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Finite element analysis on seismic behavior of small span — depth ratio semi
seam coupling beam with slab

ZHANG Chao' ,CHEN Xiangshang' , YU Dehu’

(1. School of Civil Engineering and Transportation, Hebei University of Technology, Tianjin 300401 , China;
2. School of Civil Engineering, Qingdao University of Technology, Qingdao 266033 ,China)

Abstract ; Semi seam coupling beam can be formed with half through slot in the axis of the common coupling beam
and diagonal reinforcement, to alleviate the low ductility shear failure of small span-depth ratio coupling beam, and
strengthen deformation capacity and energy dissipation capacity of coupling beam. Under the condition of small
span-depth ratio and low cyclic loading, the simulation analysis of 7 types of coupling beams is carried out, to ana-
lyze the bearing capacity, deformation capacity, stiffness degradation, energy dissipation capacity of different types
of coupling beams, and the effect on seismic performance made by different span-depth ratio and slot position of
semi seam coupling beams with slab. The results show that slab increases the shear compression ratio of the cou-
pling beam, and makes ductility worse; however, compared with common coupling beam and slotted coupling
beam, the semi seam coupling beam has better deformation capacity and bearing capacity , which is worth populari-
zing in practical engineering.

Key words ; coupling beam with slab ;small span-depth ratio coupling beam ;semi seam ;seismic behavior
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Fig. 1 Sketch map of semi seam coupling beam
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Fig.3 Size and reinforcement detailing of specimen CB -2
1400
600 1200, 600
I
1 B ?)8@100 3 4418 @d)?@l()()@
= = 1 |
L_ sL
% s| @ elelo
&
g & ol o+
= @ | =+
9210@100
=
F
200
1-1
4 {4 CB-5 R~F REAE
Fig.4 Size and reinforcement detailing of specimen CB -5
1400
i 600 200, 600
11
|
| 8@100
1 1 L1 1 $8@100 - 4018 5 ¢
= L N
=)
@) T—® 8
o <
g © ® g g grweolH )
- L
&

B 418 @

I

— DD
(=3
—_— O

5 HKHECB-6 R~TEEAGE

Fig.5 Size and reinforcement detailing of specimen CB -6
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Fig.7  Stress-strain behavior of concrete

under compression

Fig. 8 Stress-strain behavior of concrete
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Table 1  Comparison of bearing capacity and displacement value between test and simulation
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Table 2 Calculation results of bearing capacity and displacement of specimen CB -1,CB -5 CB -6

W BEl Jeti i i 2/ kN Jii iz 5285/ mm WP 17 2k KN Wl iR /mm  (IRBIEERE IR AR IR A
5 OIEE A IE S [] Em 1] ) EF RmE IER B IR R
CB-1 0.21 0.18 795.33 -717.09 5.04 -4.74 858.12 -777.93 582 -5.71 233 251 1/76 1/75

CB-5 0.19 0.15 712.15 -578.34 4.63 -4.47  764.01 -635.65 5.99 -5.49 2.52 2.61 111 1/77
CB-6 0.22 0.20 843.53 -720.82 4.49 -4.42  895.84 -779.87 5.94 -5.93 1.73 2.21  1/115 1/112
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Table 3 Energy dissipation capacity of specimen CB -1, CB-5 (CB-6 (kN « mm)

B fiz£/mm

Eaes 2 4 6 8 10 12 >E
CB-1 2 098. 64 7 592.60 13 051.43 17 074.55 18 955.36 21 006. 89 79 779.47
CB-5 1 628.00 6 238.83 11 283.05 14 817.35 16 440. 12 18 041.76 68 749. 14
CB -6 1.998.72 7 156.05 13 752.61 15 305.20 - - 38 338. 14
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Table 4  Calculation results of bearing capacity and displacement of specimen CB —1,CB -2
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CB-1 0.21 0.18 795.33 -717.09 5.04 -4.74  858.12 -777.93  5.82 -5.71 2.33 2.51 1776 1/75
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Table 6 Calculation results of bearing capacity and displacement of specimen CB -1,CB -3,CB -4

W BEl Jet i i 2/ kN Jii iz 5285/ mm WP 17 2k KN W38 /mm  IRSIEPE AR ORANX A A
W5 OIEE A IR S [] Em 1E ] ] EF O REIER KB IR R
CB-1 0.21 0.18 795.33 -717.09 5.04 -4.74 858.12 -777.93 5.82 -5.71 233 251 1/76 1/75

CB-3 0.23 0.21 867.63 -813.20 3.43 -3.46 912.79 -867.14  3.93 -3.73  2.29 2.30 1/84  1/85
CB-4 0.17 0.14 635.98 —-552.88 6.2 -5.9 672.19 -588.95 7.96 -7.89 2.56 2.68 1/85  1/85
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Table 7 Energy dissipation capacity of specimen CB —1,CB -3 ,CB -4 (kN - mm)

B L8 /mm

it 2 4 6 8 10 12 14 16 SE
CB-1 2098.64  7592.60  13051.43 17 074.55 18955.36 21 006.89 - - 79 779.47
CB-3 2991.48  9364.57  13783.56 17 028.86 19 457.58 - - - 62 626.07
CB -4 1 146.91 4 680. 64 9386.16  13332.02 16640.13  19046.07 20929.77 22421.69 107 583.40
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Fig.30 Skeleton curves of specimen CB —1,CB -7
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Table 8 Calculation results of bearing capacity and displacement of specimen CB —1,CB -7
fred S Jet IR AT 8%/ kN JE IRAL S/ mm WA 4 280/ kN W (B3 A%/ mm ST F AL SRS £
5 IER R 1E ] 1] 1E[] S 1) ET] S 1] 1ET] S 18] 1E ] D58 T Y 1 R -3
CB-1 0.21 0.18 795.33 -717.09 5.04 -4.74  858.12 -777.93  5.82 -5.71 2.33 2.51 1/76 1/75

CB-7 0.22 0.17 850.27 -628.64 4.46 -4.06 881.39 -680.94 5.33 -5.48 2.12 2.89 1795  1/77
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Fig. 31 Stiffness degradation curves of Fig.32 Relative stiffness degradation curves of
specimen CB -1,CB -7 specimen CB -1,CB -7

B CB — 1 F1 CB -7 7E&ZABFF T FERENT DU SF RO FHLE R Bk WL 9 FIIE 33, K 9 W IR
i AES MR CB — 1 A1 CB -7 RIAERERE 1 HEACH 2, i1 CB — 1 BATHABRIRE g = — 28,
33 A1 CB =7 £ERT 2 MAEFRK he & TlfF CB -1, BS54RS N, f )5 he FREAE 0.43 ifh .
%9 X CB-1F1CB-7 8568577 (kN » mm)
Table 9  Energy dissipation capacity of specimen CB —1,CB -7 (kN + mm)

R {3 %/ mm
G5 2 4 6 8 10 12 SE
CB-1 2 098. 64 7 592.60 13 051.43 17 074.55 18 955.36 21 006. 89 79 779.47

CB -7 2 033. 64 7 559.22 12 204.36 16 304.71 18 816. 12 21 581.07 78 499.12
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Fig. 33 Equivalent viscous damping coefficient curves of specimen CB -1,CB -7
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