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Numerical analysis of influence factors on seismic performance of
flexible connection AAC infilled wall steel frame
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Abstract: In order to analyze the trend and significance of the influence of different factors on the seismic
performance of flexible connection autoclaved areated concrete (AAC) masonry filled wall steel frame structures,
the feasibility of the modeling method and parameters selection was verified based on the results of pseudo-static
tests, nine orthogonal finite element models were established by ABAQUS, and variable parameter analysis was
carried out on axial compression ratio, reserved seam width, spring stiffness and height span ratio of models. The
results show that the effects of reserved joint width, stiffness of energy-consuming materials, height span ratio and
axial compression ratio on seismic performance of the structure decrease successively. On the whole, it is beneficial
to increase the reserved joint width, reduce the stiffness of energy-consuming materials, high span ratio and axial
compression ratio to improve the seismic performance of the structure. In actual application, the recommended value
for the joint width between flexible connection AAC wall and frames is around 40 mm, and the stiffness of the filler
between reserved joints is between 100~500 N/mm.
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Fig.1 Dimensional drawing of specimens
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BO6 %% AAC WIHRMIST, BIH 5 300 mmx100 mmx100 mm, 5 AAC HUFEHE R S A F2 4 F IR 4
MBI SR EE A 3.53 MPa, #1787 MPa,
F1 Wi HFiEEe
Table 1 Mechanical property of steels

R A R (EAR) /mm Jett B B/ M Pa PiPsR I/ MPa i H i/ %
PR 6 419 544 1.30 26.62
FEBAR 8 409 539 1.32 19.92

FEE AR 10 385 528 1.37 25.29
Jnzhih 14 421 545 1.29 26.53

Fr 2550 ¥ 6 594 763 1.28 28.89
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Fig.3 Finite element model
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Fig.5 Constitutive relation of steel Fig. 6  Constitutive relation of AAC masonry
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Fig.7 Masonry damage parameters

120 120 120

90t 90} 90} ]

601 60t 60} ’%ﬂ)‘
~ 30t ~ 30 ~ 30} A0 %
Z Z < W, =2
fﬁ‘{_ 0 f‘i 0 % 0 A ",/

' 30t E 30t = 30}
—60L -60} -60¢ —idk
90t -90r -90} —A M
120 207500 0 10 20 1207500 0 10 20
v #%/mm v #/mm v #/mm

(a) w=0.9 (b) w=0.7 (c¢) w=0.5



555 # MRk, 25 SRR AAC STEHE HINE QLT PR RE S i N 3RS E 2 By 97

120 120 120
90+ 90 90} M
Vi W
60} 60 60+ e S &)
> 30f 30+ ~ 30t
= =
& 0 0 g 0 —— K5
' 30f =30t E 30t +w°:8'9
- =07
—60¢ 60} — it ~O0p IR - w=0.5
-90¢ -90 L -90r TREING e
-120 2075050 0 10 20 20 e 0 10 20
i #%/mm Vi #/mm v #/mm
(d) w=04 (e) w=03 (f) Broemhsk ek

8 ARTESHREEHERILL

Fig.8 Comparisons of finite element and experimental result
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Fig.9 Failure state of specimens
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Fig. 10  Stress nephogram of models
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Fig. 11  Comparison of hysteretic curves
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Fig. 12 Comparison of skeleton curves
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Table 3  Factors level

N A SE S
o (HZ A) R (% B) i 4% 5%/ mm (3 C)FERBARHAIE/ (N/mm) (H# D) mis
1 0.1 30 1000 1.17
2 0.2 40 500 0.90
3 0.3 50 100 0.81

