nai‘tl‘bw that"_‘a q:n;e"\'-'ayf' 'systé*’t&'h‘ae '
been applied. ' : o ‘ ‘ co :
3) The width of the paved roadway of the back road from Orchidmdge

to the central intersection fs 1Zm, while the southern part which has
been videned up to 5m is still marrow. .

4) The width of the ¢central access as well as ‘the southern access fronm
Sukhupvit Highway ave 6m {n pavement and 20m in right of way,

Existing Road at Pattaya (near pofnt 11 on Fig. 2.2. 3)
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Fig. 2.2.3 1The Location of Width s
: . Measurement of the Existing /-1
Road E iR i<
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2 2.4 Fxlsting Traffic Volupe

The study of the existing and future traffic volumes was carried out
for the planning of the road and street system.

Date, R . Froa January 13, 1978 (Friday) to Janvary
' o 17, 1978 (Tuesday) for:5 days
Duration of ‘sampling: 08:00 AM to 08100 P¥ ... 12 hours:
: R A A However, at sawpling station No. 10, the
- sampling was ‘carried. out for 24 hours on
January 14 (Saturday)

Sa&bi{ﬁg ?fétibh; ; _”he location is shown in Pig. 2. i 5.

Sampling kethod: By ‘vehiele and direction,
o . The ‘types of vehicles Here ¢lassified tato
these five categorfes as follow'

_ 1) Baht Buses (Taxis}
- 2) Private Cars
3) Large Trucks .
4) Srall Trucks
S) Scheduled Chartered Buses

‘Sappling results: = The total traffic voluke by type of vehicle
Lo S : on the iaflow traffic at interseétions is
shown in Fig: 2.2.6. The total traffic
voluze by type of vehicle by directions at
~ intersectfons is shown in Fig. 2.2.7. The

detailed sampling results by type of vehicles
are given ia Appendix USurvey ‘on Traffic
Yolume"

o Characteristics of the existing traffic pattern.

fJudging from the sampling reSults, the characteristica of the existing
traffic pattern are as follows' :

l) The peak traffic vOlume was cOncentrated on Saturday and: Sunday;
this was caused by the concentration of tourists on weekends.

2}  *Baht buses (taxis) are superior to other ceans of transportation.
The baht bus 1s mainly uséd as a means of transportatiOn for short range
travelliag in the area, -

* The baht bUS means a renodelled small truck aith
passenger seats.

3) There is a slight difference between the daytime and nighttice
tra[fic volumes. :
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Fig. 2.2.7 Traff{c Volume of Intersection by Directions (Jamuary lach)
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2,2.5 Survey of Existing Noise Conditions in Study'Area

For designing the road and street systcm, it is necessary to study the
effect of noise on the environment; so the noise svrvey was carried out
as follows:

Date: January 21, 1978 (Saturday) and January 22
- . (Sunday)
Duratfon of sampling: 24 hours :
Sampling statfons: ~ As shown in Fig. 2.2.8
' Saébiiﬁg method: The measuring fnstyuzeats Here Bruel &

Kjaer precision sound level metérs' (Typ¢—2203),

" microphones for nolse peasuring; and
‘Yecorders which meet the International
Blectrotechnical Coonission s recommendation
lEC 179.

Sampling results.

HThe Sampling was carried Out for 24 hours at the post c0ngested
place in dountcgn Pattaya. “The sampling results were shown in =
‘Fig. 2.2.9, Fig. 2.2.10, and Table 2. 2.1. The valuves of the basie’
“npoise levels of Swiss. and English standards are glven. fn Table =~
2.2.2 and Table 2.2.3. ‘The results of the nolse measutements made
downtown {if regarded as a commercial district) exceed the values .
‘of the basic noise levél of Swiss and English standards. The valué
of 89dB in the daytice from 11:00 to 16:00 in the downtown area’
(if regarded as a main road) is less than the basic solse level’ of
Swiss and English standards. 'However, the noise level of 9348 at.
20:00, 9148 at 22:00, and 903B at 24: 100 in, the nighttime of the
downtown station éxceed the value of the basic¢ noise tevel of’ the
Swiss and English standards.

.__._,_____.___._.__...._...._._....—.—_........,_-...._ -.__..—....._..._._........_...__—....._..___.__ ———

The results of noise ceasurement at the Sampling Stations are given
in Table 2.2.4. The value of L10 is 724 at Station 12, and varies
to 8248 at Stations 4 and 6. The value of 190 is between 46dB and
‘ ' 65dB. These values are satisfactory in comparison with the desired
values in the daytire of Swiss and English (U.K.) staadaxds,
Cenerally, it can be sald that there are:not many noise problems
in the Pattaya area (including the Na ¥lua area) excluding the down-
_toun area and the beach voad, as described latec, HO\ever, as a
. peak noise of 9948 is quite undesirable,. 1t is necessary to c0ntr01
- horns and ‘the speed of vehicles.

__...._._.-...‘_-_..,......-.--ﬂ-.—....._,.-_..__.‘._......-——_ APV R, DA SR 4

-The sectional weasurézents of A-1° thtough A- 5 were cattied out at

. three points set in the respective sectiénal direCtions. Table
2.2,5 shows the results of measurecents at 15 points. In Fig.
2,2.11, noise lévels are plotted along the sectional direction.
Assuming that the beach 1is equivalent’ to a "Quiet Residential Zohe
in the basic noise level of Swiss and U.K, standards (Table 2.2.2
and Table 2.2.3), the noise level at all points along the beach
exceed $5dB, more than should be tolerated in the daytice.
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Table 2,2,1 Peak Noise Levels

S Peak Noise Level
- ?i?e | 48 Frequency

11160, 789 25
16:60 89 31.5
120100 - 93 31,5
22300 .91 63
24:00 |90 . 63
08 (}0 “_-85 63

;“'T;bieiﬁ?i;?ﬁ Igleiétéd_oﬁgg§0f.ﬂbi$e ié#eifinidﬂ(}) for'Sﬁitzérlahdl

R Basfc RoiSe ; Fréquent Infrequent
;;120ﬁé _ _Levél'_ "Peaks —-Pe;ks :
S RTINS o0 | bay Night Day iNight - Day | Right .
i ;Hospital o s o3s o oso ) as 55 ss
Quiet: Résidential .55 45 165 | 5S 70| 65
Mixed - 60 |7 45 101 55 75 65
' jCommercial 60 | 50 10| 60 S I5] . 65
-Industilal 63 ] 55 7151 .60 80| 60
‘Mala Réad = L 70 65: 80.| 70 ‘90 80

Table 2.2.3 Tolerated Outdoor Nolse Level in dB(A) for United Kingdon

Basic Noise Frequent Infrequent
g Level Peaks Peaks
Zone _ I o Al
S .:u- _Day | Night | Day [Night Day | Night
Hospital 45135 ] 50| a4s 55¢ S5
Quiet- Residential 551 45 651 55 70| 65
“Mixed = &0 ] 45 7003 55 15 65 '
Commerclal 601 so JO} 60 15| 65
| 1nduseriat 651 55 | 15| so so| 70
| 'Main Road - 10| 65 80 70 30 80

Table 2 2. 4 Noise Level Heasurements at

Statioﬁ“1 to 12 and 14

(Date. Janvary 2L, 1978) -

L o NoiSe, Level, dB{AY | - . - INoise, Level, dB(A)
Station Tiﬂe 110]usofLogHax[uin [Statton | Tiume Fo 4y N o THax] Hin
1 s 50 19| 72} 63| 92| 56 -9 13:33 -1 731 68| 64} 81| s8
2 “[13:42.1-78]:69) ‘63| 86} 58 | o |16:35 1781 11| 651 87| 62
3 1428 | 74]|l6af s8] sol 52 10 111:40 | 73] 69| 65] 92| 63
4 " |14:06 | 82| 69] 58| 89] 53 | 15:4s | 72} 13| 65| 85| 62
5 . |16:33 1 76| 67] 62]: 891 so | 11 |1o:iss 81) 72| 64| 89| s9
6 - 11130 |.'82|-72|-62] 99| 53| - 15:20 '|' 13} 681 64| s8] 61
. |¥5150 129 71 651 89| 61 | - 12 [10:44 | 72] 65l 57| 78] 53
7 111500 761 65| 56} 90| 52 | 15:08 | 74| 641 58| 77| 53
15:28 | 76| 68| 60] 83| 57 14 21:55 | 76] 64| 55| 88| 44
8 110334 | 204 65| 57| 79| 51 15:35 | 74] 61| 46| 85] 42

