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Life-Cycle Cost Optimization of Slab Bridges with Lightweight Concrete
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ABSTRACT

This study presents a life-cycle cost (LCC) effectiveness of a concrete with lightweight aggregate. A
number of researchers have made their efforts to develop a lightweight concrete, since it is difficult to
apply conventional concrete using general aggregate to heavy seif-weight structures such as long span
bridges. In this study, an optimum design for minimizing the life-cycle cost of concrete slab bridges is
performed to evaluate the life cycle cost effectiveness of the lightweight concrete relative to
conventional one from the standpoint of the value engineering. The data of physical properties for new
concrete can be obtained from basic experimental researches. The material properties of conventional
one are acquired by various reports. This study presents a LCC effectiveness of newly developed
concrete, which is made by artificial lightweight aggregate. A number of researchers have made their
efforts to develop a lightweight concrete, since it is difficult to apply conventional concrete using
general aggregate to heavy self-weight structures such as long span bridges.

From the results of the numerical investigation, it may be positively stated that the new concrete lead
to, the longer span length, the more economical slab bridges compared with structures using general

concrete

1. M &
ZH7HA EEANRZ 9 AR e YA AEE 92 AF n&) FFo] 7] wE
TEAYETCR WFE JHEAsh] HeiAE o8 kR AFAlEe] EAEtdt 5 9 F
g A2k B Z*%J% 3 } < AYste Wstdse] Bl Fol dEHY
2o At 2 ERYG ZFo| HA dl7] At A 2AF
SejEule] %P}&D}. A% Z&%Z}l% 71&e] 2Ad vigte &9 FFol Fu B
o

JEE wigd o E/AMENE 2 71§ 2aYES e 4EFEE HAEA EH%%“’] 2
SAEE & F Atk AR J1E A viF DHRIAT HlLo] HNThe dHE AR ok o)y
¢ A% ZIZTIUEE £YERd HEdted o FEHA FAL A4S AdME HFH(Value
Engineering) ] MWW & AR8stodof stedl HT 7593 F71dugel HHEA7E dA9 q2E 9
Hries A5 I e ARl 2710408 ohgt 2 FAHE, nF 48 4T =& 3

* AP - FFNGR AFLEFAN LT TS AYRA
w» A . Yy EEFH TS Jug

# A3 . NYgddn EEFEH s

wrex 3 Y - MNFT AN EET HAWYAAL

soree S SN EESA TSI AR A

-257-



A T o vE wFe S W Ber} R wFd i - ARM F F/HHEQA ALy & gig o]
71 g2 AX2 9don oled AehFrsulE(Life Cycle Cost : LCC)& HABAAMSEH Aol
g H oz T s]okgict

HZ LCCE nEd AdAY #¢ 39 ATEZ Brito9} Branco(1994)= 2 fHajsia Ax= oA &
A 5 e o)y 2 wFe 7154 vEE E3e F71d LCCE AAE v o, rang0p01(1997)%
Az whel daleds gL BFY B4 BRAES n8F LCC A3 g & FYsidn,
Ellingwood(1997)= AlZAd 71x2& ZANAE EZ3HE F29 LCCE HAFE= ’574]2 AFg v gl
o ZuUdME 233001 A4RERe LCC HHAAN B3 A7) ok B dFdMe A% 22

AYEZ 4% enndd 7Ee ZAUEE A £dBu9 QFruE AHHAE a9 FAA

& $AsaR Bk

rl:J

e

2. LCC M 2HI2 HA|
21 MASE

Z3E P Ee LCC FHLAEZ 1% dAFREL 7)F9 ¢yguus A AFAS AMEse &
gumel FANFI LS vlusly] 959 7wkl Xzke] 9m~14mQ) B E HASAR HAY
Fe FEAFA Y AuEA T2849 FHre F4 2 FHIFoR Aok wHIZ S WIER
FE AAZIE (1999 ZAsY FHIH wt FREE stde 1 Jd nAsEE A= €T
23 F2EL AAdR 9T

a8 1. cHEmel MAMS

N

2 SXEs
F2EY AAd o) v &AM gAY ZHgSe] WEe JHXFez FHE o 7idn gl & &
eow oleg sl LCCE Hastshe o] vpgdsitiMelchers, 1987]. mehA, LCC HALAE A8 &
43 F7]dju] S (Expected Total LCC)& HAsHer] A% wl&¥e o2 BE AIFS astaof st
2 dFME QA 7 AwEd Axdad g 1737|0HE, A8 g mA7IYRE, FARE
vl g 81 78 Eel F@sted A3 e BT AAsed

