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Abstract

In order to improve the seismic behavior and reduce weight of the double steel sheet shear wall, a
new high strength light-weight concrete filled double-steel-plate composite shear wall (SLCW) is
proposed. The finite element analysis software ABAQUS is used in this paper. Considering the
thickness of steel plate, strength of lightweight aggregate concrete, axial compression ratio, shearing
span ratio and other parameters, the finite element analysis model of 13 SLCW components is es-
tablished, and the influences on the bearing capacity, lag curve, recovery model, stiffness degrada-
tion, energy consumption performance and ductility, etc. of SLCW are analyzed. The simulated
numerical test is carried out by reciprocating loading. As a result, the two-layer steel plate shear
wall with lightweight aggregate concrete in this paper has good bearing capacity and seismic re-
sistance, ductility coefficient is between 2.0~3.3, and has good deformation capacity and energy
dissipation capacity. Increasing the thickness of steel plate and the strength of concrete can im-
prove the bearing capacity and ductility of the composite wall; the increase of axial compression
ratio does not obviously improve the bearing capacity, but it can improve the ductility; increasing
the shear span ratio will reduce the bearing capacity of the composite wall, but it will improve the
ductility better.
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R R ek L 2H A BY g0 R R AR . TR K R GBI 1] Fe AN R E
Koy, ENBRIREE T ALA BY J1RE T 23 S XUZ AR B RS RSN AR P BB S RE 1], AU B R R
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Figure 1. Basic component diagram

1. B fHE

DAHIE TR AR P SRR R B - A BT SR A 2 ECT M BURPERE, A R T M B
ABAQUS, FEMNIMER . B pHREE LR A s, 378 LSS 80 @ LA BR T sy,
BB SHILE 1. @ ERTH SRR OINAE AT, B TR E R SR BY T hs i R Tk
RE S B S BRI A AL L

Table 1. Model parameters table
= 1. RESHR

WG B - B (mm) Wﬁiﬁ W B L
SLCW-1 LC40 3200 6 2 0.35
SLCW-2 LC40 3200 8 2 0.35
SLCW-3 LC40 3200 10 2 0.35
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Continued
SLCW-4 LC40 3200 12 2 0.35
SLCW-5 LC40 3200 6 2 04
SLCW-6 LC40 3200 6 2 0.45
SLCW-7 LC40 3200 6 2 0.5
SLCW-8 LC40 2880 6 1.8 0.35
SLCW-9 LC40 3520 6 22 0.35
SLCW-10 LC40 3840 6 2.4 0.35
SLCW-11 LC30 3200 6 2 0.35
SLCW-12 LC50 3200 6 2 0.35
SLCW-13 LC60 3200 6 2 0.35
3. REH
3.1. BRERNRRTHOZERG AW
BERNR G L0 BRI SZ R R ) - BRI 2T %31 (3.2)s (3.3t EHE[17].
1.5x—0.5x* x<1
y= ax (3.1)
1+bx+cx® x>l
=2 (3.2)
86.,,.
y=_L (3.3)
/.

KA f—— i RIR B PR S B AR, B TR S bR &5 M T R B £ L f, B S
&, ——SHHPUETRIT £ R EORHR R A B R AR .
W8 a. by cHL:

Dir=ty=1)=0 (3.4)
RfFe=1. a=2+b, FHHAANZBG. DA PG L FREBITREN.
~ (2+b)x
r= 1+bx+cx? (3-5)

TR E RREE T, BUh=-1.88.

LB o Fl & R F R BE L AR AR T I (A RHBI 7 T3 SR (K 44 UL (0, ) 5 46 LR
(Epom ) » TR RHRERE L AESERRSZ o 22 RAEARTEM[18], BLR P 44 SURL T 5 44 ORI 5 52 bR 52
THOAFRE, FTLAE ABAQUS THERRAN A B2R 44 SR R R AR B Ak R BLSE R ) AR o 46 A ALK
(3.6)~ (3.7)o

&

true

:ln(1+gnom) 3.6)
O-true = O-nom (1 + gnom ) (37)

ABAQUS 1, S BHRIEE - WA (0B R B o, (FLSCRLAT), & (ARMAYEREAR)Jy BSRE
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3.2. BERBERINZRGG AN
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ot e, WBERALE S E' RILRIE .
34. BRTTIEBRENL