£5:00 1 20) 651 59| 76] 58 '
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Table 2.2.5 Noise Level }basuremenpg at Stations Al-AS
(Date: January 22, 1978) '

gra. | Measurd Noise, Level, dB({A) Spa- | Heasurd o Noise, lLevel, dB(A)
- - ' - “Tai 1, fing o e : S Pl SOt POwR BN
tfon ;gﬁnt= Time 101050 LQO Hax [Minltton Pb%nt' ~|Lto Lig|Lgo|Hax ﬂfn
A-1-1110:33| 77} 68]57 | 82| 53 “A-6-1[t1:26] 71} 65 62| 82 59
A-1-2 {10337} 68| 64|58 | 74| 53 A-4-2 11:29]-721 68|.65] 80} 61
' A-1-3010:41 f 72| 68163 | 76| 59 A4 | A-4-3 11233 763 22| 63] 821 63
ALl a-1-1fisi30 | 77| es|eL | 95| 58} A% | a-4-1 16:15| 78| 70| 64| 891 62
A-1-2 15:33 | 70| 67|65 | 79| 62 A-4-2 N6:18| 74] 671 651 79} 64
A-1-3 15:36 | 75| 70|67 | 79| 62 A-4-3 16:22| 75| 73} 69] 87} 66
A-2-1 110:50 | 73| 64|56 | 81| 53 A-5-1 ;154; 24| 69| 641 79| 61
A-2-2 10154 | 62 67|56:] 76| 53 A-5-2 11:47] 72)° 68} 641 81| 61
1 A-2-3110:57 | 72| 68|64 | 78] 60 Al | A-5-3 111150} 74171 661-82| 62
A2 1 aa-1lisi02| 76| soler | 84| s8l A5 | A-5-1he:30f 74/ ¢8| 4] 87| 62
AL2-2115:45 ) 70| 6562 | 75| 59 A-5-2 163134} 74| 71| 68} 76| 66
A-2-3115:48 | 78| 14|69 | 83| 67 A-5-3 16138} 75| 72| 68| 78 66
A-3-101:05| 74| 65|64 | 92 59 N
A-3-2111:09 | 66| 62|59 | 74} 57
ay | A-3-3111:121 73] 69168 | 75] 63
A-3-1115:55) 72| 66|62 | 86} 58
A-3-2 15:58 | 70| 68]63 | 79} 61
A-3-316:00] 77| 72|70 | 85} 65

The valies of L10, 150 and L90 are in the range from 62dB to 7848,
62dB ‘to 74dB, and 56dB to 63dB, respectively. The nolse is reduced
at the points located at a half of the distanceé between the pavement
- and the beach. The sounds of waves or the activities of the people
on the beach are of less disconfort than those caused by trucks or
" other traffic. SR

The coconut tree barrier is effective fn absorbing noises, The
measurenénts at both sides of the cotonut tree barrier are given
in Table 2.2.6. According to this Table, the noise is roughly
reduced by 11dB. L

‘The teéults'bf the‘seétioﬁal measurerents éiéﬁg the beach reveal
that the roises are undesirvable in view of the beach activiry,
Especially, the noise dué to traffic, such as trucks, baht buses,

etc., mst be controlled,

“Table 2.2.6 Koise Level Reduction by the Coconut Tree Bareler
- . T e ——

Lind Sidd . 11154 | 72 69 1 66§ 17 | 64 |
Sea Side 11:56 | 64 58 155 | 61 | .53 ?
Reduction L 8| n ] 10 i
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Fig. 2 211 CrOSs Section of Noise Level at Stations Al to AS

' 2:2i6° Traffic Control and Pedestrian Safety Facilitles'
' The exlsting conditions of the facilities in the Pattaya’ and Na Klua

areas’ are as follows.‘_,;
= The illu&ination fr0m street—lighting and its arrangenent are
- not satisfactory. fo
- Theve are many’ toads and strcets without lane markings.
- There are found to be not many effective 3ignals in the roads
- and streets. -
2.2.7 The Existing Conditions of Hotel Restaurant and Downtown Aveas.

The existlng conditions surr0unding the downtoun area, including hotels,

_ restaurants and the like, are. given below. 

~ The’ noisc caused by vehlcles tunning on the beach road and their
spéed has oa unpleasant effect on tourists, Especially, vhen a

hotel ‘guést walks across lhe toad’ and’ rclaxes at the beach, this
cf[ect 1s temarkable. ; .

- Exhaust gas and vlbratiOn fr0m the vehicles cause no troubles.

- ln ‘the rainy scason, the southcfn and central access roads run-

aiag from the" Sukbumvit Highway to Pattaya beach are sometimes
flooded. .~ = .- . _

- thy of the hotels having T entrance road froh the back road
desive’ the’ beach road to be’ imoroved, or ‘the vehicle tvaffic on it
to be regnlatcd in the interest of the userg of the beach '

- Every hotel has adequate parking space at the rate of one for
three xoons on average.r

'v The roads and tho beach | are ot satisfactorlly cleancd.
2-17



23 Planning of Road Network
2.3.1 outline
Thg voad network and road cross sections PTOPOSOd 1“ the mster plan are

as. shown in Fig. 2.3.1 and 2.3.2. The 6bsitionlng of the roads in thc .
road 5etaork is described below.

_(1) The basic road network iS¢composed of the existing roads. Oné
artérial tourism access road from the Sukhumyit Righway 1o’ the hOtel
area has been added.: -

(2) The road network is classified 1ito Road Group (T) for tourism
and Road Croup {R) for residents; thereby, it 1s: pr0posed that there
will be a system which can separate the craffic of Road Group (T}
fron that 'of Road Group (R)

(3) In order to achieve' ‘the purpose mentioned in (2), it 1s neéessary-ﬁ
to change the existing tourism and residential access road from the
Na Kula area to Pattaya Beach into a road solely at the setvice bf
the Yesidents. For this, a néw tourism access road conaecting the
Sukhunvit Highway and the rain hotel area should" be constfucted‘

(4) The arterial tourism road proposed will be of a 100p shape

" from the. Sukhumvit Highway so that it is easy to approach from the
Highway for the tourists and at the same time, should. prevent tOurlsm
traffic froa entering the residential access road. '

(5) The beach road (T-3) which is a service road for tourism activity
will bé prevented fron the inflow of automobile traffic with gradual
steps, and will finally becore an exclusive pedestrian pxomenade '
with bicycles and new slow roving conveyances. o

(6) In the. case of the service road for residents, the" classifica—
tion standard from R—i to R~3 should be defined in order to: prevent ‘
entrance of unnecessaty through traffic into the residential aréa,

Existing Beach Road (T-3) and Hbin Residential Road to Sukhunvlt nghway
2-18
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2.3.2 Traffic Analyeis

{(a) Existing Traffiec COuditions

The results of traffic sampling carrié¢d out at major junctions for 5 days
~ from January 13,1978 (Friday) to 17 (Tuesday) are as shown in Fig. 2.2, 6,

As a result!of this traffic analysls, the traffic characteristi¢s of
Pattaya are itemized below.

N¢)) Neekly'vafiation :
The. peak “tratfie. volupe was fdeitified on Saturday. and Sunda?-

This 1s probably because the trafffc volume 1s in response to ‘the
tourism tra€fi¢ pattern of Pattaya, Co

(2) Traffic voluue by types of Vehicles

In the case of -the Sukhumyit nghway, passenger. cars and trucks
account for a large percentage of the traffic volume, and in the
case of the main roads fn'the study area,‘the baht bus traffi¢ is
overwhelmingly large in volume (the baht bus is a local bus which
has been rémodelled dut' of a ‘small truck). The baht bus is an
impﬁrtant fora of short distance téansportation.

(3) Ratio of daytime to nighttine traffic volume

The differential ratio of daytice to nighttime traffie volume is
as high as 1.62 on average; especially, the tatio for baht buses
is high.

(b) Fbreeasting Hethod- of Traffic Volume

The fotecastlng of . future origins and destinations of the traffic in
terms of voluzme and distribution of traffie volume 1s made on a flou
chart in Fig. 2 3 3.

. (¢)  Estimation of the Drigins and Destinations of the Traffic in
Terns of Yolure

(1) Zoning

The study area 13 sub divided 1nto 21 zones “as shown in Fig. 2,3.4

taklng into consideration the present landuse, road network and the
master plan.

'(2) Setting the iactors of the origin and destination vaft

The origin and destination unit can be found by. dividing zhe exist-‘
ing origin and destination traffie voluﬂe by zones,by the existing
“ value of the explanatory variable. ' '
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Fig. 2.3.4 7one Bivisfon

\ Note: 1. a~ j indicates.
o the intersectfons.

