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ABSTRACT

The following study of Solid Waste Management Planning had been
purposely designed to increase the efficiency of the regular process in
garbage collection performed in small suburban communities. The town
choosen for this case study was ‘Phatthalung’ a small town in the South of
Thailand. .

The study focused on the complete system of Solid Waste
Management, but primarily in respect of difficulties incurred in the
collecting system, including routing and disposing system.  The use of
computer systems combined with Heuristic Algorithm, Heuristic principle
and Montte-Calo’s technique were introduced to design a better organized
route and more efficient collecting system.

The study could be implemented by the authorities concerned, as a
guide line in order to increase the capacity of the existing system.

The analized data, based on regular garbage collection trips performed
by Phatthalung Mumicipality, demonstrated that the total working hours
spent were 25 hrs./day, or 6.25 hrs./area or 3.125 hrs/trip or 12.50
hrs./vehicle. Total spending time per day consisted of collecting at 59.07 %
and transportation at 28.45 %, collecting off-route at 11.97% and dumping
on site at 0.51 %. Total distance travelled was 227.402 kms./day or 56.851
kms./area or 28.425 kms./trip and distance transported was 58.85 %,
collecting off-route at 23.85 % and collecting on-route was 17.30 % of the
whole distance travelled in 1 day. The average speed of the vechicle was
calculated at 11.125 kms./hr./area with its collecting capacity at 61.455
min./ton or 3.09 sec./kg.. The distance calculated by weight of waste
collected at 10.732 kms./ton and the capacity of each personal (manpower
per person) calculated at 0.249 ton/person/hr. or 245.773 person-min./ton
which equal to 0.023 ton/person/km.

The Methodology presently practised in the area of study is essentially
one of ‘open-dumping’ and ‘open-burning’ with occasional land-filling. The
above described procedures can be significantly enhanced by better ‘sanitary
landfill’ measures.



Space requirement of approximately 100 rai would be essential, in
order to achieve a higher sanitary standard. The land would be adequate to
serve 15-30 years subjected to the amount of waste created by the
community in conjunction with efficient land-filled system.

A budget of 10 million baths, excluding the cost of land, would be
required. The budget would include the cost of a complete disposal plant
including an incineration system for biological-hazardous waste. The
estimated operational costs for a fully functional system then would be 120
bath/ton (excluding cost of transportation & collection) :

The idea to provide a new route for solid waste collecting trucks was
originally initiated from the fundamental problem of a more costly process in
collecting and transporting than any other processess of solid waste
management.. The study therefore seeks for new route identifying in order to
minimise the distance of solid waste collecting trucks with the same exitsting
collecting capacity in all collecting points. The result of the study will reduce
time spent during the work, maintenance costs and other unexpected
expenses. In addition, the study also emphasises upon the balance of each
route the work load will be distributed at the most proximity among those
working groups in terms of distance and quantity of solid waste.

The result of the research has shown that 10 “Side-Loading Dumping
Trucks” should be used with the loading capacity of 12-15 cubic metres each.
Consequently, solid waste collecting services would cover completely 10
routes. The methodologies applied were Heuristic Algorithm and Heuristic
Principle which were the important tools for analysing routes. Through
applying these 2 methodologies, the distance of 1,100 metres of the solid
waste collecting trucks was diminished.

With the ‘Operation Research’ in identifying routes for solid waste
collecting trucks through the mentioned computer analysis, the following
benefits have been generated:-

1. There will be an improvement of various routes in accordance with
existing situations and changing period of time, for example, increasing
collecting points, newly constructed roads in the community, some changes
in traffic system. The computer analysis is able to skillfully analyse and well
demonstrate a situation and possibility of each route.

2. Identifying waste collecting routes through the Heuristic
Technology is not time consuming. Distance and expenses will be minimised.
Moreover, the result is more accurate both in the process of plotting route
and implementing, comparing to human judgement alone.

3. Prioritising and plotting collecting points on the map will visualise
the concrete burden and mission of those solid waste collectors, including the
contlinuation of the routes as well as the simplification for monitoring the
work.

4. Those executives can apply these tools in determining the estimated
demands for solid waste collecting trucks, the collecting frequency, time and
distance, including the estimated expenses and the manpower in response to
the increasing demands now and in the future.
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ovnaflaliud) uay trash viasssuwiiafiamnamneideniudh rubbish (Samoff ; 1973:260)
Tosuheniiu 2 dssymdnamnaunasiniio fa susyadasnmsgasmnesy (industrial wastes)
WSZALEARHEEIN  (domestic wastes)  YAMBWESES (organic) uazafhwnidans
(inorganic) %mflumazu”aralaaﬁ”'qﬁm\lwﬂﬁ (combustible) uaznvdlaild  (non-combustible)
(Thanh et.al.; 1979:17)



é’nﬁmxﬁuﬁ&mawa:sﬂaNaaﬁﬁmﬂ"ﬁﬁmmﬂumsﬁnm loun dwmilsenay  (physical
composition) ATINUUMLULNG (Bulk Density) eM@NUVLLUIMLIUEY (Dense Density)

aMNTU (Water Content)

43 pspwumIieamsBezyarey

mﬁﬂmﬁ‘uazuﬂawaaﬁaaﬁmswﬂ”’qmzmunﬁﬁus’}”’qLwi wasmifiaueraanae
(generation) nmﬁuﬁn‘nazgawaﬂ (Storage) mstﬁu'fmuazwdwmagawaa (Transportation &
collection) msé’mmemw”aNamﬁaﬁmﬂ%ﬂsﬂwﬁ (Recycling)  uazmsimmuzaaron
(Disposal)

lasansiimefinniioguy Fmslsiaviuseu v sUuumessfiutneezyaiey 35
mauasIvdezyadey  guustuaswwinnmivaslE Sz Wiiau
anmlasohunuNANTBNNTY  MSULNReRSUR AT WALTMIAE I IIMSILIY - A7sh

wusiwlumsufifnumeeinnufumeasades e Asmsihinnesanos

44 menadumadnsaiuanaezasda .
ad a4 G a ¢ G A A A A . ¢ v G
Bmsnidhinenenans wanfimstnndaBnufiammemasey wasiiensinaliiiu

