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Research on the torsional effect and control of RC frame structure with
multiple different elevations
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(1. School of Civil Engineering, Chongqing University, Chongqing 400045, China; 2. Key Laboratory of New Technology
for Construction of Cities in Mountain Area, Ministry of Education, Chongqing 400045, China)

Abstract: Considering factors such as slope excavation quantity and slope stability, RC frame structures supported
by foundations with different elevations ( FSSFDEs) often occur, resulting in irregular structures and significant
torsion. To study the torsional effects and corresponding control measures for FSSFDEs, the reliability of the finite
element model was verified using pseudo-static tests and shaking table tests. Sixteen finite element models with
varying structural parameters were analyzed using both elastic and elastoplastic dynamic finite element analysis. The
study examined the influence of factors such as the total number of dropped stories, the number of spans and the
number of dropped stories at the intermediate ground embedding end, and the number of spans at the upper ground
end on the torsional effects of the structures. Additionally, the effectiveness of different torsional control measures
was compared through case analysis. The main conclusions are as follows: In the elastic state, the torsional effect of
RC frame structures with three different ground elevations is significant in the stories at the intermediate and upper
ground ends, and it is smaller than that of structures with two different ground elevations. In the plastic state, it is
beneficial to improve the torsional effect of the structure by decreasing the size ratio of the part under upper
embedding end corresponding to the overall structure. Setting up horizontal grounding components, steel support or

viscosity damping in the RC FSSFDEs can improve the torsion resistance. Setting up horizontal grounding
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components provides the best improvement on torsion effects for structures on rock slope.
Key words: RC frame structure supported by foundations with different elevations ( FSSFDE) ; multiple different

elevations : finite element analysis; torsional effect; torsion resistance design
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Table 1 Information of earthquake waves
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Table 3  Comparison of top floor displacements of FSSFDE

: RIRUE 2 x [ TR RS y 1 TUZ A%

e e T H/mm A5 {H/mm TR22/ % THE A/ mm X5 (A mm RZE/ %
10 x L] 1.30 1.34 2.9 — — —
11 y Bifi] — — — 1.99 2.03 1.9
12 xy X[ 1.46 1.64 10.9 1.69 1.73 2.3
13 yx W IA] 1.28 1.57 18.5 1.67 2.16 22.7
24 wyz =[] 1.49 1.56 4.5 1.65 2.17 23.9
25 yxz =[] 1.30 1.32 1.5 1.70 1.69 0.6
33 wyz =[] 4.71 5.22 24.3 5.21 6.83 23.7
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Table 4 Naming and cross-sectional dimensions of models

XUE TR s FEA R SF/mm
Al D4K6-F4K4 550(1)/600( 1)
A2 D4K4-D2K2-F4K4 550(1)/500(1)/550(1)
A3 D4K3-D2K3-F4K4 550(1)/500(1)/550(1)
Ad D4K2-D2K4-F4K4 550(1)/500(1)/550(1)
Bl D6K6-F4K4 600(1~3)/500(1)/700(1) .600(2)
B2 D6K4-D3K2-F4K4 600(1~3)/600(1)/700(1) .600(2)
B3 D6K3-D3K3-F4K4 600(1~3)/600(1)/700(1) .600(2)
B4 D6K2-D3K4-F4K4 600( 1~3)/600(1)/700(1) .600(2)
cl DSK6-F4K4 650(1) .600(2~5)/500(1)/700(1) .600(2)
c2 D$K4-D4K2-F4K4 650(1) .600(2~4)/600(1)/700(1) .600(2)
c3 D$K3-D4K3-F4K4 650(1) .600(2~4)/600(1)/700(1) .600(2)
c4 D8K2-D4K4-F4K4 650(1) .600(2~4)/600(1)/700(1) .600(2)
DI D6K3-D2K3-F4K4 600( 1~3)/600(1)/700(1) .600(2)
D2 D6K3-D3K3-F4K4 600(1~3),/600(1)/700(1) 600(2)
D3 D6K3-D4K3-F4K4 600(1~3)/600(1)/700(1) .600(2)
El D6K3-D3K3-F4K2 600(1~3)/600(1)/700(1) .600(2)
E2 D6K3-D3K3-F4K3 600(1~3)/600(1)/700(1) .600(2)
E3 D6K3-D3K3-F4K4 600(1~3)/600(1)/700(1) .600(2)
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Fig.9 Inter-story drift angles of different models
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Xt PRI 4 JZHESRSSAA (4 H i i A | SR O R FSF IR B BC AT S 4w 6 JRAEZRZSA AR R] etk
Je BB T AT A% F AR RIS M AN 10 Bz, U, Bl S5 SR K002 A0 40, 4 J= 3 73 9 J2= e HH e £
FIZ T F% ff o 2 B HH S B R R R 5, HILAR R AR AE 30 2 3500 20 W A0 i/ o 254 REE 2R 45 g A 4 v B I 79 A4 7]
I o = 2 R A 2 Bt J2 K S i K



% 6 34

O ZHMZ RCHESRES T RN K% 5T 53

0.0005 1 o Fz bl K g O B T 12 M 0.008 ¢ —=— H42 b 3 25 20RO 42 b i)
it "‘ﬁ%ﬁ%ﬁ%ﬁ’% "
Lol L LA SRt > —.— 2 il 37
0.0004L —— THEHIHEECN3 0007 T
— = RIS EO OO L)
P @ 0.006F — o rirb HiREE A 3N HE)
& 0.0003F N B
T;_a £ 00051
14 L =
I¥ 0.0002 X 00041
—e— PSR 4
0.0001 + L
— = MBI OO L) 0.003
rh IR O 306 L) 0.002 .
" 5 § S ¢ ;
ALZEEL SRLZEL

Fig. 11

(a) JRIHILE

(b) JZEAAE A

11 EEMSRXKEEHER. EEMLER
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Table 7 Proportion of plastic rotation at the beam end section %
PSS
A S5 FITAT R T G LA 2 )2 L, b2 )2
0-B B-10 10-LS 0-B B-10 10-LS 0-B B-10 10-LS
B3 19.6 79.7 0.7 19.2 80.8 0 0 93.3 6.7
B3-1 50.2 49.2 0.6 75.0 25.0 0 14.6 85.4 0
B3-2 20.1 79.5 0.5 22.5 71.5 0 0 95.7 4.3
B3-3 21.3 78.3 0.4 23.3 76.7 0 0 96.4 3.7
B3-4 21.6 71.9 0.6 23.3 76.7 0 0 93.9 6.1
B3-5 21.1 78.4 0.6 24.2 75.8 0 0 94.5 5.5
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Table 8  Proportion of plastic rotation at the column end section %
S T AR
Al S AL T R S T i Ll 2 2 bR, 2 2
0-B B-10 10-LS 0-B B-10 10-LS 0-B B-10 10-LS
B3 74.4 22.9 2.7 63.9 25.0 11.1 52.1 30.2 17.7
B3-1 79.8 17.8 2.4 95.8 4.2 0 57.3 42.7 0
B3-2 75.0 22.9 2.2 62.5 29.2 8.3 55.2 32.3 12.5
B3-3 77.0 21.3 1.7 63.9 27.8 8.3 57.3 34.4 8.3
B3-4 77.3 20.0 2.7 62.5 29.2 8.3 53.1 29.2 17.7
B3-5 71.7 19.9 2.5 65.3 26.4 8.3 55.2 29.2 15.6
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