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Abstract - Inter-module connections have an important role to obtain load transferring mechanism of steel modular structures.
The main purpose of this study is to develop seismic fragility functions of inter-module connections applied on the steel modular
structures. To do this, test specimens were collected and types of inter-module connections were classified to consider
connecting locations and structural characteristics. Based on test results, seismic fragility functions of inter-module connections
were statistically defined to consider its damage states. In addition, the classified inter-module connections were evaluated
whether they have reasonable structural performance applicable to steel moment resisting frame prescribed on current seismic

design code.
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Table 1. Summary of information related to test specimens including inter-module connection

AR - ol - 929 - Al

=5
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No.| Specimen Floor beam Ceiling beam Column Type |Stiffness| Ki/Kr | Strength | Fi/Frs |Class|Ref
1 QSC1 B-250x150x8 B-150x150x8 B-150x150x8 Semi 0.079 | Partial | 0.596 2
2 Qsc2 B-150x150x8 B-150x150x8 B-150x150x8 | BTB | Semi | 0.141 Full 1.30 1 |[4]
3 QsC3 B-250x150x8 B-150x150x8 B-150x150x8 Semi | 0.080 | Partial | 0.953 2
4 QSs1 C-200x70x8 C-200x70x8 B-150x150x10 Semi | 0.055 | Partial | 0.649 | 2
5 QS2 C-200x70x8 C-200x70x8 B-150x150x10 | BTB | Semi 0.069 | Partial | 0.723 2 |[6]
6 QS3 C-200x70x8 C-200x70x8 B-150x150x10 Semi | 0.067 | Partial | 0.726 | 2
7 QSs1 B-250x150x5 B-150x150x8 B-150x150x8 Semi | 0.067 | Partial | 0.563 2
8 Qs2 B-250x150x5 B-150x150x8 B-150x150x8 BTB Semi | 0.062 | Partial | 0.826 | 2 (8]
9 QS3 B-250x150x5 B-150x150x8 B-150x150x8 Semi 0.104 Full 1.096 1
10 Qs4 B-250x150x5 B-150x150x8 B-150x150%8 Semi | 0.091 | Partial | 0.970 | 2
11 EMSI1 C-200x150x10 | C-200x150x10 | B-200x200x12 Semi | 0.152 Full 1.250 1
12 EMS2 C-200x150x10 | C-200x150x10 | B-200x200x12 BTB Semi 0.143 Full 1.132 1 [15]
13 EMS3 C-200x150x10 | C-200x150x10 | B-200x200x12 Semi 0.140 Full 1.088 1
14 EMS4 C-200x150x10 | C-200x150x10 | B-200x200x12 Semi 130 | Partial | 0939 | 2
15 QSs1 H-125x125%6.5x9|H-125x125x6.5x9| B-150x150x7.5 Semi | 0.181 Full 1.470 1
16 QS2 H-125x125x6.5x9/H-125x125x6.5x9| B-150x150x7.5 BTB Semi 0.203 Full 1.675 1 [16]
17 QS3 H-125x125x6.5x9/H-125x125x6.5x9| B-150x150x7.5 Semi 0.178 Full 1.212 1
18 Qs4 H-125x125%6.5x9|H-125x125x%6.5x9| B-150x150x7.5 Semi | 0.113 | Partial | 0.714 | 2
19| ES 2(1) B-250x150x9 B-150x100x6 | B-250x150x12 Semi | 0.212 | Partial | 0.717 | 2
20 ID 4(2) B-250x150x9 B-150x100x6 B-250x150x12 Semi 0.202 | Partial | 0.789 2
21 ID 8(2) B-250x150x9 B-150x100x6 B-250x150x12 | BTB | Semi 0.228 | Partial | 0.811 2 |[9]
22| IS 4(3) B-250x150x9 B-150x100x6 | B-250x150x12 Semi | 0.067 | Partial | 0.346 | 2
23 Is 8(3) B-250x150x9 B-150x100x6 | B-250x150x12 Semi | 0.087 | Partial | 0.340 | 2