Mmeney  Aemathmsifumacifiuny (Operation Research) anlfifmesasiinlumsdinn  low

dfumalinddaq@n i “fuaeudt” (Algorithm) ey Asznoushasilsznoy 3 dunaunin

A ~ - ‘I ' T i ' A 4 '

fo  msRanamwAunlaslassuanesleassin  (Macro Routing)  Mslidwuviaanaey

ame waniusudaulasananadeuralaseheununauaida (Districting) Watmaiaazin

IR dumAGuIIMngaN  (Micro Routing)  mdsntiudsendemandsdadin

(Heuristic Principle) USutlqaidumatiudsivgarie
5. auyhgwmitlalumsdnm

1. Snwoemslifion Land-use) uasumumwhinaspmudes vasiiBrwadariio iy
uanBnurasezyaias  wnEwginsseaseuuasnsELIUMsAnennsIn [ unssumssian
UANENITU 1TU  ENUgEEUNTIN wiswioafin tumadasms Hudu

2. ssuumsridesesyadsaiimeiuagvaneis %whoﬁﬁ&z’faﬁ%’al.ﬁaae‘jmﬂuﬁwewmv&uq
LY mit?aan%%'msﬁﬁmﬁmmzfmsjauaamﬂé’aaﬁu‘nﬁm-gﬂuumawa:uﬂaﬂaa, EMANIMEMNYBY
peidles warenuulyldmemstuisamalulaiimemia

3. msﬁmLe’fummé‘\u'smﬁmwazagavJaaTﬂUmﬂ%mﬁtyﬁwﬁn (Common Sense) WY
apusuasaM STt MmaLmarus fathaissirirmuindiens  sefmaemauiuen
wazrTNEaRUliiTaHadWTTa iU swﬁq‘biéwmsnmuﬂumsiamsm’%ﬂumﬁaa%’uﬂtymﬁ
aufnlusmnen



6. dszlaminfalasuainnisdnu

a ¢ o - Y o o A @
1. youfesmumsoiiaariueasiuidnn lumumsiamsezyanoedmiugmiiiasmnedn
2. dniausmemsianmsszfaiaedmiunifiasmnainigneasmmdninms - e
[ =} b %4 t Y N a a 1 G 3 133 -]
dumsieiuandaasamssesiuenaaiydulaivemen lnolidhigsssadomsWanngueaiios
3. yennmaglinmmsenssiuguinmdiafifaiznnsugmufios  uasmsimniluy
b % =} 2 = 5 4’1’ v %Y G A‘ = 1 v_Aa A‘
amwwedorpefiands  matnwvinssumsidlfituesasdalumatiedntula  vRoms
U 17 14 » v 1
NunuRe R duwTRufidnnes ussasiulusssumeinasiua viasedusinetu q uiu

E7Z-N 1Y A [3 Vv A 1 24 1 A a a
ﬂ’ﬁsLWLl'iﬂﬁm‘ﬁ’]iﬂéﬁbﬂ-mﬁﬁ%ﬂmi LLﬂ@JUWT?LL&&@GG\T\?@JWN@‘EQ&.@SEJ’NNﬂizﬁﬂ‘ﬁmW
7. simaAwinlslunsdnu

afienaswrinldlumatnm  Gasmsmasnnmadamssezyarsssvugmadiamnaniu
mald nsdidnineinaiiosivgs (Solid Waste Management Planning for a Small Southern

town Case study : Phatthalung Municipality) Ma39HLsenau@e

1. @NAMILULIING (Bulk Density)
wneenenavktesyanas lummsfuT T NTaHat Famnaniniaziims
faluiudsadnios (Lﬁ'aLﬁauuuquﬁmwmsﬁwmmm‘ﬁustﬁuﬁn*uaaﬂimw) whin Toe
ﬁ@mumamawazuﬂadaasiawﬁmmmf%mm‘uaqm‘mmﬁuﬁn
2. ENUAUILUY clummzmudg {Dense Density) X
vinefmanammLuTeszyanae unsr RIS NYe s UMY E e Foeherna
it AnNLsIEh 9 WnTevh - LU ussnmsnaesmBsuthanwinowiom,  us
anmsdussaurmiestis
3. mumﬁ@mmﬂ;ﬁgaﬂaﬂ (Solid Waste Management System)
femasidrudausmaiuTunsezsaoranuveTfin (Generation) Hwervaniiu
Tssyadaenusias huvIatesyaras T hdsaifiumeezyaranlUautomsmdaey
agadaa‘lﬂﬁoamuﬁﬁﬁm LLé"whmsﬁwé’wnazgaNaa&umuﬁ%ﬁmmzamia\lﬂ
4. 9 InToilumsifiysm mezyanatl (Equipment for Solid Waste Collection)
?\amw:ﬁm%mﬁuﬁmazagaNaaﬁﬂsmwﬁwmﬁo sluﬁﬁmamwmaﬁdﬁwmgﬂuuuma Y
AaNineLy (Depot) MYu¥EY 1 19 nawaay s TaafhgUnanissisneudifuavntivganas

