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Experimental investigation on seismic behaviors of
composite girder with corrugated steel web
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Abstract; To investigate the seismic behaviors of partially encased composite girder with corrugated steel web and
composite girder with stiffened corrugated steel web, the pseudo static models tests with shear span ratio of 1.67
were conducted. The basic seismic performances including failure features, hysteretic curves, load-carrying
capacity, ductility, strength and stiffness degradation, energy dissipation and deformation recovery ability were
analyzed. The results indicate that the partially encased specimen presented bending-shear failure with local
buckling of the corrugated steel web, while the stiffened one was failed by shearing and overall buckling of the web.
In addition, the inclined cracks appeared at the end of fixed part for all tested bodies. Compared with the stiffened
girder, the partially encased one exhibited a higher load-carrying capacity, ductility and energy dissipation ability.
These two kinds of webs can improve the stability of the corrugated steel web, the hysteretic curves are relatively
plump and the strength degradation coefficients are greater than 0.9, the viscous damping coefficients are more than
0.2, and the residual deformation ratios are less than 0.61. All of these data indicate that the proposed webs have
the smaller strength degradation, and greater energy dissipation and deformation recovery ability.

Keywords: composite girder bridge; corrugated steel web; concrete encasement; stiffener; seismic behavior
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Tab.1 Mechanical properties of steel plates

AF 2 W5E/mm  f,/MPa  f,/MPa  E./GPa
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FFLERHR 5 415.0 533.0 204.8
HLGWR 5 415.0 533.0 204.8
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Tab.2 Mechanical properties of rebars
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Tab.3 Feature points of loading, displacement and ductility coefficient

A ERes IE= F, /kN A, /mm F, /kN A, /mm F, /kN A, /mm “
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2 1] 1718.2 32.8 1932.0 63.6 1150.1 85.8 2.62
SCos E ) 1517.6 32.9 1841.5 79.8 1372.1 80.2 2.44
S ] 1411.2 31.3 1847.3 78.7 1320.9 79.9 2.55

PRI PFSRPE T By S M A HL 5, B P A
TRBE 1 BT AW AR AL S AR 0 0 11 4 BT 4

JE AR 2H A R A AR W B A 22 A8 KAk SC-C 5l
SC—S ML, 1E ]z i BR A& 28 T 1 $2 = 8.4% , T [m) #k



- 66 - /S =S B A N S ¢

5 50 %

PR 82 155 4.6% , ] UL TR EE B K B Sh i)
(AR T A N A 20 6 52 R 48 T AR X 3. i SC-C
55 SC-S H L, IE B IR L RE 3 B 26% , SV R K4
15 18% , AT UL PN AT 35 - 0 52 om0 ol ) 10 T 1 R
M A G AEPE AR T R ) 3008
33 EBER{

S EE IR A S W T 2 AR AR 2 T I s SR A PRk
B BT ARG (R AR 5 B AR AL R A A, R R
A YA P A Ve {1 £ 28 55 I N 85— IR A PRI (L
ar 38 HOAEL T 12 P Ay it AR b 22 B0 Bt fin 28 67 % 1L
(A/A,) BYZZ A IR P Tl A i 28 e 2GR Ak
FEINKT 0.9, AT UL BE N2 AFE IR UK 1 0T 3
JE A2 A B R A A 83 3 F SC-C 7R IR
Tar BT h A A AR 2 G218 T R ke 3, Ul D 44 28
PR AR 12 0B AL 3 SC-S ) FR A 28 A5 IR
LR EAE 0.95 LU L, i FHE AL 1A i, 5 B R 1k
HTZ T I, AT L T 2 ) i T B A A
G ELAT — 5 W e P AR A