CT = Co + CM + Pﬁ,Cﬁ, + PfSCfS (1)

Cr = sB=@e) F7UHELCC)N Cp = 2710185 Cy = FABYVE; Cp, Cop = H= BYYIE, A

- 258 -



4 BRNE, P, Py = 2% BE2E, A HEDE

2710182 AAu g3 dANE, ol stEASANEYES nstAed, A9 FEASA G &S
HAE7 o) Ao 93 AFH| &2 v&8 BH3AcHde Brito and Branco, 19%). %9 HA gy gL F
e weke] AMAYA AES ZALEN BuA AR AL wged Ay Ay 5 F=zsd 4
3l HAD AL ES] AP AT SHUPAYFA90) uret x71¥)E) 10%2 FAsEAch 27
H8( Cp, Cpl2 TJETE( Py, Pp)3 SAVSH w2 A%} Fule &4 vjg, B4 - 273 /138d &
7] 7154 Aol st HAE ¢ Uv TRol4A HE #4FH JIH ALFH HLE e HrHde
Brito and Branco, 199, 1997, Seskin, 1990; Rosenblueth, 1986; Cho et al, 1999). ¥ dFdiAEs mgo] B
o ol27] Hel B - BAAAE FYste Aoz /Msgonz AR Fuje &4 nge 1A

&tk
23 Ht=A

ZaYE duwd LCC HYALAA ALHE AFxAL TN F2 ALESE FEAEAEAY 9
F AFzez £ 13 Zo] BAsstsich

% 1. 232le s¥nme] MtxEH

AAA Gz 7134
E

HEWE | G =M,/ ¢M,—1<0

HHIY] | Gr=0/p mx—1<0

— fck
pm—0.85><0.75></91'( 1, ) (6000+fy)
H243 | G=1=0/p =0 o AEATH g, = DBag 4 1
y Yy
sHB .
Has7 G4=hpmn/h—1<0 h i EWE AEE, by EFUWE FHAFA
2T

5,1 A5zl o A4

5] 82 A Gs= &/ 8,—1<0 _ B
SEAH | o= blba 51 BakEdl 9 AW o HAERA(L/%0)

3. BHHIMENRY 3 ME[Y HM
31 A ME] 28

LCC el g 7229 FE&EL 1] st 24 Fze4e] I3 IALURI S FEn)
Q174 FERE g gfEoz HFodn A2l dehider F3F AP Ua A4 AR
2 4@l e

g(+) = Mwmr — (Mmp + M) @
g()= 6311“ 61 (3)

Myg = 433 ZHE, My , My = 238 23835/2850 9@ BAE; §, = Ze5F HEAZ

-259-



(L/360); & = Bt 4% AA.

32 N2I4 o4

2 A7l E A r& WA geErsl 24084 A4S Aok, AP F4, BT B EE IR
A S8 B2a BN HAY AAAAS LA AR S FHE AUE 14 22 wAEY
(AFOSM)& A}%o}m Ed gAY H4ARE ol&d) TP F2240) FIRER FAHY AN

W S, 4 22 HL8ES A7) Asked Didevsen FUHWE H S,

4. {3 uhy

B 7o Az Ui Ao A4 $43 ALM(Augmented Lagrange Multiplier) 8
BFGS(Broydon -Fletcher-Goldforb-Shanno) 8 -& }%3}9\1‘4 w3 A JFEAe g5 EE
W(Golden Section Method)& ©] 43ttt ot & ¢nPZFe FRAFJP|PES FL2aJe ¥4
T 9= ADS (Automated Design Synthesis)& o] €3t a3t FZM e FdaaU S AHESHAT

5. M0
51 tharxgo At

7129 ABst AP FZEIFNEES A8¥ & LCC FHAAE T3 4749 LCCE v - &
A7) gt ARIEEZ e FAHd Im~14me] BER2 HAsk HE4U UL 209mel i
AASEL DB, DLAE H4sigch 1 o did72Ee) A8AsE & 20 Yehuth

2. P =29 MEAR

gt A2 A% 22gaze
ZAUE Az A3A 0% [AF G2 100%
77127 % (kg/cm’) 240 240 240
S As(kg/om?) | 2.324%10° | 2.208%10° 2.092x 10°
©91% %Hkg/m’) 2500 2300 2150
AEFELY(kg/em’)| 3000 3000 3000
A 28] (+9/m”) 6 7 8

