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Abstract

Construction industry plays a significant role in economic
grow, and the industry will continue to grow with the economic
expansion. However, the industry is known for its labor-intensive,
and it could be responsible for more than half of the depletion
of the world’s natural resources and for polluting the world with
greenhouse gases generated from material extraction to all
related construction activities. Therefore, the growth of the
industry may also lead to an increase in pollution and the

demand of construction materials and workers. In order to

shorten construction time and address labor issues, developers
have explored new systems of construction such as a precast
system, which is believed to help save up to 50% of labor costs
and reduce about 30% of construction time. However, in
comparison of construction systems, construction costs are only
upfront costs, and maintenance and repairing costs of each
system should be included into life cycle cost analysis. This
paper is to present a comparative study of risk-based life cycle
cost and carbon emission between precast and cast-in place
systems. In modelling life cycle costs, sensitivity analysis will be
employed to incorporate uncertainty into the proposed model.
The study also assesses the amount of carbon emissions using
a coefficient method. The results of the study show the
comparison of the LCC and carbon emissions between the two

construction methods.
Keywords: Life-cycle cost, Precast, Cast-in place, Risk
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NUYBITEUUMAD MITIvaalATINSFnaENe

a v -
52 NITUATISNAUNUIEUUNAOF IV

dunsmsuunasnogmsldinuresszuunaednia a1nvs 3
1A59N1318a519U5ANB1A15YA LARANITIATIZAU URARRB Y

msldnuuduanduzuil 4 waz U7 5
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Cumulative total cost of Precast concrete system

#1,066,000,00 $484,807,465.71 231.686.20000

#1,103,263.56  365,992,711.81

#143,704,687.63

§
Project -

82,632,000.00

810,722,410.00

#15,484,600.00

1 ¥100,000,000.003200,000,000.008300,00

,000.00 8500,000,000.003600,000,000.00

3.08M phrase

U7 4 lassadrvewiuyuaaenangnisidvuvesssuunaediiaves

TAsenseieagng

Cumulative Life - Cycle Cost of Precast concrete system

#1,066,000.00 #459,226,693.54

Project 3 _

62,499,016.77

n T
ject 2

#1,103,263.56

$13,325,601.21

¥135,552,367,18

Construction project

+8,057,693.20
$2,632,000.00

. ¥100,000,000.00 3200,000,000.00 $300,000,000.00 400,000,000.00 8500,000,000.0¢

Costs (in present)
3UN 5 yar1tagdu (Present value) vesduyuiunaaneynsly

NUUBITTUUNaRd IS IvedlATINISEIaENg
5.3 4aMTUATIVTaTER WU unaeneIgnslgsIu

glaiingvimUadedemesiunuaaeneignisldanu agld
o a sa Yo o v a v a <
fuwvunsadamaniiladnausluiadedn 4 uagldnisimess
AUl (Sensitivity Analysis) iiontladuidusdngydanans
AuvuAaena1gn1sldu AnduUsiuavun 8 fAudsvesaun1sh
(5) - (8) vVofMUUNARIRANERSAMTUNITIAT IR WITEUY

' a I o &

e lufuazsyUUraedIsa

TeazdenlunsiaTginueaulm (Sensitivity Analysis) Hu
HIdvnsinAwazandAIfILUsing 9 Hazdiuds iieTins1enin
fulsladidananon1 LCC[PC] wag LCCI[CIP] wazyinns
= o v o A ' = ' Py =
SeadduiuUsfdmanon1sildsuwlasinanlaainnstigiu (Base
case) GensiiiuAazanA1ILUsHUIEINSIiILaYan 10% uag
20% MuaIRu

winlilasuUsndwmald LCC[PC] %S LCC[CIP] fins

va o o

Wasuwasnnviedesiigaandiuumendamans §3doazsh
ﬂma?{a%yjamﬂéﬁ’aLLuumaﬂa‘.‘mmam%e%m%umﬁLﬂswsﬁﬁunuﬁa
seuundelufinazsruunaediSafiniunsiessiaugoulnan
e 3 Tasansuavadne Torado diagram dieustindaudslmdliu
Haduidosddy (Risk factor) den1siasuulasrn LCC[PC] uax

