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Seismic damages of non-seismic design residential houses
in the M7.0 Lushan Earthquake
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Abstract; The M7. 0 Lushan Earthquake affected a large area in western Sichuan, resulting in large fatalities and
economic losses. As compared with reinforced concrete structures and confined masonry structures, non-seismic design
structures including unconfined masonry structures and Chuandou-type timber frames that are most common structural
systems for the local residential houses suffered from various levels of seismic damages during the earthquake. A brief
introduction to typical damage in unconfined masonry structures is followed by a description of typical damage patterns
observed in Chuandou-type timber frames. Focus is given to the role of masonry infills as secondary structural
components. Taking the timber frame and the masonry infills as primary and secondary structural components, a
classification criterion of damage levels in accordance with the Chinese seismic intensity scale was proposed for
Chuandou-type timber houses. The comparison of the statistics of damage levels of Chuandou-type timber frames and
unconfined masonry structures in a high intensity area shows that the former exhibits much better seismic performance
and is a promising earthquake-resistant system for residential houses in south weatern China.
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Fig.1 Typical Chuandou-type timber frame in western Sichuan
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Fig.2 Typical timber joints in Chuandou-type timber frame
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Fig.3 Sliding of column base in a timber frame in Cizhupo,
Shuangshi County (intensity VIII, moderate damage)
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Fig.4 Tenon pullout of a timber frame in Shuangshi County
(intensity IX, collapse)

3) AR B ARNR . TR RN
AN RN R, RIS Tt I AR L o SR T A
I R RS S EE R FEREVERE 4, A B TR M 451 /9
PO RES R, WA P RER S F AT
AR FA A BRI SN A9 A SRTE DN 1) 5 A= EL A 8 A9
RN, A Sa FR . X 3R A8 AR SR8 A9 48

160

ARBGE ARG ZR , FCFE 85 AT LA SR BB A A BE
{EREIASTERE J1 /0y, BF W52 S HEREZE , BT LA 45
W5 TES . ZHEGEEEREAMRE S5t
RIBEAR /IS, AR 5y 7= A 8 7™ B 9 B (R (%, 4n &1 Sb
Biso BEAb, X IHE MR R /R TGN A, i
25 PR AR 1 A SR (AR O O

et o el
b T 4 B :

(b) %ﬁﬁ]ﬂlﬁﬁﬂ'ﬁ%ﬁﬂ-*%
BS EHAHRAEE R IX )

Fig.5 Side swaying of timber frames in Shuangshi
County (intensity IX)
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Fig. 6 Collapse of partial masonry infills in timber frames

in areas of different intensities
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Fig. 7 Simplified analysis models for longitudinal
frame in Chuandou-type timber frame
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Fig.8 Earthquake resistant system of Chuandou-type

timber frame with masonry infills
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Table 1 Damage classification criteria for Chuandou-type timber frames with masonry infills
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Table 2 Examples of Chuandou-type timber frames and unconfined masonry structures
sustaining different levels of damage
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Table 3 Statistics of damage levels of inspected buildings
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