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Seismic performance of assembled lightweight steel frame with
deformation controllable connection of geopolymer wall

ZHOU Zhongyi, WANG Tao, TENG Rui, YUE Zhemeng, WANG Jin

(Key Lab of Earthquake Engineering and Engineering Vibration (Institute of Engineering Mechanics, CEA) , Harbin 150080, China)

Abstract: In order to study the seismic performance of assembled lightweight steel frame with deformation
controllable connection of geopolymer concrete wall, one assembled lightweight steel frame and three assembled
lightweight steel frame specimens of different types of connection with geopolymer concrete wall were constructed
and tested under cyclic loading. The main purpose of this study is to analyze the effect of the connection type on the
load bearing capacity, ductility, energy dissipation ability, damage characteristics, and damage evolution law of the
structure and to verify the reliability of the deformation controllable connection among the assembled components.
Test and analysis results show that the connections among the components of the lightweight steel frame were
reliable, and the assembled lightweight steel frame with deformation controllable connection geopolymer concrete
wall exhibited good seismic performance. Geopolymer concrete wall had similar damage evolution law with common
concrete walls. The relative displacement due to the deformation controllable connection between the wall and frame
improved the ductility and deformability significantly, and prevented geopolymer concerte wall from cracking under
frequent or moderate earthquakes. Assembled lightweight frame with deformation control connection geopolymer
concrete wall have multiple seismic resistant measures, which can meet the seismic resistant requirements in
earthquake-prone area.
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Fig.1  Construction detail of the connection

2 RN

2.1 BN

WA T 4 MR ARG R CHESE - AR il s L R )
IREE A, 48 | AR AR A E S, 5
LSFR — 1,1 MR AR CCHE SR — 5 3% 1 SR ) R
+455%, 55 LSFR -2, 1 MR AU B UHESE — o Je] AR
TE AT 7 2 SR W TR 1%, 5 LSFR -3 AT 1 4>
Rl CMESR — bR AR AT SR R R L
%, 4w LSFR — 4, JUAa R~F DL &1 2. S HEHE by A1
150 mm x 150 mm x 6 mm 32N, B4 I 7T C40
MR YR EE 1 B 42 5 HM 200 mm x 150 mm x
6 mm x9 mm T F40, BRI 558 200 mm x 200 mm x
12 mm x 12 mm T84, WA 3 (a) , #0440
10 mm EEAR A BT T A, DL 3 (b) .

2.2 iRBVHIME

IR R L HE R T4 LR AR AT 1)
AR S5 M20 i g [ R e SRR L IR AR
R SRR SR, W 4 (a) s 2) BT
Vi Al AT St R PR R v, DU SR AR 1D 4 (D) 5
3) KGRV B AU T T R AR R R A
Pz, W 4 () 34) B INHE A C40 TREE+ T UK
ETRBE LA IOHE ; 5) A2 A4S HE b o 22 5 RV 19 8,
IF-10 JE FRIAR 56 ) 5 R4 I 4% 55 AR A4 ol P i
R FIBEAR 3% 1, T 1 e A e T =AM HE 4.
2.3 MR

SR AN B 7 2 R 1 L2 1. 350 R
YR EE + A S B 00 AT BT K B
B EEAEN K ORI R . B RN e R
SIS WA 2. RS R IR T R A, AN
SR JFL =5 AU ik R, /K B B s gich 1. 2.



- 48 - ok OE Tk K% % O ERIE
= =
= =
= El 0 a +~—n o o
S E = -+ =5 T
(=}
(=}
N
2 o
al S ol © < x|
- & g S X 2|S
e ml e a S (S
2 2
o = 2 T
S 3 Ccin SN -
L 3750 L = L1 3300 n —
1 H 1 5 | 3750 1] 1_1;@
Yl = T 1 p— T
2
=l | K | T pEg
=Lk LIk
50 2850 b3 fimg 3 300 3
3750 1L1 3750 ! 1[
2-2 it 2-2 H1
(2) LSFR-1 (b) LSFR-2
(=) o S
a_xr r] _% r1 (o]
o = o
g“‘_ = = ~ r i rs rs rs rs ; g"‘_
[} (=)
g gl g 2|&
(o)l o ~ =~ o
2 > N
Qe T T 3 I mm— ol
S ~ Sramnii u g
3300 tl )
1 3750 1-1 i
' ESLIH
E_
— 3 300
! 3750 |
1 i
2-2 i 2-2 i
(c) LSFR-3 (d) LSFR-4
B2 XL R~ (mm)
Fig.2 Geometric dimensions of the specimens( mm)
450 75] 300 |75
vl D o~
75 L75%E 126 475 175 200
N 120 [\l (=]
| ol = [H2y] 2
° vf - r— =4 ol !
& 3 40 L 1,40 0 i
o0 (=)
o Hﬁﬁ g 28 . 140 | 150 T 140
o /q —] N — | N
S _ 1L - _ 450
‘ 12 .
32] | |36 2=H=12 ) =H‘— o o ST TP
R 1-1 ) & 450
- 10 10
450 200 ° 140 1| 150 140
75 | 300 L75 120 = I i o
5| T &
+— . ﬂ_} LY =
—|
o o =] 22
gl <« l‘\?@) S =4 75 75
-+— O o |—F ,H-L o 150 | 150 | 150
= oy 450
< < .
IR 2-2 il ik
(a) ORI 1 (b) Fes%e 404