LCCI[CIP]

nan153ATIERALB Ul (Sensitivity Analysis) ¥941ATIA1S

fregradusuandunisnd 2

A151991 2 STUUMEDLUNALIATINTABEN 1 nsaluSumIsILUT £20%

ARUYUARDADIENTIE I = (LCCICIP)) = 126,870,992 Um

Auls LCC[CIP,] % N3 LCC[CIP,] % N3
Wabu Wiy
wuag wuag

suyulutiunseuns 126,344,592 | -0.41 127,397,392 0.41

ﬁu’*/!u\ﬂ'u Preliminary 123,064,292 -3.00 130,677,692 3.00

Funuaunoaing 122,605,574 | -3.36 131,136,410 3.36

Contingency cost 126,439,587 -0.34 127,302,397 0.34

cﬁu‘w‘u Admin 112,135,473 -11.61 141,606,511 1161

Preventive maintenance 125,643,198 -0.97 128,098,787 0.97

Major repair 126,490,030 -0.30 127,251,954 0.30

Ins1uile 129,063,159 1.73 124,861,575 -1.58

A151991 3 STUUTEDLUNLIATINTABENN 2 nSaluSuAIRILUT £20%

APUNUARDABIENTIFIU = (LCCICIP,]) = 55,904,388 UM

Fuus LCCICIPy] % s | LCCICIP,] % N3
Wby Wby
wuag wuag

suyulutiaunseuns 55,683,735 | -0.39 56,125,040 0.39

ﬁu‘w‘umu Preliminary 52,120,756 -6.77 59,688,019 6.77

funuanunoaing 51,074,331 -8.64 60,734,445 8.64

Contingency cost 55,851,209 -0.10 55,957,567 0.10

éfu“/!u Admin 54,410,750. -2.67 57,398,025 2.67

Preventive maintenance 55,485,630 -0.75 56,323,145 0.75

Major repair 55,523,426 -0.68 56,285,350 0.68

asduile 57,045,495 2.04 54,918,605 -1.76

M15199 4 STUUVEBLUALATINSAIBEN9N 3 naluSumsLUS +20%

ARUYUARDADIENTIE U = (LCCICIPS]) = 338,378,076 UM

As LCC[CIP,] % N3 LCCICIP,] % N3
Wasy Wasu
uuag uuag

FUNUUTINATEUNT 338,164,876 | -0.06 338,591,276 0.06

c»ﬁ'uw‘umu Preliminary 327,977,937 -3.07 348,778,214 3.07

ﬁuw‘umuﬁaa%ﬂa 295,519,102 -12.67 381,237,049 12.67

Contingency cost 338,114,210 -0.08 338,641,942 0.08

ﬁuv!u Admin 327,100,977 -3.33 349,655,175 3.33

Preventive maintenance 336,096,700 -0.67 340,659,452 0.67

Major repair 337,997,114 -0.11 338,759,038 0.11

Ins1Ruile 342,744,993 1.29 334,234,701 -1.22

< "o & o oA IR
A19199 5 lasan1sssuunaednialasin1siiegedl 1 ndiusuedn
wUs £20% UarAIAUNUARBADIENTE 51U = (LCCIPC,) =
146,262,060 um

Auus LCCIPCy] % s | LCCIPC 4] % N3
Wasu waey
udas udas

sunuludrauniaunis 145,715,660 | -0.06 338,591,276 0.06
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>

AUYUU Preliminary 138,545,062 -0.36 146,768,460 0.36

sunuauneain 138,264,060 | -5.26 153,939,057 5.26

Contingency cost 145,810,655 -5.46 154,220,060 5.46

ﬁuwu Admin 135,237,988 -0.29 146,673,465 0.29

Preventive maintenance 145,014,265 -7.52 157,246,131 7.52

Major repair 145,858,316 -0.84 147,469,854 0.84

omsduile

148,547,097 -0.26 146,625,804 0.26

a ‘o & Y I N YW
M19199 6 lassnssvuunaednialasinisiied1en 2 ndlusuada
WUs £20% uazAdunuAaenegnsm g1y = (LCCIPC,)) =
67,614,789 UM

fuvs LCCIPC ;) % n1s | LCCIPC,) % N3
Wby Wi
wlas wlag

sunulutiasiounig 67,394,136 | -0.33 67,835,441 033

ﬁuwumu Preliminary 63,831,157 -5.60 71,398,420 5.60

FuUIUAeass 60,100,748 | -11.11 75128829 | 11.11
Contingency cost 67,561,609 -0.08 67,667,967 0.08
Funu Admin 66,465,837 | -1.70 68,763,740 1.70