L SoLEu Wi



5. InEMeLT aMaRzRAY (Vehidle for Solid Waste Collection)
Aesnendndwhit umsUFmaiumuasusnuszyanay FfimssanuuunssusyTvn
v 2 A v Y
vhesn Wumsiswngifiamausamn wazamdes ltemufiida
6. Rnenusvnyastasnaud esanat)
] (3] v 4 1ava a 1
el KavmTenSnesusnTasneraiuureryaHaaynaufUfRnumang  lu
sz lmaamenadomings
7. s fifnurimenausiiimuezane
fonammas s fidowimun uavilsurassnaudiiumessaiaeusiasiiu
VLI ONV T HEN TGN
8. mflivimmelumsfiifnu (Total Operating Time)
a ANy a 3 Py A8y % 3
Aoramstasnaffiiumesaiasynaafiumludums,  neiliuenidumadivay,
nafidndemezyanaslife  uasnaflismsszarosanannssususan o amufiida
Pwranay

9. nmidifiummaezaanag (Total Collection Time)

wnefnarmasnmilFlumatiunsezgedes sswhaetuingese ) araaEuma
FumnifiesmaUfidousesmeudiivanesyaiasusaziu néulunileiu
10. nmfliuenduwnafiim (Total off - route Time)
a P a ) G ¢ s a
vinefaasaasnmilfumaawnesmhilsifusosudifuaseyados  Haausnly
P d‘ AI Ay A ' A w A 3 o 2
Wienfnil,  nafilfduwmesssnisemuiimieeesedes  Holsaiusneud bafiegaihesems
[ A a a N ' . € a J 5 @
P afldluiansadu 9 16ud metesthwqunsoluasanssugoulsn - sasnauditum
guzyaraeudazei ndulunilein
¢ L4
1. nmilfuneadaesedanliiis (Total Haul Time)
wnemarmamililumadumnangafivagas fenwuiimieousyedes  uag
4. v a G 4 4 4 v a ¢ G
nannanwimisezyaraefaiuiniteadintaliyn o Wwesooudfivmieseiay
usnedu nnduluvileiu
12. sxtpmismalumaftiinu (Total Operating Distance)
vanefanassasszssmaiuTusaiey,  syaene duendmaium uasssasn
usntzyanonl ietamuinda

13. isamnﬁumwmsﬂagaa (Total Collection Distance]

wneiwasnTeszEsmaumafumissansess iy 9 aaaadunames

mafiuruaszyaios weesmafiinuressneudiiumsyadanusaziu nndulumiiois



14. szpemvanidunaimuaezanag (Total off - route Distance)
yanefanasmsrszaemeswhalsafusoeud Seefuusniwfieavile saiussaeme
sovhsrmuirienesyaraeflaiusaimilniengarhuresmafiummassgeratresneudusiay
o nné’ﬂwﬁﬁu
15. mmmﬁgmmgmﬂﬂﬁg (Total Haul Distance) .
yanefnaTamsEInaiLgaT T fisown  Aemuiimdatuzgades uaz
spmaInAIUiTSaeedey  Baadiuivilmeadieatalinn q  fivsssssnoudifumaee
AL AR nnﬁu‘lwﬁﬁu

16. 1Banmineryartpe i muld

=) ’: (% w’.’/ A s v ! a va A o £ G
Forhwinrmasssyssesimuefifiumle lumensfiiauiculassnoudifum
PTaHBLY N

17. dennIniaezarasaau

a % o I a da X A ‘l [ A v T
NUEDTIUIWUN LA BRI YENTY ElgugﬁNﬂ pinauDNUTTNNTRIAU IUTNNINUNIU ald]

famldan
SommanGamzaradeay = Usnnusesyadaeiiciuald (nn./)
(nn./em/w) PumhennafidinAms (o)

18. !/’]u =) ud e a - 3 V;ﬂ I
A . o s :: o 3 : d' A | o4 -y 3 a
ﬂammuwmmnaummm'nmatﬂuwwn ‘ifﬁﬂ‘i‘]JU?ﬂ’ﬁLﬂU‘lM‘ﬂHSN"ﬂNE]&ImﬂWlﬂU'laLNG\'I

W

19. demmandauesanatsianinzau
!: L% : n: a A’ a W A A v A ' L
wnednhwinleesderemusyanasinaiunnsninlueiafan  viseadeon s

a ‘g 1 A’ (73 d' . 123
rdvaulugamilein Jedhwnntldan

demmandnausyararaesadon = 1Bnnmesadesfiiumle (n/w
(n/aTasawi) - fauthuaeiadeuntlasuLims (@%iEew

20. dnmoem WMEMWYRNeizanatl (Physical Characteristics)
, mmyﬁaaoﬁﬂsmamm‘naagaﬂaa (Solid Waste Composition) . kazanaviuuuLng
(Bulk Density)
21. j;ln_mjleﬁijuLta;ﬁlﬂﬂgﬂﬂ&gﬁﬂﬂﬂ (Transportation Solid Waste Collection System)
mnsfsmsmdunusiuusninnudusn waswinnuwfumesnUfiddou  ainlswaasaly
Samaarnifiauezyanee %awamﬂuﬁwwgawaummwia:{hu visatmeryarassn iumLTn