1.0}
PR R R TR T
0.8 | )
—=— SC-C
—4—SC-S
0.7 L
-3 -2 -1 0 1 2 3

A/A,
E 12 SEEIR{LEEZ
Fig.12  Strength degradation curves

34 RIERK

Wil B IR AR e e T SR e e B2 g A b it 2R
POTRREE . IRZR I K Sy [v) 0 48 4% VR ARG 3 1 g
(BT B 5 7 R X (A 09 LA 181 13 Fizs g BRI
JEREMENIRL HE (A/A,) BYZZAG IR, P £ 1)
P B2 1R 2 AR, T £71 ) 32 AR A KL A [
B AAE L (A/A, ~ 0.25) AT AR IR
TR AW, W BE IR A ok 2 5 DL 2458 28 il
(A/A; = 1) WrBe, REESMBC TN LR HB TR
SE , W FE IR A 2 R B — A ARl Be s 78 e IR 22 8
BB 1 R B, SRR A AN W M
JE R TR P TE B ) W R IR Al 4
AEE G U A TR B - RS Jin 20 W ) O 4N E
i A AR J3EAH 22 AN R, 7 B T8 L 4% = T IR Bt
B, PR NI B X E AR 50 kN/mm 24y, 290
BAFHIBIRIEE Y 18%.

3001

250

150
100

S50+

A/A,
B 13 RIERMEHL

Fig.13  Stiffness degradation curves
3.5 #ERERE
] 14 Jrm R P AR 25 PO 856 — IR DG 31 1
RERAERUERE AR LE (A/A,) B2 ithZ. ik
PHEMR(A/A, = 1) FIFERERE ) HIBLAK, RE A HUA
BI7E 20 kN - mm DU BEE NS R4 5, EEA
W3 22 3 510 TR 5 1 3 5 Ak e, a4 e e itk A 9
PERY B, FEREBE 7\ U o | BB B FE WM B A AL L
JLT- 22t Rt ki i {4 SC-C 1 SC-S fig
EHFEEUE Y 5~ 235 kKN « mm #1201 kN - mm,ﬁtﬁ:
SC—C % SC-S #2155 17% , n] W AR5 L 3 55 m
S B AR 2 A RFERERE 1 05,

3001

2401
=

= 180f
<
o

2 120}

60

0 L ) L f |
0.5 1.0 1.5 2.0 2.5 3.0
A/A,

14 FEREmhZR

Fig.14 FEnergy dissipation curves
&1 15 7 Ry 45 N 20 55 — 10 B4 1) 4 580Kk s BHL
JEREC R, BRI L (A/A ) P IL 2.
TR PSRRI i LTS 72 B0 e e/ IS 1S Kk 3 n
W ISR (] ARG 245 55 B 482 1 AR R IR | 45 B0 4%
TR E 25 DI RE , SRR hir BHJE R ALK s B &
INE A PE 3 S IR BE 2 ] AL 45 5 R
P A, DATR B A X M RS 3 A, SRRk s BHLE 3R
B R IR Z 5, 454 B R AR Y & e |, #E
RERE 3G, 45 RORS iy BHLJE 2R BBl 2 38 m. w3
TR IS 45 50RE T BEL 2 R B0 R T 0.2, o] DLk R 4 i

M 28 G A RERE S UL T 5N 7 TR e - A 1.



53

TR, A POUWIERAH & RYURTERE R - 67 -

0 0.5 1.0 1.5 2.0 2.5 3.0
A/A,

Bl 15 S3okisiae R s

Fig.15 Curves of equivalent viscous damping coefficient
3.6 THRRERE

TIRIZ BET1 R R R ETE 3 y KR, Bl
A T B 5 A 5 A% 15 W iy 80T 1 ) 67 B
Z L 16 7 T A7 1] 5 2 A8 B 58 14 1 B n 28457
oLl (A/A,) HIAEA R, W AR AR AR T 6 B Sl
ANJEHE IR B TR T 244 B W, AT AL 4 R
Wil IR | FE 4 = A ARG W S | SR I RS JF AN AR 5T
YR BRI i BN BN E A RS /N (145
BRI SN s L 30 24 4% 28 IR B, B9V
451 TR IR Hil R e TRaE iR 5k AR 8 TP 24 AH
XFU8/IN 5 S IR IR B B, BB PR AR TR R B & i
P R AR AT ARSI R