' ‘ S . 2. Figures 1in _di-:ott"éd
\ E ‘Hies indicate
-+ - the zones, '
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Gy o 3. A~ E tndicate
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The oxplanatory variable used consists of the follohing combination
. of population, number of employees, . and nUmber of tourlsts by type
. of vehiclc. _ o L

o instlng Origin~destinatlon
Origln and ., _txaffic volume by zones
destination unit Existing value of explanatory
var lab le by zones

:F;":éibfdQZhicie N N Explanatory variable

: p o,

; Baht-buses - 'Population of residents + nucber
: IR : of workers + number of staylng

: _?agsenge;_;arsu 'visitors + tourism demand A;J
: ‘VTtﬁéké-‘;‘ . ‘Population of residents ¥

nuober of workers

"a. Resident ﬁoPulatiOn by zone

_The populatiOn in a4 zone was Calculated by multiplying the total
' }population with the. prOpOrtion of the zoned area to the total area,
' ,forecasted in the master plan. '

b huuber of workers by zones

fThe nuEber. of forecasted workets in the master plan was applfed by
:dividing the workers:in the proportions of the population in each
zone. Thé workers related to tourd{sm are divided into those
;related t6 hotels and others according to the master plan. The
former are divided in propor¢ion to the ratio of the number of
~ hotel rooms by Zones, and the latter are divided in proportion to
. the vatio of tourism demand distribution of (d« Tourisn dewand)
by zones. .

. (Ratio of pppﬂlétion of

melo?ees telated . vesident by zones)
?té local business' ' : :

v

'Rﬁ;lo;ééé‘
- (R?téo of nuober
LB lo ¢og S T of hotel roons
: regat:d to —f—TPPSQ re}gted. by ZO“ES) >
: to hotels

tourism

'(Tbﬁfish ﬂéménd'
distributien)

Zone division )

W

f4ff Othérs

C.. highL staying tourists

“The-auebét of night stéying tourists by zones used in the number
of visitors staying at hotels and bungalows is obtained by dividing
in proportion to the vatié of the nuaber of hotel rooms by zones.
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~d, . Tourisn demand |

C'In the dase of the " futute value,of the toufism activities demand :
by zones, the number of tourists forecasted tourism facilities in
the master plan {s used, and the numbérs aYe totalled by zones,
The existiag value is ¢ounted back by use of the future value and

‘the estimated geowth rate. ~All of the above explanatory variables
are shown fn Table: 2 3. 1 ' :

Fable 2.3.1 Explanatory Variables by Zones

unit' 100 persons
1976 1986 1996
: Baht bus” {7 Baht-bus | Baht<dbus | :
| Passéa~ | Aruck | Passear | Fruek Passen- | Truck
Zone NoN| ger cars - | ger ‘cars o ger cars |
1 101 68 | 1s3 ) a9 161 83
2 12 | 49 112 62 104 - 54
3 9 9 28 15 - ©29 14 -
& -28;'- 28 91 | or-.| 14 | 141
2 9 9} - 10 10 71 9 .9
. 1&7_ 2 1%y 67} 00 -] 80
Y A 27 s - 32 15 T 33 16
8 14 14 c1s ) oast ) - aes 118
9 41 38 127 ] 123 .} 143 139
10 S S R R T T 51 51 82 82
1 RV a1 s T 50 80 80
12 - 42 42 3 45 | 45 44 -} R4
13 S0 a7 o )os23 | s | 23 17
14 33 3% - 360 | 36 34 34
15 48 | 4 67- { 'ss |36 | se
C 16 S a2 | 22 2 21
7 0] -t ] sl e 9| 3 ] '8
18 r 5 5. 5 s 125 1S
oy b (Outside the area) S T
200 67 Y 74 74 72 12
21 [ (Outside’ the area) o R R :
roral [ 73 | 595 | 1,109 gs2 | 1,me |1, 203

,(3) Estimation of the existing origin—destination tra[fic voluze

The origin destination unit is found by use of the total of the .
éxisting origin-destination traffic volume and the total of
the explapatory variables of Zones 6, 7 and 8 of the above 21
zones.‘ The unit thus obtéined is applied to the other ZOneS.

In
8,
Js

order to ohtain ‘the’ existing ttaffic voluze of Zones 6 1 and
the 21 zones are divided into four major zones or A, C, E and
then, the traffic volunes betueen A, ¢, E and J are found.
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~’Hajor\ggge ~ 71 Zones
A 20 and 21
c .~ "1'te 5,'and 9 to 15
E oo 16 to 19
9 e, and's

The work pracess {s explained in’order as folléws: -

a4 .0f ‘the’ traffic sanpiing Fesults, the incoming and outgbing _
t;aificbyglppgs.agi;hgfgntﬁpsépti9nswbx”typg'b{»yéhiclg is converted
fntd a 24-hour traffic volune using the ratfc of daytime to nighttire.
Thé'InhdﬁiﬁgjéﬁdHOu;golng fraffic volumes at the intersections (A,
E,=?‘éndfafﬁlocéted‘at?thEFféspectivéWcqhtattS'Qf'Zone‘C_and Zones

. A, R and J of the sampling {ntérsections are a total of the origin—

- destination trvaffic volumes of the respective zones of A, E and J.
b;:Tﬂé'fatiﬁ'ijtraffﬁcfﬁolﬁmérby directions at the respective
intersections is calculated by the sampling vesults of traffic &
e Set éil_thé‘b6531§1é1§a591ng'roﬁtés'ﬁetwegnlﬁéﬁes A, E and J by
P féféfringitﬁ“tﬁﬁ dléﬁantés. _-f:i_‘=- e o
{fﬂﬁ'Céléﬁ[gtg-ihé fatfb‘éf:airiﬁal'pfobéﬁilties'Betqeéh'éones for
‘each route, . : R S S |

o e E LR Ryttt R

fﬁlé}‘Fﬁrtiéél-pfdbabflify;ﬁet?ééﬁ'zones Lo (%)
' Péil?ERéilé of ‘traffic ybl@éé by directions at the ‘
.. ' intersections included in k route between 1 +a zone (Z)

L= Aor B or J m= Aot E orJ  tfa

e, The traffic k@lﬁ&esibqiweeﬁ Zonés A, C, E and J can be found by
~ use of -the fncoming and outgofng (raffic volumes at intersection
;fA;_B}‘B*and-J'aﬁd ;héfaftival'ptobabilitfés there, :

1. Between Zonés A, E and 3:
ot Pin ¢ Paf
- Qa = atm o5+ qat - s
“Quai ' Traffi¢ voluwe between ¢ and ™ zones .
‘qtmi  The sum of the outgoing traffic volumés in the direction m
. at ¢ intersection (Howevery as for Zone J, assure that
. the sum of the traffic volumes at J and F intersections
- s that of £ interscctfon.) . -

L=AorEordJd m=Aor B 6r'J3' o |
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2 Betweén ?ones A, E and J, and Zone C:
Qte = qt' ~ Zle -
ch: ETraffic volume between L and c ZOnes

qt: “The sui of the incoming: and outgoing traffic volumes at
% intersection. . (However, as for Zone J, assume that the
“sum of the traffic volimes at J and P Anterséctions s
that of 2 intersection )

A or F or J . = A of F or J _; _ £'¥ o f

f;The traffic volumes by types “of vehicles betweEn major zones obtained
in the above process are shown below.

Fig. 2.3.5 Traffic Volumes by Types of Vehicles :
" betheen Hajor Zones (VehiCIelday)

(Paéseﬁgeﬁ-Café);: S firuéﬁ)

(Baht-bus)

v O

£, The traffic volumes obtained as above are those betbeen major

. zones, excluding the -intra-zone | traffic ia major zones, ‘Hence, :
paying attention to Zone J, divxde the traffic volupe between J |
-and C in proportion to the ratio of. the explanatbry variable ‘of -
the origin—destination upit, and. assume that the result ‘thas
obtained is the intra-zore traffte volumé fn Zone'J; “The volume .
obtafned by adding this Intra- “20né " traffic volume to’ J-Zone
origin-destxnation traffic voluge bétweén” rajor zones obtafned
according to (a) is'a true J ~Zone orlgin—destinétion uhlt.

'(4) Origin—destination unit'

Find “the- origin~destination bnit by divlding the existing origin-
.destination traffic volune 6f '3 Zona (ZOnes 6, 7 and 8) obtained
as above by the explanatory variable.,

" a. Passenger cars and buses .
: J-Zone origin destination traffic volume (trip end)

101

4, 590 2 x 3,200 x 393

6,230 trips
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| d?iéih;désiihéfion*éﬁiti{trlp‘ehd)

6,230 (trips)/lSB (100 pérsOns) 33.14-(cfsp31100 persons)

b 3 TIUCkS
. J-ZOne origin~destinatibn traffié volume (trip end)

: 101
1 130 + 2 X ?00 b - 393 1 490 trips

'Origin~destination untt! (triﬁ end)

-1, 490/101 114, ?) (tripsllOO persons)

¢, Baht buses (Ho intra ~Zone traffic is taken into consideration
1h view of ‘the baht-bus running chéracteristics.)