XUZENMRBY 745 b W AN - B R e R SR . P At . P9 BN R IR AR AT A . B RHR
it L BE AR S A SR H S 53 70(SOLID),  FRITRAL W E Jy 8 9 s /N HIAR 2 ME sk 4 FA 43 5. 7G(C3D8R) - 4R
FFEHIG(SHELL), e8I E N 4 75 AUV A BR G B8 P4 72 5T (SAR) o AW 05 S LB A 4T FA AT
R G(TRUSS) K g, HocRA I B A T3D2.
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4. SLCW BRI EEN TR
4.1. FE Lk

B2 G les T O AR BE . B LG BUBSLL . AR bRt 5 P o o S8 % 2 A g [ it 2k

SRE, WA EaE AR 2 7. I VR R EEMOR A B &R R a]
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Figure 2. Hysteresis curves of each group. (a) Hysteresis curves of different plate thicknesses; (b) Hystere-
sis curves at different axial compression ratios; (c) Hysteresis curves under different shear span ratios; (d)
Hysteresis curves under different concrete strength

B 2. BEARHRFELERL. () TRINREERFE/LZ; (b) FAEMELTHFEEZ; (o) RE
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mm. 10 mm. 12 mm &8 8 KHIBTARE ) 70 RS T 23%. 40.5% 67%.

Xif A 2(b) AR A DO AN ] 2R o) LR B, 2404028 SLCW A B, A s ok, 1 v i ]
LR IR AR GO B A S, i [l gt 2 BEAE AR R ) 2 S5 T PR BRE R K

X L 2c) R B YA [l B AR T LUK B, 240438 SLCW RUBTRS LR, BTRS LR, i [l il 28 i 4
TN, ABT BRSBTS Ll 1.8 #2E 3 2.0 220 2.4 FHGER DB R T 14%. 33%. 39.5%.

Xof P 2(d)HR A DY A feg s el i 2 mT AR, s SLCW Hh Py SE IR B L0 B S R, VR 5
PEE A DAAE— 2 FE T IR AL A RS R BR AR R 7, TR SR SR N C30 $2 5 E C40. C50. C60 I fE
TR MR T 8.25%. 12.5%- 13.85%.
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Figure 3. Skeletons curves with different parameters. (a) Different plate thickness; (b) Different axial compression ratios; (c)
Different shear-span ratios; (d) Different concrete strength
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4.3. BIREMZFHEERIEM

B B 2 T DL 2 2 A BY 1B A IR WU B . AR R D R AR A R A S RS S . i AR R
TEEER =M. JUEEE(Geometric Graphic). R. Park £(R. Park Method). %58 & V% (Equivalent
Elasto-Plastic Energy Method). A3 )i IRALFE R F T UATAE B, A5AH R & 22 it 2k .

AP — R T RE 1 R o R B ES M RE AR, T DUIE IS A 204 1) R SR 25 H IR 10 7% SE 14 &

=" 4.1)

Table 2. Eigenvalues and ductility coefficients of skeleton curves

2. BREZHHEERENRY

Je A A B A TR R IETE R
NGRS
A, (mm) P, (KN) Apgx (mm) Prax (KN) A, (mm) P, (KN) u=AJA,
SLCW-1 15.43 1506.38 30.16 1758.62 43.62 1494.83 2.83
SLCW-2 17.87 1829.17 35.39 2158.40 52.36 1834.64 2.93
SLCW-3 19.51 222421 29.98 2468.77 58.02 2098.45 3.04
SLCW-4 21.13 2516.96 38.39 2933.17 66.17 2493.20 3.13
SLCW-5 16.11 1495.47 30.98 1780.19 41.52 1513.17 2.58
SLCW-6 15.96 1524.94 26.40 1773.49 35.09 1507.47 2.20
SLCW-7 16.54 1532.54 27.36 1795.98 35.30 1499.39 2.14
SLCW-8 14.73 1772.00 39.74 2044.91 39.53 1738.16 2.69
SLCW-9 17.05 1210.58 34.97 1369.98 50.20 1164.48 2.95
SLCW-10 17.31 1101.30 29.18 1240.99 55.68 1054.85 322
SLCW-11 17.88 1520.34 34.95 1689.21 52.54 1467.22 2.95
SLCW-12 18.48 2133.31 35.6 2458.54 53.92 2133.73 2.92
SLCW-13 19.44 2210.25 32.29 2503.86 59.63 2147.64 3.25

