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Abstract

In a fire-resistant structure, uncertainties arise in factors such as ventilation, material elasticity modulus, yield strength, coefficient of
thermal expansion, external forces, and fire location. The ventilation uncertainty affects thefactor contributes to uncertainties in fire
temperature, subsequently impacting the structural temperature. These temperatures, combined with material properties, give rise to uncertain
structural responses. Given the nonlinear behavior of structures under fire conditions, calculating fire fragility traditionally involves
time-consuming Monte Carlo simulations. To address this, recent studies have explored leveraging machine learning algorithms to predict fire
fragility, aiming to enhance efficiency while maintaining accuracy. This study focuses on predicting the fire fragility of a steel moment frame
building, accounting for uncertainties in fire size, location, and structural material properties. The fragility curve, derived from nonlinear
structural behavior under fire, follows a log-normal distribution. The results demonstrate that the proposed method accurately and efficiently

predicts fire fragility, showcasing its effectiveness in streamlining the analysis process.
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Table 1 Uncertainty parameters

Discription
Ventilation 0= 0,,,(1—¢) with a truncated lognormal distribtution with mean 0.2 and standard deviation 0.2 and cut off at 1.
Dead load Normal distribution with mean: 1.0G, and COV: 0.1

norm

Elastic modulus

exp(2.54—2.69 1073 x 7—2.83 10" * 72+ 0.36 X ¢)
exp(2.54—2.69 <103 x T—2.83< 10" 72+ 0.36 <¢) +1

Yield strength

exp(logit(k, y 7)+0.412—0.81 107 * X 7405810 ° 71 9+0.43 x¢)
exp(logit(k, y 1) +0.412—0.81 X107 * X TH0.58 <10 * 7" 9+0.43 x¢) +1

ky,?%,T =1.
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Table 2 Accuracy with 10-fold validation

No. Fire 1 Fire 2 Fire 3
Train Test Train Test Train Test
1 1 1 1 1 1 1
2 0.88 0.95 1 0.95 1 1
3 0.79 0.7 0.85 0.7 1 1
4 0.49 0.55 0.77 0.8 1 0.95
5 0.57 0.75 0.68 0.6 0.94 0.85
6 0.58 0.75 0.68 0.65 0.71 0.55
7 0.92 1 0.68 1 0.57 0.55
8 0.92 0.95 0.74 0.95 0.82 0.6
9 0.95 0.9 0.83 0.6 0.65 0.75
10 0.94 1 0.85 1 0.78 0.8
11 0.97 0.95 0.95 0.95 0.71 0.6
12 1 0.95 0.97 0.9 0.88 0.65
13 0.97 1 0.97 0.95 0.87 0.85
14 0.97 1 0.82 1 0.78 1
15 1 1 1 1 0.91 1
16 1 1 1 1 0.91 1
17 1 1 1 1 0.97 1
18 1 1 1 1 1 0.95
19 1 1 1 1 1 0.95
20 1 1 1 1 0.97 0.95
21 1 1 1 1 1 1
22 1 1 1 1 0.97 0.95
23 1 1 1 1 1 1
24 1 1 1 1 1 1
25 1 1 1 1 1 1
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