52 YojFo|u| 2 At

521 Z7|d|8 ¥ FxiT2u|8e HAst

Z7)M 82 Te] A} AF a3 AR FAF] BAH H otk o] TN AlFul g AL
a9 BaE T23AF AXAAZZ20001E Fud gy 2AE FS 9P 20974, BF FEA
7} 50%9 A% B2EagEe] F$ oARud 21999, AF I 100% B F B2EAUEY B¢
SoBu g 2gntel AT AL B9E2%T 165Tdes YAk T AN LI FAE #E ¥ E

o 2zt AFuIge) % 3% AaHon Thew 2ol FAstataln

-260 -



Co = Coyp + Coc + Cor )
7] A,
Co= 2714185 Cop= AAMIS(AEH 89 7%); Coc= AA8NE, Cor= st &(PAN LY 3%)
FAHUEE(C)& U T3 AYAGA JED AAYEY 21 359 HEadEzd Jgs
A 58 FREY AEHAT #AAAE[(NHEY hAde]e] B FEUAIYY, 19%]d wel 21089
10%2 72 sakgoh

522 BZ7|thy| 82| M4z}

BRI SE e w2 APul g3 S2olgAE L WA A AASLNEH 2 0F
Mgoz TAHe] Mtk B AFNAE FEEs JHRPA AHAEE He] Aa wEA As,
2% AR AR LFel B4 w7 PE D FANE AAAD F 30] dEgich

¥ 3. EZ7|0H Z AAS 5 22w 2 SAZ

FEZFF A& AHEA (A A st
283 B z~EH Y
FTA1Z 3744 e

e A E2olgA vE% Y AGHA SAHELR g F Uk YNHOR ERol§A|
$(Cpe AFLAu &, A A0 E, Al g, 2AG vE, FAGPNE 5 5K FBoR AA H
7kE9] goHBerthelot &, 19%]. ©] 5 7H¢ F83HA T He 5 AR ANE( Crpo)o AF-PH]
B(Croo)22A °o] F v 82 $oz EzolgAnge RN ¥ &4 sty iz
B, B77(7E S ZE ApRel 933k AeE sl

Cr = Cmc + Cryoc )
Crpc = tr ZTNu,dty G)]
Cvoc = tr B Tusdty + DT uyly — unl,)] )
A71A,
tg = BT7IRKD), T = 322X dLBTLEE N, = FTAXNALF », = 197 A7E(E

NZHR), Aty = T/ A% AAANZE wy = AZ] DALG(L/ARYA) g, ey = LEFA
/7o SFFE (LAY 1, g = QA=A $3]8 =2 A (km)o|th

ARAQN L S87, G4 AYT Wxe] BT AZe] YRREF L AYTTED] U w9 A
Aok gEme Feae A5sct B0, BALARA ALHAE AFLAIG Y LA A8
Mol meldEe LA e uge FERALE Fab] e v SAEA 2 A HE ARAQeIA
194 gate] oA AYL AN FL nQuG WFu Yoz BRAQYLY 1R e €A,

W2 a3 et o] dd AF 1 T 20EH Ao AFE nEFE Futd 7L F ded
F2 39 Jd8E 1t G AFo] WE ARG L EE THA FASGAT HE Y F§

-261 -



A2 SHERE ol §FOo2A WAT 4 Ux F7HY AFold APEEAFZVE 24T 7
t 37} ABNY 3202 249 4 glon A9 FF % FULEd BE UNAY ¥ dRavFe
EALATAEG, 1992) AFNA ANE UL o183 AR¥E Fskert

E2ol8A dlgel AAAY DUA A9BA LANEE EEosA WEY YL U 4 A
Seskin(1990)& ©ld# 74 AARAHLL E2ol8AAY ) H~IWBERZ AHHAFE ANT ot
AT Wb B eRIAE A AGAA S48 FARCR ZdRsAE YRR HeuPe A
374 384S AR £2o A §) 160%2 /S

ol wet B ATolA 2PuIES AT AT AGITHET Fuae] v g 2716189 22400, 4810
el Roz dehdod ol mAYIZ] 2AF wEHgel B Gl Aol gleld 7MY AW A%
old, ol LCC BtelA Al Zlgiss B AYATE AHgE Aol e Fas

