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High Performance Simulation for Building Structures under Disaster

Lu Xin-zheng, LiYi, Miao Zhi-wei, Chen Xu-ping, Liang Yi
(Department of Civil Engineering, Key Laboratory of Structural Engineering and Vibration of China Education Ministry, Tsinghua

University, Beijing, 100084)

Abstract: Buildings and building clusters could be destroyed by disaster load, such as earthquake and blast.
Accurate prediction for the behavior of building structures in various disasters provided by high-performance
numerical computing is important to structural design. The Department of Civil Engineering in Tsinghua
University developed a series of advanced numerical models including material laws and element models.
Therefore, base on parallel computing and nonlinear methods, analyses about some extreme problems of building
structures such as collapse, overturning and the loss of earthquake damage of urban building clusters are
successfully processed. Hence, the analyses provide important advice for disaster prevention and mitigation.

Keywords: building structure, high-performance simulating analysis, finite element model, progressive collapse,
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Fig 1. Hydrostatic compression Fig 2. Confined compression
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Fig 3. Uniaxial cyclic compression
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based on multi-layer shell Fig.5 Load-displacement curves
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Fig.8 Comparison for S-2, test vs. computation Fig.9 Comparison for UB-2, test vs. computation
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Table 1 Collapse modes of 8-story frame after normal design and TF design
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Fig.10 Failure modes for original 8-story frame after columns are removed
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Fig.11 Checking calculation for collapse of frames after AP design
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Fig.12 Collapse model for frame structures Fig.13 Crack in shearwall structure

5 HUREAE T T S A ARA

R 2K H AT WL I DR e, DO A BRUEAT TR EAE AN RE T AL I IR
CROYURIN TG B W PE BV ST BOVI SO T @ ST I DT R D3 it T ARHAT T 10T Be.
MBI TR SRR, AT LI N S RO . N R AL KRR A BUE R
fitho

TR R TR T R R0 17 SURE (R A A s M e o ST o Tl 4 GIS HoR

B4 i SRR T4k (AR R

IRANFAREE K K15 525
Fig.14 Loss of earthquake damage of Fig.15 Scene simulation of earthquake damage

urban building clusters



G IARR S ekt (HPC) HARR Az e L E EiE2007.12.11-12. pp: 93-101.

CAD BARM P REVH B S &, UL TRy e SRR T e s S 7 35 R 2 5 AU L il
M, AR JEICE P SRR AR G T T H . B2 B ] 14 1 15 Fios

6 ZEip

Bt THEEHLI A, AU 0T i o At TRESERAE 2 b I A TR A BROIR A I 1
JIEEPERE, BRSO — R E T B A L RE A RS BRI SEE 1A FRTT s
25 JETT LIS 05 B0o0 M 5 1 AR BE MR SE L, A7 0T T i A G B
JITH.

7 g

ARSI K “ 107 BHECSCHE T RIGR 5. 2006BAK01A02-09)FliE A K 24 SE Al
KRGS JC2007003 )0 AT 5% (1) 32 45

PN

[1] M5, BERE, S8, Hilw, SES. BELEMPUTEIELE PR Tk KEFI]. TR
J1%:, 2006, S2:131~140.

(2] 1142, BHE, RAF, BREEG. 70 RSTBARE Y Ty B i SR N[0 BidP TR, 2006, 28(3) :
9~13.

(3] Kk, ZGM, LS, a0 i As) g B TR e e 2 5 R B IR R, ez,
2006. 126(2): 7~11.

(4] BEHTIE. (B HTThHESE K AR RORERLT] . THEEHLAREN RS, 2006, S 1:417~419.

(51 VEVIAR, FEEUSF, BOHTE. ARS8 T TN )R S O BUE U], TAEHU= S i s, 2006.
28(6) :25~29.

(6] FKIEBL, BBE, R AF, BRAETT. Pl MR m R HERR G0 s QN b 3 RO 4y 2870
FT[0]. B9 LFE, 2006, 28(3) : 1~8.

[7] Bazant, Z.P. and Oh, B.H. Microplane model for progressive fracture of concrete and rock[J]. Journal of
Engineering Mechanics, ASCE,1985: 111(4), 559-582.

[8] Caner, F.C. and Bazant, Z.P. Microplane model M4 for concrete. II: Algorithm and calibration[J]. Journal of
Engineering Mechanics, ASCE, 2000,126(9) : 954-961.

(9] VLWLAE, BEHAE, w5 B ABRIT T IMI. dbatiE #2005,

[10] 5. SMWHESE—IREE LA O T HUREMEBE S Bt TV 93 [D]. iR AR TR, 2006

[11] Zatar W, Mutsuyoshi H. Residual displacements of concrete bridge piers subjected to near field

earthquakes [J] ACI Structural Journal, 2002. 99(6), 740~749.

[12] 2k, BRI FS 290 EE L AEPUREMERE ST 53 5 B8 0 [D], dbat: WK%, 2003.

[13] ZR/AE, TR FJTRBE LHEAEPUR R RERT ST (M], LG BIgRFAEORMIRAL, 1998.

[14] Ellingwood BR. Mitigating Risk from Abnormal Loads and Progressive Collapse[J].Journal of Performance

of Constructed Facilities, 2006, 20(4): 315-323.
[15] UFC 4-023-03, Design of Structures to Resist Progressive Collapse[S].



