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A Fundamental Study on the Effects of Pavement Stiffness
to the Structural Behavior of Orthotropic Steel Plate Deck

of & 2 o 5
Lee, Hwan-Woo Jung, Du-Hwoe
Abstract

The pavement stiffness is scarcely used in structural analysis to design the superstructure
of bridge. It is reasonable not to consider it in the case of asphalt concrete pavement over
concrete deck because the pavement stiffness compared with the concrete deck plate can be
ignored. However, sometimes, the pavement materials have a similar amount of elastic
modulus to concrete and are applied to the orthotropic steel deck plate which has relatively
less stiffness compared with the concrete deck plate.

In this paper, the steel plate deck of a real bridge project was analyzed by considering the
pavement stiffness by linear elastic FEM. It was assumed that a perfect bond between the
steel plate deck and the pavement exited. The results indicated that the structural behavior
of the orthotropic steel deck plate can be estimated enough to affect the evaluation result
of structural capacity in some cases. Therefore, the investigations by experimental tests
and more advanced numerical model are indispensible in figuring the design formula for
considering the effects of pavement stiffness in the structural analysis of an orthotropic
bridge.

keywords : pavement stiffness, orthotropic steel deck plate, linear elastic analysis, evaluation
of structural capacity

x J3)Q), AN EEFE Fug, Ikt E-mail : hwanwoo@pknu.ackr 051-620-1452
x A3, RAY SN BE5FEy} L, FEuA) o B =Fo g EES 20039 3€ 31¥7HA dEE R

ZAW 20039 79350 E2AnE AAASYTH

I2pxercEs M7 Mises. 1) 191

ror



.M 2 29 FES vwEAEe] we 2E ekl Bz
L

g Wk TRAwAe BN, B 0
Ag B=ol AFAe] wx 1 d8H A 4T o] Aol A A nyoie TEA FF
BRo] WEs] mholE o] gjgtq, FAARO T ZA (BRA7) wep ATl JIs E F Us A
B golsiths Aoz sl feudelnE Ok ek AR FEA AgSudre ¥3
1900) olFRE Aae] Fe7b soluEA o A AT B AEAs Gdel B A7t
7HA Ao Aagko]l =T QrhEA, 1997). aEEkth B =2 old #3 7|xATFEA, ¥
E3] 7 3Horthotropic  steel plate deck) n#E e ARE 7P A o] e w327t
(Troitsky, 1987 &371%9) Wy nese 7= AT PRE JPE B4 Sela ¢
A4 71%e] W) PPl Haol: SeleliE F o] Hojo] A7 RS BYsR=H| 1 o] ik,
AAAREZE A o S718ka e a4 s
o|tH 3772815, 1995). Table 1 St - olel cHESS! 2arm MAZFS| ABA
(%= S, 2000)
9, W) WAEPAE APe) FPE P}
A sk, Aol Fa1Ee Awel w2 AYAA @ A%l ||l ok
S gl e 5 Qe A $YAFS A —
4E! NG, A1 A A%
AIE UL B, vhet SERRH 4UE AT oame| 4| T gagg sy gan
st 9Es St} ol9h e wWHEAA S 7]EA] s PR ——
gge Bue] AT nltAz ase] Ak ofeme| 3 | B g Han
Sl e e Base el Vs 9 }}Lifg 51 46m | Ax 28 gu0n
o] Aovg Aol Zalgol el FRAL WMol :
AoiHo R A M. o T F-84%5 | 7 | s | Luing Briceeci=
frafd ajlo] & 4 glvk wehA, Table 1 oA B e '
Entel o] $53 TS Fua] AR TR opge | 9 | 43mm | The Forth Bridge(3) 5
Yol WA HgHy ek, o Ao
el wexge] Agse wAAe 224 A e RS s, 1;}::1;4 2
s L= T OKohama ay
254 9 el BlSE TEUE ARE 23 T
ElE(elsh 22l W o 1100 B A A FA] - Second Yangtze DBridge
e AN ZI|E HIEE SEd] o2k AR opzge | 16 oMM | a0y o
ofg] FR7E itk B IFFAE Table 194 BEe
uie} o] g FA(R%E 12mm £ 14mm 2. XM 2
o Hla] 34 AT ZYh agnz, AT aF
o] Afele 2gA 9 7ol g Azl v 21 #xRd
& g 9T F2 PAY E IS Ao Bk
Aoz wF wiekpe) FRAANA T NERERDE-E
Bl FEAE Y wx uAsEo Mt uHE £ A7 FAAE @A AFEd K wgo] =
b oole A #5420 B4 ARSAY 7= 27U 99 3 E vug ggos sigon @
A rHE 1A W, FRAEAAY A= ?:} He] EAQ] F4LS Fig. 19 Zrh
Aol gzoz wolgel A 4 gtk 1Y, m WA, e mFPHERD) W9 A%
F2AY ABE AZsa, FRANS SR 5 H AL A4E7] 94 Fig 2@k 2ol Feust 5