Preventive maintenance 67,196,031 -0.62 68,033,546 0.62

Major repair 67,231,044 -0.57 67,998,533 0.57

dnsdule 68,884,941 1.88 66,503,405 -1.64

a o & o oA AU 1w
A15197 7 lasean1sseuunasdisalasanisied1eil 3 nsaluSuada
U5 +20%

ANFUUARDADIYNTFIU = (LCCIPC;] = 473,618,294 U

faus LCCIPC 5] % N3 | LCCIPC) % N3
Wi Waeu
wlas wag

sunulugiaedounis 473,405,094 | -0.05 473,831,494 0.05

ﬁuwumu Preliminary 463,218,156 -2.20 484,018,433 220

funuauneaing 399,936,231 | -15.56 547,300,358 | 1556

Contingency cost 473,354,428 -0.06 473,882,160 0.06

ﬁunu Admin 466,119,024 -1.58 481,117,565 1.58

Preventive maintenance 471,336,918 -0.48 475,899,670 0.48

Major repair 473,234,550 -0.08 474,002,038 0.08

dnsduile 479,436,202 1.23 468,052,786 -1.18

Fusuiednmanisiianginuseulmn (Sensitivity Analysis)

Dudwandlugui 67

842,858,973.50
311,277,098.78

210,400,138.74 210,400,138.74
42,281,376.12 42,281,376.12

+380,962.11 | 9380,362.11

4263,865.99 | 9263,865.99

8213,200.00 | 5213,200.00

ms i -24,143,374.56 - 84,366,917.35

Bakld g, -$11,277,098.78

35U 6 Tornado diagram vess¥uunaaluil nsdiuFuiiuls £20%

w2 173682,06329

it Cpey 310,400,138 74
7,499,270.69
42.281,376.12
438374412
4263,865.99
321320000

k24 Cp
ERo
&
ERCTN o
fuk2s o
e
okt
rel
ks | 15,817,908.09
¢ ¢ ¢ ¢ " . f v ¢

Ll LA
il Wae e

3U7 7 Torado diagram vesszuunaednia nsdusuAIdIuls
+20%

Tngnan1331A5 e n15UTuE suaiuUsludnuunis
adamaniiioTinneiduunaonengldnuresssuundsluiiain
Tornado diagram wuinlagiadedl 4 fuusddnfidsansenusion

LCCI[CIP] wniign TneSesdduanunnlutosldsd

C...> C > C >

CIP,3 CIP,5 CIP,2
Wufe duvuneaine danudeunniidn sesamnfe Aunuy

Admin fiuvu Preliminary kg §ns1Ruile auddiu

drunani1sTiasensusuld suadanusludanuunig
adlamaniiiolaszinuunasnongldnuvesssuunasduiaain

Tornado diagram wuinlagiadsdl 4 saudsddgidmansznusoni

o

LCC[PCF] wnign lnaisesdrsuainuintutdeslasd

pc2>Cpcs > |

C > C

PC,3
Tufle svuunaedndafidununeasiaduanudsunnian
3098911A D AUV Preliminary AunNY Admin kag dns13uile

AUSIAU

5.3 gansiAsievusunanIsuaseienisveulnaanles

v
o

Tunmsinvsinafigasveulaeenledainnisinuasall 37l

o
[

AnwusunaiiwarsveulaeanlyflunisvudgeraunInga 2 seu

De

c

Togldnan1siasned Mam1s197 8 — 9

M151991 8 HaN1TIATIERUSURL CO, Tusyuunasluf 3 lasens

Cast-in place Transportation Total

(Kg.CO,e) | Embodied CO, (Kg.COe)
Project 1 1,062.57 2,304.31
Project 2 92.49 406.97
Project 3 186.32 1493.32
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A9197 9 HaNFIAIIEIIUSIN CO, lussuunaadisa 3 lasens

Precast Transportation Total

(Kg.CO,e) | Embodied CO, (Kg.CO,e)
Project 1 530.84 1,772.58
Project 2 249.60 564.08
Project 3 1,144.79 2,451.79