Tdmaumsamsefin udmidaezaramivhismuirmie



uni 2
nqEijuRsIIdEiiaiag

; o X

mafnsnipnasyanaeiisunsadhlatipnidachaings  seudu  loasaunguenan
A P 1 24 n‘; N . ' AI Gy A a
vininmsfinedawhuiudsuiivesebs  wnuipmaszyesaaiunawiiifiaannnssums
Wanniles euuasianssudufisnlogmssmaaSnamesfifudmiusasmmadios  Bmstuns
wiatlypmisnmnunsidnmmemaiiaiecnnsuite nenenaasaunadon Fnmsuiiag
Anemangeenaas - mIewly enumenuiusudouboudos uasfanenans fomsuaniy
nndsznauiodlupemualassoupan  mataudlatiymuasiamsiiymdachaiiianuszeed
govdrAnms uagldumssanuanusnasiu- Ssieahensudhlafutigmessyasleathadu

a . va G . oy v v a

sy eazssnsmhenuififunasmsuaving dasuoushfathansaivanadiaams wasiidum

faelumaiannaaldng Suamhaindsenasugy uazensssuanaifhagvasnilugm

llg .4 d' o
1. mwgmaammnmnwﬂzgadaﬂ

1.1 denaussarihyszaacay

frhvezyadanlufitieasriuim wmmsingeih “Solid waste” (Samoff;1973:270) fage:

A A"b‘ﬂ.» v 4 o X 1 » T Y a G
yarlaeviTavadi bilfudzaieauluin lssny, smumsiuasims,amunems, tesyaraetiu
Afflamnaumnefientiumm “refuse” B9 refuse uleaniiu 3 Usunmwin@a garbage Yia e
e, scrap WaawIniesmnMnaadsRlalfud ua trash 10e garbage SHsnanunaminasie,

@ e - o aVey \ A a )
scrap \Wuswanmnesudulavsiay trash s monesislimnaasdesne « fivaasunn
“rubbish” %38 “VELUAY” YLEY [Samoff ; 1973:260)]

1.2 Ussianzpsaszyariay
UszinnussnnzyaelanlAwiseaniu 2 Swnndiude (Suzuki;2521:28-31)
(1), tevyAHRERNMIAEMNTIN (industrial wastes) iaasfifipanfianssvmadugsfia
MIMN WASNIELIUMINAITIMUGINNTIN
(2) rezyanpER NN (domestic wastes) ﬂmxmLa&mnﬂ's.,mmuanmuammﬂu
NﬂﬁJaEl‘D']ﬂﬂ'ﬁq’ﬂﬂ')%ﬂiﬁN ‘Nwaﬂ“llﬂﬂdﬂ?“mﬂ‘ﬂadﬂEJ“YI\?HBOQ'IW’JT)Gﬂﬂlﬂﬂﬂw’)ﬂﬂu‘lﬂ
érath (LLNuQNﬂ 2 )
vananiitzaHasdutineniéan 2 tsamlng 9 feiude
(1) eiiiuduriadans (Organic) b 50-70 % WMNEANAYNIBTINNR L9y e wa lsl
andard e waziendesaaniu sudlun’ uay sk
) weeiifhatiwites (norganic) lay 25-50% Whdanamamelulad Wdurmanlan:
wazalangsng 9 (ﬂqué Bunsifing, 2521:194)



Ussumuasunderiniingnzaacey

unundifi 2
uamﬂszmmawusagadau
(Suzuki ;1978:28-31)

gezyarlot o4 uvasulie

!

geryaraERINAnIINgI AN

!

11

zyaNaE i nuvETna ¢y

gezyarlaeviian
flanyssgaiamaen

FeryanbEAIn

MIYANNNTIN AR INgNTU

1
3
3
4. MmN
5
6
7
8
9

2
.
. Tnegnan

v ]
. ddwedaam

. Faemnlon

. WaEdin

. Pve

W

. Ao, ieneth
10, Suchuzaderd, Aolsr, Tl
11. B

12, weislamy

13. 1w, e
14, 318 (Slags)
15. wiyTaqnraai
16. yadfory

17. snder

18. HU-0

g9313% (Night soil)

dsanthnlalasn

PELNNA WY

14 INGLEU Yiam
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13 dnmcuazaslszneuIBszyaY
nws"?"la:ﬁmumé'ﬂwmﬁmuamm‘nUzu“aNamuﬂuaaha‘lsﬁu Thusasfidaudnaennaioms
fragas)|Fohaunide ﬂ”’afyuf'mqmn‘nuzaﬂaﬂam"‘;Lﬁ@%ﬂuusiaz‘ﬁ’)anmﬁ”'uﬁmsl,ﬂﬁyuuﬂmagjs\aaﬂ
2)] u«iwaaman?nénmwﬁfhﬁmmmszmwmé’mm:LLasaaﬁﬂsznaumawmsgavJau‘lﬁo‘w’a&
(1) dnwasmsmenmw (PHYSICAL CHARACTERISTICS) léiun
- d@wsenay  (physical composition)
- ANNIMILMU  (Density)
- feMNIDU  (Calorific values)
(2) Snwosrmaedl (CHEMICAL CHARACTERRISTICS) lefun

- MANNTU (Water content)

doufien vstlduazdmidluiitn - (Combustible and ash Content)

datsEnaumanil (Chemical element composition)

AN (Toxic substances)
Snwniazausenaudeasenshaiulimmaruis fanssy Taessem M

ia Uil sasuandssnusznatuasde R FSanie s lafiassiulsed

-
M59N 1
usasigatardutlsenaytasssanat
(§78.2529:126 Was Thanh et. al.;1979:17)

1. v lus1d
(Combustible)
1.1 m3gamy [Paper] - NIEAUTAAG ] uavRITeY < naveHBEU nve RN
e NILAMMOYDY [UNTEAMY
naeemsui N3z
(tissue)
12 8o [Textiles] - s ) vhandneniatian - ¢ the muda? Tudeu v
andudhe MmN le-
Juenan
1.3 9euilen (Garbage) - qusfsnanmatseney S - ey i wa bl
UASLLSY eI TN wasnwalyl lusma 4
S amnuaztsfisnaname




1.4 vohuasll (Grass, Wood.

2. veeiivn s lsilé
(Non Combustible)
2.1 winlav-ou

[ron Metel etc.]

