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Fig. 1. Damages in the study of Feng et al. [14]
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Fig. 2. View of selected pier of Shahid Bakri Bridge
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Fig. 7. Distribution of rebars in the pier section of Shahid
Bakri Bridge
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Fig. 8. Location of damage in the twelfth scenario
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Fig. 4. The equivalent section considered for the pier
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Scenario

Description

1 damage in zone 1 of the concrete core

damage in zone 2 of the concrete core

damage in the 1st and 2nd zones of the concrete core (two thirds of the concrete core)

damage in the 1st and 2nd concrete cover zones

damage in zones 1, 2, 3 and 8 of the concrete cover (half of the section about the strong axis of the section)

damage in zones 2, 3, 4 and 5 of the concrete cover (half of the section about the weak axis of the section)

2
3
4
5 damage in the 3rd and 4th concrete cover zones
6
7
8

damage to the rebars in zone 4

9 damage to the rebars in zone 1

10 damage to the rebars in zones 1,2 and 3

11 damage to the rebars in zones 1 and 4

12 damage to the rebars in zones 1,4 and 8

13 damage to the rebars and concrete cover in the combination of the 6th and 12th scenarios

Table 1. Damage scenarios
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Fig. 9. Schematic figure of pier division in height and location
of damage
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Fig. 10. Ramp loading

e ‘5‘.&0:‘:@}‘55% ‘5)‘.35)"“}“—/\
5okd o pIUT Ol dl Ole L3 (5LIIS,L plesl 5 s
L;‘LQ—? BL) V:'B Q&Jw %)U 4.:4[5 v QLO) e BE
S5l Oley e . dal gt (5 Sesll aly gl bl
4:.:\3 v CJJ L: E) )L’ JLQ-‘" QLA) JJ‘JJ Voo QlJ:,a L")

sl el SELL Ol o3l & omg

aw oy Oy o (A daly) S > Vsl js a5 skiles
ML alrals Ol 5> 2l 5 (S e L
oalS S sl Ol -l 4 Ol e Claj.» Cla.ﬂ oeals
MX+CX+KX=F W)
g sl OLas B 4 bl js e Sl eslanad s
4%;‘ ol OJ‘J QL:«.ro\ ‘dﬁ.:l) )345))12.![.@ Ca.w‘ CASJ-?'
3 On wbralr Dbse b AL, Dse 4 dal, )
R o |y abedl 08 > g Ll s e 0L | alesd

Xt, — Xt

o @
th—t
Jg\ sl Olas d\jjg;“ JJ«& u._)'\ﬁﬂ u,pjﬁ l; oslw Q)y a
Vo dal, K8« ol a= 5 Y R Kol A dslee
ky e 288 L s el O3 Sl 53 53 5 558 axd

dos e qu.)& Ll o5 3 xp 52 olie 5 555 >

X =

w Xy Al Xy plbralr lBla e ik ) (Kpd



ILen 5 0Lk L,

e sboslizal bla b o glaal amadls ot 2, <L)

QL; 05 ol &l eslginy v{ljﬁ- ol ames ) ‘_}K..: 33
5 deys Vol Ao esler Gt Gb ey ol

sl ol 0als OLES ol 45.45/ 4.;;-[; 4w g_,.;...j BE)

I 5 ste Slay i St on ey S0 Siad g0 Y JSS
53 ho53 Vel Ol s psler b 51 sl V0 sl
Yo ol (©) Yo ol (b) Ve oLl @)

(2)

()

©

Fig. 12. Correlation coefficient of the velocity history of
successive sensors in the case of a distance of 10 cm for the
fourth scenario and a damage rate of 10% in (a) element 15 (b)
element 25 (c) element 35
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Fig. 11. Correlation coefficient of the velocity history of
successive sensors in the case of a distance of 10 cm for the
intact pier
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Fig. 13. The index presented in this article for the
velocity history of successive sensors in the case of 10
cm distance for the fourth scenario and a damage rate of
10% in (a) element 15 (b) element 25 (c) element 35
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Abstract

Piers are vital design elements for a bridge under seismic loading; ensuring their stability and health is
crucial for the overall safety of the bridge. The methods that have been presented so far in the discussion of
bridge pier health monitoring generally require intact pier information, and the methods that identify damage
without having intact pier information require the calculation of parameters that are not possible in practice.
In this research, by presenting a new method that includes the proposed dynamic axial loading, the use of
velocity sensors at the height of the pier, and the presentation of the proposed damage index using the
concept of correlation, it has been tried to detect the presence of damage and its location with minimal error
and without having intact pier information. To this end, the tallest pier of Ramp A of the Shahid Bakri
Bridge complex in Tehran was selected as the case study. Before modeling, the accuracy of the modeling
method was validated, and then a precise nonlinear model was built in the OpenSees software using as-built
sheets. For the first time in this article, damage in the model was created in different scenarios: reduction of
stiffness in concrete cover materials, reduction of cross-sectional area of rebars at various points of the
section. The location of the damage was also separately applied at three heights of the pier: 15, 25, and 35
percent of the height. To generate data on the pier, it was considered to load it with an impact load on the top
of the pier. This load was applied as an impact on the deck of the pier for a very short time, and the data was
collected using accelerometers at the pier height, and the correlation between each pair of consecutive
sensors was calculated. Due to the high velocity of the compressive wave in concrete and the overlap that
occurs in the return of the wave at both ends of the pier, data collection was performed only for about 0.001
seconds. Finally, due to the weakness of the correlation coefficient in magnifying the location of damage,
using the concept of correlation, a damage index based on this concept was presented, and the capability of
the presented index in detecting the presence and location of damage in various damage scenarios was
evaluated. The results obtained indicate the proper performance of this index in detecting damage in various
scenarios and damage intensities between 10 and 30 percent. The presented index only made an error in
detecting the location of damage in cases where damage occurred in the concrete cover and rebars in small
areas, but even in these cases, the presence of damage was well demonstrated. Due to limitations in sensor
placement at the pier height, increasing the distance between sensors and reducing their number was also
investigated, and it was observed that even with greater distances between sensors, the presented index has
the capability to detect the presence and location of damage, and after finding the approximate location of
damage, it is possible to identify the exact location of damage by re-sensoring in probable areas.

Keywords: health monitoring, bridge pier, damage, accelerometer, correlation coefficient.