g 3 e 2, ATRMERICL N4

1) BEEBBUEERIIGI0, SLCW FIPTBT AR R & #i it m o HoAh 2% AR R S L R, ANAR VS
6 mm $2 = % 8 mm. 10 mm. 12 mm WEE T E 7 A 5 T 23%. 41%- 67%: JEIRALFE 73 e T 15.1%.
26.5%- 36.4%, JEMRMTES APEE T 21.6%. 48.0%. 67.4%.

2) B SLCW [ LLr3En, SLCW [z A g m. HALZAAR RSO, AR LEM 0.35
PEREE) 0.40, 0.45. 0.5, BEPRAZ S5 AR E T 1.12% 1.13%. 3.01%, SR HIDEEARN IR ;
SLCW B ARALAE 4> AIBEIN T 4.4%, 3.5% 7.2%.

3) BHEBTESLLAIIG N, AR AR AR B RE I 2 PR . AR R R T, BIESEE 1.6
P E) 1.8 2.0, 2.2 BEAE T30 5 FBE T 14%- 33%- 40%; JEIRALAE 73 IS T 4.8%- 15.8%- 17.5%,
JE IRART 2 2 I FRAR T 15.1%. 32.7%- 37.9%.

4) B R SR 3R R, SLCW FIZRER B2 B8 HA A AR R B 0 R, i bR e 1 o
JEM LC30 $25 E] LC40. LC50. LC60 B W fE fur 273 AR &1 T 8.25%- 12.5%+ 13.85%.
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Figure 4. Stiffness degradation curves under different parameters. (a) Different plate thickness; (b) Different axial com-
pression ratios; (c) Different shear-span ratios; (d) Different concrete strength
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Different shear-span ratios; (d) Different concrete strength

B 6. ¢ SRBMILI. (a) TRIMIRERE; (b) TREREHEL; (o) REEL; (d) FERRLEE

207 e SW-I
—e— SW-5
A SW-6 .
3.0- 1.5 v— SW-7] =3
= { 7z /
2.5 = i1 ‘-8 4
. o Si-2 . /
A— SW-3 /
2.0 v Si4 V. _ 104
Z m
o 1,51
) 4
0.51 P
0.0 weeve? 0.0
' i ' ' ' ' y ' T T T T T T T 1
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
A/mm A/mm
(@) (b)
DOI: 10.12677/hjce.2021.109106 957 T ARTHE


https://doi.org/10.12677/hjce.2021.109106

2.5 2.0+
—m— SW-1 —u— SW-1
e SW-8 .7" —o— SW-11

- ///
2.0 A—SW-9 /:/‘ - A SW-12 /3/
v SW-10 '/‘ ‘ v Ssw-13 /

°25' /'/ " /

0.0 nn/g/. 00 wev—w—%"
T T T T T T T 1 T T T T T T T 1
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
A/mm A/mm
© (d)

Figure 7. Comparison E, and displacement. (a) Different plate thickness; (b) Different axial compression ratios; (c)
Different shear-span ratios; (d) Different concrete strength

E 7. E SEBHLEE. (1) TENREE; bO)FRHEL; (o TRBEL; (OFRRELEE

100 ~
100 1 »
/
80 4
801 '
£ = Si-1 " W& 60+
W& 60 1 o Si-2 y 2
= A SW-3 v ¥’ 0
B v SW-4 = b
’_};40 Bk
BMizo ; 207
v
01 ww v v v 01
0 5 10 15, 20 2 30 35 0 s 10 15 20 25 30 35
A/mm Y,
mm
(@ (b)
4 Fa—SW-I | —m—SW-1
100 e swis » 100 | o sw-11 v
A SW-9 A—SW-12
801 —v— SW-10 80 - —v—SW-13
W% 601 % 604
¥ / ¥ -
B 40 =40 /
20 /l/ 20 /‘
G
/i/ o
0] wev-u¥ 0 nt—t—t—'/‘/
0 5 10 15 20 25 30 35 0 5 100 15 20 25 30 35
A/mm A/mm
() ()]

