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Stability of SA Fragility Curves on Elastic Modulus

Jong-Heon Lee"

<Abstract>
In this paper, the stability of SA(Spectral Acceleration) fragility
curves is studied for the two sets of elastic modulus of concrete.
In doing that, general purpose structural analysis program and
generally used probability density function are used. The results of
structural analysis are represented by Bernoulli distribution which
says damage or no damage. By the use of Maximum Likelithood
Method, two parameters of lognormal distribution - median and
standard deviation — are found. With them, the fragility curves are

constructed.
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Table 1 34 A3 (Non)

NON
SA
No Bridge 1 Bridge 2
(2)
Major | Minor | Major | Minor
1 ]0.0304 1 1 1 1
2 10.0651 1 1 1 1
3 |0.0150 0 1 1 1
4 10.0329 1 1 1 1
5 10.0178 0 1 0 1
6 |0.0163 0 1 1 1
7 10.0508 1 1 1 1
8 |10.0107 0 1 0 1
9 |0.0240 0 1 0 1
10 [ 0.0115 0 0 0 0
11 | 0.0093 0 0 0 0
12 10.0310 0 1 1 1
13 | 0.0099 0 0 0 1
|14 |00193] 0 | 0 [ 0o | O
15 | 0.0084 0 0 0 0
16 | 0.0091 0 0 0 0
17 10.0210 0 1 0 1
18 | 0.0091 0 0 0 0
19 | 0.0144 0 0 0 0
20 | 0.0071 0 0 0 0
21 | 0.0554 1 1 1 1
22 1 0.1151 1 1 1 1
23 1 0.0347 1 1 1 1
24 1 0.0869 1 1 1 1
25 10.0363 1 1 1 1
26 | 0.0286 1 1 1 1
27 | 0.0660 1 1 1 1
28 1 0.0239 1 1 1 1
29 10.0469 1 1 1 1
30 | 0.0210 0 1 0 1
31 | 0.0178 1 1 1 1
32 | 0.0445 1 1 1 1
33 | 0.0213 0 1 1 1
34 | 0.0376 1 1 1 1
35 | 0.0163 0 0 0 0
36 | 0.0152 0 1 0 1
37 |0.0315 1 1 1 1
38 | 0.0162 0 1 0 1
39 | 0.0263 0 1 0 1
40 | 0.0147 0 0 0 0

Table 1 34 A (Non) (A)



S Agel gk SA &= =49 A4

Table 2 34 A3 (LRB)

NON LRB
SA . . SA
No (2) Bridge 1 Bridge 2 No Bridge 1 Bridge 2
Major | Minor | Major | Minor (&) . . . .
Major | Minor | Major | Minor
41 10.0822 ] 1 1 1 1
12 o222 1 | 1 | 1 | 1 R
43 10.0855 | 1 1 1 1 3 10.05193 0 5 0 0
44 | 0.1555 1 1 1 1 4 10.04727 0 0 0 0
45 | 0.0541 ] 1 1 1 1 5 [0.04535] 0 0 0 0
46 10.0417 | 1 1 1 1 6 [0.04753] 0 0 0 0
47 10.0951 | 1 1 1 1 7_10.07103| 0O 0 0 0
48 [0.0559 | 1 1 1 1 S g-ggggg 8 8 8 8
R L B N 1o Joaros] 0| 0| 0|0
: 11 [0.02956] 0 0 0 0
51 |0.0309 | 1 L 1 1 12 [0.06456] 0 0 0 0
52 | 0.0584 | 1 1 1 1 13 [0.02347] © 0 0 0
53 | 0.0421| 1 1 1 1 14 [0.02788] 0 0 0 0
54 | 0.0537 1 1 1 1 15 10.02537| O 0 0 0
55 | 0.0306 1 1 1 1 16 |0.02177 0 0 0 0
N ol 0 [0 1o o
07 10.0370| 1 1 1 1 19 (002417 0 | 0 | 0 | 0
58 10.0335] O 1 1 1 20 10.02148] 0 0 0 0
59 10.0337] 1 L 1 1 21 0.11839] 0 0 0 0
60 | 0.0243| O L 0 1 22 10.24569] 0 1 1 1
61 |0.1366 | 1 1 1 1 23 10.09247] 0 1 0 0
62 10.3097 | 1 1 1 1 24 0.09372] 0 0 0 0
63 |0.1943 | 1 1 1 1 25 0.12244] © 0 0 0
64 10.2288 | 1 1 1 1 26 0.06322] 0 0 0 0
65 |0.1248 | 1 1 1 1 27 10.16291] 0 0 0 0
66 |0.1017 | 1 1 1 1 28 10.05572] 0 0 0 0
67 | 0.1314 | 1 1 1 1 29 10.07315] 0 0 0 0
68 | 0.1093 1 1 1 1 30 10.07312 0 0 0 0
69 o191 | 1 . . . 31 10.04003] 0O 0 0 0
20 Toosso | 1 ! . . 32 10.12083] 0 0 0 0
T o098 1 . ! . 33 10.04326] 0 0 0 0
—~Toors 1 i . | 34 10.05608] 0 0 0 0
3 Toos0 1 : : : 35 10.04874] 0 0 0 0
1 Too798 | 1 A h h 36 10.03214] © 0 0 0
=Toosis | 1 : : : 37 10.09388] 0 0 0 0
s Toos03 1 : . . 38 10.03633] 0 0 0 0
—Toosss 1 i . | 39 10.04181] © 0 0 0
5 Tooss | 1 : : : 40 10.03595| 0 0 0 0
s Too7z 1 i A | 41 10.17592] © 0 0 1
20 Tooizm 1 : : 42 10.63679] 1 1 1 1
no. of fail 55 69 60 70 43 10.18110| 0O 0 0 !
F.1 37,0 A

