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Interaction Performance Between Frames and Stairs of Typical Teaching
Building in “5 + 12”7 Wenchuan Earthquake Disaster Area
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(1. School of Civil Engineering, Hunan University, Changsha 410082, Hunan, China;
2. Department of Civil Engineering, University of Southern California, Los Angeles CA90089, California, USA)

Abstract: Associating with the typical teaching building in “5 « 12”7 Wenchuan Earthquake
disaster area of Sichuan Province, the interaction performance between frames and stairs was
explored. The interests cover the static lateral stiffness of the static single frame unit, the lateral
stiffness of the whole frame, the dynamic performance of the whole frame, the responding
analysis under the standard earthquake spectrum of current Chinese code, and the calculation of
time history under different earthquake records. The results show that the existence of stairs
greatly affect the lateral stiffness of frame, dynamic performance, the peak of internal forces
under standard earthquake spectrum of current Chinese code, and the peak of internal forces and
node response spectrum under different earthquakes. These can be used as necessary references
for the construction and strengthening of the similar buildings in disaster area.
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Fig.1 Plane of Standard Story in Teaching Building (Unit: mm)
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Fig. 2 Structural Distribution of Standard Story in Teaching Building (Unit: mm)
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Fig. 4 Lateral Displacement Ratio Curves of

Single Frame Unit Nodes Under Same Load

Rl ERBITBTFTRKEME
Tab.1 Lateral Displacements of Single Frame Unit Nodes
K- R CA B /mm IKPAL R (CTERERS) /mm
ik Jrm | #J2 | Fi/kN
1# & 2% 5 3% M 17 5 1% 5 2% 1, 3% M, 4% 5
6 15.0 31.178 31.178 33.115 33.115 33. 845 33. 845 32. 245 32. 245
5 12.5 27.788 27.788 29.755 29.755 30. 400 30. 400 28.933 28.933
R 4 10.0 22. 980 22. 980 24. 808 24. 808 25. 295 25. 295 24. 055 24. 055
H1n] 3 7.5 16.908 16. 908 18. 450 18. 450 18. 750 18. 750 17. 828 17. 828
2 5.0 10. 100 10. 100 11.190 11.190 11. 318 11. 318 10. 778 10. 778
1 2.5 3.563 3.563 4.058 4.058 4.083 4.083 3.913 3.913
6 15.0 21.965 21.965 21.968 21.968 26.793 26.793 26.793 26.793
5 12.5 19.953 19.953 19. 958 19. 958 24.360 24. 360 24. 360 24. 360
Wb = 4 10.0 16. 805 16. 805 16. 813 16. 813 20.498 20. 498 20. 498 20. 498
] 3 7.5 12.663 12.663 12.673 12.673 15. 400 15. 400 15. 400 15. 400
2 5.0 7.845 7.845 7.855 7.855 9.478 9.478 9.478 9.478
1 2.5 2.955 2.955 2.968 2.968 3.535 3.535 3.535 3.535
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Tab.1 Lateral Displacements of Whole Frame Nodes
KB (M /mm IR (TERERS) /mm
Lt r | #2E | Fi/kN
1% 2% i 3% 47 5 17 3 27 37 47 5
6 15.0 19. 318 19. 309 19. 303 19. 302 20.101 20.093 20.091 20. 082
5 12.5 17. 750 17.745 17. 744 17.745 18.472 18.470 18. 469 18. 468
SR 4 10. 0 15.105 15.098 15. 096 15. 097 15.716 15.712 15.711 15.710
H1n] 3 7.5 11.517 11.512 11.510 11.513 11. 981 11.978 11.977 11.976
2 5.0 7.262 7.258 7.258 7.261 7.551 7.550 7.550 7.550
1 2.5 2.825 2.829 2.834 2.839 2.942 2.950 2.952 2.954
6 15.0 24. 294 24,273 24. 266 24. 265 26.232 26. 224 26.221 26. 216
5 12.5 22.086 22.069 22.063 22.064 23.856 23. 850 23. 848 23.844
BEE 4 10. 0 18. 600 18. 586 18. 581 18. 583 20. 084 20.079 20.077 20.073
| 3 7.5 14,002 13.990 13.987 13.991 15. 099 15. 096 15.095 15. 092
2 5.0 8.652 8. 647 8. 647 8.651 9. 306 9.305 9.305 9.303
1 2.5 3. 250 3.250 3.252 3.257 3.481 3.483 3.484 3.484
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Fig. 5 Analysis Model of Whole Frame
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Fig. 6 Lateral Displacement Ratio Curves of
Whole Frame Nodes Under Same Load
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Tab.3 Calculation Results of Whole Frame Dynamic Characteristics

] ] iR b b
Brik A A A A Bk : :
Wi/ Ha iR i/ Ha R Wi/ He e B3/ He
1 0. 96 8. 60
2 1.03 8. 81
3 1.08 9.23
4 3.06 9. 86
5 3.24 11.11
6 3. 40 11.23
7 5.62 11. 44
8 5.83 11.44
9 6.12 11.62
10 8.53 11.99
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Fig.7 Maximal Moment Ratio Curves of Frame Beams and

Columns Under Standard Response Spectrum
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Tab.1 Maximal Moment of Frame Beams and Columns Under Standard Response Spectrum
B R CHHER /(KN » m) R R B /(KN + m)
(A B2 | Fi/kN
1-F %l 3-F % 4-F B 6-F %h 1-F 3-F #h 4-F 6-F #h
6 15.0 —121.72 —121. 31 —120.79 —120. 28 —131.67 —127.28 —127. 30 —130.63
5 12.5 —217.99 —190. 60 —189.76 —215.29 —242.41 —242.76 —242.84 —241.71
4 10.0 —308. 28 —264. 40 —263.31 —304. 81 —343. 27 —342.48 —342.67 —342.44
HE 28 22
3 7.5 —378.70 —321.85 —320. 46 —374. 36 —420. 84 —419. 67 —419.79 —419.63
2 5.0 —423.98 —356. 56 —354.97 —419.08 —470. 85 —469. 48 —469. 57 —469. 44
1 2.5 —385.41 —315.65 —314.42 —381.09 —428. 26 —427.24 —427.42 —427.19
6 15.0 —127.69 —127.61 —128.01 —130. 48 —139.04 —135. 84 —135.70 —142.02
5 12.5 —187.68 —180. 42 —181. 39 —192.91 —205. 32 —196.59 —196.79 —210.53
4 10.0 —223.89 —215.82 —216.98 —231.11 —244.02 —240. 58 —240.59 —250. 00
HE B8 £
3 7.5 —251.11 —240. 64 —241.98 —258.92 —272.78 —270. 86 —270.47 —279.65
2 5.0 —251.24 —237.16 —238.71 —260.77 —273.03 —272. 86 —272.78 —280. 49
1 2.5 —140.52 —131.00 —131.93 —148.67 —150.79 —152.72 —151.79 —157.48
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