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Fig. 3. Acceleration records of the five-story structure excited
by the Centro earthquake for channels 1 and 2.
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Fig. 5. Stability diagram of the 5-story steel frame in an
undamaged state with RMS (0%, 7%)
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Fig. 6. DBSCAN clustering of the 5-story steel frame in an

undamaged state with RMS (0%,7%).
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Fig. 9. DBSCAN clustering of the 5-story steel frame in an
undamaged state with RMS (0%, 7%)

L: J“plij JJ.A u"“L"‘j" A.L.]a 0 a)l...n J\.}}A Clasin ¥ J"-\?
RMS(0%, 7%)

Frequency (Hz) Damping (%)
Mode
Undam.  Damage. Undam. Damage.

e Model Model Model Model

1 1.32 1.133 5.00 5.03

2 3.87 331 5.00 4.95

3 6.1 5.21 5.00 4.96

4 7.84 6.33 5.00 4.98

5 8.94 8.36 5 4.97

Table. 3. Modal properties of 5-story building based
numerical model with RMS (0%, 7%).
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RMS(0%, 7%) | 3L sles )

SVD 1 2 3 4 5
6.28 5.4 121
S; 0001 000017 o U o
S 1 1 1 1 1
) 333 134 127 1.07 1.08
S,C? 0084 00995 00039 00047 00017
$4C2 - 1 - - -
snv  0.9672 1 02031 0223  0.1341
- : - DLV DLV

Table 5. Steps to Extract DLVs from Seismic Data with RMS (0%, 7%).
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Fig. 7. Variance Account for (VAF) of damaged building
with RMS (0%, 7%).
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Fig. 8. Stability diagram of the 5-story steel frame in a
damaged state with RMS (0%,7%).
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Fig. 12. Applied DLVs to the 5-story steel frame in the seismic vibration model with RMS (0%,7%).
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S0 Sl s RMS uul oS col &) 5ol 40 S el
Sl 40 sl f8 LAYV s s 5 RS 5 o
S5OV sl 53z pies Jlsge Slasiie 45 555 0 el
RMs 5 Z\v (g35,5 claps RMS e ool ol
4 35 g 03l il 0 GlanlS LAY SN b s
RMS ol L3 5 el &Ll (A) s L3 55 O =l
r\fb.z\"—\' wu@-jf- Rms;z\ﬂ S slays
S5 Q) Jsdr s mls asdls el asls il Lo sla

RMS 5 dwo,s 0 u6>,)ij56Mfl§)a el 8

b ool aib 0 3V B s b glasls  Ad g
RMS(0%, 7%)

nsi(1) nsi(2)

St i(l i(2 Wsi
ory nsi(1) nsi(2) sv(D) v @2) Si
1.27 0.41 1
1 1.27 1.08 —— =5 2.71 3.86
=1 =037 020
2 0 0 0 0 0

3 1.27 1.08 0.20 0.89 2.45

4 1.27 1.08 0.20 9.6 5.45
=026 =1 =13
5 0 0 0 0 0

Table 6. Normal stress vectors of 5-story steel frame with
RMS (0%, 7%).
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3 5.22 4.8 6.10 5.00
4 6.32 512 7.84 5.03
4 6.34 4.93 7.85 4.96
5 8.36 4.90 8.94 4.99
20 5 8.36 492 895 4.89
% Table 7. Modal properties of the five stor building for input
1 113 4971 132 508 RMS of 5%
2 3.31 503 387 510
JAK e gl 2 0 | = s
15% 3 522 500 610 492 N 8200 25 Sla b 0 b dope Dot A dy
RMS Mode Damaged Undamaged
4 6.34 5.10 7.84 485
In. Out. No. Frg. Input  Output
5 8.36 4.94 8.94 494
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1 1.13 5.06 132 484
2 3.31 5.04 173 5.10
20% 3 5.22 5.01 6.11 481
4 6.35 5.20 7.86 4.80
5 8.36 4.96 895 494

Table 9. Modal properties of the five stor building for RMS
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Abstract

Infrastructures such as bridges, buildings, pipelines, marine structures, etc., play an important role in human
life. Since major disasters in these structures, such as the collapse of bridges or buildings, often result in
many casualties, damages, and social and economic problems, most industrialized countries allocate
significant funds to monitor their health. Failure detection strategies and continuous monitoring of the
structure's condition, especially after natural and manufactured disasters, make necessary measures to be
taken in the early stages of failure and can reduce the cost of maintenance and the possibility of collapse.
Structural health monitoring methods often provide an opportunity to reduce maintenance, repair, and retrofit
costs during the structure's life cycle. Most of the structural health monitoring methods proposed and
implemented to identify possible damages depend on the structure's dynamic characteristics. One of the most
practical methods, which uses the results of time domain system identification to detect failure, is the
damage locating vector (DLV) method. The DLV method aims to identify load combinations that result in
zero strain fields for damaged members in both healthy and damaged structures. To accomplish this, we find
a vector in the null space of the difference between the plasticity matrices of the two structures. The singular
value analysis method is used on the plasticity difference matrix to calculate this space. The method involves
applying the space vectors to the healthy structure and recording the internal stresses of the members, which
are then converted into weighted normal stress (WSI) using statistical tools. The member with a lower WSI
is more likely to be damaged. Since truss structures are usually used in bridges, long-span structures, as well,
as a wide range of steel buildings with simple and braced frames, this research uses the covariance-based
random subspace optimal method in identifying the modal characteristics, which is very efficient in low
excitations, has been taken into consideration to check and monitor health during operation. To investigate
the capability of the DLV method in the damage detection of these structures, a 5-story residential building
with a simple steel frame was subjected to the Centro earthquake. According to the desired damage scenario,
the second and fifth floors were introduced as the damaged floors in this earthquake by applying a 30 and
50% reduction in the cross-section. To account for uncertainty in the data collection, we included the mean
root square of the second sensor's data in the results for sensors 3 and 5. As a result of this uncertainty, the
damping error between 5 and 10% has been shown in the damaged and healthy structure. Using the method
(SSI_ORT), it was observed that two DLV vectors were extracted. Further, with the increasing uncertainty of
the random vibration test results, it was observed that the extraction DLVs could extract the possible
damaged elements with high accuracy. Next, the effect of input and output noises on the results obtained
from the DLV method was investigated. This study found that by increasing the SNR of the outputs by 15%
while increasing the error of the extracted modal characteristics, the extracted DIVs also lose sufficient
accuracy in diagnosing structural damage.

Keywords: Damage Detection, Structural Health Monitoring (SHM), Ambient vibrations, State Space,
Damage Locating Vector (DLV)