Bl ¥

Nl

53 EHY A

B A3 AANHANEE FHsty] 93 TAH EEAFLE AFZAT T E AdstiE £F
A BEA E"“M’ #d dlolee RF oz Qstd I - 9o #AATF(Ellingwood, 1980; Cho,
1989 Hart, 19218 23193, F38 Zdd e &std e 3*’2 agste oz FAs A
Aol AL HFFTAHE 11, COVE 012, #EF2 Normal-r'EOI‘Ii AbarEel 74 ATFAH T 1.05
Cove 0.1, FIL Normal®Xeln #a5o A HFFAHe 124, COVE 025, $¥32 Lognormal
BEe 7p43dch

AZAY dwk ZAYUEE AMEE Selrae] AY F7IomIEE 48] st 271HE A

3%
A} AejF71H ¢ BHAAE FPatgon] FAHY AHE & 49 F 5o 27 ehdch w3 19
3% 1% 45 2718 HHHAS AfFruE FHAANA L FV0 &S 2FY AGER e
At
4. 271418 AXNMA A7
ATk %
au =agE A% ALEadE
AF 223 50% B 3EA 100%
A)ZHm) 10 12 14 10 12 14 10 12 14
2 e 257 (cm) 5195 | 7226 | 9568 | 5195 | 6968 | 99.75 | 5195 | 67.87 | 9568
g9 ZG BZF(em?) | 6077 | 64.00 | 64.00 | 5927 | 64.00 | 64.00 | 5807 | 64.00 | 64.00

Z7]8&(Xx ) 4835.81 | 7997.50 [12820.52| 4940.06 | 7890.10 {13071.21 | 5045.21 | 7855.98 |12820.52

Fx Fejal S (x ) 48358 | 799.75 §1282.05| 494.01 | 789.01 | 1307.12 | 504.52 | 785.60 | 1282.05

77 o) hu]R(x ghel) |12687.78|17888.96|26801.58| 13265.66 | 18543.12|26660.54 | 14018.63 [19248.09126801.58

AREA) 7 o h&u] S (x Bhel) [ 4399.23 [ 2.12 0.01 |5166.04 | 3.11 0.08 | 5874.05| 28.70 1.50

Z7) i Hl 8 x ahgd) 22406 | 26688 | 40904 | 23866 | 27225 | 41039 | 25442 | 27918 | 40906

-262 -



IS5 YolFo|u| & AXHMA A3

2% FefAYE

B BAAE A% ATA 0% A% EA 1006

AZHm) 10 12 14 10 12 14 10 12 14
< BF A (cm) 61.88 | 9180 | 13493 | 60.75 | 8953 | 127.74 | 60.08 | 8487 | 11814
SlEvr AZW(cm?) | 6400 | 6400 | 6400 | 6400 | 6400 | 6400 | 6400 | 6400 | 64.00
Z7]8] (x4l 5731.58 | 10104.70 | 17213.61 | 5754.61 | 10078.39 | 16671.71 | 581550 | 9771.43 | 15771.63

FA] Bl ] (X ghg) 573.16 | 1010.47 | 1721.36 | 57546 | 1007.84 | 1667.17 | 58155 | 977.14 | 15516
757 thaken] S (xure)) | 49658 | 1008.36 | 2879.40 | 460.92 | 805.34 | 2552.11 | 426.42 | 1087.75 | 2868.24
AREA 7 B S (x )| 0.06 0.03 0.01 0.09 0.05 0.02 0.19 0.07 0.03

Z7] ] R ( X 7H4D) 6801 12124 21814 6791 11892 20591 6824 11836 | 20217
—e— g2 a3 2000y M e 2age
140001 —e— Z BIA2AE (S00) [ 5 220007 —e— A 2I2E (50%) o
A Z2 237E (100%) /,' 20000 ] 4 Ay @32l (100%) 2
12000 z fZ
7 18000 ,
= / ~ 16000 '/
3 10000 4 @ o
x / ol 14000 a
§ 8000 8 12000 /
S / O 10000 /
£ 6000 / 8000 P
P 6000 ‘““’7'/
4000 -
4000
9 110 1‘1 1‘2 1‘3 1‘4 s; 110 1‘1 112 1'3 1'4
Span Length (m) Span Length (m)
a3 3 =78 FHEHMEAof o5t 74| & a3 4 Yol FI|6| 8 HE Aol 23 LCC
AofF718 & FRAANA AARFY F2Fo] GAZT fhem’E U o]fE PRI FAIZwI0]
D29@100°1do] HE FFo] e Fo wiZe] HA 7] W] oo td dAAGEAN FH A