Figure 8. Comparison of cumulative energy consumption and displacement. (a) Different plate thickness; (b) Differ-
ent axial compression ratios; (c) Different shear-span ratios; (d) Different concrete strength

8. RIS MUBLE. (1) TEIRIRERE; (b) FRIHEL; (o) TREEL; (d) TRIBELEE

DOI: 10.12677/hjce.2021.109106 958 T ARTHE


https://doi.org/10.12677/hjce.2021.109106

ML 6 Rl 7 (LA FARPE R &, AN E, AR 2, I AR A EE A A, ] DS 2 LU B

1) X FEAS RN R BE AR 7T ORI, 2 7] — I A% N AR B R, ¢ A E, 0K, RBIR
e AL R AR A B B W] DA R i AL B R R R RERE 7T

2) R FeAS [ b s B Al mT DUR B, £ R — AL T b s BBOK, S8 ROR W BELJE R 5L S, 0 E, it
/N, FE BBERE IR 3G OK, X ZE R R OR . B LU A BT g AR e A AR ORI, FHL
SO ELROR, il BOBOR iR e

3) R AN BT L AR AT DOREL, AR — I AL TR Lok, SRR L JE R, M E, B
Ko I HBEHEBALA MR, XM ZEOREN, IF T RaE . I BTES Lt 414 8 1 e O AERE
RKHIFZN, F HFRmLLEOR, B LR A P AR RE T -

4) X LA R R Aot - R Al R DUACEL, £ R — s e A% T TR ok - 5 BB, S RORE T FH JE R % g,
M E, B8R, JF BREE NI R R, XA Z RN, I HEaTRaE . U EE H 5 8Y
W IAEREA BONRIREM, JF HE2m LK, R o BEOBOGBUR R FERE LT -

M 8 [ JLALRS B (0 R FEREAR AL I 2k, R LAAS HH DR A

1) Xt BEAS [FIEAAR S L ARl al DUR B, Sl i) S E R REAEA [RINEAL A2 T 36 A A, HL B Nk
REABHIE R, RIFFERERE I A R L BTt

2) XAV PE ARl aT UK B, %l 1 R FERECEAR RN B AL RS T A AR, (2 SW-7 7210
B B RERERE UL T AR, VISR i IS LU RERERE JT IS T — E AR A

3) AN FI BT ES FL AR AT LUK B, AR I Re T BYEs LhAoR, ik Rt ReResoR, Jf ALRE%E
INEALA R, XA RN, JF o TAeE . U BT Lo 41 & BT D BRI RERE A RO,
I Hsgm bR, 8T8 LUBOR A F FEREBLT -

4) X EEAN [ R Ao - 9 R Al T DUACE, AR — I AL F iR gL am B BOR, ik R FERE R,
W TR A o R AL Y TR M AE RE A BOR IS, I FLEE M LLAOR, VR 58 EEBOROR (KU AR AE
HAf o

5. &hig

AR PSR RN BRI . AR, BR b BB LLAE R, M R TEAT S,
Byl g, BAlhZ. BILNIEE. FERERE 14E, 193] T LAN EEE5E.

1) BEE RS RERISG N, HE 8RR PUBT A BR TR B2 o 2 SEPR i th LA A AR 5
FEFETH XA LB AR ) IR Az, TR ENRUS BE SR T A iR R E P L B0 B2 1 H A R
AIRTE It i R b B R SR TN L, (BB B FR AR5 AU

2) MR LRI, LA BT SRR PUR AR B RT BE, (HA A3 e e & B35 TR, N
TORERGURVERE, ESZRRIRE A L% ™ W f2 ) HL b s B

3) BEEBTES LA, HERRARRARB A Y BT, TaErE A e,

4) WA VREE LSRG, H A BRI KBRS ST, (AR E A KA.

£ E&WA
7822 MR & T R 5T H (2020KIRC0124)
SEEk

(11 FEANRILFEAEG S 2 #%E8. JGI/T380-2015 AR BY /1 E A MAL[S]. dbat: A EE5 Dl AL, 2015.

DOI: 10.12677/hjce.2021.109106 959 T ARTHE


https://doi.org/10.12677/hjce.2021.109106

TEE, WA, StEA, MR, SR, DB, 225, X, SURIR-TRE 4 A BT RS0 70 HE R D).
BILER, 2011, 41(12): 52-60.

