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o SosT VLT b i ¥ OB (& ¥ g5 &5 G395 ) 3l b Dbl (Glad 33 Slasia ((A) Jous

Sczizlé;l(')%;))e Fault Mechanism| Mag Station Year Event Te® [FP’\T]I[SFGP] NGA | No
1l Reverse 591 San Rocco 1976 Friuli, Italy-02 - - 00 133 | 64
1l Reverse 5.09 LLN (temp) 1983 Coalinga-02 - - 00 377 | 65
I} Reverse 5.18 | Anticline Ridge | 1983 Coalinga-04 - - 00 395 | 66

Vel
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1l Reverse 7.01 | Cape Mendocino | 1992 | Cape Mendocino | -- 4.9 01 825 | 67
1 Reverse\Obl 7.62 CHYO006 1999 | Chi-Chi, Taiwan | 2.6 -- 10 1182 | 68
1l Reverse\Obl 7.62 CHY052 1999 | Chi-Chi, Taiwan | ---- 00 1211 | 69
1 Reverse\Obl 7.62 CHYO035 1999 | Chi-Chi, Taiwan | 1.4 -- 10 1704 | 70
FN = Fault Normal, FP = Fault Parallel
A8 (SO DY L 4o ¥ Ol Sl Y 05 I (Srd 5955 3l oul O Sbd 5 Dlaskin :(1) Jeu
Soil TYPe | £a0,1t Mechanism Mag Station Year Event Te® Pulse NGA | No
(2800) [FN][FP]
1l Normal 5.9 Cascia 1979 Norcia, Italy - - 00 156 | 29
1l Normal 6.9 Brienza 1980 | Irpinia, Italy-01 - - 00 288 | 30
1 Strike-slip 6.19 Gilrov Arra#6 1984 Morgan Hill 1.2 -- 10 459 | 31
1l Normal 6.6 Matahina Dam | 1987 | New Zealand-02 | ---- 00 587 | 32
1l Reverse\Obl 7.62 CHY029 1999 | Chi-Chi, Taiwan | ---- 00 1198 | 33
1l Reverse\Obl 7.62 CHY074 1999 | Chi-Chi, Taiwan | ---- 00 1227 | 34
1 Strike-slip 7.14 Lamont 1059 1999 | Duzce, Turkey - 00 1612 | 35
(ST OV L 4o 8 OB (Sl ¥ £55 T (Sld 95 5 3l ouds bl Sl ¥ ) Dlasie :(1+) Jua
So(izlg(%;))e Fault Mechanism | Mag Station Year Event Tp® [FIT\HI[?EP] NGA | No
1l Normal 6.9 Torre del Greco 1980 Irpinia, ltaly-01 - 00 293 | 134
1l Strike-Slip 6.19 Gilrov Array 1984 Morgan Hill 1.2 - 10 459 | 135
1 Strike-Slip 7.28 Lucerne 1992 Landers 51-- 10 879 | 136
1 Strike-Slip 7.51 Manisa 1999 Kocaeli, Turkey - 00 1168 | 137
1 Strike-Slip 7.51 Maslak 1999 Kocaeli, Turkey - 00 1169 | 138
1l Reverse\Obl 7.62 CHYO010 1999 Chi-Chi, Taiwan - 00 1184 | 139
1 Reverse\Obl 7.62 CHY034 1999 Chi-Chi, Taiwan - 00 1201 | 140
LA S50 IV b dib & VB (819 ¥ g5 B (G355 5 3l oud DLl Sl 35 Dlaskie :(11) Jgu
So(izlf;l(-)%‘))e Fault Mechanism | Mag Station Year Event Tp® [FFl)\lLiI[?ZGP] NGA | No
1 Reverse 591 San Rocco 1976 Friuli, Italy-02 - - 00 133 | 99
1 Normal 6.9 [Rionero In Vulture| 1980 Irpinia, Italy-01 - 00 291 | 100
1l Normal 6.2 Calitri 1980 Irpinia, Italy-02 - 00 300 | 101
1l Reverse\Obl 5.99 Alhambra 1987 Whittier Narrows-01 | -- -- 00 589 | 102
1l Reverse\Obl 5.27 San Marino 1987 Whittier Narrows-02 | -- -- 00 716 | 103
1 Reverse\Obl 7.62 CHYO010 1999 Chi-Chi, Taiwan - - 00 1184 | 104
1l Reverse\Obl 7.62 CHY034 1999 Chi-Chi, Taiwan - 00 1201 | 105
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Seismic Evaluation of Contemporary Steel MRF with Design and Construction
Defects: Case Study of Double IPE Sections and Defects in Groove Welds