3 FFEVEm B (mm)

Fig.3 Geometric dimensions of assembled lightweight parts( mm)
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Fig.4  Construction process of lightweight assembled steel frame
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Tab.1 Mechanical properties of steel plate
L BB JERIREE JEER PR
#Ag/mm  f,/MPa f,/MPa 1 E_/10° MPa
6 446.00 338.33 0.76 2.16
10 466. 67 355.00 0.76 1.75
12 416.67 276.67 0.66 2.02
20 546.67 380.00 0.70 2.12
R2 BRERSTHES (REESH)
Tab.2  Composition of fly ash and slag %

$m S0, ALO; Fe,0; a0 Na,0 SO,  MgO  SiO,
KK 50.30 30.18 8.03 5.82 0.13 0.41 —  —
B4 30.20 20.27 3.18 36.85 — — 9.36 3.59
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Fig.6  Arrangement of the measure point
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Fig. 10 Damage state of the assembled components

3.1.4  RAZEPCAHESR — b R AR nl 5 i i 2R
Yyikt e+ 4% (LSFR -4)

1/800 {31 ¥ #f1 I , 35 1A A9 A7 TRE 6 - A 18] F1) Jn
URBE L IBRIT2E ;17400 (252 A I, 5084 T #A i
U — AR R, 2 A S BRI B, S (AR 1
BB 24 ; 1/66 042 M I, Bk 1A 18 Pl 4% 32 404
P 1/ST MRS MY, — 2 A ZE LEA T, AT T
PRXS ALY 248 B ; 1/50 248 ff i, A O n iR

5t W BRIEASE A2 v 5 1740 A2 A S i, XA 22 1
INTIREE L ANHREEATE 2L | AT 25 T 1S
ZJr BEE AR B R R AR R EE BT 2,
21728 (i #% Sy, W AR RLBE R SR e 4y, 1725 L i
i, A E, WL 1L (a) , B9 TR B A TR
Jet i, WL 1T (b)) 5 iaaed 75 rp i A S5 HE 40 1) 3 42 T
&, (A DR O3 E HE AR BT

(a) HOTRAPEBE BB (1725 RiFE )

11 ETERAEEZEIREEE (LSFR -4) 55 KE
Fig. 11  Damage state of specimen LSFR -4

ZE LT HR 1) T 0 2 e A R A 4 4
B2 P B A R AR RN TR A St B AR R, 45
P ] 7 42 1T 5, 2540 B B Y s SR PE A T fig
2) SRR/ LSFR -2 AR5 IR 24 4% 50 1 A J2 , FEL
TR MR e i B AR e IR AR, AN
EREE L AENE S8 BB 2k, JEPUK T MR AE A,
I KA HLASIE 68 S5 B 3, S5 M s R B A 4
SRIYIBIEARIERE )1 53) R YR BE LA A A S
U3 TR EE = B AL T 2 i kR 5 4) AT

(b) FERIE I (1725 (iAS£R )

ATV HE AL — R Y IR B % AR (LSFR -3,
LSFR -4 ) /INEIHESR A IR 43 7K b R AR T, bt
o T R AR/ INGE R 24 5 v 75 R0 K2 ) 455 1 I ATE 42 3
[FHPT R B R 2 T - i - B T
VERIA AL AR, AR T R 4 i FE e i 4550
e e R IR) 3 4 T 5 S R AR TR, BT LY
brErERE.
3.2 E#HA

S 453 A 0 AP Ay 2 R PR A Ar 2 B ey



.52 WOR U

IR AN

51 &

AL 3, R P O R 8, B, AR PR AT A 2
RO 7R ) R B W AEL A 2 85 % I fR far 480, B A BBEOR
AT R BIHE SR AR FE R, A BA i 7™ B, I 2% 1
HUFCTE="

£33 TNFIRXHIEE R T ARRAE AR A

Tab.3 Experimental results of characteristic point load kN

! WA {E 7 3 W PR 7 % IR i ff 2
FENCE TR

F: F; Fr Fr R F-
ISFR-1 92.50 -73.00 78.60 =-62.50 61.56 -60.23

LSFR -2 887.64 -864.17 754.64 -734.68 268.94 -300.22
LSFR -3 484.50 -401.13 411.68 -340.76 191.91 -286.20

LSFR -4 434.54 -361.33 369.52 -307.40 272.72 -227.07
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Tab.4 Experimental results of characteristic point displacement

mm
n WA 137 3% WBRA285 WA R
[ENEE TR
a7 Ay Al AL AT A°
LSFR-1 73.14 -129.26 116.46 -136.73 146.83 -145.57
LSFR-2 19.56 -28.45 41.59 -42.08 53.91 -66.34
ISFR-3 78.30 -77.99 83.91 -82.39 112.61 -106.18

LSFR -4  94.44
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Fig. 12 Load-displacement hysteretic loops of the specimens
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Fig. 13 Load-displacement skeleton curves of the specimens
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Tab.5 Measured value of the specimens’ energy dissipation

WIS FERE £/ (KN - mm) HRHH
LSFR -1 241 577. 81 1.00
LSFR -2 602 277.59 2.49
LSFR -3 1 807 298.31 7.48
LSFR -4 2 043 044.62 8.46
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