54 4an13TiATIeiUSTeuTey LCC uasuSurainisuaeen 19

mrsvaulnaonlyd

HAN13UsEEY LCC wag Usunn CO, 91nlAsInTsiieg1aveani
2 syuu Wudwwandlugud 8 Tneszuunaeluiiaefiusunanisuasy
fnwansusulaoenlediade (anizianssunisuudl) sefununaen
91gMslduUsEI 2.57 KeCOe/dMum diuszuuvaadiiane
A a ' o < s A a
fUsuunsvdesfingasueulneanlediade (lawizAanssuns

ud) sesiuyunaenaensidnulssaa 3.21 KeCOe/a1uum

1,400.00 m= === === === == e m e e e
1,144.79
1,20000 F======= 06EF === === === mmmmmmmmmm oo .-
[ ]
1,000.00 - = === = mmm e mm e e e
§ 800.00 [ = === === mmme e emeeemeeemee———-
2, 530.84  530.84
& 60000 - T
. .
60000 = = == = m e e
186.32
20000 F==22A9 o [ ——
[
0.00
0 100,000,000 200,000,000 300,000,000 400,000,000 500,000,000
L

JUN 8 Usinansudesfingeniveulaeenlen wassuyunaeneiy

AsTgau

6. anuUsngNani1AN®I

o w a1

NATNA 2-7 wag 3U 6-7 wudn YadedrAgfidanasients

o
%

wWasuuwlawesiuyunaenegnisldnul 3 Yadeil laud dununu
a3 AUy Preliminary uagdunu Admin lagangui 6 wag
7 vos lasesmssiednei 3 lussuunaslufiduszuunaedisa e

#1500 Cpoe o W30 dunueru Admin luszuunaednia Au

C
c

PC,5

%38 funuy Admin Tussuunaeluiiy wuitAr C

CIP,5 CIP,5 >

a1

o 5 BB nsneaseildszuuvdeluiifuasdanluns
wazAldirelunsuimsfiiatulunszuiunmshauiigaindiszu
naedusa
agnslsfmunsieadeiliszuudedatuazdrvanaldsny
Tunsusmsdanis Jussmneaiudn nsneadeildsyuunde

FuSavdrsanniszanldarenmasunsanulusmeuiu fanseiu

7. agunansinwuasdalauauus

= - = = o A v
nsfnwiiewSeuidisumameuas Yadeidmadedun unaen
21gnsidnuiwanssiuvessyuunasluiiuazsyuunaadisalagld

FILUUNAIAAIERSINENAUYUAROADIENT TN WU N3 2

o o A

sruududl 3 JadudAniidmadodununasneignisldaulag

7

o o

Basdnuantaduddniianuiloununs 2 ssuu tuAe dunulunis

] q

a 4 =~ ' '

noafne feilimzinlulassnsneasne dsinsinasoyanivos
Tassnsreadadusniian e Mendeasts Fediodndudiuiidives
Tasanavierdwesenastusosdidanniian
druiuulun1susmsTanIsLaz AU U1 Preliminary Wuin
s 2 spvufinnuuanensty Tnsszuvdniagunudn fuvuey
Preliminary finadenisudsuuiasivesdiununasnoignisliau
53 ganddunlunsuimsdnns Jamseiuduiussuuvdeluding
fuulun1sUTMsIaN1sgandnAuyuaIu Preliminary
Tnedunulunisidsumsnoadisdoidufuyuemnuddy s
el Tanilfinsunisduiduluegramnzavaenndosiuumunis

v

vhau elilliAnmuarilumsinmdaidodd dudunulunis
UIM59AN1T %50 Admin cost iANdIAYRoNITUIIISNUNES1S
wialiusazdsvedlasenisneasisauisafindeuszaIuiy was
widgmavdninanulngvesSumuuazidtvedlasinislaedi o
Uszansnm
TudruvesuSuruuSuiunisuassfsaisueulaeenlennuin
sruunaednsaarivsununisuassfisasveulneenlediade
(an1eAanIsuN1suuEaY) Aefununaene1yn1shiay geandnssuy
vaoludl maiifesnszosmansvudesinvessruuvdediSaines
gandszuunaslud
Imaﬂﬁﬁﬂwm%gaﬁr;ﬁﬁa13?u§a13ilﬁvhﬂwsﬁﬂaauwmﬁaawaua
adla Wiohdadoidesdildanmsimssinnuseulmvesiauls
989 LCC woans 2 53uu lnedesadrsaumsuassauangldutuuou
mmswmi’a@uasmLmﬁmmmLﬂr?iauLLanlé“Luamﬂm Faduaulu

o

drudnluresuided
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