2.2 uMm (Glass)
23 Lﬂ’smﬂuﬁmmuaxmﬂﬁﬂ
[pocelain, ceramic]
3 3
3. lUainan

(Miscellaneous)

o ;
MsNN 1 (@3)

uamﬁznuuazdmﬂsznawmﬁm:u‘aa.lazl

(§99.2529:126 Was Thanh et. al.;1979:17)

)

% R X

- FrepRananioivhanll
' ¥ 3 Ld
13l megh W Taaviovih

fidiaanaun

- YeoTenAnNTINMANUAY
4 Y oaa G My
Toveu  viiidawsimantouay
M v
Lild

- Whrsshusniviiaannda 2.1

- Avaulef isansodeinBlu

2 Waniaeu

16y oD G 0dnale-
wioiwa’ vl Wl weh

+ - vad Ao
- mvas M6 m‘saﬂ‘ﬁauwnmn

wian daned avgiifio v

- 0 U vaan WuazeTed
Gy
- 83 naLgn Waenvauuay
fdasd, .
w3 Evnn@en

- AU U I8 TU W

amaeiumsuaaalidulsinNo LI WEAHBLTRINIU  TRYNTUABILASEATUIULY

M 2

muzgadammwaLﬁaauaz'mumaa‘lé'ﬂ%u

apudlen (Garbage)

aesefin st 61
e stladla

a A 6 : 1%
ADUUNBLRCUM

(Thanh et. al.;1979:375)

247
26.3
7.6
414

17.3
23.7
5.2
53.8

13
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shathadnumzuan Ranmesezyaiabisammudiadushalsand ununfimewnide
i v wrifusesfunaibilsfudwlig) f0 609, 654, 511 % tamurmMNAUsN:
Ussnmluthefiognd, thuftogedbuasmad, sumséenadidl (Thanh et al ; 1979 : 375)
'nmﬁdwﬁsznamuw“aﬂamma’amﬂummﬁaﬂm dinerinlosdmlvg, Tuoeguaumguiiu
iessslondamlngy, Wampauwmedsmnsasniumyenslasdulvg o 21,69, 26.04 Uaz32.46% -
NG (Thanh et al ; 1978 : 288) dhwpsnLsznavIEEABNNINAIBMAIAMITaLEMNLT
Tuvene «) Waauazshanasyiu shaffinmzenmiusmisznauvdn 16ur Cicinnati-Ohio, Wayne-
New Jersey, Johnson City-Tennessee, Berkley-California @0 42.0, 54.0, 60.0, 45.0 % ML
Turnsfifles Fline lwia¥y Michigan Sewannaiussrissnaumdnuasssyaronfio 29 %

da X ¥ <
YNVUNNATUVIINNANIYNTU (Wallgren ; 1986 : 124)

Lﬁam‘%auLﬁaud'mﬂiznamuxagav\laﬂ‘luﬂs::mﬂthunsﬂﬁuﬂssLﬂﬂLLnULaL%a wurhdu
Vaenevesarasbilsumedonedl nazaihudnalsznaumdn §o 37 % mawaza&awaaﬁmm
Wumoisfingawme, Waalmanslusanedudn, amimmbalszmedulaiide, Usuneldniu
wiifiniidnsnevdn fa 440, 70.1, 60.0. 246 % o leefsaliSuaynydlzaly
Usseimvidiinasanmiiudnisenouvdnte 4.0 % uae 431 % muddiy  udeilsune
AN (Thanh et al ; 1978 : 10)

o Reufinudnnsnatmasmevyanasbalssmalng - uasissmedin - wuhnefies
awnadiudmnalsenaumdn fie 5421 % tafinnezedesyivun Wansiusemediufingem
Fhuchwlsenetmdn fa 35.3 way 37.1 % Bdasmmad uaslemm maey  (AousnTInms

FWNApNRT®, dninnu, 2529 : 31)

o sonamsenatesyanatemsungymauas  asnuhillifll  diudou
Usenauvdn (21.10 % ) uaswana@nuiuaulsenauTasaan (18.80 %) (Thanh et at ; 1979:22)

doRamBinnesyarasmudnunciaaumsriiiia lwsamunadiacesdeiny wuh

watwinande Whiumssinfiesssyenaemdnmnnninumasd ¢ (Thanh et at : 1978:288)

24 & 2 v G t o a 3 v '

nnfoyathedu  uanebiidiunmesyaiasiidusznauuaiamnauanaiulumauma

midia, eatnmuasdnsnemsians  Wunpmamuasinsemmiudnlssneusssyarlaei
L3 ) ] [ = a (3 :: : G A ] v . ’

Yaunhlugany gy visewmima velfidasmanine Amsdeuenussmeaniiimie

eufansoumaide  ensfiduiinszmmsnndandneuliifemeaiulammmens  ef

W nuaMNSauMnIEENLEn [ Usslond
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nanlowaqleh  dnwaie afie wanBinnezyadlay  SnasiodsmemdamEasiai

nIsLILMIYaMIELanaEae AL

14 ganmsndayszyasl szgnsilag
thrnnsludsunalne  Siemmsnanezsyanaeiszanm 1.83 - 6.61 Anvauiu (Eamd
e, 2520) damawdm 14 das/ew i Sagenhinesnamwhénburosiisandluglay 8 Sav/
o 4’ v A [ A A ' a [T o '
awiu HlndiAnsiulne WeRnsonsmandaruzyanaaiuilaniy wuhdssmnshien g

Waswarimisrals wAnwey 0.843 nn/ew/iu (Fnsnouol Msemivm, 2532 : 49)

1.5 ﬂ'nwmuﬁumawu:u“adau

P
MINN 3

dnwazanamLisBzyslatNaLiiassInAEuITRIEM
(Wallgren,1986:122)

