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On seismic collapse-resistant design of multi-story brick masonry buildings
Finding the causes of seismic damage to multi-story hostels of Xuankou
Middle School in Yingxiu Town during Wenchuan earthquake

YANG Yucheng, SUN Baitao
(Institute of Engineering Mechanics, China Earthquake Administration, Harbin 150080, China)

Abstract ; During Wenchuan earthquake at Xuankou Middle Scheol in Yingxiu Town, a student hostel was collapsed
and five teacher hostels were cracked but not collapsed. The different seismic damage is due to two different seismic
structural measures. This example shows that for these multi-story brick buildings the constructors adopted the seis-
mic system with constructional columns and girth, for which, the comprehensive seismic capability can meet the
“collapse-resistant” seismic fortification criterion during a large earthquake. This paper develops the comprehensive
seismic capability index to form the collapse-resistant capability index. This index may be used to infer “which will
be collapsed” and “which will not be collapsed”, and to make the seismic design for multi-story brick masonry
buildings.

Key words ;: Wenchuan earthquake ; Yingxiu town ; Multi-story brick masonry buildings ; comprehensive seismic capa-
bility
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Fig.1 Panoramic photo of seismic damage to Xuankou Middle School
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Fig.2 Teacher's dormitories on both sides along Fig.3 This building suffered moderate damage. The picture
the east-west road presents its south elevation and west of gable wall
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Fig.4 This building suffered severe damage. The picture Fig.5 This building suffered severe damage. The picture
presents its north elevation and east of gable wall. presents its north elevation and west of gable wall.
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Fig.6 This building suffered severe damage. The picture Fig.7 This building suffered severe damage. The picture
presents its south elevation and east corner of the wall. presents its north elevation and west comer of the wall.
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Fig.8 This building suffered severe damage. The picture Fig.9 This building suffered severe damage. The picture
presents its south elevation and west of gable wall. presents its north elevation and east of gable wall.
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Fig. 10 ~ Fig. 13 The remained four-storeyed students’ dormitories (south elevation, gable wall, north elevation and partial )
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Table 1  Seismic damage state of multi-storied brick dormitory at Xuankou Middle School
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Fig. 15 Plan view of the teachers’ dormitories in the south west and south center
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Fig. 16 Ground plan view of the students’ dormitories
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Fig. 18 Calculating plan view of the teachers’ dormitories in south east and north east
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Fig. 19 Calculating plan view of the teachers’ dormitories in north west
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Table 2 Areas and area ratio of the teachers’ and students’ dormitories at Xuankou Middle School
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Table 3 Representative value of the gravity load on unit area on each floor of the teachers’ and students’

dormitories at Xuankou Middle Schoo! (kN/m?)

BB S (FEEH)
BE - _ - 4 LhEE
AT At A T A Je ik

] 11.39 11.27 11.27 9.61 11.0
4 10.03 13.21 12.93 12.93 12.31 12.51
3 13.21 13.21 12.93 12.93 12.31 12.51
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Table 4 Average seismic capacity indexes on each floor of the teachers’ and students’ dormitories

at Xuankou Middle School (fortification intensity is VI)

- BRA (R EE)
ke #R B i T TR R FERE
5 4.71 4.49 4.49 5.22 4.68
4 5.58 2.60 2.52 2.52 2.61 2.69
i 3 2.79 2.05 1.98 1.98 2.07 2.11
2 2.72 2.33 2.25 2.25 2.35 2.40
;3= 2.30 2.01 1.91 1.91 2.08 2.07
5 5.41 5.44 5.44 5.92 4.93
4 6.48 2.91 2.94 2.94 2.89 2.74
ﬁﬁ"] 3 3.13 2.19 2.21 2.21 2.16 2.06
2 2.96 2.51 2.54 2.54 2.49 2.35
KR 2.56 2.17 2.19 2.19 2.20 2.17
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Table 5 Comprehensive seismic capacity indexes of the bottom wall for different enhancement factors (fortification intensity is V)
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1.03 2.13
- 1.1 2.53 2.21 2.10 2.10 2.29
Y 1.3 2.9 2.61 2.48 2.48 2.70
1.5 3.45 3.02 2.86 2.86 312
2.0 4.60 4.02 3.82 3.82 4.16
1.03 2.24
1.1 2.82 2.39 2.41 2.41 2.42
B 1.3 3.33 2.82 2.85 2.85 2.86
1.5 3.84 3.26 3.28 3.28 3.30
2.0 5.12 4.34 4.38 4.38 4.40
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Table 6 Comprehensive seismic capacity indexes on the crack-resistant floor of the bottom wall under
different seismic intensities (fortification intensity is VI)
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7 1 2.53 2.21 2.10 2.10 2.29 2.13
BEWMEA 8 1.5 1.69 1.47 1.40 1.40 1.53 1.42
9 2.5 1.01 0.88 0.84 0.84 0.92 0.85
7 0.08 2.53 2.21 2.10 2.10 2.29 2.13
s 8 0.16 1.26 1.10 1.05 1.05 1.14 1.06
AR 9 0.32 0.63 0.55 0.52 0.52 0.57 0.53
10 0.64 0.32 0.28 0.26 0.26 0.29 0.27
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