o2 RaAT E¥ 33 BTTaYe Sdnas A% o ImA AZ bsaAw Qu Eades
A SAREY B4 16m ol 4olR BRTA A2AT) AGEAL VIR Yo} £HA
Bl e Asel GE YUY HRE Aol & AIIAE DIAE UL SATHE e
ST, o)t A% BEEAYEE A F9 A3 1493 138 FY F ) v A AQe) A%
o HHTE AE MATE RO, E 49 2108 ARAS B3 S0l & 59 4AFINE
HEaslel o 2~33MAEE Ueht 2718 o 15~20%AE AWIAT FEES AT U 7
Ag A F710HE SRNA WBAHYE ¢ 4 Uk Wb Az ARE ol §F TEE 7]
GAAE B s BAFANE AREAT B

19 39 AQY 271ME RHAAY 2o1M83% 39 49 AAFIHE ARAAL 7\l gol
F9 Azl lim Bek B¢ 3§ U¥ 2AES ASHE o) ZAFel 1m oY ATE 3% 2
22=8 A83E Aol 2185 $198 AUAN 2F BAAGE § A ol A9 e
g Aae 2AUES 34 VAT 215n/To2 Y TALYE 25ton/m’) 86% FEI wd) 1
2713AME Ay 22FE FS NIVANA FF B2EAYES F$ NIV AT B

I T

] 1m
23

oft

-263 -



e 2784 F7FEAYI} 9 4% AR go}l Azto] Ao zF9] FFo| F A4 Bk BAHI R
02 HAY,

TolN A ABAE ol &d ejuid] AfFruE HHUAE T3 =2 A2 S oA o

D A% ABAG 2 A2 ARE o8 FREL 27H$E Folt An AFA 5 St
F7uulge) AANE aRHoz BAHGE Aol Fadw o AANE ANF/NE AHYAT B
Soln},

2) 2 A7) SYRTAN lmolae) ANE A2 A4S 2% A22AYES et Ao 44T F
o E7lgug B ohje} 274 SUANE AAFold £F AF F2EANEE A3 JFol
Mol Ayt 2AYE SYBIBT FAW H4E £ 3

9 BA9 A% BIASE FL TANA B Auan ATRB HES) st FAFIuEL
Hagete Fetdoln HeHe AR e ARAAS BLaTh noh GelH F2E HA o
Fo13 Rolt,

03

o 28

1. Ang, A. H-S. and Tang, W. H. (1984). "Probability Concepts in Engineering Planning and Design.”
Vol. I and II, John Wiley.

2. de Brito J. and Branco, F. A. (1994). "Bridge Management Policy using cost analysis.” Proc. Instn Civ.
Engrs Structs and Bldgs, 104, Nov., 431-439.

3. Frangopol, D. M, and Lin, K. Y. (1997). "Life-Cycle Cost Design of Deteriorating Structures.” J.
Struct. Eng., ASCE, Vol. 123, No. 10.

4. Hart, G. C. (1982). "Uncertainty Analysis, Loads, and Safety in Structural Engineering.” Prentice-Hall.

5. Koskito, Q. J., and Ellingwood, B. R. (1997). "Reliability-Based Optimization of Plant Precast Concrete
Structures.” J. Struct. Eng., ASCE, Vol. 123, No. 3.

6. Lin, K. Y. (1995). "Reliability-based minimum Life-Cycle Cost Design of Reinforced Concrete Girder
Bridges.” PhD thesis, Department of Civil Engineering, University of Colorado, Boulder, Colo.

7. Melchers, R. E. (1987). "Structural Reliability, Analysis and Prediction.” Ellis Horwood Ltd, West
Sussex, England.

8. E2RAAZIEQ000). AFEHQ T2 REY3

9. *4°§(199‘2) “"’%—@j—%}ﬁl% °41 -'r‘” AFNLATFH I:l%-92 -17

11 2;@4 *ﬂt}l% f‘é(zoon “AAAE e 1LCC 5'42—1*.4_74]" Zd_*&?z g3 B seugd =83

12. 28, 9oE, %‘—*—1(2001) “DEIE FuF Fr)dgulg HAHMEA, dIESSI=EH, A2,
AT,

13. 222z F2AA 71£(1999). XTI YE 83

14, FFHARH(1999). “Fh PCu o] AA 2 45AMS 94 AHAd 712 AJSAE R HAFAYT
FE AL BaA.

-264 -