YLILUA 55- 110
LM £8-9.2
ey 41.0 - 52.0

LEID19NT 30.0 - 60.0
apzuiaLen gl ler 3.0 ~11.0
apzuvianen s lad 6t 1 - 24
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MmN 4
ANANMIUURIIEEYAHREINLYALAIRNA ¢ 8
(Wall 1986:122)

LIRS 8 - 30
NITA 258
NS 2 -5
WAIEAN 2 -8
&ave 2 -6
BN 6 -12
S 6 -16
LN 4 -14
1 8 - 20
um 10 30
nastlas 3 -10
Towediu o 4-15
Wan 8 -17
N BN LT P 20 - 60

AT usabitiuh emamuisinasiszare pazanshatulmaamwmnl
s thumsifitusarianaiiuiiud  uavelievadahsnaussezaesion
uanmﬂf:ﬁaﬁuuﬂsmmmﬂshaé’wuﬁwwﬁniﬁwwuqqnwa WAzamWEMlaE LB IsEnaLm
Nanduosrezsanatdndon (ssmnle Swising, 2528)

1.6 AANUNWILURINGAUAZAIANANMILUNIMEIUTS (Bulk & Dense Density)

ehemsminind lanan et | Sahihisanaminuiung (Bluk Density) fa
ABANMMLLL T qauiurinaey (Mavetunn, Sees) uwidasiansanemenanuviueme s
(Dense Density) FINME  WTIEALiAINNNINAaNNIWLLKLNG (Lﬁaﬁmﬁawﬁqwmuﬁmm
W) é’mﬁ@mﬂLmﬁmnszﬁﬂumsﬁmﬁmuz mmmaza&aﬂaﬂdmmzmwn Tnefinanms
WBsaYLaNTUWAE 9§ adlunssusLeIn FodmabiAamssawiuRstuluseimils 1
AU UTaIWTNOMALIMINNIS AT 1T msmﬁausjmawaﬂumzuzmmn Faenfi
Lﬁu%uﬁam\biumnsmmnﬁwmmmuﬁuﬂnﬁmnﬁn ualssiugannsniiuuLsunm sauedauey
(Compactor Car) aufhdviwatisnényivilienamsmiuivanirudaisdudiathann ALY
Iannenemumnuiveoizadslusafiumdlifimssawin asiidssnm 02 dwana. uagiu
sofifimasousin azslenifiv 0.4 dwava. (Thanh et al; 1987:280) daisaneh luamiefins
dnwaadlne wuh ehemavnuivenavdslusnlsuani ifmssawinslenade 031 dwan.a.
Ioenlszanms (Fnsnquot femm, 2532 ; 49)
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dnnrapzvasiaswaniiades luwlsandlng

Usvanns X 1000 5,300 150 90 115 113 48 43 39

(21%Y
Vanouesdi | nvewsu | 0.85 0.92 0.64 0.56 0.66 0.80 127 0.85
e
guAidium | swiu 3600 | 96.7 53.5 36.4 67.7 375 51.2 30
W
% Albiléwiy | % 5 15 5 20 10 5 15 20
Mg ymsu | 450 367 504 409 349 332 316 194
nwewdl | 112 86 109 47 76 95 137 54

* §i31 : 8. 2529 W 94

ualimsLAs B niatggaras u,azamwmsniﬂaqﬁuﬁtﬂuaq‘lunqamwamiuﬂﬂm&u
Ismbesnnaneine il
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aInfuay 3,200 6 i 5,070 S vidaiadveTnaniiastl 1.56 i waxlull 2533 nva Seufiu
gezaanlarlouas 4,212 SunnuEEAieTW Y 5,300 o Fsdaii 84 % TstesTifeauiman
(JICA,2533),(TDRI.,2534:59)

- ainmatssnumatRauitezsanos uawmanvaangimwa_enerhlull 2543 naymm
afRanunezyarloegii 10200 dwiu  luroieisiEaemsensnanumaiumdiee iy
8,700 ¢iu (JICA.,2533)
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wwiagriosdn  wewswenildasnndussnefieennuimetideavhans 1nsaehadievh i

nauAaTivh Wiieefuvdameny e W& udiuadnyed 2531:8)
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ily’umaunﬁuﬁ'ﬂmmmuaﬁaﬁmi A mIuLLe ¢ snnanesnannudweanitiu 3 nax
(Bodin, 1982) fio3tnmsevid, Bmafulsend uasdimedufivomutusausay (Composite
Procedures)
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8) Partitioning And Decomposition Technique
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5.6.2 "_Alﬁmj_‘]ﬁlﬂ.hﬁﬁ (Tour Improvement Procedures)
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5.6.3 Composite Procedures
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3. I‘S\NN‘/hU’NW']ﬂ 5ﬂﬁ1UNBULLﬁJ 1 0.96 0 0.00 1 7.14
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7. ynleTieed 3 2.86 3 3.30 0 0.00
8. lnaia 4 381 4 440 0 0.00
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1 2510-2515 4.33 % 2.85 %
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3 2520-2525 10.63 % 175 %
4 2525-2530 0.77 % 137 %
5 2530-2532 1.63 % 0.57 %
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2534
2535
2536
2537

2538*

12,091
13,459
13,953
14,305
14,545
15,011
15,633
16,914
17,349
17,917
18,749
19,824
20,932
29,948
30,921
31,909
32,279
32,370
32,898
33,074
33,165
34,145
34,675
35,358
35,788
36,496
37,350
37,939
38,467

