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Abstract

Plastic strength analysis using plastic failure mode as a limit state is adopted instead of a convention-
al elastic structural analysis to predict the ultimate strength of Web frame idealized by a plane frame.
Linear programming and Compact procedure are developed for determining the collapse load factor. It
is found that the final results are good agreement with the results of Elasto—plastic analysis. Besides,
the redundant structures like Web frame is known to have multiple failure modes. Web frame may col-
lapse under any of the possible failure modes. Thus, the identification of these possible failure modes 1s
necessary and very important in the reliability analysis of Web frame. In order to deal with multiple
failure modes, automatic generation method of all failure modes and basic failure modes is used for se-
lecting the dominant failure modes. The probahility of failure pastic collapse of Web frame is calculated
using these dominant failure modes. The safety of Web frame 1s asscssed and compared by performing

the deterministic and probabilistic analysis.
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Table 1 Input data for Model 1

Element | Area(m®)| I (m*) |M» (kN-m)
1 0.22 0.14 26000.
2 0.23 0.36 42000.
3 0.22 Q.72 31000.
4 0.21 1.60 121000.
5 0.27 1.10 116000.
6 0.27 2.84 260000.
7 0.13 0.73 88000.
8 0.21 0.42 61000.
9 0.17 1.50 135000.

Young’s modulus=2.10E+5 MN / m?
Yield stress =2.45E+5 kN /m?
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Table 2 input data for Model 2

Element | Area(m*) | I (m?) |Me (KN-m)
1 0.0765 0.0044 1830.
2 0.0765 0.0044 1830.
3 0.0788 0.0062 2340.
4 0.0788 0.0062 2340.
5 0.0788 0.0062 2340.
6 0.0818 0.0097 3200.
7 0.0818 0.0097 3200.
8 0.0144 0.0014 990.
9 0.0144 0.0014 990.

10 0.0776 0.0051 2080.
11 0.0776 0.0051 2080.
12 0.0766 0.0051 2080.
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Table 4 Geometrical informations for Model 1

REERCT

No. of Joints 3

No. of Elements 9

No. of total degree of freedom 19

No. of member forces 27

No. of Redundancy 8

No. of Critical SectionF 18
18Cs=48620

Table 5 Dominant Collapse modes for Model 1

Range of Collapse) ) 13| 1220 | 134 | 14de | 15
Load Factor
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17 23 15
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Table 6 Geometrical informations for Model 2

No. of Joints 10

No. of Elements 12

No. of total degree of freedom 25

No. of member forces 36

No. of Redundancy 11

No. of Critical Section 24
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Table 7 Dominant Collapse modes for Model 2

Range of Collapse

<
Load Factor ASL1A| 1.2A¢ | 1.3Ac | 1.4Ac | 1.5Ace

No.of Collapse

Medes 7 R 41 62 48 j

where  min. collapse load factor Ac=1.514
max. collapse load factor A =2.666
total no.of collapse mode N =200
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Table 8 Reliability analysis results for Mode 1

mode A B8 Py
1 2.152 5.148 132 E7
2 2.174 5.234 8.29 E-8
3 2.323 5.857 2.36 E-9
4 2.345 5.941 142 E9
5 2.349 5.998 1.00 E-9

Table 8 System Probability failure
{10~ ")for Model 1

Bound Method 11 1Ac[1.24¢ [1.3Ac [1.4Ac [ 1.5A,
U, |Simple Bd| 219|221 |2.21 | 221 | 2.21
P | Bimodal Bd|1.92]1.92 [1.92 |1.92]1.92
E, [ Trimodal Bd | 1.92 | 1.92 |1.92 | 1.92 | 1.92
lo {Simple Bd[1.32(1.32 {132 132|132
W | Bimodal Bd]1.74 174 |1.74 | 1.74 | 1.74
E, | Trimodal Bd | 1.74 | 174 |1.75 | 1.75 | 1.75

Table10 Pf of Ist Collapse Mode Group
(A< 1.1 )for Model 2

model a B P
1 1.514 3.035 1.20 E-3
2 1.532 3.947 3.96 E-5
3 1.532 3.947 3.96 E-5
4 1.546 4.069 237 E-5
5 1.546 4.069 237 E-5
6 1.569 3.324 4.44 E-4
7 1.599 3.511 2.23 E-4
8 1.641 4.701 1.30 E-6
9 1.641 4.701 1.30 E-6
10 1.644 4.761 9.61 E-7
1 1.650 3.797 7.33 E-5
12 1.655 4.733 111 E6
13 1.655 4.733 LI11E-6
14 1.655 4.733 1.11 E-6
15 1.655 4.733 .11 E-6
16 1.655 4.733 1.11 E-6
17 1.655 4.733 1.11 E-6
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Table 11 System Probability failure
(10~*)for Mode! 2

Bound Method 114 1.24¢]| 1.3Ac | 1.4Ac| L.5Ac

Simple Bd| 2.08] 3.07| 3.07 | 3.07{ 3.07
Bimodal Bd | 1.31( 2061 2.06 | 206 2.06
Trimodal Bd | 1.28| 2.02 | 2.02 | 2.02| 2.02

Ur
P
E,
Lo |Simple Bd| 120} 120} 1.20 | 1.20| 120
w
E

Bimodal Bd | 1.21| 1.77 | 177 | 1.77 | 177
Trimodal Bd | 121} 177 1.77 | 1.77 ]| 177

Table 12 Pf by Probabilistic Elasto —Plastic

Analysis
mode MODEL1 MODEL?2
A P A P

1 2.152 {1.32E-7{ 1514 }|120E-3
2.174 | 829 E-8! (.730 |9.57 E4
3 2.349 |1.00E-9| 229 |[4.57E-8
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