‘J-Zone origin~destination traffic volume (trip end)

10 540 trips

i:-Origin—destination Unit (trip end)

(@)

110, 540/133 55 06

.(5) Origin destination traffic volume .

The. traffic volure by zonns is calculated by multiplying the origin—

) destination unit by the explanatory variable by zones: it is shown

in Table 2] 3.2, In the ¢age 6f Zones 19 and 21 without the explan-

‘atory Variable, the origin destinatidn traffic volune is calculated

- by deducting the known small-zone origin-destination traffic volume

" fron the total origin—destination traffic volume of Zone E and Zone
Ay In the case of the’ buses and bahtubuses, their running character-
- istics are taken into aécount so that in sope zones, the origin-

destination ‘traffi¢’ volumes are a little COrrected

dEstination of Distrlbuted Voluie

: ?(1) Setting of OD pattern "_ o
dhe oD pattern ig set by use of the ipcoming probability between -

'“‘zores ‘as previously ‘mentioned. . The: in¢oming probability between
-, 20nés previously described is calculated between the major: zones

of A,'E and 3, ‘bat here the sape calculatioh is wade 'betweén minor

".;zanes; the results of uhich are madé into the_ODipattérn'as given

in Table 2. 3 3 (1) to Table 2.3, 3 (3.

:1(2) Future distributed tra{fic volupe =

:The future oD diagram was. prepared by use of the OD pattern referred_

-to in’the pteceding paragraph on the basis of the: future origin--
':?destlnation ttaffic’ volume ‘and by making the convergence ¢alculation
';according to the Fratar rethod, Table 2,3, 4 (1) to Table 2.3.4 (9)

'L_show the present ‘and lhe Euture OD diagrams by types of vehicles,
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Table 2.3,2 'Trip Generation uodél (Telp = Ends by Zone)

s e - R
zove No| e mus ook pos [tecr | voran | PR Trauh e wcsek | touat | SRS Bas | Tk |- Totad
T35 |k | e S e || 5.9% |7 9,620 [T
? 3,3 | 400 | o L foee o 310 | 6210 |39
BE T B - 500 | 130 93 | 1,50 | 220 950 | 160 ] 21
4 2,169 §,9 | ,ﬁf) 3,020 5,150 | 1,340 6,620 [ 6,820 "2.9#9
s | T | e | a Ve | | U | s sl
6 ¢,870 | 2,230 |1,060 5,270 | ‘8,991 | s30 6,630 11,200 ] 3,180
7 80 | 1,0 | 220 1060 ) 1,080 | 220 S0 fridese } o ase
8 o, | 780 | 200 s b om0 | 220 9,880 | 2,450 i 1o
9 930 | 650 ] seb 6,09 | 1480 e ERIMS _t,no_ 2,650
-l o sie | 2,260 | kie e |00 | s 2 000f 3,599 | 1,210
no| e | 3,000 {120 ,uo".l 5,800 ] 3,540 3870 | 7,690 1,959
1 839 60 | &0 90 | no | 0 w0 | o} ¢k
13 &0 | 25 760 a10 | 210 o | a0 | aso
1 ne | 20 1,85 s70 | 220 | 3,50 A we a0 fasw
15 1,800 ] 9} 20 2,053 1,63 i 2,400 1,850 | 310
15 810 esa | 200 700 50 | a0 o | owe e
17 284 »3 16 29 e | o el :; 499 13
13 160 0 | . 169 w | R "l.sqo 1,85
19 .f e | e (s SEA T30 FRR- N B3 chase [0 0 |40
2 f e 7,80 | g 21,906 | 2,080 | 1,000 S |20 | 1,60
n e ] elaese) s,a00 | colasmi o pwase| o ofsaee) o
Ctetel | 29,380 | 36,300 hi,903) 17,983 sr.es0 | 51,292 [19,860 Mg, 12| 1,820 |60 [30,120] 164,650

* Table 2:3.3 (1)

¥ Pattérn (Passenger Car & Bus, 19?6)

Table of Arrival Probability

'S . . . . CL ;::753433701..4 .
| {2 s s e 4 akeinl s aelm w ww a5 Jie v 19 feua l:o'u
1 J5A 1 el neoashiialb 330 1 69 3 2.4 27 da |z 0 o6 3. 7 (e 127
alzaa N 150 5.0 0815 as 233200 2.6 1.0 3.0 2.9 5.0 1.6 ERA FE A R AN % IR PR RT R
EI LN RN TN NS 1 TN RS ‘1.; 5.0l 9.2 1.3 6.7 38 13703 5.6 |04 00 e o_q' s 6.2 13,y
0.8 553 10T TN 170295 5.6 2.8 00 10 07 03 0.2 703 05 2,405 02 o0 1 20014 52
5(16.2 1¢.8. 3.0 8.9 ™NJ1e.3 2.6 Lafis2l 3.2 1.3 65 0.5 2.2 1.3 67|08 0.3 0.2 1] 3.4 |e.0 330
sfizs B9 1.2 7.0 % 3.3 2.6 1z L5 23 02 1007l 10 o safes]es e
thes 8 12 20 1izhs. z' N5 12ond o5 23 02 1e 37 lad e e sl ol i
gz, 8.9 1.2 7.7 12| 8. $ % S 1.2 ba 3.5 23 o '|'.ff v.2 2.8 10 e 53] o lesiee
9]8.6 6203 s’s o8 u.s'-"'z.;' 1216, N 2.1 1.7 4.3 0.5 2.0 7 (42 0 04 sal " lelsn
40190503 e 13 e ialiey 3 wsfaee 9.4 N1 o2 0 o s |e2 6 o baf os]az ]
A nibie’ s 1ot Gl 3 1 $.7 2.2 3.0 B3 2.2 59|20 b5 0698] - |5
166767 06 ¥ befos s 0af |0 rs e N 50y 26 ]as 5y 'Q.;_'-:s't R IREIN)
S0psatsalor s2iehnd 2 daf o est 2 s N e 1.6 08 o vs| Jrs e
MPa2 6k 0y sFioo[sias R2ba a8 o a2 N ns|ea] IR N IRY PR RN
Cisfizie 9.2 i sle aafis e uafae 2.5 00 29 1 8 a0t 13 0 s sz |2 5|
ie] 7.275.0 0.7 03 0ahs B R OIS 1 6 3.5 21001055 EN N MDA
il e so e s erina ae v P a cne es s 22 a6l 6.0 12.9
18] 2.2 s.0 01 s a0 2.6 13 PN 0y B30 2.3 1t 168 6.0 17,9
4e] 7.2 5.0 6.2 4.5 0.2]13.4 2.4 h) P 3L 12 65 3.0°2.2 130165 L‘L".!
20] 30 6.4 0.3 5.6 03|13 FX vy 2{t6y 2,9 1.7 65 9.7 5.5 6854 6% 1.6 1.8 T3 T 3
TR]9.0 6.4 009 56 as|u 2y n3lisy 2.9 1 60 9r 5:5 8.8 34168 2.6 1.615.8] |
| - 159 | ol
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Table 2.3.3 (2)

0D Pattern (_'l:rfck, 1976)