Kiarash Nasserasadi’, Saeed Reza Massah?, Hamed Mohammadloo® and Amirhossein Ghaderi?

1. Assistant Professor, School of Civil Engineering, University of Zanjan, Iran,
*Corresponding Author, e-mail: nasserasadi@znu.ac.ir
2. Assistant Professor, Civil Engineering Department, Iran University of Science and Technology
3. M.Sc. Graduate of Structural Engineering, University of Zanjan, Iran

There are various design and construction deficiencies that exist in the contemporary moment resisting frames in
Iran. This, of course, greatly increases the vulnerability of such structures. The most common defects observed in a real
structure are as follows: cracks in welds due to the lack of complete penetration in groove welds and/or incomplete
fusion, use of latticed built-up sections instead of standard wide-flange sections as columns, and misplacement of
continuity plates at the column-girder joints. These defects have a negative impact on the behavior of connections and
hence resulting in an unpredicted structural response. The rate of impact of such defects on structures can be estimated
in a probabilistic analysis of the behavior of these frames. In this study, to investigate the probabilistic behavior of
constructed structures in Iran, two existing frames with three and five stories having the above-mentioned deficiencies
are considered. The mean annual loss and failure probability of these frames are obtained and compared with that of
similar structures with no such defects. At first, the moment-curvature of different elements of the defected structure is
estimated by an analytical method. The standard and defected connections are modeled in finite element software, and
the hysteresis behavior of these connections is estimated using the standard SAC loading protocol. Based on these
results, the backbone curve of connections is determined and employed for modeling of the frames. Then, the non-
linear probabilistic behavior of the frames are evaluated by performing nonlinear dynamic analysis, when the frames
are subjected to several earthquake records of soil type 2 in far- and near-field pulses. Thereby, the seismic fragility
function of frames is estimated by applying the results of the probabilistic analysis. Using the seismic hazard curve of
the location of the structure, the probability of failure of the studied frame in different damage states is estimated. In
addition, the mean annual loss of the frames is calculated and compared. The results indicate that the presence of
defects in connections cause a decrease in yielding and ultimate moment capacity of connections by 34 and 17.1
percent, respectively. Moreover, in three and five-story frames, the failure probabilities of the defected frames are 1.7
and 4.12 times of perfect frames, correspondingly. Similarly, the mean annual loss of defected three- and five-story
frames are 1.76 and 2.36 times of perfect frames, respectively. It can be concluded that, first, the safety of constructed
structures with defects in connections is significantly lower than that of code’s ideal frames. Second, the mean annual
loss of defected frame is more than two times that of code’s complied frames; this demonstrates the significant
vulnerability of existing structures. Third, the effect of deficiency on the reliability of mid-rise frames is higher than
that of low-rise frames. This higher vulnerability of mid-rise frame indicates that particular attention should be paid to
the construction of such structures. Besides, results have shown that the reliability of constructed steel frames with
deficiencies is significantly lower than that of frames, which are constructed according to the requirements of the code,
especially for high-rise buildings.

Keywords: Moment Resisting Frames, Construction Deficiencies, Fragility Function, Damage Probability, Mean

Annual Loss.
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