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Seismic performance of RC frame structures with prefabricated slab stairs
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Abstract: The numerical analysis results of staircase, based on the finite element software of ABAQUS,
are compared with the experimental results to verify the applicability of finite element parameters and
modeling method. On this basis, 2 groups of reinforced concrete (RC) high-rise frame models are
established to perform dynamic time-history analysis in two circumstances: the adoption of cast-in-place
resistant connection and that of prefabricated slip connection. Multiple aspects are adopted to research the
influence of each modeling method on structural seismic performance, including the displacement response,
the plastic damage evolution and the seismic response. And the seismic performance of multi-storey and
high-rise models are compared. The analysis results are as follows. Cast-in-place resistant connection causes
larger displacement, aggravates the torsion effect, causes severe stress concentration and amplifies the
seismic effect, which ultimately leads to seriously structural damage and tension or compression
failure. Prefabricated slip connection has smaller displacement, more homogeneous stress distribution and

slighter damage of members, which can ensure that the stairways are reserved as safe passage after an
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earthquake; therefore, prefabricated slip connection performs better in terms of the displacement response,
the stress damage and the seismic response than cast-in-place resistant connection. Compared with multi-
storey model, the high-rise model has more severe seismic results in the whole stress, plastic development,
damage range and severity, which makes it behave better in slip effects.

Keywords: RC frame structures; prefabricated slip connection staircase; seismic performance; {inite

element analysis
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Fig.2 Numerical simulation and experiment curve of ST-1

BB AL RUAS 20 1Y A0 23 R0 R B AR X b i DL AR 1 MR 3. RIS R 55 THD A9 45 22 X Lb AH
T, AFCR AR 22 e KRB R 1.53 %0, fie /MY 0.43 %0 78 $bE i B, T0UZ AL 38 56 0SS 0019 g R ok 38 i {1 4 331 Ky
0.238 g F1 0.219 g, AH2E 800 5 75 S HA P By B, T0 i 1K 90 AR 400 o5 O o 3ok B W4 43 531 Oy 3.467 g 1 3.392 g, A
252.2% . BUEBA 500 25 WA 22 50 B R A B m E

&1 THD BB 5K AIRFEX L (AT =M IREY)
Table 1 Comparison of natural frequency between ABAQUS model and experiment of THD

A A % 5 {H/Hz SN/ He xR 22/ %
— B AR 13.88 13.94 0.43
71 16.99 17.21 1.26

N 20.28 19.97 1.53
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Fig.3 Comparison of apex acceleration-time curve
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Table 2 The sizes of model component( part)

=37 oRGE 1 7 8 B R H/ (mm X mm)
1 HE SR AL 423 900X 1 100

1~4 HEZ8 5 1~4X A 1~4XB 600X 700

1~4 FEZR 5 2X A~C.3XA~C 500X 800

1~10 HE 240 72 H, s 1) 150X 300

1~9 FhAE 423 200X 400

1~9 RAEE Y e 200X 350
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Table 3 The peak value and time of each seismic wave acceleration

o7 % 77 18] TN U (B g X 1z I 2 /s

Y 14 0.057 747 42 8.515

Imperial Valley
X M 0.043 081 02 7.690
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Table 4 Lateral displacement response of storey m
%5 )2 10 2
7 11) =

KJGD KJHD KJGD KJHD

Imp, % 0.005 6 0.005 7 0.011 0 0.011 7

Liv.%£ 0.014 9 0.017 3 0.029 6 0.033 1

FRE.Z 0.011 0 0.011 4 0.020 0 0.020 9

X Imp,&E 0.048 8 0.061 8 0.101 4 0.121 8
Liv, 5 0.082 7 0.084 8 0.161 1 0.168 7

FRE, % 0.074 7 0.089 8 0.137 7 0.168 7

Imp. % 0.007 8 0.009 3 0.013 7 0.017 7

Liv. % 0.012 5 0.012 7 0.024 6 0.024 9

FRE. % 0.013 0 0.012 4 0.026 9 0.028 4

Y Imp, 5§ 0.053 1 0.054 1 0.107 0 0.110 0
Liv, 5§ 0.064 3 0.076 5 0.127 1 0.168 9