F e 0 4

o
0,
=

Table 2 314 ZI(LRB) (A%)
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RB dtog UFAFEIE FAdpY FTFAANES
SA ekl ke a4 Ao A HSo] nl#e]
No| o | Brideel | Bridge 2 BAAE gste] AL BAAA AARE
Major | Minor | Major | Minor H RS o A3t FAMS Hola A&
O 3Flol=slad
44 10.26043] 1 1 1 1 = Eelstdoh ]
45 10.22297 1 1 1 1 MLME A3 Z+ A$-o gt &35 34
46 10.09244] 0 0 0 0 o A Aol T AFS Table 3~49F £t
47 10.50792| O 0 0 0 Table 3 SAd g &A= FH S F(Bridge 1)
48 [0.11679] © 0 0 0 ae T eeE o ridge
49 10.15223] 0 0 0 0 &= =43k FFAxf
50 [0.13771] 0 0 0 0 NoN | Maior 0.026 0.2414
51 10.06525| 0O 0 0 0 Minor 0.014 0.2823
52 10.19587 0 0 0 0 LRB Mtajor 0.346 0.4362
54 [0.10881] 0 0 0 0
Table 4 SASl W& &4 %= ZHe =7 3 (Bridge 2)
55 0.09383] 0 0 0 0 e ridge
56 10.06064] O 0 0 0 =T =43k XF=AAE
57 [0.12539] 0 0 0 0 NON | Major 0.021 0.297
58 10.07110] 0 0 0 0 Migor 0.013 0.3532
59 10.08065 0 0 0 0 LRB Major 0.326 0.4441
60 10.06699] 0 0 0 0 Minor 0.275 0.4659
61 0.27673] 1 1 1 1
62 [1.09171] 1 1 1 1 KON vior b
63 [0.40572] 1 1 1 1 1
64 (0.51682] 1 1 1 1 i
65 |0.35493] 0 0 0 1
66 [0.20613] 0 0 0 0
67 10.53778] 0 0 0 0
68 [0.19329| 0 0 0 0
69 [0.30805] 1 1 1 1
70 ]0.20380 0 0 0 0
7 1 O 1 59 6 1 O O O O g :j :E - - - -NON-Major Brid.1-00 (0.0269,0.2414)
72 028414 O O O O U: = = = NON-Major Brid.1-C1(0.021g,0.207)
73 013825 O O O O ° ” o SpeclralASi\era&mr\(g) o " v
741018252 0 | 0 | 0 | O Fig. 4 Major®] }3)o] 0¥ £4E 24 (Non)
75 0.13254] 0 0 0 0
76 10.11788| 0 0 0 0 _
77 10.18394| 0 0 0 0 NON - Minor amage
78 10.16565| 0 0 0 0
79 l0.14666] © 0 0 0
80 [0.09600] © 0 0 0
no. of fail 3 14 9 12 Eos
F.1: 5k, 0 ¢bdl
Table 2 314 ZT(LRB) (A%)
3 . 5 v{-:_\— ﬂ' E ‘_T_IL 4— E 01 - ' ' NON:M:::: E::d 1-C1(0. 0139“0 3532)|
B_H/}j‘ éi}% X] ]‘j— %%9/] —EE'__A(—; ?“ SAOﬂ q] ° ” * Spec(ralAicGe\erauon(g)DB * e
sto] A= FAS AR o, SAd et

o] MLM(Maximum Likelyhood Method)& % &

Fig. 5 Minor9] %3] g &4 = 34 (Non)
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LRB - Major Damage

Probability of Exceeding Major Damage State
o
&

-~ -~ LRB-Major Brid.1-00 (0.3460,0.4362)

= = = LRB-Major Brid.1-C1(0.3269,0.4441)

0.0 0.2 0.4 0.6

Spectral Acceleration(g)

Fig. 6 Major9 ¥ tid &=

0.8

LRB - Minor Damage

Probability of Exceeding Minor Damage State
o
&

LRB-Minor Brid 1-00(0.260g,0.5853)

= = = LRB-Minor Brid.1-C1(0.2750,0.4659)

0.0 0.2 0.4 0.6

Spectral Acceleration(q)

Fig. 7 Minor¢] stdo] g &4= 54 (LRB)
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