5,924
6,092
6,375
6,622
6,589
6,811
7,074
7,849
8,116
8,495
8,910
9,143
9,868
14,380
14,830
15,3562
15,492
15,569
15,834
15,872
16,482
16,781
17,088
17,347
17,646
18,020
18,446
18,641
18,868
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u.ammmuﬂszmns‘luwnmﬁmaLﬁaawwqamnaﬁnmiha.uu

6,167
7,367
7,578
7,783
7,956
8,200
8,569
9,065
9,233
9,422
9,839
10,681
11,064
15,568
16,091
16,567
16,787
16,811
17,064
17,202
16,683
17,364
17,587
18,011
18,142
18,449
18,904
19,298
19,6599

96.06
82.69
8413
83.80
82.82
83.06
82.65
86.59
87.90
90.16
90.56
86.60
89.19
92.37
92.16
92.72
92.29
92.55
92.79
92.27
98.80
96.64
97.16
96.31
97.27
97.67
97.58
96.59
96.27

100,955
99,201
100,955
102,277
108,707
96,379
95,902
92,482
93,327
94,386
85,029
96,301
99,030
100,303
101,442
103,295
104,439
105,611
106,678
107,210
107,054
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288,862

298,489
307,237
315,863
325,017
334,811
342,565
356,614
364,139
382,669
386,613,
398,474
407,000
412,265
415,552
417,583
417,176
422,821
430,412
435,626
411,195
448,580
454,872
460,997
466,085
471,720
476,466
479,943
480,584
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MsIn 28
udassdnyseans uazsanmsidulavas
qumtﬁaeﬁnaﬂusw 209

2519 17,917 | 8495 | 9422 3,285 5.45 3,378 5.30
2520 18,749 | 8,910 | 9,839 3,654 5.13 3,851 4.87
2521 19,824 | 9,464 | 10,360 3,718 5.33 4177 475
2522 20,852 [ 9,938 | 10,914 3,776 5.52 4,435 4.70
2523 29,994 | 14,424 | 15,570 5,319 5.64 7,081 4.23
2524 30,921 | 14,830 | 16,091 5,548 5.67 7,357 4.20
2525 31,909 | 15,35271416,557 5,725 5.57 7,655 417
2526 32,279 | 15,492 | 16,787 5,656 5.74 7,898 408
2527 32,370 | 15,659 | 16,881 5,773 5.61 8,053 4.02
2528 32,898 | 15,834 | 17,064 5,912 5.56 8,180 4.02
2529 33,074 | 15,872 | 17,202 6,033 5.48 8,137 4.06
2530 33,165 | 16,482 | 16,683 5,152 6.44 6,632 5.00
2531 34,145 | 16,781 | 17,364 6,155 5.65 8,105 421
2532 34,675 | 17,088 | 17,587 6,277 5.52 8,529 4.06
2533 35,368 | 17,347 | 18,011 6,434 5.49 9,008 3.92
2534 35,788 | 17,646 | 18,142 6,517 5.49 9,324 3.84
2535 36,469 | 18,020 | 18,449 6,598 5.53 9,630 3.79
2536 37,350 | 18,446 | 18,904 6,700 5.57 10,170 3.67
2537 37,939 | 18,641 | 19,298 6,782 5.59 10,766 3.52
2538* | 38,467 | 18,868 | 19,699 6,800 5.66 10,920 3.52

* diaya 14 Fuf 30 Lem 2538
fian : aumatnasasiadl dwinnudmianngs

vsznnsdmlvnfluedadosmiufomaunsiioiaray  95.93 gotlsnnavime
weNaliasTIn Bndpuay 3.07 viufomawdama

tsgnnsueadadlamudaning  fdwmbtnnaioGew @424 ) 11606 eu
Smoniidhissmnsfimdedmn 7861 eu  Aadudouas 6773 telnnyiudewivue  Tay
dlvigiidsinmat/lusssinlseondinmn  sesasnifusesusisendnm

Lﬁaﬂmsmﬂsz'mnﬂumiumqs‘?msi 10 Tl "?}oﬁae{jﬂv'e?;u 36482 ou i
dsssnnidoray 97,88 Hhudiimideseanidenls Snauns 212 il
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6.22 Usz11ns Lusameanaiiia

IIANFLNAIBINNG Usenaudneudt 8 sua 't FUAGMAITIA  LAMUNENTT
mnawrmmu duatnove)  duaniden  shuasuu shuaviniivi - uavshuadthamnedm
Aaufiuiit 13. 342 mailames v 833875 15 fustnnsutl 2537 vstanou 37,939 eu
AMNILLUAAD 2,844 ewenTodlames  Swuedadeu 6782 aseuaii  mnaeiitaules
Wwatssant 6 awasauedd  Swauthu 10766 i ?wufluam%nﬁaqjmﬁﬂﬂamﬁﬂﬂszmm
352 awmds Ussannslugadl 2530 - 2535 Semmainlaendelsesnn 1.50 % siafl

Rqifu @oya o4 Wousanem T 2538)  wawenalaningalisennisin 38,467 e
e 18,868 au  wils 19,599 @ emav LML sTans 2,883 awenTilawes &
SumeIGaumadeyanulensegs 6800 AsaUai anansisoulnundenisznm 6 aw
araueTy Hawauhu 10,920 w3 ﬂmﬂuam*zmwastﬂaTmumamh L 352 AWWA