_Table of Arrival Probability

T LU=Z

r : : . : :: S3r2 ia volyre
N A I 21 n 2 w43 T 1 T3 19 Jersl 20 nm
C I[N 0.6 2.0 ol 29 2373 10 1.2 2.1 6824 0.5 0.6 109|156 |4 357
2|13 14026 Valirg 2p z.; 1ol 2.4 o 65k 22unt 2] 25 10 0.7 440 186 |40 1.1
23l e N0 14 126 2.8 2. 3.2 25 82723 09 5.4 s|aaen e st | ne|se s
B Y DR IR R A7 IR S i 7ore s 22 01 o4 1l 05 o aslus 14109
RS ERES N LJ,Lx.th JLL_J.:J.:L_&.LQ‘LL_M £ 04 0.4 a.9]ins |00
sS40 60 19 8.2 45208 01 0 35 42003 05 0 75| 7 e 21s
788 64 15 60 15 JpE2 45388 0 8 36 4dfia o o s [e7a1e
L PR R ) ~J2z 83208 010 38 4]0 05 08 5] Js.zans
1ggjAﬂ"__HAH“FTﬁvﬁ_hﬁ___”ﬁ“ . 0.0 0 3% 4.2) . -
9§0.5765 0.2 0.7 0.2| 18 o8 03] 2.5 68218 1.3 o 26 08[00 o 0 98] 0.9 }s.s 59
139 3.9 16 5.0 vl 1. 20 TR TR 2.2 0.2 6.3 29 23000 o o o] 0.7l 120
i Lo na ealsie 1z 1] g0 29N 02 1s bis 19)es 1.0 0 1ns | 189 o0 320
“12]o.s o5 0.2 70l 0216 6.4 03] 23] 63 ‘5.9 182 1 0.5 osfae e 0.5 1.5 13.6 §2.7 812
n]er s o0 oles ot saf o] rs sl 19.0 8.3 0.2 0.2] 0.6 0.2 0.2° 33| 6.3 }2.6 6.8
WIS 6.6 0.9 06l 50 1 o] 2] 0 el o o™ asfia a2 3 sra 2.7 jo.6 2.9
352,90 2913 3.8 1.oll0.2 2 balses] s 19 55 2. 03 as.a 3.6 3.8 1.020.3126.3§3.611.3
16 |1.8 1.3 0.6 2.0 08853 1.1 1o] 7oAl 1 3z B0.87 6.6 0.5 35,6 LS N3 2.0 % 5.922.%
203 15067 2,0 o) 53 a sl 3.210.4 4.5 05354 1.5] a0 CE ] 6.9 22.%
313 1.3 06 220" 0.6 5.3 1 o) 1] 2. 3.210.6 4.6 03 3.4 23] 75 6.1, 6.9 22.%
bod13 18566 2.9 0s]5 0w 10} 14] 20 32104 66 0.5 358 vs] x = 5.9 22.4
rotar 1.4 1.5 0.8 2.0 o6 L p vl rs 32104 s 0 v ; 6.9 224
OV 1. 07 20 0] 87 T2 1] 30N §3 5 35 17 6% 662 1.6 .220.8 (P8 Y
P 1.671.6 0,7 SRl s 2 Li| s.oln.s ss 285 2.5 1.2 o 1.6]6.2 1.8 22338308 «
hotat $0.67 1.6 0.7 2.4 0.7] 5.0010.3  B.8I35 2.5 4.2 04 1.6 : .
‘Table 2.3.3 (3)  0op Pattern (Baht-bus,- 1976) Table of Arrival Probability
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Table 2:3.4 (1) 0-D Diagram (Passenger car & bus, 1976) '
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Table 2.3.4 (3) 0-b Diapram (Bshi-bus, 1976)
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‘Table 2.3.4 (5) 0-D Diagram (Truck, 1986)
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‘Table 2.3.4 (9) 0.D Dlagcanm (Taxi, 1996) .
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(e) Traffic Assmgnmcnt

(l) Assigncd nctwork

. ;;Thc design road network and the number of lanes to which the traffic
'-{,volumc is assigned are shown in Fig. 2.3.6, and the fatersection
u_design and’ the conditions of linking. given in Table 2.3,5,

i7(2) Conditlons of assignment

fThe traffic assignment is a $- time assignnenc by dividing the oD
diagran 1nto 5 equal parts., In the assignment, the shortest time
course s selected by use of the following Q-V forcula,

QY I V F0rmula
Visax
. . .=
1
: ]
o -
Vmiﬁ—~-—4-i
' i
‘I—
oy g M
;ﬁdi % 0 6Q0
L% = Lse

len =: Evmax‘
e Q Traffit VOlume ‘
 ﬂfd0§ BeSiBHEJ traffic capacity '

Ve Design speed S

g4v‘c¢hditioﬁs
B H5;e §i_f§a§1 T Qg T Veax, | Voin.
Sukhuavic LW, | 38,000 vehiCLé/day-: 50 kmlﬁr 17 ¥a/hr
T=1 1 38 000 ' _ ‘ 150 17 T
Y = U 3 660 — %5 I R—

‘1(3) ReSults of assignrent

The results of “the assignpent of the future traffic \olume are

.- shown in Fig., 2.3.7 (1), Fig. 2.3.7 (2). Fox vreference, the results
of the assignrent of the future: trafflc volume to the existing road
_network are shown in Fig. 2.3.8 (1), Fig. 2,3.8 (2). In these
‘figures, the degrce of congestion obtaincd ftoa ‘the following
fornula s showa In the parenthesis.
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Traffic volumel,f{.
Designed trafiic ¢apacity

Degree of congéstion =

By the above calculation, in’ 1986, the degtee of congestlon On the
road connecting Pattaya to Na Klua will exceed 1 (over~ ¢0ngestion)
and one réute of the road between Sukhumvit Highway and ‘thé back’
road, In 1996, In the case Of the assignment to the present road
network, many roads such as Sukhumvit Highway, the beach road;.

et¢, in addition to the above roads are over“capacity.

~ Existing Conmiécting Road, Pattaya to Na Klua
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Plg. 2.3.6 Assigned Road Network
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2, 3 3 Bxamination of and Heasures against Difficult Problems

In view of the future assigned traffic volume, the follouing points ave
taken into consideration. : :

._(1) The trafflc volume of the back road ulll exceed 20 000 vehicles'
a day in the future, but as four lanes have: been secured, the
present éapacity of the road will fully be able” to meet’ the above

traffic volume. . Theréfore, it is possible to “transfer the traffic
voluize from the beach road to the batk road, and’ there Wil be no
difficult problems concerning traffic control on the beach’ road 38

g regatds tlaffic volume, : > .

.(2) The road ccnnecting Pattaya to Na Klua is over capacity as a- _
‘result of using 1t as one¢ of the aicess roads to Pattaya. . Id order
"to solve this problem, it is necessary to conduct” the traffic from
this road to the proposed main access road: which directly connects
- with the back road. A conérete teasure for .this would be to réemove
the guide sign to Pattaya instailed on the Sukhumivit Highway
at presént, and-insté¢ad to install a guide sign to Pattaya in the .
neighborhood of the entrance of the new road, Further, 1t s
advisable to prohibit the running of large-sized vehicles such as
large trucks, buses, ete¢. on the road directly coanecting Pattaya
with Na Klua. -

' (3) As it can be seén. E¥onm - the co-parisun between Fig.;? 3, 7 and
Fig. 2.3.8, the traffic volume of the proposed matn access road
to the back road is expedted to be reduced. by 4,000 cars/day in
1986 to 8,000 to 9,000 cars/day, so that the over—capaclty of the
road conrecting Pattaya to Na Klua will be reduced, ACcordineg,
-in order to maintain the tesidential environment of thée Na Klua

area, it is recommended that this new road be constructed as soon
as possible,

' Exiét{ﬁg Road at Na Kluva
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24 Road Dastgn
2 4, 1 Outline

This seetion describes the - technical explanation of the road network
plan proposed in Section 2.3 for each road referring to 1[2000

- topographic maps; and ‘a summary of the réad desigh on the basis of

cost estimation with econémic and financfal considerations,

The roads heretn referred mean the arterial tourfsi rosd as shown

fo Pig, 2.4. 1, and include Tourism roads (T-l and T-2) mainly for
_tourism access fron the Sukhumvit Highway, the park’ street (T-4 the
_pedestifan and bleycle road) therefore, the tourism access road (T-5)
“having the function of a tourism road, but low {n road standards, and
the main residentfal road (R-1) and the Collector strect (R-2) are

nilnly. provided for 1ink1ng the various sections of the residential
area. ;

The road netuork T Pattaya is arranged by effectively utilizing the
existing roads so as to economize on construiction costs.. In the Pro-~
‘posed design outline, such utilization is fully taken 1nto considera-
tion, on the basis of. ‘which an examinatioén of the geometric design and
road: structure has been performed so that many troubles océurring on

. the existing roads can be eliminated and safe and smooth driving condi-
" tions will be provided as well as meeting tvaffic deirand.

2'4'27 DeSlgn Cfiiefia
~ dhe geometric design of this plan is based on AASHO standards, and made

‘also with referénce to the "The Standards of Highway Structure of The
'Japan Highway Association" as the occasion demands.