FRE, % 0.073 9 0.086 1 0.149 6 0.161 2

T R4 D Imp, 2 (F) FR Imp W28 (F ) 19 F# AR ALK

—
(=]
—
=]

o | — KICD(xT) / / [ KIGD(Xii) /
- -- KJHD(XJ) / o 9 F-- - KIHD(X[f])
8 -——KJGD(YI1]) / 7 8 L ——KJIGD(YTil)
7L= - xJHD(YI) I 7 = — KJHD(Y1)
¥ 6L 7 K 6
£ sl /e ] s
al o 4
3+ Z 3
2t 2
1L/ 1
0.000 0.005 0.010 0.015 0.020 0.025 0.030 0.035 000 004 008 012 016 020
d/m d/m
(a)Livik £ 38 (il i) (b YLivE 5538 (Bl )
10 - 10 -
—— KIGD(XTi S —— KIGD(X[i) /
9 KJHD((X[’EJ; s 9 F-- KJHD(XJ)
8 F—KIGD(Y[H) 7/ 8 |—XKIGD(YIE))
7 {-= — KIHD(¥I) 7|7 — KIHD(YF)
; o7
6 7 6 g
s % s
4 4l
3 3
2 2|
1 1
0.000 0.007 0014 0.021 0028 0.035 0.00 0.04 0.08 012 0.6
d/m d/m
(c)Livik Z 8 ({H5%) (d)LivE B HIFE)

B 7 RN

Fig.7 Displacement response of storey
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Table 5 Torsion displacement response of storey m
%5 )2 %102
75 1] =

KJGD KJHD KJGD KJHD

Imp, % 0.005 0 0.004 7 0.008 9 0.008 6

Liv, % 0.014 5 0.009 2 0.032 1 0.021 6

FRE,Z 0.014 9 0.010 4 0.028 1 0.023 1

X Imp, 5 0.054 6 0.047 4 0.119 7 0.109 5
Liv, % 0.073 8 0.034 0 0.146 7 0.120 2

FRE,F 0.075 6 0.053 3 0.149 8 0.112 9

Imp. % 0.011 0 0.009 8 0.020 6 0.019 6

Liv,%& 0.015 1 0.009 2 0.029 9 0.023 8

FRE,Z 0.011 3 0.008 1 0.023 7 0.018 2

Y Imp, & 0.046 6 0.023 1 0.100 9 0.066 8
Liv, 2 0.047 7 0.033 8 0.125 2 0.098 6

FRE, % 0.049 0 0.036 8 0.109 9 0.076 2

AR B R V2 57 A W JO7 2 BB HES X 107 14 il 752 A P 45 ) e KA 1) )22 i) A2 £ A i DR L 2 J= D62 8% L =
6.2 7 Fran. Liv B FB9M 1] J2 AR w8 DL 8 Bz o Liv 350 N B HL e J= 1] A 8% i 1o LI 9 FT o

6 M E = 18] 4R e R

Table 6 Lateral story drift response m
552 %82
J5 ) H R P
KJGD KJHD KJGD KJHD
Imp.% 0.036 5 0.039 1 0.035 0 0.041 5
Liv, % 0.086 4 0.094 6 0.071 1 0.085 6
FRE.% 0.055 8 0.067 2 0.057 4 0.058 6
X Imp, 5§ 0.310 0 0.396 0 0.306 0 0.380 0
Liv, 0.538 0 0.554 0 0.451 0 0.503 0
FRE, % 0.382 0 0.457 0 0.374 0 0.397 0
Imp, % 0.047 3 0.057 5 0.043 6 0.058 1
Liv. % 0.076 7 0.078 5 0.067 2 0.072 8
FRE.% 0.068 6 0.071 1 0.068 1 0.071 9
Y Imp, F 0.363 0 0.373 0 0.345 0 0.372 0
Liv, 0.413 0 0.522 0 0.365 0 0.584 0
FRE,F 0.418 0 0.473 0 0.405 0 0.498 0

