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Abstract - It is true that the performance evaluation is theoretically difficult because the behavior of the inter-module connection
on lateral force depends on the diaphragm action and the stiffness of the beam-column connection. However, it is necessary to
develop a fragility function for the performance-based seismic design of modular buildings. the fragility function should be able
to calculate the probability of exceeding several damage levels at a specified demand level. In this study, 137 damage data from
46 test results of 11 previous research were classified into 4 damage states and the drift ratio was selected as the demand
parameter. The damage state 1, 2, 3 and 4 were defined by the cosmetic(elastic deformation and peeling of paint), the slight(local
buckling of beams and microcracks in welds), the moderate(beam failure and weld failure) and the complete(destruction of
structural elements) structural damage, respectively. The fragility function, lognormal cumulative distribution function, of the
inter-module connection was presented as the value of median and dispersion. Also, the fit of the lognormal distribution in the
damage data was reviewed through the Lilliefors test and the Kolmogorov-Smirnov test.
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Table 1. Structural performance levels and damage!'”
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Damage Structural performance levels
type 10 (S-1) LS (S-3) CP (S-5)
Minor local yielding Hinges form. Extensive distortion of
at a few places. Local buckling of some beam elements. beams and column panels.
Primary | No fractures. Severe joint distortion; isolated moment connection | Many fractures at moment

Minor buckling or observable
permanent distortion of members.

fractures, but shear connections remain intact.
A few elements may experience partial fracture.

connections, but shear
connections remain intact.

Secondary | Same as primary.

Extensive distortion of beams and column panels.
Many fractures at moment connections, but shear
connections remain intact.

Same as primary.

0.7 % transient;

Drift negligible permanent

2.5 % transient;
1 % permanent

5 % transient or
permanent
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Table 2. Descriptions of structural damage states!'®

Dz?al;ge Buildings with post-Northridge connections
Slight | No permanent interstory drift.

structural | Minor deformations in some connection elements.
damage | No fractures in connections.

Moderate | Permanent interstory drift as large as 0.5 %.
structural | Perhaps as many as 25 % of the connections on

damage | any floor level have experienced fracture.
Many steel members have exceeded their yield
capacity, resulting in significant permanent lateral
Extensive deformation of the s?ructure. Some StH.Jctural
structural members or connections may have major
damage permanent member rotations at connections,

buckled flanges and failed connections. Some
connections may have lost ability to support
gravity load, resulting in partial local collapse.

A significant portion of the structural elements
have exceeded their ultimate capacities and/or
many critical structural elements or connections
Complete | have failed resulting in dangerous permanent
structural | lateral displacement, partial collapse or collapse

damage | of the building.
Approximately 15 % (of the total square footage)
of all WSMF buildings with complete damage are
expected to have collapsed.
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Fig. 1. Damage of inter-module connection



Table 3. Summary of data for fragility functions

Number of

i ) damage data

Ref| Specimen Shape Loading at DS(MoR)
12|34

CcC Cantilever | Cyclic 1100

[6] CS Cantilever | Cyclic 0111010
CS-B Cantilever | Cyclic 011100

ES 2 Cantilever | Cyclic 1|1 ]1]1

ID 4 Cantilever | Cyclic 11|10

[7] ID 8 Cantilever | Cyclic 0/10]0]1
IS 4 Cruciform | Cyclic 1]10]0]1

IS 8 Cruciform | Cyclic 011110

E-S-H Cantilever | Cyclic 1220

E-W-H Cantilever | Cyclic 1112

8] I-S-H Cruciform | Cyclic 1121
I-W-H Cruciform | Cyclic o1 ]1]1

I-S-L Cruciform | Cyclic 211110

I-W-L Cruciform | Cyclic 1| 1]1]1
MC-P12-N | Cruciform | Cyclic 0121210
MC-P6-N | Cruciform | Cyclic 11210
MC-P12-C50 | Cruciform | Cyclic 11010