24 K-SS C-200x75x6 C-200x75x6 B-125x125x9 BTB Semi | 0.152 Full 1.066 1 [17]
25 K-SC C-200x75x6 C-200x75x6 B-125x125x9 Semi 0.179 Full 1.093 1
26 | IC OB F C-250x100x4 C-150x100x4 B-200x100x6 CTC Semi | 0.052 | Partial | 0.591 4 [18]
27| IC_OB B | C-250x100x4 C-150x100x4 B-200x100x6 Semi | 0.113 Full 1.018 3
28 QS1 B-200x200x8 B-200x200x6 B-200x200x10 Semi 0.159 | Partial | 0.844 4
29 QS2 B-200x200x8 B-200x200x6 B-200x200x10 CTC Semi 0.154 | Partial | 0.725 4 [7]
30 QS3 B-200x200x8 B-200x200x6 | B-200x200x10 Semi | 0.178 Full 1.032 3
31 Qs4 B-200x200x8 B-200x200x6 | B-200x200x10 Semi | 0.169 | Partial | 0.931 4
32 TS-2 B-200x180x8 B-200x180x6 | B-200x200x10 Semi | 0.158 | Partial | 0.977 | 4
33 TS-3 B-200x180x8 B-200x180x6 B-200x200x10 Semi 0.158 | Partial | 0.944 4
34 TS-4 B-200x180x8 B-200x180x6 | B-200x200x10 Semi | 0.158 | Partial | 0.945 4
35 TS-5 B-200x180x8 B-200x180x6 | B-200x200x10 | CTC | Semi | 0.158 Full 1.118 3 |[12]
36 TS-6 H-200x180x6x10| H-200x180x6x8 | B-200x200x10 Semi | 0.157 Full 1.143 3
37 TS-7 H-200x180x6x10| H-200x180x6x8 | B-200x200x10 Semi 0.157 Full 1.002 3
38 TS-8 H-200x180x6x10| H-200x180x6x8 | B-200x200x10 Semi | 0.157 Full 1.289 | 3
39 T-2 H-194x150x6x9 |H-150x150x7x10| B-200x200x8 Semi | 0.162 Full 1.332 3
40 T-3 H-194x150x6x9 |H-150x150x7x10| B-200x200x8 | CTC | Semi 0.162 Full 1.262 3 [13]
41 T-4 B-200x150x6 B-150x150x7 B-200x200x8 Semi 0.181 Full 1.245 3
42 J1 B-200x200x8 B-200x200x6 | B-200x200x10 Semi | 0.136 | Partial | 0.708 | 4
43 12 B-200x200x8 B-200x200x6 | B-200x200x10 CTC Semi | 0.169 Full 1.072 3 [19]
44 I3 B-200x200x8 B-200x200x6 B-200x200x10 Semi 0.192 | Partial | 0.951 4
45 J4 B-200x200x8 B-200x200x6 B-200x200x10 Semi 0.181 Partial | 0.951 4
46 H-1 H-200x180x6x10| H-200x180x6x8 | B-200x200x10 Semi | 0.114 | Partial | 0.757 | 4
47 H-2 H-200x180x6x10| H-200x180x6x8 | B-200x200x10 CTC Semi | 0.123 | Partial | 0.688 | 4 [20]
48 H-3 H-200x180x6x10| H-200x180x6x8 | B-200x200x10 Semi 0.115 | Partial | 0.511 4
49 H-4 H-200x180x6x10| H-200x180x6x8 | B-200x200x10 Semi 0.139 | Partial | 0.772 4
50 RCHB H-250x100x6x9 | H-150x100x6x9 | B-200x100x9 Semi | 0.071 | Partial | 0.822 | 4
51 | BCHBI |H-250x100x8x10|H-200x100x8x10| B-200x100x9 | CTC | Semi | 0.070 Full 1.012 3 |[10]
52 BHCB2 |H-250x100x8x10|H-200x100x8x10| B-200x100x9 Semi 0.080 Full 1.138 3
53 |EX-S-175PT |H-200x100x5.5x8| H-148x100x6x9 | H-200-200-8-12 CTC Semi 0.220 Full 1.768 3 (1]
54 |EX-S-260PT |H-200x100x5.5x8| H-148x100x6x9 | H-200-200-8-12 Semi | 0.222 Full 1.535 3

% K;: Stiffness of inter-module connections, Kg: Criteria to be classified in the rigid stiffness, Fi: Strength of inter-module connections, Frs: Criteria to be

classified in the fully strength
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Fig. 1. Various construction details of Inter-module connections
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Class 1. Beam-To-Beam (10 specimens)

Stiffness: Semi-rigid

Strength: Full-strength
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Class 2. Beam-To-Beam (15 specimens)

