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Effect of tie rods on composite action analyzing for R.C. shear wall in-filled with
steel plate by the finite element models

WANG Wei, WANG Weitao, SU Sanqging, GAO Jingyu, LAN Yan
(' School of Civil Engineering, Xi'an Univ. of Arch.& Tech., Xi'an 710055, China)

Abstract: In order to research the effect of tie rods for composite action and shear strength of steel plate R.C. shear walls, nonlinear
finite element analysis was conducted using 33 ABAQUS models, and benchmarked using the experimental results. The paper used
the models to analyze the effect of the such parameters, as the aspect ratio, reinforcement ratio, plate slenderness ratio, steel strength
and concrete strength on composite action, shear strength and ductility of the composite walls with tie rods. It is presented that the
steel strength has no significant effect on the shear strength of the composite shear without tie rods, due to the steel plate buckling
before yielding. The decrease of plate slenderness ratio result in the increasing of composite action, shear strength and ductility in the
composite walls with the given aspect ratio and reinforcement ratio. Similarly, when steel plate slenderness ratio and aspect ratio are
kept constantly, the increase of the steel plate ratio will result in increasing the shear strength and decrease of the composite action in
the composite walls, and the increased value of the shear strength of composite walls with aspect ratio of 1.5 is bigger than that with
aspect ratio of 2.
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Fig.1 Schematic diagram for cross section of SPRCW
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o Mk 5 3 SR 4 g Sy AR Y 5 4 ABAQUS
A BRTTEA R : AR T ER AR R U 3
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Fig.2 FEA model of SPRCW
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Fig.3 Comparison of load-displacement curve between FEA
and experimental results
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Fig.4 Analysis of the critical yield stress of the steel plate
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MR SPRCW-15 F1 SPRCW-7 & 5cin 3
1 Bz, Hoeb 4 AR TR U6 - B9 ) 5% A4 J5 BE 3R 200
mm, NARE R 4 mm, JEEEHHR C40, HEL
¥4 0.4, FIMRTEEEIA 900 mm, FHR = R RV E
tHb . GE SO AR R B LG R
B B LER WRERESE, B HART
VAL AR B 43 1A AR 6 mmy 8 mm PAEK
A5 BLAN R 5 S AT 3459 A B AN [ Bl R ] B G hr 485 7
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Tab.1 Properties of test specimens

WSS BPE/mm BEE/mm RIS A /mm fiZHi/mm  REHIEA/mMm IR ER/mnm
SPRCW-7 2000 1 000 Q235 [8(80x43x5.0)  [AJHH 300 6 7
SPRCW-15 1500 1 000 Q235 [8(80x43x5.0)  [lfH 300 6 7

4.2 WIREEACE L X4 & 1E A RS20
4.2.1 Johi gkt 8y 155 ) kg

FYLL(HILY g 1.5, SRR 4 mm BN
AR SE BT SR AE TR AE R DL, SRR R
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Fig.5 Displacement-load response under various steel strength
without tie rods
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Fig.6 Displacement-load response under various concrete strength
without tie rods
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Tab.2 Tie rods analysis values (H/L=1.5)

by T 160 A™hi 4511 30 MRIZER

mm

! " KRR s/, ARBRAERAN AR/ % REKER s, RBREERAN HAER%
4 2% 10 715.5 100 33 690.7 96.5
6 3% 7 958.8 100 22 760.8 79.3
8 4% 5 1087.9 100 16 860.7 79.1

BEEZE A 2% 3%F14% 0, A [ HIAR R KR
Vo (s/,) %5 L i - DB i 2 20 A N B 7(a)~ - 7(b) A
7(c). ATAFE i, B — 2 I, BEE R4 AT 2
R SRR A SR B DS BT 358 i A ) FTE P