T BOAESLAE 3 R 1575 mm,

2.2 BWEFRIGIT
RIEFE 3 PHIE R 4 DR KA KB, R 4 2 3 K IEASE Ly(3*) X & 458 BAR B R0 %
TR, Wk 4,

R4 BRESHFRELRE

Table 4  Orthogonal table of model parameter schemes

M K 2 K B 2

B BMSHOTR  BGS
HE A H%E B FEEY® K% D
1 1 1 1 1 A,B,C,D, AL M1
2 1 2 2 2 A,B,C,D, KT M2
3 1 3 3 3 A B,C3D,4 AL M3
4 2 1 2 3 A,B,C,D; R M4
5 2 2 3 1 A,B,C3D, HET M5
6 2 3 1 2 A,B,C,D, AL M6
7 3 1 3 2 A;B,C;D, AL M7
8 3 2 1 3 A;B,C,D; AL M8
9 3 3 2 1 A;B,C,D, TR M9

2.3 EXHEENTEER
HRAEZR 4 PAHL M1~ M9 S HEE 78 ABAQUS FR A4 433l e 7 % A Y | AT 5B o450, 7531 9 4>
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Fig. 13 Hysteretic curves of each model
500 30
400} S8
300} 2
200} E 208k
Z 100} £ ‘
= Z ‘
g O =Ml < I\
= —100} M2 i
~200} TV = 10f
300 =M
~300} sl
—400F Ilﬁdl\jé
=500 a3 0 20 40 6o 0 —T0 72030 30 30 60 70
{7 F/mm fiF%/mm
14 HEBIELRMHL 15 HEBRIEIRL i 2k
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®5 EXRBEZERTESER
Table 5 Calculation results of orthogonal model assessment indicators
ERER FRZAEbR
%
HEA HWEB HWEC HED Ay/mm P ../kN m Ko/ (kN/mm)  E./(kN +m) Ep/(kN *m)
M1 1 1 1 1 5.14 360.79 10.49 27.81 1.069 94.662
M2 1 2 2 2 5.70 378.57 10.51 24.78 1.061 91.004
M3 1 3 3 3 9.57 362.99 6.88 22.86 0.897 87.238
M4 2 1 2 3 6.09 362.28 8.87 28.86 1.333 93.339
M5 2 2 3 1 6.72 344.14 8.92 20.47 0.934 87.967
M6 2 3 1 2 6.92 389.43 9.54 24.20 0.891 89.718
M7 3 1 3 2 6.77 308.44 7.87 27.06 0.845 69.948
M8 3 2 1 3 5.93 382.90 9.98 26.25 1.079 92.993
M9 3 3 2 1 6.93 370.18 9.43 19.36 0.811 88.029

3 HEHAELERSN

3.1 ERIEFRIRE ST

BHARPRIIM ZE R AR 6, Kb K| K, (K73 ER (G BCA (B .C B D) BUE /K- 1.2 3
RIN NI EDI 2 % = v = R LY NI N s i1 W S DA ) o O R 2 78 1= v v = 2B OB T

R 6 AT L (A) (TR 4858 (B) FEREAMEINIEE (C) UL ES L (D) 55 4 A BRIZRAEFTELR 3 4K
V- 2Z () AR AR 6 e e AAC SBUFEREIAE R i IROE AL A HSZWAT R B—>C—D— A, R 8] 7 £ 4%
B K/ INKTE5 1 S AR R 52 e K, 4 AR R XA I (A A 2 P, K/INSE IR C—>B—A—D, RIZ5HY
P, NE R R /INZ Z2 M HE B HE T BA 4% (W] SEL ST R R ARE NI EE /NS i i 2, 38 5 v BB T H A 5 2R 3 A
RINFEREMRINI BE B P (EBRK S M4 B IRL FE R A SR 5 A0 A2 T NI 4 . % T 454 1) B>
Ui, 4 NERZWKIT R C—>B—D—A, RIFEREM R NI EEXT g i K, XE5HPIENIE K, ,4 R E 5
M TP KR R B—>D—C— A, Uk B AR S5 14 (1) 497 46 W B 52 3 AE [ 48 58 /NS e e K, LUK A2 TR AR5 44y 1 855 L



