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Design for Out-of-Plane Direction of Nonstructural Masonry Walls

Using Finite Element Analysis
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/] ABSTRACT /

This study proposed a simplified finite element analysis procedure for designing the nonstructural masonry wall in the out-of-plane direction.
The proposed method is a two-step elastic analysis procedure by bilinearizing the behavior of the masonry wall. The first step analysis was
conducted with initial stiffness representing the behavior up to the effective-yield point, and the second step analysis was conducted with
post-yield stiffness. In addition, the orthotropic material property of the masonry was considered in the FE analysis. The maximum load was
estimated as the sum of the maximum loads in the first and second step analyses. The maximum load was converted into the moment
coefficients and compared with those from the yield line method applied in Eurocode 6. The moment coefficients calculated through the
proposed procedure showed a good match with those from the yield line method with less than 6% differences.
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Fig. 1. Failure mechanism of masonry walls with varied boundary
conditions[11]
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2.1 Yield line method
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Table 1. moment coefficients for walls simply supported along four
sides [9]

h/l
0.3 | 0.5 | 0.75 1 125 | 1.5 | 1.75 2

1.00 |0.008 | 0.018 | 0.03 | 0.042 | 0.051 | 0.059 | 0.066 | 0.071

0.9 0.009 | 0.019 | 0.032 | 0.044 | 0.054 | 0.062 | 0.068 | 0.074

0.8 0.01 | 0.021 | 0.035 | 0.046 | 0.056 | 0.064 | 0.071 | 0.076

0.7 0.011 | 0.023 | 0.037 | 0.049 | 0.059 | 0.067 | 0.073 | 0.078

0.6 0.012 | 0.025 | 0.04 | 0.053 | 0.062 | 0.07 | 0.076 | 0.081

0.5 0.014 | 0.028 | 0.044 | 0.057 | 0.066 | 0.074 | 0.08 | 0.085

0.4 0.017 | 0.032 | 0.049 | 0.062 | 0.071 | 0.078 | 0.084 | 0.088

0.35 | 0.018 | 0.035 | 0.052 | 0.064 | 0.074 | 0.081 | 0.086 | 0.09

0.3 0.02 | 0.038 | 0.055 | 0.068 | 0.077 | 0.083 | 0.089 | 0.093

0.25 |0.023 | 0.042 | 0.059 | 0.071 | 0.08 | 0.087 | 0.091 | 0.096

0.2 0.026 | 0.046 | 0.064 | 0.076 | 0.084 | 0.09 | 0.095 | 0.099

0.15 | 0.032 | 0.053 | 0.07 | 0.081 | 0.089 | 0.094 | 0.098 | 0.103




Fig. 2. Notations for crack lines and dimensions
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Fig. 6. Elastic 6—¢ relationship of masonry walls in two orthogonal
directions
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Table 2. Results of flexural tensile strength test on masonry prisms

Test result (MPa)
1 2 3 4 5

Direction Mean | COV

Parallel to bed joint| 049 | 0.14 | 0.60 | 046 | 0.42 | 047 | 049

Normal to bed joint| 0.73 | 0.10 | 0.75 | 0.85 | 0.71 | 0.69 | 0.67
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Table 3. Comparison of moment coefficients («, ) calculated through proposed procedure, elastic analysis (EA), and YLM at ;, =0.5

Aspect ratio Proposed EA YLM Proposed/YLM EAYLM

03 0.00694 0.00993 0.00690 1.01 1.44

0.5 0.01459 0.01986 0.01410 1.03 1.41
0.75 0.02235 0.02654 0.02210 1.01 1.20

1 0.02867 0.02925 0.02821 1.02 1.04

1.25 0.03403 0.03425 0.03288 1.04 1.04

15 0.03923 0.04127 0.03650 1.07 113
1.75 0.04211 0.04666 0.03939 1.07 1.18

20 0.04409 0.05079 0.04167 1.06 1.22

Table 4. Comparison of moment coefficients («, ) calculated through proposed procedure, elastic analysis (EA), and YLM at ;, =0.67

Aspect ratio Proposed EA YLM Proposed/YLM EA/YLM
0.3 0.00747 0.01041 0.00739 1.01 1.41
05 0.01585 0.02183 0.01566 1.01 1.39
0.75 0.02665 0.03194 0.02553 1.04 1.25
1 0.03475 0.03446 0.03364 1.03 1.02
1.25 0.04242 0.04461 0.04004 1.06 1.1
1.5 0.04798 0.05441 0.04510 1.06 1.21
1.75 0.05145 0.06197 0.04918 1.05 1.26
2.0 0.05484 0.06778 0.05251 1.04 1.29
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