A7b 23 Aol 10mQl B2 siMAAE 7EL
2 FE9 Mgt & 4 DI AR Fole
6.6m, 46m, 26mFig. 20b) Edo FHNZEHE
HlwstGiet. o) w2 zhgae] siAele A
I 7 Hi(steel box)ES H¥HFE AAZ 1
o s 2 iAol A8 DB-4 FF Fdks
W AstAEch M AR, Fig. 2(b)9 26mEP

b S ued o, Zd=a7)e w2
wEWE AFAelE FAY F e HARYR
g8 4 gl Aoz #dsdth Fig. 32 Fig.
2(2)9] 10m Ed3} Fig. 2b)¢ 26m =Ed 9
FARA g sMATHEA, HHAZ] AojHl=

A= _ 2.361—2.261 ol
7 s =0.042 [bi=g

4@2,000=8,000

| e,
\ / Jﬁeo s
220 8

DB-24 $ESIE

(b) 26m =2 &k

Fig. 2 ofld|al Ao =&l

05
U &
-05
T for
E 4

= -0-1om

=

-8-26m

Juls|a s it 248 £ A9 FA34 2
A€ Fg 4@ 2tk 283 oH] XA
SHA ook XS AFFL Fig. 4b)st
o} AT AR AlFAR G st dntdgo g
A A mEl 50mm~80mme] WHWEE
S8 aga, HEFE Aol FAE Imme
AS2A 7Pt 3, g e 4
W AT RATE AR /Pgsla, vERY
P B FMoA aEkA itk
Fig. 400X Heulel o] Algd f3lese
Tz Zzad F9 el SAP2000(CSI,
1988)] " 4¥d A(shelD8AEE AME3)
o ZAA#I UY Fd2 2 JPus mdysiy

DHomorr o
o

sEPx=EFCEs| M7H M50 1) 193



| 3.300 4

22. Mz =&
ZRA
(30~ 90)
H=E(1)
2AaE(12) 2 oA AHEE AEe 4T glBEdd AR
B i B A 2T AHEE ofxFE AT E(p),
(b) ZarBral EFAC] ANE . o i
a3 e 245 Alole HEAg AL HE
AFZMb)7F A
< = (oint) ¥AE 2 584 A5EAC] Iyt AL &
; g g nEE Tof ulg} Wale Hed AFolot ayu olv] Ji
: (solid element) ) o
i (7) de ohorg WA prsd mdel A3 e
- solid element,
2 Eye 294 Ae54 2dE0] RE AR thalo] A
(shell element) -
\ AlEo] A= gt
23 (rigid) o2 S, FRAGAY o) ASe 2ZA B &
o mEe ox =uje) Qeje] Beld AEA g T A8 o)
ol ZAE Folth ole 5 Az} A A=
Fig. 4 siA 22l 37|t AL R24(EH2, mm) M _
AZEet] EAAge] LEHE FAYE # A
) s Zo|7] wFoltt. ol mel, 54 dkFstelAe 2%
a8 88 1A(solid) 45 AHESA ¥FS3) _ } i e -
. ] Ao AAaE APt e B Afore &=
AASS 77 Atk 849 Ar|e 71EHe B} }
. - o wE mAdIA7IA 1Ed deE Uk w3
Z bemx5cmZ SFHoY HiEHoz dd HEEL
- } I BE wEAgA|o) ol&He FHEsl5e 7| Jd
oS 2dst 718 A&t 9, 45 o o _
" ke FRAY MRS 4438 WA YS9

