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Abstract

Employing SAP2000 software, finite element analysis models were developed for three distinct
types of reinforced concrete frame structures: without staircases, with conventional staircases, and
with seismic isolation bearings installed at the bottom of stair flights. Modal analysis was conducted
to investigate the influence of different staircase configurations on the natural periods and mode
shape sequences of the reinforced concrete frames. Through static pushover analysis (Pushover
analysis), the seismic performance and yield mechanisms of both conventional staircases and those
equipped with isolation bearings were examined under seismic actions. The findings indicate that
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the presence of staircases alters the mode shape sequence of the frame structure. After installing
isolation bearings beneath the stair flights, the development of plastic hinges in the staircase is no-
tably delayed, resulting in a significant improvement in its seismic performance.
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Figure 1. Sliding and seismic isolation anti-collapse support detail drawing

Bl 1. &5 PRI EIR S B UL E

AN SAP2000 A FRICAE M T AF[8 1AL 3 A 6 JZ4Nm IR EE L AESLLE M), 73 AN TCRERR 45 )
(M1). W EILGEAERL A5 (M2) SR IR R SRR 5 M (M3) o BRI REZS 2 T F FEAS RI AR B T 2O HE SR 45

DOI: 10.12677/hjce.2025.1411284 2652 T AT


https://doi.org/10.12677/hjce.2025.1411284
http://creativecommons.org/licenses/by/4.0/

FH, mEiER

FAITE B i R AR R B MG 2l o S i 0 HEZE 0 A, RELE T B R AR A R M2, M3 PR (1 R
BORRAEDL, IFHEFL 1R P R A= S i B iR R B HE BE 5 4 ¥ S AR ML) . DU ERAS BIBR B N 77 e B
IR S 1 E 24 5 R 5o B ) A 7 R 1 e R 2

2. {RBIEST

MEZRGERSF T A B A ] 3 fivR. d5i3k 6 |2, BEE®BN 3.6 m. PIEEBIZIEN 8 [£(0.2g), &
HHE N =40, R RINIEE(T = 0.45 s). DhIAx AN 7 B, BN 3.6 m; #iFE(y F)A 3
¥, BRI 6.91 3.0 F1 6.9 m. FRINIL 2 FHEEL 2RI E, A THILO. @2 MDD, @ZIH.

BT LA (2 R F BB P S5 4 0y €30 IR 1=, A2 J18N 5 R Fl HRB400, 4 j5 K Fl HPB300. 44411
B RS 508: HERRIAAE K AN 650 mm x 650 mm;  FLAHEZEFE A 600 mm x 600 mm, x [AHEZESE N
300 mm x 600 mm; y [AIHEZLEES 300 mm x 700 mm. AEFAEAFEY Y 300 mm x 300 mm;  FERAREFEI N 250
mm % 500 mm; W AZFERHRAR E 8 110 mm.

P bR B A A AR A0 R s BEHMEATEL 1.5 KN/m?, B[R TE 48 4 KN/m?, J21HA E
N THEAT 2 4 KN/m?; 375 ff BB A0 « B 1T A S8 THITE A7 280 2 KIN/m?, 7 JBR SR AF AV i 2 3.5 KN/m?.
PRtz Ah, AiE 7 EFERE FOMELLR R AT EE T ORI F0ER T &I 1 5 B 8 KN/m, G611 & IR M EL 12
KN/m, 7L 5 KN/m.

K H SAP 2000 A @A PR ICA AR, o rp R R AT B e, AR SR, R
FRITRUR TR . BEBCRIRE BRI AR BT G AR, BhBUSCR A 52 B GBI, N 7E B Hh S0 I 722 S 36 2l ] 1)
FERLEA BTG, FERE SRR Rubber Isolator E#E8 05 gap ¥4 8 0 HBEH 7 UL S50 =
YRR NP 2 FToR

3 FiAS R A B 15 L A SR S5 44 8 SR . M3 RSB SR A Aofs ofs A S i 14t 5 I 7o S 11 X 7 YR - 24 &
TP TR AR . M2 AR Ay 5 8 I 30 VR W et B s 1) o R o LA AR S5 A A A S A s ML AL AE M2
BRIl B IO TR AR, BB A A DA far R A P AE 3Rk b

AAAA‘

>
L4
L
"
>
>
-
L4
>
L4

A

v

Figure 2. Three-dimensional model diagram
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Figure 3. Frame structure floor plan (Unit: mm)
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Table 1. The first three natural vibration periods and mass participation factors of the first three vibration modes of the three
models