1.0

0.8
0.6
=~

0.4

0.2

0 0.5 1.0 1.5 2.0 2.5 3.0
A/A,

E16 BRATRERIWL
Fig.16 Residual deformation rate curves

A SC-C FRAREIE HAE A4S FRAE RUALH K Tk
1F SC—S, R UL P Ao TR 46 = A KR T 50 Fol 1 i T2 40
MR A PR A 78 T SR A A A B g 28 il R A
G AAY WK 0.44 F10.33, BSR4k i 5% A AR T o
G314 0.61 F1 0.50, FR AR ASIE R EE BN, AT LA
o TR = 110 I8t TP 0 I A 2L 5 SR RN AR Jn 2 1 v D T

PR AT e 1 T

4 % @

1) TR - 9 R A IR AR 2 & R IR E X
N TR IR HEARR S B AT ol 5 AR 0 S0

(oI T B A2 A5 G2 Ry B VIR IR , AR R i 2h X i
M e A e A e . T D 158 A e YR R - AR i £
Fohy 2 AT g 0t T A AR PR AR e

2)) P TR 956 - 1 10 T 0 A 4 A 54 D T
SO G A el M RS AR R 57,
TEAE—RE RGN, 2 5 T — /e MM RS R, (H
[ i AT AT A Vi [ P R R 4T

3) PAATIREE - A I TR AR AR 4 B R R 4 T
S A TR B A 4 A S R IR A R B KT 0.9,
A BLE R EORT 0.2, 5 R BIEF/NTF 0.61, 1] L
TR R 5 1 30T M A 20 45 % i R AR AL 2 S B B
FERERE 1 AN TR A2 AE S 5.

4) P TRERE e K in S By B4 D T B I A 4
PRIEME R EGR 18% , e R AERE =) 17% , IR £
e X RBE FH AT IR E 1= A I T AR AL 5 5, P e
SRR 25 8 HiL X o] R F S A s P A e 1

2 ik

[1] HE Jun, LIU Yuqing, CHEN Airong, et al. Mechanical behavior
and analysis of composite bridges with corrugated steel webs: state-
of-the-art [ J]. International Journal of Steel Structures, 2012, 12
(3):321-338.

[2] HE Jun, LIU Yuqing, CHEN Airong, et al. Shear behavior of par-

[

tially encased composite I-girder with corrugated steel web: experi-
mental study [J]. Journal of Constructional Steel Research, 2012,
77 193-209.

[3] EMAMI F, MOFID M, VAFAI A. Experimental study oncyclic be-
havior of trapezoidally corrugated steel shear walls [ J]. Engineering
Structures, 2013, 48(3) : 750-762.

[4] FARZAMPOUR A, LAMAN J A, MOFID M. Behavior prediction of
corrugated steel plate shear walls with openings [ J]. Journal of Con-
structional Steel Research, 2015, 114; 258-268.

[5] SHAHMOHAMMADI A, MIRGHADERI R, HAJSADEGHI M, et al.
Application of corrugated plates as the web of steel coupling beams [ J].
Journal of Constructional Steel Research, 2013, 85 178-190.

[6] HOSSAIN K M A, WRIGHT H D. Behaviour of composite walls un-
der monotonic and cyclic shear loading [ J]. Structural Engineering
& Mechanics, 2004, 17(1) : 69-85.

[7] HOSSAIN K M A, WRIGHT H D. Experimental and theoretical be-
haviour of composite walling under in-plane shear|[ J]. Journal of
Constructional Steel Research, 2004, 60( 1) :59-83.

[8] [H, BXBKLL. INENHRAR BY 1k Aot B i [ 1], A,
2015, 45(16) : 52-62.

QIU Jing, ZHAO Qiuhong. Research and application of stiffened steel
plate shear walls [ J]. Building Structure, 2015, 45(16) ; 52-62.

[9] DAN D, FABIAN A, STOIAN V. Theoretical and experimental
study on composite steel-concrete shear walls with vertical steel en-
cased profiles [ J]. Journal of Constructional Steel Research, 2011,
67(5) . 800-813.

[ 10]RAMIREZ P, SANDOVAL C, ALMAZAN J L. Experimental study
on in-plane cyclic response of partially grouted reinforced concrete

masonry shear walls [ J]. Engineering Structures, 2016, 126 598—

617. (miE #Air)