(a) Design Speed

As stated pteviously, the designed rOad network of the study area is
c0mposed of one' for tourism (T-1, T-2 and T-5) ‘another one for service
to the residents (R-1, R-2 and R—?') :

Tabie 2.4.1 Desiga Speed

Area Roéd'&iéléiOn Design Speed
| Arterial Tourfsm Road T-1 | 80 kafh
Touxrism | Tourism Road . L T=2 - 80
- ‘ _Tourism Access Street -5 , 40
R Main Residential Road Rl 60 kn/h
Residential - | Collector Street . R-2 450
- Collector Street - R-2' 40

As given in the above Table 2.4, 1, the design speed 6f the respecti\e
roads is set taking tato acéount their charactefistics and functions,
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(r-1)
(T-2)
(¥-3)

(1-4)

(5-5)

(T-6) -

(R—-1)

- ARTERIAL TOURISM ROAD
TOURISM ROAD
'BEACH PROMENADE
PARKSTREET ' .
- TOURISM ACCESS STREET
- TOURISM "ACCESS STREET
 MAIN RESIDENTIAL ROAD.
(R-2) -

LEGEND

COLLECTOR STREET

FIG 2.4.1 PROPOSED ROAD CLASSIFICATION
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fEGEND |
AL TOURISM ROAD
ROAD .
PROMENADE
REET
1 ACCESS STREET
A ACCESS STREET
ESIDENTIAL ROAD
TOR STREET

. e ) .
g =y wd 3 ; i

%

'FIG 2.4.1 PROPOSED ROAD CLASSIFICATION
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(b). Compﬁﬁént‘bf'ﬂross Sectfon in Width and Cross Slope

1) Cross_section fn widthi _(see Fig. 2.4.2)
“The components of the ¢f&ss‘$éptibns in'thé:hidthé of each of the roads
are set as given in Table 2,4.2 for the following reasons,

- since the inflow of large-stzed vehicles th the respective roads
- 18 consfdered to be not great in view of thefr character, the

width of road s deternided as 3.50 m maxitun (T-1), and 3.25 m
or 3.00 m ¢orresponding to the -type of the road. '
~ Por the purpose of‘éxcluding:through—traffic on R-2, the width
of the road ts 3.00 m without a shoulder: this component of the
cross ‘sectional width fs lower than the! standard.
= R-2" {8 the same in terms of road character as R-2, but R-2'
being located in 2 commercial areéa, a lover traffic capacity
{congestion) due to on-street parking, etc. should be taken intg
consideration; therefore, the tonstruction of a shoulder is
included fn the planning 6f the cross sectional width as the
same as R-1. ' o :

Table.2.4.2: Component of Cross Section in Width

RéadzélVisioh; No. of lane Width of lane Width of shduldei
AR A o
T T2 T 325 2,50
s b T2 3.2 2.25
8 R-1 2 3.2 | 2.25
R _R2 |- 2 3,00 o
o R=2Y C D - 2.25
D Gross slope

ASSHO specifies that the cross slope of a street or road shall be 1.5
£0°3.0%. (Surface Type ~ Intermediate) o .
Siace the study avea is a ldcated_in a heavy rafn forest zone, the cross
‘slope of the stréet or road is determined as 2,5% taking into account . .
surface drainage. With regard té the' cross slope. of the shoulder, it is
COnSlderéd‘thét_thete_aréfnbt many cases of on-gshoulder parking on the.
arterfal ‘tourisa road (T-1) and the tourfsm road (T-2) in view of

their road charatteristics, and theve are many cases of on-shoulder

- parking on the main residential road and the main colleétor streets.

- Thetefore, the cross slopés of the respective roads are determined as
- followst - ' o

peTlad T2y s

OR-1 R-2, R-2', eteli o 2.5%

*
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(¢) Crlteria of Alignment _
The criteria of alignmeat in this study are given in Table 2 4 3.

Table 2 4. 3 Design Criteria

: Design Criteria

Ttem ' Unif Uty _ T-3 PRV
' D Tl R-1 | R-2°| Remarks
-2 : R-20 ] :
Tetratn | - | rAT | FAT| FLAT
Design speed - xa/h 80 | 60| 40 |
' HaxjéuQZSUpérélevétiOn X G-Q;‘ 6.0 'fiﬁqﬁ ?
vélﬁé!ﬁf Lo % |  Refer to Fig. 2.4.3 |
_superelevation- : : e
Mininun Radius ] a 260 | 140 - 60
‘Maxfmum gradient : - L4 4.0 | s.0 .7{0
‘Stbbping:sight'distance_ o 110 } 90 70
‘Minfrun radivs for curve I T
ol reguiring transition n | (2,000) (1,000) {500)
curve S _ ] B . .
e el . ' R,y oo | Clothotd
Transitioa curve | n | 3 LA é_R ] curve
Hinteun vertical cuwrve | -\ | pefer to Fig. 2,4.5 Table’2.4,5
length._ . ; : SRR N : :
visow| | l‘” Fan
Superelevation e or” . |1/115 (11100)(11) 2
TuR- 0“ tate o 1/200(11) j I - Lanes

Note: Inside ( ) are the figures followed the standards of Highway
- Structure of the Japan Highway Assocfatfon. :
1}} Haximun sqperelevation and mininum radius of Curvature

In this study,.a faxiaun superlevation Of 61 is ‘used which 1s . the maxi~
pum value of supetelevation 1o urban areas according to AASHO.

This value is determined dué to the chractetistics of the roads 1n
urban areas, “and taking into account the following.

.~ The’ problens on many 1ntersect10ns and stopping of vehicles..
- The problea of the use of roadsides, ete.

Yhen the naxiaua supetelevation is given, the oinfoun radius OE curva-
ture will bé found’ using the followlng formula.
= 12?'(f'+'e)

R
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Where Vi Design speed (kmlh) ,
£: Coéfficient of friction (See Flg. 2 4, 6)
e: HMax. superelevation & _
R:  Min, radius of curvature (m)

* The ‘minimun radiis’ of. curvature and’ the reiation between the raGIUS of
curvature and the supérelevation are shown in each design specd in
Table 2.4.4 and’ Fig. 2.4.3.

Tabie 2.4.4 Hinimum ﬁadiusiof Cutvétdté.;

Design speed -:.‘L!é?iv:.3‘s'upér—l : Cpéffiéiént. R = V2
V(ka/h) | elevation | of frictien 12?(f*e)
e . : :
8o } o006 | o0& - | 25210 L,. | 260
60 006 10 0.150 .} 13500 0 - 140
40 0.06 0.165 56.0 | . 60

‘ R ﬁin‘

- 2) : Vertical curve

The vertical curve‘ls.déterained referring?td:Tabfé 2.4;5 énd_Fig;'Q.ﬁ;S;{

‘Table 2.4.5 o Vertical Cutve:;

T T i - Radius = _ y : T .
Design speed ' : =11 - Absélute:

:  [Crest vertical Sa vertlcal‘ [ B

' _Curve - gcurve | eix. vatue

B0 mph | 40,000 £t | 18,500 ft 260 fr
(129 kofh) (12,200 ) | (5,600 @ | (73w

15 0 | oazs00 ] 16,000 25
e AR IS 250 T R CIT ' R (69}

700 25,500 | 14,500 | 210
(113) 7,800 | @00 b (64

65 12500 1 i3000 o f T ags
(105) ] ce0 o f a0y | sy

e | 1000 | 10,500 | 1s0
(ony G900 | G200 (59)

N 500 - | 7,500 150
( 80) 1 ( 2 600)_‘;:;f2 (2,3000 | - (46)

cwe [ ssee T Tss0 . | 120

S Cew e | e | an
s 2m0 | 3.0 1 e
a9 O 900 T ) (a,100) | @n
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3) Iseeeisieensesxe

In order to be able to drive smoothly on the transition part fron the
straight line: section and the ¢fvdular curve seetion, or from circular
curve sections to different curvatures, gradually changing curvatures
have to be considered.  Por road alignment; 1t is necessacy for _
constderation, ~ Por road alignment, it s neceSSary for the running o(
“yehicles to provide transition curves at such places. IR

The followiag advantages can be obtained by previding a transition curve
to the transition sections.

— When running from’ one alignment 0w another, 1t is" required :
- Eof the curve to make’ the centrifugal acdeleration éontinuOus-
1y’ inerease or decrease. : :

.= The transitibn curve makes 4 transition alignment for super-
elevatton run—oif. . -

~ The' alignnent with a gradually increasing or decreaslng curva-
turé looks smooth so that the driver s visual sense can be
eased.

Clothold curves’ shell be used as transitiOn curves beéause a
Clothoid curve is a curve of locus when a vehicle fs running at
a’ constant angie of acceleration.