Clubley, S.K., Moy, S.S.J. and Xiao, R.Y. (2003) Shear Strength of Steel-Concrete-Steel Composite Panels. Part
II—Detailed Numerical Modelling of Performance. Journal of Construction Steel Research, 59, 795-808.
https://doi.org/10.1016/S0143-974X(02)00062-7

Hossain, K.M.A. and Wright, H.D. (2004) Performance of Double Skin-Profiled Composite Shear Walls-Experiments
and Design Equations. Canadian Journal of Civil Engineering, 31, 204-217. https://doi.org/10.1139/103-087

FIRE, dk63, X8, O, KEF, TR K 2. SUNR-REE 4 S AME R R LRIR[T]. B4
¥4, 2021.

MR, SEEE, S & hhE LT s B LN R - A B DR RR M R IR B T U], A M
R, 2013, 34(4): 91-98.

rRte N RALRNE B bR dE. 1GT12-2006 2B RHREE - 45 F AR MAFZ[S]. Jbat: A E R Tk H R4, 2006.
REBERE, L. AR BRI AR LR S RIS A [T]. R I TR AR, 1988(6): 72-79.

BEL KRG AR B RN LR 2 B2 BT ML R AL [D]: [T L2 A0e 30, 1% K22 K%, 2018.

XE, R, E, AN, MELE. momi s R & IR 2T 42 BB AT (D). TR 1%, 2015, 32(12):
108-116.

TE%J‘;E. WU -SSR ST - e 2 5 B SRR M RERT S [D]: (W2 60830, Ma/RVE: h MR R LA %
BEFLAT, 2014,

DA, XMARL, BRLLR, SRIGET. el I L SR AR - e s Rt AL & B iR vk Rl it e ()], TR 077,
2014, 31(5): 218-224.

Chen, L., Mahmoud, H., Tong, S.M., et al. (2015) Seismic Behavior of Double Steel Plate-HSC Composite Walls. En-
gineering Structures, 102, 1-12. https://doi.org/10.1016/j.engstruct.2015.08.017

TBUIH, WK, SRR EE 2 & 8 8 ik AR T T[], LRERI2A4R, 2017, 39(11): 1765-1773.
KA, FAEIR. RS T H A8 DR M R I AR A RG], 4544 AW, 2013, 29(4): 153-158.
FIRF. ABAQUS F BR 7G4 HT SL Bl M. dbad: AR Tl H AL, 2006.

TS, WX, 25 B R RE B - R AR M AT T [T]. EEAURLE, 2008, 24(11): 83-85.

XL, MR, B LA AR T IM]. dba: P EE S TR AL, 2007.

WIS, PNEAR, BEFIE. MR bR 450 MAE. TS M]. dba: B HRAE, 2000.
ERF ARTREEHRIGIM]. BB B TR H iR, 2006: 28-29.

Fajfar, P. and Fischinger, M. (1988) N2—A Method for Nonlinear Seismic Analysis of Regular Buildings. Proceed-
ings 9th World Conference Earthquake Engineering, Tokyo, Vol. 5, 111-116.

DOI: 10.12677/hjce.2021.109106 960 T ARTHE


https://doi.org/10.12677/hjce.2021.109106
https://doi.org/10.1016/S0143-974X(02)00062-7
https://doi.org/10.1139/l03-087
https://doi.org/10.1016/j.engstruct.2015.08.017

	双钢板内填轻骨料混凝土剪力墙抗震性能分析及设计建议
	摘  要
	关键词
	Seismic Performance Analysis and Design Suggestions of Light Aggregate Concrete Shear Wall Filled in Double Steel Sheet 
	Abstract
	Keywords
	1. 引言
	2. 双层钢板剪力墙的构造
	计算模型

	3. 材料本构
	3.1. 轻骨料混凝土的受压损伤本构
	3.2. 轻骨料混凝土的受拉损伤本构
	3.3. 钢材的本构
	3.4. 有限元模型的建立

	4. SLCW的抗震性能分析
	4.1. 滞回曲线
	4.2. 骨架曲线
	4.3. 骨架曲线特征值及延性
	4.4. 退化刚度
	4.5. 耗能能力

	5. 结论
	基金项目
	参考文献

