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Fig. 2. Plan, frames and used sections for studied structures
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Mode 1 2 3 4 5 6 7 8

freq.(Hz) 0.73 1.94 326 488 - - - -

4 story

Per. (sec) 1.38 0.52 031 020 - - - -

freq. (Hz) 0.45 1.22 2.08 3.02 3.79 4.77 - -

8 story

Per. (sec) 2.21 0.82 0.48 033 026 021 - -

freq. (Hz) 0.34 092 1.56 2.28 2.96 3.79 4.57 5.18

12 story
1.09 0.64 0.34 026 0.22 0.19

Per. (sec) 2.98 0.44

Table. 1. Modal Frequencies and periods of structures in x
direction
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Fig. 3. Acceleration time history of the 1978 Tabas earthquake (TAB_TAB-T1) and harmonic loads F(t)
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Fig. 4. FRFs for first and third story of 4-story structure under chosen loads
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. Distance Magnitude . Tp-Pulse PGA PGV PGD
Group Earthquake Station (km) (Mw) Mechanism (sec) @ (emisec) (cm)
Northridge 1994 SCE-281 5.2 6.69 Reverse 3.53 0.45 60.4 18.8
First Loma Prieta 1989 WVC-270 9.3 6.93 Reverse Oblique 5.65 0.33 64.9 37.9
Gro Landers 1992 LCN-260 2.2 7.28 Strike Slip 5.12 0.73 1335 114.7
P Bam 2003 BAM-T 1.7 6.6 Strike Slip 2.02 0.63 60.1 253
Tabas 1978 TAB-T1 1.8 7.35 Reverse 6.19 0.86 1233 95.2
Northridge 1994 ARL-090 8.7 6.69 Reverse - 0.35 41.1 10.2
Second El Centro 1979 #11-230 12.6 6.53 Strike Slip - 0.38 44.6 21.3
Gro Landers 1992 JOS-090 11 7.28 Strike Slip - 0.28 42.6 15.8
P Manjil 1990 ABBAR-T 12.6 7.37 Strike Slip - 0.5 50.6 23.8
Tabas 1978 DAY-T1 13.9 7.35 Reverse - 0.41 271 7.4
Northridge 1994 MRP-180 24.8 6.69 Reverse - 0.29 20.5 4.5
Thired Kobe 1995 KAK-000 22.5 6.9 Strike Slip - 0.24 20.8 6.4
Gro Landers 1992 CLW-LN 19.7 7.28 Strike Slip - 0.28 27.6 18.2
P Kocaeli 1999 1ZN-090 30.7 7.21 Strike Slip - 0.12 253 18.6
Tabas 1978 BOS-T1 24.0 7.35 Reverse - 0.085 15.4 8.0
Table. 2. The selected earthquake records
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(B: 0.5,1 and 2) for 4-story structural system
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Fig. 13. Indicators of (B: 0.5,1 and 2) for 12-story structural system
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Abstract

Occurrence of the nonlinear behavior can be a sign of changes in structural parameters and the presence of

damage in systems. This paper presents a method for detecting and quantifying of nonlinearity, as an indication

of damage, using the indicators that are extracted from the frequency response functions (FRFs) and Hilbert
transform of FRFs, for steel moment frame structural systems. Using time history analysis under selected
harmonic ground motions, the results of FRFs for the studied 4-story system are illustrated and discussed.

Nonlinear behavior is a result of formation plastic hinges under earthquake loading. FRFs and Hilbert

transform of FRFs are extracted from both the linear and nonlinear behavior of 4, 8, and 12-stories steel

moment frames under fifteen different earthquake records with different characteristics in their time histories.

Some near and far field well-known earthquakes records have been selected for the present study as the ground

motions input in time history analysis. Different levels of nonlinearity are determined based on the maximum

rotation of hinges in column members of structures equal to 20y, 40y and 60y, in which 0y is yield limit
rotation. The indicators of the studied systems are calculated and evaluated for linear and different levels of
nonlinearity based on the mathematical power of changes for FRFs and Hilbert transform of FRFs. The
presented indicators are extracted based on the frequency response functions (FRFs) and Hilbert transform of

FRFs for the responses of absolute acceleration and relative displacement of stories. The indicators are

calculated at the location of acceleration sensors (accelerometer) in four levels of the structural systems, while

the formation of plastic hinges in the columns of the structures will occur only at the level of the distance
between the adjacent sensors.

Three aspects of identifying “existence”, “location” and “extent” of plastic hinge rotation can be investigated

for nonlinearity detection. In the present research, it is tried to cover the three aforementioned cases in the

extracted indicators and presented results. According to the illustrated results it is concluded that:

1- Comparing harmonic loading results showed that frequency content of ground motions and existence of
free vibration data in responses have proper effects on compatibility of FRFs. It is concluded that
compatibility of FRFs are related to the frequency content of ground excitations and using the presented
indicators are not acceptable for any type of optional loading.

2- The proposed method and calculated indicators have enough accuracy and sensitivity in detecting the

“existence”, “location” and “extent” of damage.

PB

3- To identify “existence” of damage, using the indicators with higher mathematical power of changes, I 1)

(j:a and d) (B: 2), more certainty is included.
4- To identify “location” of damage, the indicators that are extracted from FRFs of displacement of monitoring

. P
stories, I 15 , can be used.

PB

5- To identify “extent” of damage, using the indicators with lower mathematical power of changes, 11].

(j:a and d) (B:0.5), are more accurate.

Keywords: Steel moment frame, nonlinearity, plastic hinge, indicator, damage detection, Frequency Response
Function (FRF), Hilbert transform

vy