= 1.3 MIERET 3 MR BIRAMIRERES S5 R Y

B S IR s

Ux Uy Rz SUx SUy SRz

1 0.723 0.0 0.811 0.0 0.0 0.811 0.0

Ml 2 0.688 0.818 0.0 0.001 0.818 0.811 0.001
3 0.647 0.001 0.0 0.815 0.818 0.811 0.816
1 0.66 0.809 0.0 0.005 0.809 0.0 0.005
M2 2 0.594 0.0 0.816 0.0 0.809 0.816 0.005
3 0.508 0.005 0.0 0.807 0.814 0.816 0.811

1 0.696 0.0 0.809 0.0 0.0 0.809 0.0
M3 0.666 0.779 0.0 0.036 0.779 0.809 0.036
3 0.61 0.036 0.0 0.775 0.815 0.809 0.811
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Figure 4. The hinge-out condition of the first axis frame of the M2 model
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Figure 5. The hinge condition of the first axis frame of the M3 model

5. M3 RBVEOMZKIELR LR IER

T ER SR T, 53T B M2 R M3 BRI AR, [ 4 B 5 Oy M2 BRI M3 A
RS OHI R HELR B AR R R I FEM Stepl4. Stepl6. Stepl8 Al Step20. MIE 4 Fiaf LIASH], M2 #ERILE
Stepl4 B, —EFEITHERS— ik FIAEZL R DL K — — = EEERABAAE I BB PE B HEN 10-LS RAS, WA HEE T
FRIREAT, 5 R AH 7 (1 J FERE 2 F SR MR R R T HE N TO-LS AIRAS, SR 5 1203 171 326 25 A — iy (1) HE 22
PR R R AR, 7 Stepl8 I, 25 = ZARERARAE M A& HEN CP-C BB, 2B 2
BEREHEN T 10-LSIRAS, 20— BB AL I BB A3 N T LS-CP IRES .

MIE S FTLAE H, M3 BT Stepl4 BF, — 20 B AEBh— i IO HEZL 2 (M PE B Sk N TO-LS IRF&
b JE I AN R, YRR R RS M1 BLELARAL, HELE] Step20 B, BRI MBCRES Y IE A

B LS-CP IRZS, AR B EBOEEHEN 10-LS IRZ .
g b, B M2 AR M3 YRR R I FEAR L, 1H M3 BRI RA 2 . HEAR R AR A Y BOIR S 1

KRR EGE T M2 B o S U W R B B T 77 1 8 R o SR8 T LA S0k e R ) (A 3 R B A (1

AT

2656

DOI: 10.12677/hjce.2025.1411284


https://doi.org/10.12677/hjce.2025.1411284

SEVERS IR IR, W AR 1 Hb AR R A A B i T A HE R S W 2k, 3 A T P A R
5. &g

1) FEBRAIPR AT AE, AT DACSCRHEZR S5 1) (1 M P52 AT XA IR AR Y o £ R 6 BRI I S 12 8l o S
S94 TR R A SHESESE AL FOAE ELAEHT,  RT DA SR BB R N 22 45 4 (R IR BT

2) FEREBORR B T 77 10 B R R SR TT LA S G AR AL A F SR PR AR R R RN AR A, TGS R B A 112
BRER

S E 3k

[1] HEXRZE, T, SVEMk. SHHRE AR MM R & i S @iT]. R3NS3, 2013, 32(3): 22-28.

[2] Ei, x=AE, 55, & ZEWHRETERREEREMTE BRI DARTRESR, 2010, 43(10): 63-72.
[3]1 EIRIR, IR, T TR @R R R R 0 07 AT [T]. IR B R (E SRR R, 2021,

30(2): 22-26.
[4] BREAE, 277, BT, . BB BRSO EAE AR A U R RE T FE (0], WA FE IR T A B R (E AR RR), 2024,
33(1): 11-15.

[5]1 HGEAE, 277, 2%, % AFEEREE A HE LR S5 M BTRE BRI B 72 (0], 99 e 3 17 2 B 2 4 (H 2R RH 2R,
2025, 34(2): 21-25.

[6] 4 NRILFE RS 2 @ EE. @B R E: GB 500112010 [S]. 2016 k. Jbai: A EES Tk HAR
#t, 2016.

[7]1 X, 2£77, WA, 25 MERRIEDIGE b7 B8 T SR, HE TR S TREIRS), 2014, 34(6): 66-73.

8] & ARBAHARGRAR, o E @RI, SAP 2000 H S h A HFER[M]. dbat: ANRASE H AR
#t, 2006: 229-264.

DOI: 10.12677/hjce.2025.1411284 2657 +ARTHRE


https://doi.org/10.12677/hjce.2025.1411284

	隔震支座楼梯框架结构的Pushover分析
	摘  要
	关键词
	Pushover Analysis of the Seismic Isolation Bearing Stair Frame Structure
	Abstract
	Keywords
	1. 引言
	2. 模型建立
	3. 模态分析结果对比
	4. Pushover分析结果对比
	5. 结论
	参考文献