6.3 MASNSTAVAMALANNUWINURYDIUSEAING

@sN 29
uEasMstavuuasysanmlssins
hﬁuﬁwﬂmﬁmatﬁmﬁnae

2525 31,909 0.032 5,725 57.32 3.42 3210 3,942
2526 32,279 0.012 5,656 58,18 3.75 3,253 4,641
2527 32,370 0.003 5,773 53.07 343 2,588 4,129
2528 32,898 0.016 5,912 53.04 3.16 3,344 4,486
2529 33,074 0.005 6,033 50.40 2775 3,238 4,686
2530 33,166 0.003 5,162 52.28 2.89 3,280 4,689
2531 34,145 0.029 6,155 53.89 2.81 3,844 5,253
2532 34,675 0.015 6,277 60.73 2.80 4,023 5,509
2533 34,358 0.020 6,434 63.35 271 4,742 6,226
2534 35,788 0.012 6,517 65.19 293 4,110 5,926
2535 36,469 0.019 6,598 66.44 2.33 4,211 5,897
2536 37,350 0.024 6,700 69.93 313 4,153 5,813
2537 37,939 0.016 6,782 77.02 3.00 4,590 6,388
2538* 38,467 0.014 6,800 23.50 0.78 1,946 2,300
mummmﬂmamaawwaa

¢ ‘uaasa o 4t 30 e w.1.2538 Semmaislsnnadelidnilesliges = - (P,) 1/m-1
P

m



120

antosesddsznns dmae 30 awsiulddldl 2536 Twaemennauiosinges!
Ussnnvanioau 37,350 e uaziiwueTIdawiau 6700 a¥aGeu  lesfiensmuiniuteg
Ussmnande 2799 ewesnn. vae 450 ewls  TenfhSnndisennsandeogmnusin toun
u’%nmél”'aLwimﬂm"iumn‘nmmﬁn\lw\lﬂammnuuqaﬁssuLLaznuuﬁLﬂﬁﬁa %atﬂuquénmamsﬁw-
widisdasg sa%sn idunisalassaugudinsmsuazamueing dmAnnduiimanszay

v G ) A E |
AUULULMALUB N UNAUDINAIUUUD

MsN 30
uammwwmuﬁuﬂszmns‘f.w.mmnﬁmatﬁaaﬁna‘e

2525 31,909 2,391 4

2526 32,279 2,419 4 5,656 5.70
2527 32,370 2,426 4 6,773 5.61
2528 32,898 2,465 4 5,912 5.56
2529 33,074 2,478 4 8,134 4.07
2530 33,165 2,486 4 5,152 6.44
2531 34,145 2,559 4 6,155 5.65
2532 34,675 2,599 4 6,277 5.62
2533 35,368 2,650 4 6,434 5.50
2534 35,788 2,682 4 6,517 5.50
2535 36,496 2,736 4 6,598 5.53
2536 37,350 2,799 4 6,700 5.57
2537 37,939 2,844 5 6,782 5.59
2538* 38,467 2,883 5 6,800 5.66

wNewe - nenailasingeiivuiiiszanms 13.342 @3.nn. vi3e 8,338.75 13
* gpa 1 Ui 30 Len W.61.2638
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6.4 msmaysznsalszmnsinewen

§ pe . ' ¢ A ~ X
msmemstisrnnsluewnen  SenwaiusemsmemsniRnmssanpeasiaim
Tuawmasaaametnaiiomivgs dinsnnusmiann uaeasjsfiazdasiamseenesme
1 ¥
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6.4.1 N3 LANENE

Lﬁammﬁauuaa1nﬁﬁﬁmﬂﬁuﬁsz‘mnﬂwﬁmw5 5 fdanil wuh Sammsisnlssnng
ranncudamishnefafsnun  deldesaamaisnisznnsiutd 25202533  ileade
maintsennsealivhiiy 0.018 % ud  medludl 2540, 2545, 2550, 2565 aviiseannawiiy
40,061/43,798/47 884/52,351 AUMNAIL (ﬁ 25356=36,469 a)

alal el
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6.4.2 EYANAING

d' t’!’ dl A v o] 3 aé’ si a v

dasniunlusamenafionivgs  Idfimswennaniiiufinasonsuinegudusnnam
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sumldfunuianlvawaafiddy 9 1w wuieinguimseasusm  uNumIIasne
QEEMNTIN lemanTasUagia wasmIasaAnendevinto vananiytieiulemn
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. A a v w ‘[ ad A a @ a t:: i ‘-’ ] 2 4 g v
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[ 1 Lll 1 4 14
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M 31
udnImsmatszanmmsseans lnawae
Luwadalassinings

2533 42,475
2538 46,100
2543 50,000
2546 52,500
2548 54,200
2553 58,800

+ Fanmsinloendesalivni 0.016 % euinlaeAs
Geometric Curve (NIumsriadioy nasvmsmnalng)

Men 32
ugasmsmaysyanaszgnsawiag
Twasisilassaa 3 2553

4.08

0-4 2,500 2,400 4,900
5-9 2,950 2.800 5,750 5.02 476
10-14 3,600 3,450 7,050 6.12 5.87
16-19 3,950 3,850 7,800 6.72 6.55
20-24 1,200 1,200 2,400 2,04 2.04
25-29 1,700 1,600 3.200 2.89 2.56
30-34 1,900 2,000 3,900 3.23 3.40
35-39 2,500 2,400 4,900 4.25 4,08
40-44 1,500 1,700 3,200 2.56 2.89
45-49 1,300 1,850 3,150 2.21 3.15
50-54 1,650 2,050 3,600 2.64 3.49
55-59 1,100 1,250 2,350 187 213
60-64 900 1,400 2,300 153 2.38
65-69 850 1,000 1,850 145 170
70-74 400 700 1,100 0.68 119
75 Py 600 750 1,350 1.02 1.28
59 28,500 30,300 58,800 48.47 51,54

fian : aInmamaLszanmms 10e3% Component Method laensumanailas
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PBANALATDINNAIUAZ I ABITINANGS

35994
36,672
37,301
87.973
38,666
39,352
40,061
40,782
41,516
42,263
43,024
43,798
44 586
45,389
46,205
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