555 1 MRk, 25 SRR AAC STEHE HINE QLT PR RE S i N 3RS E 2 By 101

(RIS, S5 4657 O RRAE P LR 1k B 3k (5 F% £ BRAELL 6, ] IF, SRR 397 B 4% 5 R /N3 4 M i R RE R A T 52
Wi, JEUCRAEREATRHRIRE | L, Bl HE 2 e ey | B B—C—D—A 5 MBS IR RSB vE (8 f IRAE [ 0, 11,
EIKT N C>D—A—B,

F6 EXHEZZIEIRIME ST

Table 6 Range analysis of orthogonal model assessment indicators

AR S K, K, K; ky ky ks W= R
A, /mm B L 20.41 19.73 19.63 6.80 6.58 6.54 0.26
T 4% 58 18.00 18.35 23.42 6.00 6.12 7.81 1.81
FEREM RIS 17.99 18.72 23.06 6.00 6.24 7.67 1.67
mE L 18.79 19.39 21.59 6.26 6.46 7.20 0.94
P, /kN B 1102.35 1095.85 1061.52 367.45 365.28 353.84 13.61
T BA 4% 5 1031.51 1105.61 1122.60 343.84 368.54 374.20 30.36
FEREAT RN BE 1133.12 1111.03 1015.57 377.71 370.34 338.52 39.19
mE L 1075.11 1076.44 1108.17 358.37 358.81 369.39 11.02
I BT 27.88 27.33 27.28 9.29 9.11 9.09 0.20
T 4% 58 27.23 29.41 25.85 9.08 9.80 8.62 1.18
FEREATRLNI B2 30.01 28.81 23.67 10.00 9.60 7.89 2.11
1R E 28.84 27.92 25.73 9.61 9.31 8.58 1.03
Ky/ (kN/mm) R 75.45 73.53 72.67 25.15 24.51 24.22 0.93
T BA 4% T 83.73 71.50 66.42 27.91 23.83 22.14 5.77
FEREM RN EE 78.26 73.00 70.39 26.09 24.33 23.46 2.63
L 67.64 76.04 77.97 22.55 25.35 25.99 3.44
E./(kN + m) B 3.027 3.158 2.735 1.009 1.053 0.912 0.141
TR 4E 5 3.247 3.074 2.599 1.082 1.025 0.866 0.216
FEREATELRI B2 3.039 3.205 2.676 1.013 1.068 0.892 0.176
(=254 2.814 2.797 3.309 0.938 0.932 1.103 0.171
E,/(kN - m) A L 272.904 271.024 250.970 90.968 90.341 83.657 7.311
TR 4% 58 257.949 271.964 264.985 85.983 90.655 88.328 4.672
FEREM RN EE 271.373 272.372 245.153 92.458 90.791 81.718 10.740
[51230 270.658 250.670 273.570 90.219 83.557 91.190 7.633
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Fig. 16 Relationship between four factors and various indicators
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Table 7 Level table of significance
i H Fi>Fy o Foo = Fi>Fg s Foos= Fi>Fo Foos= Fi>F s F;< Fos
AR i3 T SR TE BF H—E R Al
R VN * ok sk % % % % * _
%8 R INRRENTESR
Table 8 Variance analysis of the influence degree of factors
A E-E 3 SS df MS F e LA
JEMRAES A, HiEA 4258 6.134 2 3.067 SLILT *  # Fo .05 =19.00
FEREM NI EE 5.008 2 2.504 41.733 % * * Fy05 =19.00
L 1.449 2 0.725 12.083 * = Fy10=9.00
w2 (RELL) 0.120 2 0.060 — —
S 12.711 8 — — _
WEAF 7 20 P R L 320.876 2 160.438 0.962 Fy0s=3.00
T £ 4% 5 1564.095 2 782.048 4.690 * Fy05=3.00