AR(HRFY ARER)Y F2Ase pdEs, o
Y JF=9 A FAwe] @He 4 4 3%
A(rigid) £ 42 AZs9

HAEES AstErh wEba, B Agolx AE
€ AREL S A¥ery As= 7PgsTh

i
td

AAZAL Fig. 504 BiEnpel o] mEdpako A @AF E 7V 2.1x10%kg/em? o1 £
2= PBE TPF B4 P vpadng A okerl 4 € 038 ZE Zoz ssith 9T, ¥
e e AAhingo2 ALSAAL % gAY AgE exdslel g} tae BEY 4
Azgdel 24w wde Afaer A e VG A)d met RRe, stk
o ole duisiy ARE wgsta TFA S 7 = ojrmE ZIPE ABAS e AT 1
ol el WY Agdl vNe FuHe o W] AREE B o BAAGT A% =e A
FrE dotrs B AT FxiA XS 9 SR AN oFA] oRAEE(Gopalatatnam,
st 29t 19999 Fke 71Eem ok 50% T A 3

194

ofr

=R x=EZITsES| H73 A15(2003. 1)

iy



(E,=2.1x10"kg/ cm®)AXRE Gyt 7AQ ofxg
EV} 2 250A JHRe &AE BAFY, 199)
S o 50%eold sk8lshe #( E,=3.5x10%kg/ cm®)
7HA 159AI 2 st 7 1A sl4del #-835klck
Table 26l £ A7l AMEE 2459 BAF
e BAAFH( = E/E,)% 37 ABssit
aga Agskee] HNEaEns BWs sha, B
o 5 oA BHoz A9 ¥olE: aE

nelakA eskek

P

Table 2 s Mol HE& zZz&EFo AT £,

RN B, Calon®
10 2.1x10°
20 1.05x10°
30 7.0x104
40 5.25x10*
50 4.2x10*
60 3.5x10*
80 2.625x10*
100 2.1x10"
150 1.4x10*
200 1.05x10"
250 8.4x10°
300 7.0x10°
400 5.25x10°
500 4.2x10°
600 3.5x10°

23 ME3StE

TEEdol= DB2AU 8159 F8 F35(9, 600 kg)
S A AR AARAH(200m x50em) B

(HFEESLE], 199)A1A Wilses  AEAZ:

a9 eEsEo mAAe AF S BB
AN ATEHS FHE BH|ER A
29t

CIOIE BIS=2X (GIESEEH)

NN
N

x

@

w

3
A

x
«@
w
3
_y

x

sEPx=EFCHEs| M7H AMi15e003. 1) 195



Fig. 9~112 A F77 50mmed™ 23+

AT n=E,/ E,)E 10, 100,

250, 600 %i}ﬂlﬂfﬂﬁ 2o, 7 aks B¢

FAARA(5,)& BT Stk o]
e A s A A8 A

)] s ARe} wlwate] JepfAth 2Ex
7}

A 8 ARG, 5,08 B

=)
e
o
ol
lo,
o?L

IUE

nol A )

2 B3 %

R

\

X,
2 o
jab)
L
e
o3l
_)ILA
il
fd
%)
ofr
Ol
R
52
rlo
O
o
e
o
N
N,

=4
A

0}* Ex %*éﬁl#ﬂm i 2 ol 14.5~29
(Gopalatatnam,  1999)7HA1¢] ®H9Z dehtar o
Hk A olaBE] A9t 259 F7to] waba oF
100 ~ 20074, 1998)4 1] Fhe 7HI.

196 SR EERICHES| HM7AH ®M15(2003. 1)

E
3_01 =10 -
RO
= x % & =100
R 0.15 e 050 L
<+
&= 600
02 4 - EA e 2T [

0

-0.05 ,
E
L 01 - =10 |
% o =100
& 015 - =250 ]
<+ & 600

-02 2T EER [
-0.25

0% s2Ye
Fig. 10 =& o ZMxtolof mE A XME(E2 2
LI
0

-0.05
B
S & =10 |
&0 o~ rE100
= =250
R 015 i H
<+ v & =600

02 + WAt ate B |
025

s 2t
Fig. 11 =& o ZMXtolof mE A ME(E<S 3

=
o A9 el $AAR0] o 1 6u ol T
BrlE 4 Qa, Gu AR ojaBES HSL of
1.2 ¥ whele] Wejela 2y Hrkd & gl Ao



