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ABSTRACT Based on seismic performance tests on frame-supported grid-mode lightweight slab structure ( FSGL slab structure)
specimens the mechanical behavior of the structure was quantitatively analyzed and seismic design suggestions were put forward. The
results showed that constructional columns for the both sides of an open hole compensated for strength degradation caused by the hole
improved the safety—reserved capacity of the wall but increased the damage degree of the wall at the late stage and deteriorated the re—
pairable capacity. The oblique frame—grid design was able to change the way of transmissiondoading to make strength degradation more
uniform and let the structure have a better deformation recovery ability and this design could obviously decrease the damage degree of
the wall but the overall safety—reserved capacity was not much improved. In engineering design the proposed initial stiffness-ratio
range of the transfer layer was approximately 1.3 to 1. 6. Due to an obvious decrease in stiffness—ratio of the transfer layer under load—
ing the initial stiffness—atio should properly increase in the design process. The displacement and angle values between interdayers
are within the safety limits indicating that the structure has good collapse—esistant capacity and energy dissipation performance.
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Fig.1 Pictures of the FSGL slab structure: (a) FSGL slab structure system; (b) FSGL slab ( element)
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Fig.2 Models of the FSGL slab structure: ( a) the first group ( frame-supported GL slab structure) ; ( b) the second group ( frame-wall supported GL

slab structure)
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1
Table 1 List of specimen forms
/mm? /mm /mm
380 x 400 40 8420 $6@50
300 x 300 €30 614 $6@50
2614
200 x 400 €30 2410 $6@50
QB—1 12 2414
QB2 200 x200( 100) €30 1046 $6@ 100
200 x 200( 100) €30 12¢6 $6@ 100
100 x 100 €30 446 $6@ 100
. 100 x 50 €30 446 $6@ 100
350 x 300 €30 6420 $6@ 100
380 x 400 40 818 $8@ 100
400 x 400 €30 6616 $12@100
210 x 360 €30 6516 $10@ 100
( ) 150 x 1740 €30 948 —
QB3 ( ) 150 x 1050 €30 848 —
0B~ 12 ( 210 x 150 €30 4412 $6@50
400 x 400 €30 6416 $12@100
160 x 160 €30 6616 $10@ 150
. 90 x 150 €30 446 $6@50
400 x 300 €30 6418 $6@80
P, i e
. . A/A,
; A,
1
, 35%.
1 QB—1 QB—2
1QB—3  QB—4 2
20%
QB—4 A,
3.
2 3
AC (1)
’( 4).
P.
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Fig.3 Three stages of accumulative damage: ( a) preliminary development; (b) rapid development; ( ¢) destruction
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Fig.4 Strength degradation curves of the structure: ( a)

GL slab structure)
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QB—3 QB—4 E,={V.E +VE, (4)
V. V
L e (5)
w GG,
E FE
2 c q
Table 2 Residual deformation rate of the structure Ve V‘I
e
QB—1 oy 0.18 0.23 0.36 0.59
[=0.7:6. G
QB—=2 0y 0.17 0.30 0.41 0.62 ¢ q
QB3 O3 0.03 0.15 0.34 0.48
(4) (5) E G
QB—4 N 0.02 0.12 0.26 0.39 m m
4.
4 "
Table 4 Values of £, and G,
E,/( kNemm~?) G, /( kN+mm ~2)
QB—1 5.11 1.03
12713 QB2 4.62 0.65
I, QB-3 10. 45 1.51
E, QB—4 14.55 2.04
L= (3)
E, E,
3 1 :
1 6
. N () (6)
Table 3 [ values of the FSGL slab structure
Lt
/1) 1] /]
QB—1 8528. 45 182860. 13 174331.7 21.44 - 0. 37"( ZMN +0. 4) . ( 6)
1 i H
QB—2 7463. 88 179339. 34 171875.5 24.02 a, DE 1 + JLG 1
QB3 9758. 93 219499. 67 209740.7 22.49 “HA I " !
Q0B—4 10414. 05 234040. 49 223626. 4 22.47 A=bh b
15
Sy M
3 QB2 I, QB—1 L
QB—1; QB3 QB—4 @ =1;u, <0.3
t QB—  QB- 0y =0.3 uy>0.6  uy =0.6;
mw=1n, N, =
1+(m+n) /40 m n
5
(7)
I, 21.5~24.0.
5
5
E, G, (4) Fig.5 Calculated diagram of the GL wall with opening
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K=~ ! — (7) 2
T, B—4 B—3
K, "K, +K, © Q
K, K, Ky
(2) D
(8)
12i,
KZ :a(‘ hZ . (8)
. 1.3 ~
o, I, h
1.6
(3)
6

(6) - (9) 15716
( (10)) 6.1
Ki+1 _01+1 _AUi+1/hi+l (10)
K "6 ~ AU/,
K[ +1 1 0 A U
1+ L N PN
Kl i i
6.
hi‘0i+l‘AUi,+l hi+l i i+1
5
Table S TransferHloor stiffness ratio of the structure in control stages
5.
5 QB—1 1.67 1.62 1.54 1.44 1.36
QB2 1.42 1.36 1.27 1.20 1. 14
1 QB—2  (QB—1 QB3 1.32 1.29 1.24 1.18 1.10
QB—1 QB—4  1.47 .43 1.37 1.33 1.23
6
Table 6 Interdayer deformation and interdayer displacement angle of the FSGL slab structure

/mm 1% /mm 1% /mm 1% /mm /%

QB—1 2.98 0.11 10. 52 0.37 25.04 0. 89 48.83 1.73
QB—=2 4.01 0.14 15. 88 0.56 28.33 1.01 52.79 1.87
QB3 3.23 0. 08 8.28 0.20 19.35 0.47 31.08 0.75
QB4 5.55 0.13 17.55 0.42 30.03 0.72 47.53 1.15

3.94 0.12 13. 06 0.39 25.69 0.77 45.06 1.4

6 0.39%
1. 4%
6.2
15 16 15
7 7 1

QB2 ' v QB-1 2 QB—4
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Table 7 Final failure degree of the FSGL slab structure

w v
0B-1 4.22 21.03
Q0B—2 4.64 21.60
0B-3 3.75 17.63
OB—4 2.71 11.90
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