FEREM BN 2602.065 2 1301.033 7.802 * Fy,5=3.00
WRE(HEL) 233.503 2 166.752 — —
gl 4720.539 8 — — —
TEMERE T PR 4% 5 2.148 2 1.074 29.027 % * * Fy s =19.00
FEREM RN EE 7.562 2 3.781 102.189 * = = = Fo.01 =99.00
s L 1.702 2 0.851 23.000 * # * Fy5=19.00
w2 (RELL) 0.074 2 0.037 — —
S 11.485 8 — — _
WA T S TEWIEE K, TR 4% 5 52.779 2 26.340 39.022 % * * Fo05=19.00
FEREATELRI BE 10.713 2 5.357 7.936 * Fy5=3.00
L 20.110 2 10.055 14.896 = + Fy10=9.00
B2 (HUE ) 1.350 2 0.675 — —
gl 84.953 8 — — —
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g
EZEEED Iy 2R SS df MS F e S
ikE ?*‘ﬁﬁiﬁzﬁa FRAB T ER 4% 55 0.075 2 0.038 2.375 Fy,5=3.00
RIRITHRE £, FEREAT RN BE 0.049 2 0.025 1.563 Fy05=3.00
s 0.056 2 0.028 1.750 Fy05=3.00
B2 (HlUE ) 0.031 2 0.016 — —
S 0.211 8 — — —
ﬁ?ﬂfﬁﬁ?&ﬁﬁﬁzﬁl PR HE 98.533 2 49.267 3.010 * Fy,5=3.00
T RITHERE £, FEREM BN EE 200.446 2 100.223 6.123 Fy,5=3.00
L 103.601 2 51.801 3.165 = Fo,5=3.00
1R2E (TR S%9E) 32.737 2 16.369 — —
B 435.317 8 — — —
=9 RETDUAERHNFESH
Table 9  Variance analysis of adjusted error terms
EAR g0 J5 2K UR SS df MS F I L8
JE MRS A W 0.120 2 0.060 0.083 Fy,5=3.00
i BR 5% i 6.134 2 3.067 4.230 * Fy,5=3.00
FEREM BN EE 5.008 2 2.504 3.454 % Fy,5=3.00
WRE (R 1.449 2 0.725 — —
psgil] 12.711 8 — — —
WE AR 2 P T 4% 1564.095 2 782.048 4.874 = Fyp5=3.00
FEREM RN EE 2602.065 2 1301.033 8.109 * Fy,5=3.00
[0 233.503 2 116.752 0.728 Fy,5=3.00
B2 (hE ) 320.876 2 160.438 — —
pegil] 4720.539 8 — — —
FEME R K HIFE 0.074 2 0.037 0.043 Fy,5=3.00
T B8 5% i 2.148 2 1.074 1.262 Fo,5=3.00
FERERS BN BE 7.562 2 3.781 4.443 Fo,5=3.00
WE(HEL) 1.702 2 0.851 — —
pogil] 11.485 8 — — _
LG 11 AR TE I EE K, WE 1.350 2 0.675 0.126 Fy05=3.00
i BR 4% 5 52.779 2 26.390 4.926 Fi,5=3.00
L 20.110 2 10.055 1.877 Fy,5=3.00
1R (FEREM LN ) 10.713 2 5.357 — —
il 84.953 8 — — —
éfﬁﬁ%{g%ﬁ FRffnT i B LE 0.031 2 0.016 0.640 Fy,5=3.00
T ER 4% i 0.075 2 0.038 1.520 Fo,5=3.00
L 0.056 2 0.028 1.120 Fy5=3.00
PR 2% (FEREM RHRIEE) 0.049 2 0.025 — —
5l 0.211 8 — — —
gﬁfﬁ%%{?zﬁ] PRI 9 T FA 4 5 32.737 2 16.369 0.332 Fy,5=3.00
FEREM RN EE 200.446 2 100.223 2.034 Fy,5=3.00
L 103.601 2 51.801 1.051 Fy05=3.00
B2 (ChlUE ) 98.533 2 49.267 — —
SR 435.317 8 — — —
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Fig. 17 Impact rate of assessment indicators by various factors
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