{d) Planning of Paveaent

The planning of the pavezent is made for each road division according
to "Thickness Design" by the Asphalt Institute Hanual Series Ro.:1
(Ms-1), 1970 ‘ o

1) . Setting of design conditlons

(1) De31gn load

_ The thlckness of the paVement 13 determined according to the traffic
- volume of large-sized vehicles, but the’ large~sezed vehicles 1a the

- study area are concérred with large trucks and tourist buses, 80.
that the' uPPer 1imit of their design load is deterained as follows'

- Single axle load linie: 10 ton
- Average gross weight ;é : 20 ton

"Por reference, the limit values 0f ‘the large sized vehicles An
foreign countries are as glven in Table 2,4.6, (As of 1970)
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Table 2 6.6 bimit Values of Largc Sized Vehicies in
: Poreign (:ountries (£s

R

l.imfl : B - : | Axte ,}e;‘ih'. ) Veh;-:!e gof.s \\ﬂg,hl (1)
Cvalve o S %Widih 1K : -
s'a ve I Singte car Yot h’:al} l_leizhzl | « N Smgte “, | Teter Remiarie
cie NG Fradde | Fante | Sens !‘El-hm e 1 oy 1P58 andei [ 2-ak0e :Hx_le Secid-l Full-| S
Countdes N} car |7 ¢ar | trailei] Uaile: im_)- (m) "f‘, Tind;m “ear | car { traidey | trailer
tatermationat f. 1 1o ] oo it b b b T E ol L eined in 19
JRosd Jaafficf-50 | m1 | 14:] 18 |25 | 38 8| 145 [ 25| R2s| 32| 36 "
Teeaty i T I . ‘ . .
eec . i g as 1 is las lao Lol 1 1 , . Draft A, Draft B
{lus(lﬂh) i ]-2 1 1,2‘ 85 18 25. 10 ;03 !g . {g ) %é 38 38 O:! uAl'is r;ort than
!955.4)__ o . > N PSft or more.)
wet b by fastlas Jae | lg 15 | ';z 16~38] 38 | Ondy Seer district
Germany o L . Vi : N I 2 R | i 6
B . - ._ . - J - - ; -‘: : . B R
N ETTREE B U8 B B IR K B FRE N M BNl LA IO B 35 | Exception
- — —— e BESLE KN RS :
VK o pas s o as | as fa~uligas lu-idg843] 0
tuly 0 | b s s fao o] s Ja | s hsnl
- A PR ’uf?d; IS S Qﬁ ?,:5. R K s T T Outpot i 5.5FS[t
us A | 122f i3 res] iss|rso | iz s08] ws | 127] 182|203 ) 393 q.E&e“(AAsu!
C R T - 2 Qo | _ ’Theion:tolo-nlge
: E : - . -1 : N My . — . n 14
apan 1] .25 B 2s 135 100720 | 0 o fﬁ of Coupled |
: oo E RS : . : Low of Rozd rafﬁc
(2)H Désigdrtiéffic ﬁéluﬁé'

-~Design1ng of pavement fs made based on the results of traffie
analysls for 1986 which is described in section 2.3, :
The! forecasts of trafftic volume and the inflow rate of large- sized
'truck are estimated fn seetion 2 3.

3

Beating tatio ‘of subgrade soil’

. The bearing capacity of subgrade soil is judged by the value of
CBR, and estimated according to the "Subsoil Investigation for
Pattaya Tourism Develepment. Project Yo. ??", uhich was made in
1976 by the survey team.

Paveuent disregarding lafge sized Vehicles'.

In ¢ase of the collector street (r=2) or the pedestrian and bicycle
_ toad, low cost pavement is used

)

-

- (R-1)

. The tourism road (T-l and’ T*Z) and the main residential road

| The coefficients of relative strength (TA) caiculated for ecach
road division are given in Table 2. 5 7.
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Table 2.4.7 calculaféaffg'

Road aor |oa| s | wmr | oy o) m |
division catslday (3) Bt} carslday cars/day | (%) :e(cm)e;;g
T | 22;500 | o3 | 48 310 | s20 || 20
Sz lia000 ) 4 foso b go | w0 as bo1e

R-1- Jiar500 { s} so | 290 | 480 |10 | 20 ¢
}.wheféd.ADT: fAverage daily traffic volume in the year designed S
- (¢ars/day) | :
- Ay Average inflow rate- ot’ laige- sized ve‘nicles (Z) .
B: iInflow rate of large -sized veh{cles foxr the designed
: . lane ()
NHT: Number of large sized vehicles Eor the year designed
B (HHT = ADT % 100 * oo )y
DIN: - The desiga: traffic ngnber (carslday)
©OTA: ‘Coefficient of relative strength '

(This indicates the required thickness when 311 the

pavémeints are made with hot- laid asphalt mixture
- for the surface ) :

The structare of pavement determined for: each road division frém
‘the calculated required TA 18 as shown in Table 2. 4. 8

Table 2.4.8 Typical Pavemeﬁt secij¢ﬁ‘;

" Road

“bivision Typi¢51”egvgeeﬁt1$éetiae | "Cﬁéek.pf:?g ?_:V
: A 20 < _
T-1 : 20
: 10 + 2.0 20 cn
TA =16
T-2 BER T AE ST
TA=20 5
SR 52755775777 o 10 + 2% = 20 ca
: CRB10 oy more *F W N
Su:rfaEe .
(igh Qualiey)

m Base Otmtse

Subbase 60urse (LOV Quality)
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Bowever, the untreated granular bases used in Table 2.4. 8 must
meet the followlng requlrcments.

ST : . Test-Requirements -
Test | ‘low-Qualicy |- High-Quality

L TA=1/2. U CTA=1/2.7
CBR, -inimum or o 20 o 100
7R-value, mlnimum v - 8% . 8o
'fLiquid limit, maximum ' - .25 o 25
‘Plasticity’ inﬂex, maximum_. S B o NP
. Sand équivalent; minfmum . . | .25 |- g
' Passing Ho. 200 sieve, maximum" R 12 S o 7

(2) Collector street (R—Z) and the pedestrain and bicycle road

LCollector street (R-2) are in a residentfal area, and as a matter.
of coutseé, the through-traffic of large vehicles, should be
excluded;fin order to ensure safety, the DIN given in ¥ig. 2.4.6

. i3 to be light traffic of less than 10 add the section of pavement
is as shown' below.

!"‘-'_I—"h—( r —T T LS A o At LA i

" Colleétor street

T T _ S = -
‘ ) / . i“14\‘.- ;

ENT LAYER, INCRES

[

I
b ks o
MINDMY THEGKNESS OF ASPRALT

_ e _ 2
Surface - i R 4
. - - _ T e FAL)
‘Base Course - R T —
Low- 1ity) : d'__‘;.*, .‘c - $eaaab W :
O - a : FENLY & __ B g ] '] [ YT T |
(Low-Quality i TR 123 LT
. T - POTMANG g PEAMHURG ;. o MELSY IR
i R T [l ‘ L

=i
- vESIGQ TRAFFIC NUMBER

Fig. 2 A6 - thickness of ‘asphalt pavement
layers OVer untreated granular bases

;The pedesttian and hicycle road is to be determined with a maximum

-thickness' of sirface and base coutsé, and the section of pavement
_is as shown below.'tr ' .

© Pedestilan ahd bicycle road

(Low—Quality)
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2.4, 3 Plan and Profile”

Plan and profile dcsigns are to be’ madc for each road dlvis!én with the
arrangement of the road netuork set in seCtlon 2.3, :

Moreover, . the road dralnage design to keep the road in' a good condition ;
- will be also examined in 2,4.3 (b) : : :

‘(a) Design of Alignment

As the aiignment “of ‘a road is foundamental to" its: design and the execu-z
‘tion of work, it is necessary to carefully take into accoéunt and design
the various aspects of road design and work execution.. Concurrently,
the Safety, comfort and efficiency of drivlng gfeatly depends én the
road itself, so that examining of the'’ alignment of the road is’ Véfj'

important. The fundamental items in road alignment design are listed
as ﬁollows. : : :

- Safety and comfort of driving in view of kinematical dyna-lcs or
mechanics. : . : .

~ Being satisfactory in view of the sense of sight or perception.'
- heeping harEOﬁy with the environnent and scenery.

- Econonically being reaSOnable in view of the’ tOpOgraphical con-
'.siderations. : .

The 1nvestlgation of the designed road division is as given in Tables

2.4.9. Regarding the road network, refer to the figures as well. The
outline of the voad divisions is described belov.

(1} Arterial tourism road (T—l)

Arterial tourism road (T—l) is a ﬁajor road connecting the Sukhumvit
Highway to the Pattaya beach area.__.:-

It is divided into: the new access ‘part between the Sukhumvit Highway
and the back road {STAO to STA?I), and the back road (STA?! to

STA49) in the hotel area, For the planning control attenthn was
paid to the following points.;

a. Pr1mary concern with ‘visual cOnditiOns by providing the area as
- a whole with sufffciént alignuent in order to make T-1 into an
arterial road foi tourism.-

b. Consideration of envivenmental. harnony in the accéss toad aréa by

separating it by 100a frOﬂ the Na Klua Residential Area B to the
arterial t0urism road ' :

c. PreparatiOn of a plan uhich sould allow the existlng roads to be
_utilized as nuch as. possible and ensure “that the proposed ex-
_pansion of the back road takes place on the intand” side instead ot .
"on the existihg hotel side to keep adverse effects to the ninfoun,

'For vertical c0ntrol attentiﬁn was paid to the following points.