Stiffness: Semi-rigid

Strength: Partial-strength
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Class 3. Column-To-Column (14 specimens)

Stiffness: Semi-rigid

Strength: Full-strength
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Fig. 2. Distributions of stiffness and strength characteristics
according to the classification of inter-module connections
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Table 3. Definition of damage states and corresponding structural performance levels

Structural Performance level

Damage State

Quantitative Damage State

Qualitative Damage State

Slight Damage

Point where initial stiffness
is first changed

Minor deformation, No fracture, Minor local
buckling, Peeling of paint

Moderate Damage

Yielding strength point

Micro crack on welds, Local buckling of some
beam elements, yielding of some beam
elements

Immediate Occupancy

Extensive Damage

Maximum strength point

Weld fracture, Hinge form, Lateral
deformation of beam elements, Local buckling
at panel zone

Life Safety

Complete Damage

Ultimate strength point
(80% of maximum strength)

Many fractures at moment connections,
Extensive buckling, Complete fracture of
welds or elements

Collapse Prevention

=720t = AR AISZ(EE A192%) 20249 109 293
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connections
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Table 4. Determination of parameters defining fragility functions

Class 1: Beam-to-Beam, Semi-Rigid, Full-Strength
Damage 0 B, D | Duitea | H p

SD 0.0089 | 0.1858 | 0.1535 | 0.2740 0 0.7637

MD 0.0187 | 0.2638 | 0.2154 | 0.2622 0 0.2065

ED 0.0368 | 0.1183 | 0.2095 | 0.2620 0 0.2496

CD 0.0504 | 0.1677 | 0.2234 | 0.2867 0 0.2637
Class 2: Beam-to-Beam, Semi-Rigid, Partial-Strength

Damage | 6 B, D | Duitea | H p

SD 0.0138 | 0.4386 | 0.1608 | 0.2258 0 0.3995
MD 0.02220.2577 | 0.1181 | 0.2151 0 0.8288
ED 0.0408 | 0.1572 |1 0.1151 | 0.2255 0 0.8890
CD 0.0502 | 0.1523 1 0.1679 | 0.2173 0 0.2936

Class 3: Column-to-Column, Semi-Rigid, Full-Strength
Damage 0 B, D Duiitical H p
SD 0.0136|0.4200 | 0.1922 | 0.2281 0 0.1924
MD | 0.0243 | 0.3194 | 0.2668 | 0.2211 1 0.0030
ED 0.0532 { 0.2305 | 0.2081 | 0.2268 0 0.0960
CD 0.0718 [ 0.1740 | 0.1605 | 0.2347 0 0.4638
Class 4: Column-to-Column, Semi-Rigid, Partial-Strength
Damage 0 B, D | Duitea | H p

SD 0.0132 | 0.4439 | 0.1677 | 0.2173 0 0.2971
MD 0.0194 | 0.2718 | 0.2161 | 0.2214 0 0.0600
ED 0.0351 [ 0.1890 | 0.2107 | 0.2157 0 0.0620
CD 0.0516 [ 0.2430 | 0.1880 | 0.2186 0 0.1600
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Fig. 4. Seismic fragility functions for classified inter-module connections
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Table 5. Anticipated reliability (maximum probability of failure) for earthquake[ !
Seismic performance Risk Category I and II Risk Category III Risk Category IV

Total or partial structural
collapse
(Collapse prevention)

10% conditioned on the
occurrence of Maximum
Considered Earthquake shaking

6% conditioned on the
occurrence of Maximum
Considered Earthquake shaking

3% conditioned on the
occurrence of Maximum
Considered Earthquake shaking

Failure that could result in
endangerment of individual lives
(Life safety)

25% conditioned on the
occurrence of Maximum
Considered Earthquake shaking

15% conditioned on the
occurrence of Maximum
Considered Earthquake shaking

10% conditioned on the
occurrence of Maximum
Considered Earthquake shaking
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Fig. 5. Calculations of probability of failure according to the
classified inter-module connections
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Class 1: Beam-to-Beam, Semi-Rigid, Full-Strength E, P MITRJAE HESI] 2159t Table 697
Im;;ortance 4, for assuring performance Ef, Pf;max, Check A Ae]3l vie) o] nE 7+ AgE 97 13} 32 A
N T e o 2 Fase] J2elel 57 ) SruaEgzd ¥
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