@
a

©08
3
aQ

©

0 100 200 300 400 500 600

EHAISE] n

e

Fig. 12 2t d=% 2N |(=&A =4 ;50mm)

20 50 70 %
=& S (mm)

Fig. 13 =& 2 FHlof we stSZPY Ay

HIATHE 5= 20(ON1FA] OFBES RSl L

AA71 2ZAY FAE 30mm, 50mm, 70mm,
Pmm Z HIAIA s 89k 1 29 Fg
137} o] ZAAA AL ®igld weae Ao H¥

Moz FANY(o, /57 Bashe AE ¢ 5

U3 FelnE AHoE @ Bgnl 93F 3%
He TR TS & 93 FE Aol
ool meh AR AAZIE(HANHGE, 20020
o oI5 B AYL Aol HAshel
43k olden us 74

B
4
)
1t
e

@

3

=

3 Rak-adl
Q

2 =392
— 05

a #2423
ul il
=

H

w03

Fig. 14zt Z =4 2o EZHEL|(ZZA S ;50mm)

Fig. 1494 He nps} o] Zpdsel 2Ash= 9
FHEEH)E FAAHS vp7A 2 A 9] A
Aol weh AA Mk A & vk o
&9 Aee FHARY Aede 2 A9
2, 39} zpol7} AA i

Hop @44 ofnE 2] fste] 31-dA e}k 2
o] @Al et Jofo] AeE AAHY =AY

p

59 HAo=R AT o, TAAY A4S 1y}
A = AL o EA] Oo}AFTEV} A= AAY
BAe W E ¢k 1.7H] o)A A olATE

=4 - .
$e0] AL 4 9 Aolek o] A% T
B APREY #8Y e dFE & F U
o Az FE 9FE E 4 Ak F TR
Ao 3L n#skA & Aol e 484
0% 348 AzrHe AANT A2 FE

sEEx=ERCEs| M7H M15003. 1) 197



4. 2 2

B =FRaMe 84 A3Fed K uge 2ad o
we gez, MY A5z sEE gAY 7
ol A3 Asel wAE JFS sXEh o
o, Aduyt ¥AFe FANY A dRAdE
Rog 7Pgstsla, wEHe dF £ XA 1
oA ottt sjadnte] AEE TPAY FEAT
of JEFS F= AT uFHe] XY P
o] D24 Hrle) JFE F= -8 Uisty
Atk 1 A, TAAY FH LT g2
A 24 AREAS RIS o, 2ZA9] #
4e AT Ao we e FERA As
HAAEL JFE E F IS oz dAvwth w
A, A olaZERT 2 AL 2 IFAE wd
Y 3 e e Hrlel g2y 5o
Gyl EgA ] BE F2A FAY = 9
Ao Bu} ol we}, oz AT waFe] W)
g HrAle 2R FAS F-s 18T & Qe

A A T A7 Bad Aol

198 SRATERICHSE| HM7A M15(2003. 1)

LAFY, AF4, 9, “oprBE madede fE
74¢ A B G GGREAAED, AL

ZAistal A etre A4y, 2000, pp.145.

4.z *Ff B AAANY FaFtAE 9 AT g
TZ2EEI A, A9H A4E, 1997, pp.107~128.

5. @ A7x38s], “AFEEY A4d Ax==2ae] AA
FoFE3F14, 1995, pp.710.

6. HAGER &, BB R S - MRS, stkaant
Jioit 25T, 2002, pp.273.

7.Computers and  Structures, Inc, “SAP 2000
Nonlinear Analysis Reference”, California, 1988.

8. M. S. Troitsky, “Orthotropic Bridges”, The James
F. Lincoln Arc Welding Foundation, 1987.

9. Vellore S. Gopalatatnam, James W. Baldwin,
and Jr. Wei-Min Cao,
Performance of Polymer

“Temperature-Dependent

Concrete ~ Wearing
Surface System on the Poplar Street Bridge”,
University of Missouri-Columbia, 1999.

(H=dAt 2002 6 102)