Ca. It is desirable that f0r the residential area of Na Klua Town B
adjacent to the access road a cut section of road may be used in
view of énvirOnﬁental aspects especlally noise control.
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Table 2.4.9 (l) Total Leng&&

in Bdch Avrea

Tot al Road

Table 2.4,9 (3)

Total Length

of Proposed Road

o ‘I"ﬁstl:s?:':hrea

_ Na.l(:l_u'a £¢8

Kor thera New Town

Ared lgosd Leagth | Koss' "Posd Nate Length © Road Nare| ~ Length Road Wazé | Length '
tartes | 252 | i0) e semal kaw ] ssoa| e ) e,
Mxwa |o1684 a0 o s ] ram ] daw B200)) | 854

Kew Town| - 10,606 | 10 T-5" 1,0 | riGap 813 o) 495 ..
Totat | en | 4 RLits JE.L 2 ) (] 10
_ R st 1 ey ' r-s(nl) 485 - (K3) 693 tc5) | 1,083 ¢
“table 2.4.97(2) . foral Length in | @l T8l el el 7| T eew | a0
ST Road Divisicms o)y - 335 (s} 463 {ced | 183
ooy 2 IS ) T 3 I

PEEREE B ' (- 100 (| anl o seo (e | 460

i ;;ir¥£‘;f : fs.asﬁa o) 193 L) L (€9 | 610
T B ST T T
BT ey 10 T T
E: ,{51:51 ; ; 1,895 ,ggz) 815 L (€y2) :353
¥ T BT B3] 613 | (ayy 323
AT e O IR TS TS
e | | R-2UAY ¢ 749 (Cy3) 168
3 BT R KTY S L)) IR U (C16)] ' 691
Yotal' |7 31,637 ), M :
. S ol

Slnca that area is located on a hill’ with a height of about 40 n
. above sea- levél, where tourists can see an exteasive view of the
”'EPattaya area for the. first time, the' aspects’ of scenery and road

econony should be given high priority.
ﬁ based on’ the tépography there.;

“existing. topography,

- with the storm water drainage $0 as not to flood the road.

"Therefore, the plan was

-As the back road (Arterial Tourism Road T-1) intersects with the
many existing roads, the. planning‘uas done ‘ia accordance with the

“Also the’ €oad was designed fn coordination

The

" 'discharge terminal of the storm water drainage will be linked with

./ the main storm water drainage system.

fifihe connection of the acéess area of the arterial tourism area with
. the back road intersects with R=1. (A) ‘connecting the Na Klua area

“with the Pattaya ateai the eraffic there is heavy..

If alternative A

'g.,Flg.,2 4.7 glven 1a the master plan is vsed, “theve will occur varfous
—Jproblems, s0_that ‘an alternative study has been carried out.

As  a vesult of ‘the following evaluvation, ‘it is determined that
(uhlgh is

. planning according to altérnative B s more approgtiate.

shown fa Pig. 2 4 7 and ‘Table 2, ﬁ 10)
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- (2) Tourien read (1-2)

The tourisa road (T-2) Is one of the arterfal tourism reads, which
1iaks to T-1 from the Sukhumivit Highway and forms a loop system.

It utilizes the present route because the veriical and horizontal
-alignments are ¢onsidered proper with slight modiffcations provided.

The vertfcal alignment has been desigicd consfdering the storm water

‘drainage’ ¢anal near STA.2  and STA,5+40nm as the control points,

(3) Matn residentfal rodd (R-1)

The matn residential toad (R-1) 1s a residentlal road which controls

reglonal traffi¢, 'Since the R-1 road planned in Pattaya will be of

~an arrangeitent ‘utilizing éffectively the existing roads, the road

network bastc¢ally 1s determined accordingly and the implementation
will be carried dut by slight modificatfon of the roads. Particularly
Sinte'tﬁeté'ére ﬂany h¢Qseé'élong"the‘tOédside'of R-1, adverse
effects on the residents in the case of implementation should be

mafntafned at a minimin,

(4 Collector street (r-2)

Céiiéétér.étfééi (ﬁf?)‘is_a'céiiéétQt rOéd.iﬁ_thé.reéidential areaz
mafnly linked with the main residential road (R-1). Since R-2

consists of continuous narrow street éntrances and exits and the

.‘diétaﬁce'bgtﬁéeﬂf;ntereséCtibns‘is sho§f, it is not necessary to

provide vety-kﬁéoiﬁfdtIViﬁg’cbnditiohsfﬂith“éf[icieﬁt alignment ¢o

- provide uninterrupted flow, ~The same thing can be said from the
- sease of excluding through traffic. -Therefore, aligneent of R-2 has
. been deSigqbﬂubéséd_Bn'ecénOmic,chsiderationsrbéing the main ainm.
The verefcal aligamént has been particuvlarly designesd so as to
- prouptly take care of the drainage of storm water in the residential

area.

(5) Tourism access street (1-5)

‘Aithdugh‘tﬁe.iéad:pharéctériStics'differ'ftémzk-2, the functions are
-the‘Sage‘as R-2 and it has beea planned in accordance with R-2.

®)

Dralgagé‘ﬁlan g

Geheréll?;;fﬁgﬁiﬂ?ﬁéééii;:Bftén?féuséd‘dit##tiy and ihdiféCtly by raiuwater.
Drainage_éf'rﬁadsjis'gﬁ iﬁpqttéﬁt_féétor for maintatning reads in good

conditien, - *-
(1) Design eonditions . = o
-fa:‘T&effaiﬁféllfintedéity*is shown 1n Fig. 2.4.9,

::*ﬁ.auéiimgm*fainféilifbf design;{kétufﬁ period in years)

= Surface drainage once for 2 years

"‘ffiﬁﬁjaéénﬁ'3ié?}df5ihéé¢'QﬁCé fOrJSIyearé
o Duvation of vatutatt ©

“-d Surfdce dratnage .. ¢ . 10 minutes |

- - Area adjacent to roads 1In accordarce with “Kéiby's foraula,"
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‘ e o . DURATION
' Fig. i;agéffaaintaix“inzgns1ty'iﬁgcnaauﬂfi_f*
4. ﬁua;aff“1sﬁeéi§?1gtea’s;'tae "kétlbhétf?bfﬁaiél" B

g 3. 6 _ Rbad Surface. C __= 0.9

”whereas, Q': ROT-OFE (nalsec) ' developed Area’ ¢ = 0.5
' ¢ i Run-off coefficlent undeveloPEd }réa ¢ =02

I Rainfall intensity wlthin duratiOn period (-mfhr) ‘
A : Catchment area (Xn2) Con

- e. The' flow velocity is calculated by VHannlng s foraula
‘r‘v=;.;];ﬁ R2131112

L A

whereas, V. i Plow veiocity (mfsec) _
' 6T Hanning s coefficient of roughness
R_; HWetted perimeter (-) '
Cradient N

f. The raxisum allowable discharge volune shall be 801 of the dis~:”
charge capacity. :

() Types of dfainage of road surface and adjacent area to road

a. For' ‘surface. dréinagc, utilize the" L—type side elevated seétion R

;of the shoulder and median, secufe Openings on ‘the’ médiaﬁ and
1-type side elevated seetions at points wheve the’ capacity :
exceeds the discharge and pérfora dralnage by gulding the water o

 to the guttek which has beéa désigaed at the sidewalk end.x.,-_."
The catchzent area of ‘the road is classiffed as below acéofﬂlng
to the general section (up grades Iroa both portal sectiéﬁs) and
superelevation section.. : : )
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- Cross Slope'and Catchment Arca 6f Road
_ 2¥o _ Wi 'IH2 '
I T

: S - 4 SN SENE |
t:“ﬂ—__ﬁ:—-—w Y., = >

Cross Slope and Width of Road

[~ _Road Type | W0 | Wi | W
T-1 415,50 M | 25.00 M | 6,00 M
R-1, R=2"','T-5 | 8.00 ALi25 ] 4.2%
R-2, T-4, T-6 4.50 7.50 1 1.50

:b,.Dféinégeibf rainwater from adjacent areas shall not- be planned
to flow into gutters but shail flow into open channels,

e A pipe of'él,DOO'mmishéll_be'uséd vhen crossing the vead.

The Dia{ﬂagé_éystéﬁ of this aréazwhich;tékes=iﬁto consideration

the-above-mentioned aspects is showa in Fig. 2.4.10,

‘Furthermore, the drafnage capacity of the shoulder section, gutter,

open channel and crossing pipe are shown tn Fig. 2.4.11,

Typical Road Shoulder éf’Existiﬁg Road
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LEGEND
OIRECTION OF DISCHARGE
~ CROSSING PIPE $1,000

. OPEN'DITCH

 EXISTING AND PROPOSED WATER CHANNEL

PROPOSED RESERVOIR

FIG 2.4.10

DRAINAGE SYSTEM ALONG ROAD AND STRE
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FIG 2410 DRAINAGE SYSTEM ALONG ROAD AND STREET
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