[9] |MC-P12-C100 | Cruciform | Cyclic 12110
MC-PH12-N | Cruciform | Cyclic 0111110
MC-PV12-F | Cruciform | Cyclic 11|10
MC-P-12-F | Cruciform | Cyclic 0O|1]0(|0

MS1 Cantilever | Monotonic| 0 | 1 | 0 | 4

MS2 Cantilever | Monotonic| 0 | 1 | 0 | 4

[10] QS1 Cantilever | Cyclic 010]1]4
QS2 Cantilever | Cyclic 010013

QS3 Cantilever | Cyclic 0/0]0]| 4

T-1 Cantilever | Cyclic 0121010

(1] T-2 Cantilever | Cyclic 1101711
T-3 Cantilever | Cyclic 1101711

T-4 Cantilever | Cyclic 1|1]0]1

[12] - Frame Cyclic O(10]1
Tl Cantilever | Monotonic| 0 | 1 | 0 | 1

[13] T2 Cantilever | Monotonic| 0 | 1 | 0 | 1
T3 Cantilever | Monotonic| 0 | 1 | 0 | 0

[14] IC OB F |Cruciform| Cyclic 02|10
IC_ OB B |Cruciform| Cyclic 0121112

I Cruciform | Monotonic| 0 | 0 | 2 | 0

[15] 12 Cruciform | Monotonic| 0 | 1 | 1 | 0
13 Cruciform | Cyclic 0O|1|1]60

J4 Cruciform | Cyclic 0|0]1]1

SC1 Cruciform | Monotonic| 0 | 0 | 1 | 1

SC2 Cruciform | Monotonic| 0 | 0 | 0 | 3

[16] QsCl1 Cruciform | Cyclic 0j2|1]|2
Qsc2 Cruciform | Cyclic 0]1]0]|3

QSC3 Cruciform | Cyclic 01|30

QSc4 Cruciform | Cyclic 00|10
Sum - - 1740|3545
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Table 4. Lognormal distribution parameters and Lilliefors test

Parameters Lilliefors test (K-S test)
o 0 p Br D.ir D H, p
1 | 1.225 ] 0.341 | 0.326 | 0.207 | 0.195 | Accept | 0.003
2 | 2.657 | 0.436 | 0.424 | 0.139 | 0.134 | Accept | 0.001
3 [ 4.106 | 0.258 | 0.238 | 0.148 | 0.140 | Accept | 0.001
4 | 5.666 | 0.394 | 0.381 | 0.131 | 0.122 | Accept | 0.037

FUEHEZ R 59 ARt E= 875 2% 53¢
H Qu]of| A Arw B SRR 0] A2 BRE2 9F 93 %
0|1, &/4J/gH] 10] AlEHA FAIE e 2F 66 %0] 1L
£/dE 271 B s o] fA1E e oF 25 %olH, ﬁ%‘
/ol sigot= &4dH 49 EA FE2 0.8 %ol B3}
ot EFHUETR 459 77 A 331 4% SIHHS
OM AEsHH &//3H 19 A FE2 719 100 %O]
SH 1, 2,3, 47 A2 EE2 47 2R 17 %, 33 %,
31 %, 19%2 B7}E 1 e}

E

1.0

0.8 /N Y

2

5 06 EFF (DS1)
< 6 at )sue at DS2| 0 at DS4 AFF (DS1)
2 l\ JEE /Y A - - EFF (DS2) ||
[0}

5 0.4 50 % probability|/" — AFF(DS2)
= - - EFF (DS3)
[

— AFF (DS3)

- ]
: ay o - - EFF (DS4)
0.2 oy VAW AT — AFF (DS4)
| 0.263 =
i 0.188 EFF: empirical fragility function
Ll ZT T i AFF: analytical fragility function

0 2.0 4.0 6.0 8.0 10.0
Drift (%)

Fig. 2. Fragility function for inter-module connection
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