7 6 FRMI LM w2 )57 B e R 2 /MO KTHD L KJGD 5 8 2 0 1] 457 7 i 7 # 35— 2, KTHD B
BRT KIGD WJZ LRI, T RZ MM MR AAES 5 JRFIEE 8 2, BN ARG Mg 2 07 & . 451K
AR TP 2 A P s sh e H i SR RIS RS A A 22 B/ . 3R 7 SR, L5 T2 1A 57 6 i Jo IR 28 /MR I
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Table 7 Torsion story drift response cm
) ol %82
J71n] Hb =
KJGD KJHD KJGD KJHD
Imp, % 0.043 6 0.040 6 0.043 3 0.039 8
Liv, % 0.143 0 0.097 5 0.117 0 0.088 1
FRE, % 0.120 0 0.102 0 0.110 0 0.089 0
X
Imp., & 0.477 0 0.444 0 0.449 0 0.421 0
Liv, 5§ 0.652 0 0.578 0 0.589 0 0.532 0
FRE, % 0.556 0 0.488 0 0.475 0 0.412 0
Imp, % 0.068 8 0.063 4 0.074 4 0.068 1
Liv, % 0.120 0 0.096 6 0.103 0 0.086 9
FRE,% 0.120 0 0.092 3 0.1250 0.086 8
Y
Imp, & 0.530 0 0.407 0 0.538 0 0.420 0
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FRE, % 0.563 0 0.412 0 0.596 0 0.409 0
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Fig.8 Lateral story drift responses
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Fig.9 Torsion story drift responses
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Fig.10 Stress diagram of the fifth layer slab(Pa) Fig.11 Concrete tension damage diagram of the fifth layer slab
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Fig.12 Concrete damage diagram of stair board in Liv wave
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Fig.13 Stress diagram of stair elements(Pa)
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Table 8 Lateral failure index in Liv rare wave rad
X [ Y
B2 %K
KJGD KJHD KJGD KJHD
1 0.000 57 0.000 46 0.000 32 0.000 36
2 0.001 00 0.000 98 0.000 73 0.000 84
3 0.001 20 0.001 20 0.000 92 0.001 09
4 0.001 29 0.001 31 0.000 97 0.001 20
5 0.001 35 0.001 39 0.001 03 0.001 31
6 0.001 27 0.001 36 0.001 01 0.001 33
7 0.001 17 0.001 24 0.000 91 0.001 28
8 0.001 13 0.001 26 0.000 91 0.001 46
9 0.000 85 0.000 99 0.000 78 0.001 17
10 0.000 60 0.000 64 0.000 60 0.000 70
R IR A8 5L 0.007 10 0.007 35 0.004 09 0.006 73

IR 45 2% Hh A BIR Hh AR LR RN Hh AR RN
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Table 9 Torsion failure index in Liv rare wave rad
X m Y [q]
REE R
KJGD KJHD KJGD KJHD
1 0.000 695 0.000 566 0.000 405 0.000 445
2 0.001 270 0.001 078 0.000 908 0.000 898
3 0.001 498 0.001 278 0.001 138 0.001 010
4 0.001 550 0.001 385 0.001 250 0.001 085
5 0.001 630 0.001 445 0.001 343 0.001 123
6 0.001 590 0.001 413 0.001 380 0.001 120
7 0.001 475 0.001 325 0.001 373 0.001 098
8 0.001 473 0.001 330 0.001 478 0.001 158
9 0.001 193 0.001 043 0.001 233 0.000 965
10 0.000 915 0.000 750 0.000 773 0.000 725
HAABIRIER 0.011 009 0.008 410 0.007 376 0.005 484
IR JEE IR Hh A Hh A I Hh AR A
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Table 10 Comparison of maximum base shear under rare earthquake

Y [ X Iq]
Hh 7= R

F,/N 21 /s Fy/N B 21/
KJGD 659 390 17.83 519 824 17.90

Imp
KJHD 596 297 17.83 501 385 18.19
KJGD 790 708 8.04 805 637 12.29

Liv
KJHD 787 046 8.11 607 591 12.54
KJGD 625 316 8.06 595 117 17.82

FRE
KJHD 586 456 13.32 564 537 18.08
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Table 11 Shear distribution of staircase in the Y direction under rare earthquake

V/(X100 N) Vi /(X100 N) Vi /V/(Y%)
o= i

52 8 2 52 8 2 52 8 Z
KJGD 22 306 15 919 6 321 4553 28.34 28.60

Imp
KJHD 18 224 10 524 3 867 2 607 21.22 24.77
KIGD 50 417 20 708 10 112 9 154 20.06 44.20

Liv
KJHD 44 286 20 506 9 195 7 905 20.76 38.55
KJGD 24 618 15 413 6 555 4 007 26.63 26.00

FRE
KJHD 23 117 13 703 5182 3 857 22.42 28.14

TE VR Vo 43 530 3 7% S5 1 4 AR T8 3 IR 96 348 40 7 HEL Y B 72 B9
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Fig.14 Stress diagram of KJHD6 model(Pa)
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Fig.15 Stress diagram of KJHD model(Pa)
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Fig.16 Concrete tension damage diagram of the slab
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Fig.17 Concrete damage diagram of stair board
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