. Ms/1,>33, BIRIZEAFBEAT 150 mmif, @i
WA MR -4 T L (71, B 77 3K 4R 80 80 7 e 7R A
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Fig.7 Comparison curve of displacement-load with changed steel
plate ratio(H/L=1.5)
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Tab.3 Tie rods analysis values (H/L=1.5)
15 AMHiZEf 8 A™hi gk Hi 0 LS5
t,/ t,/T 4
Pmm P E’%%Eb‘: *&FEﬁ/kN (ﬂ/l(?/lz%‘: )Ejﬁlz‘l/f}gth *&Fﬁﬁﬁh/kN «E/E/I$ F.'lﬁﬁi/f@bb *&mﬁﬁﬂd\} = /;%
4 2% 75 664.0 92 150 633.5 88 /O 605.1 84
6 3% 50 737.0 76 100 702.3 72 ek 650.1 67
8 4% 38 793.4 73 75 777.3 71 Wk 715.1 65
3%ME T 17.2%. YECINAIESE] — SRR, ik
800r JRIFRA L B B it/ N R B R 5 TR v AL AR PR A 4R
7001 P ',;'\\-ﬂ\ FRETRE. hK 3 WUAEL, ETRRL NS
600 - —a e SED N
ol N = T FCENSZGEUN, PR SN ATREE L A A
Z a0l A e PR ARLR, 330 J b T AR, AR AT
S0l §oT S e AR T 53600 L B e, 30 £
200 :4‘? e 5150 SRR R A AR, T AS AR S5 TR L bl Ie) A
100}7 AT TURE S M, BB S SR 4F
% 10 20 A3/'0 20 50 60 900r
@) t,/;?;a £ 850 +?g:§:f
900 e, }E 800 +tlp [T=4%
800 | / ;/Vw TR . % 5
700 - -/'./ o—3° a \v y—V—v—V g o \\
600 J/ ? e e H“E 700 -
Z 500 YA G -
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Afmm Fig.8 The steel plate slenderness ratio versus shear load
(b) £/T=3% response with changed s/z, (H/L=1.5)
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Fig.9 The steel plate slenderness ratio versus composite
action with changed s/z, (H/L=1.5)

4.2.3 PIMRFI KB I 2 WA
iR g (iR ip Al

= A B AR IR BE BT I R R SE RN 2 I, hih
BRI R SRR R R4 B B AR A5 i 2
R R RE S K 4% 5 Pin.



51 ER, % R RN ARRBE 89 ) S AL 4 RO AT FROT AL ) B 31

R4 NEFHTESENRBEEL A2)
Tab.4 Tie rods analysis values (H/L=2)

- o 200 A5 7 60 AN 25
’ ’ AR s/, WRRATERAN  4183%%  REKER s, WRGERAN  AER%
4 2% 10 626.0 100% 38 588.5 94
6 3% 7 718.6 100% 25 653.4 91
8 4% 5 800.5 100% 19 737.5 92
%5 RLEHIHTESHEXTREREL A2)
Tab.5 Tie rods analysis values (H/L=2)
T 30 ANhLGE 15 A HiZER; 0 A PiLERT
T R s/t BRI E/KN LA B % R L s/t AR AT /KN LA 3% R s/t PR H/AN A%
2% 75 566.1 90 150 522.2 83 K 400.0 80
3% 50 631.3 88 100 596.5 83 K 574.3 80
4% 38 701.6 87 75 631.0 79 K 594.0 74
BRI 2%, 3% 4%Ht, R FGIAR R e s00]
L X B B e 3 - 2 RS 1 k2 ANl 10(a)s  10(b) 1 ool
10(c). MEHAT L, BLEHR—E 0, BEERIAHIE S, g5
e N & r
B SRR SR e (s/,) /D, PUBY AR 3% ) FAit 1tk il = 3 300}
. AR R TR bh (s/2,) %3 B T B AR 380 W s i 4 ?ggj,x“
B 1L . WA, SRR R B (s /1) — =2 O 3 S e
BeARsBR, PisimEM. mE 12 sTAEH, ()”f_/:;"“
S _Er'f—'“ Y Bl stz =1 . =k pl 1=570
XITRILY 2 WBIIN, SRR L(S/,) 10 RRRPERHH-BIHEGERL S 2)

i, Eﬂ’fﬁ]%ﬂjﬁ , ‘M ﬁiLﬁ‘ N AT X ﬂf il %ﬁd\ ’ Fig.10 Comparison of displacem.ent versus load with different steel
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Tab.6 Effect of the steel plate ratio on shear strength

[(MIERT
[} 2 3 4 PR/ Y%
L3 BUBI R /KN
k15 715.5 958.8 1087.9 52
2 626.0 718.6  800.5 28

MRV 1S BT 8, ECESR M 2933 N
2] 3%, HUBIABNHER T 38%, BLANAM 3%14 N
] 4%, HUBIARB S RE T 10%, SRR T 52%. &
TEER 2 WY, FRRARAET, PUBTARE) MR
FAE A A 15%F 11.4%, SR EREN 28%. W]
VAN, AR, 38T RE0) 1
PR R HRN . BRI AN R 1.5
A BC M AR R BE 1 B9 SR LY AR O MR AR R
TR 2 BB d .

5 £5ip

(1) FEN BN EE LB 5, L EAR S TR RE
L RITCRLAS I, B 5 AR B T AU
PRl 5 A SR B S . IXAAR UL, 3 e B F i JEE
XA TREAK .

(2) FTELL—E , F IRIPC HA 3 A P9 P AR TR 6 £
BIJ13, REE AR AR BB, BT SRR 2
AR PUBIRE) DL R ENE ARG 2 4R

(3) X3 P T S AR T8 e - B g 35k ¥ v 98 Ll A
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