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Abstract 

This paper presents seismic retrofit of one typical single-story industrial-type 
precast reinforced concrete building structure located in Turkey using rotational 
friction dampers. This project consist of retrofitting twelve precast reinforced 
concrete buildings and it is considered to be the first fully engineered and completed 
application of supplemental energy dissipation devices for retrofitting purpose in 
Turkey. In Turkey, precast concrete is one of the most preferred type of construction 
for all type of industrial structures due to their low cost, fast construction, and 
availability in rural areas. Unfortunately, most of these structures constructed before 
“Specification for Buildings to be Built in Seismic Zones (2007) (TEC)” are not 
well-engineered and are expected to have very poor performance when exposed to a 
major seismic event. One of the importand official instutions of Turkey decided to 
undertake a major project to retrofit their single story precast concrete buildings. It is 
required that buildings will not be vacated during retrofit and disturbance to the 
building operation will be the minimum. Existing building structures are examined 
and reviewed in detail, and based on the comparison of several retrofitting schemes, 
it was concluded that seismic retrofit with energy dissipation devices is a feasible 
option for the subject buildings. Rotational friction dampers are selected as the 
supplemental energy dissipation device. ASCE 41-06 is employed for the damper 
design and performance evaluation. The most effective damper configuration and 
capacities are selected after an intensive iterative trial-and-error linear study. Finally, 
nonlinear time-history analyses are performed for seven pairs of historical ground 
motion acceleration data and it is shown that proposed retrofit scheme satisfies the 
desired performance goals for both DBE and MCE events. In overall, it is considered 
that proposed retrofit scheme with dampers provides a viable solution to the 
stakeholders of the project from performance, design, constructability, and 
economical points of view. Some application photos were presented and methods are 
explained in detail in the paper. 
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INTRODUCTION 

Precast structural forms have been developed for economic and time dependent 
reasons with evolving technology. Especially in industrial buildings, precast concrete 
structures are widely used due to their advantages such as low cost, short 
construction period and availability in rural areas. Unfortunately, most of the precast 
concrete buildings built before Turkish Code 2007 is not well engineered or not well 
contracted in Turkey. It is expected that these buildings have very poor structural 
performance in an expected major seismic event in Turkey. In 1999 Kocaeli and 
1999 Duzce earthquakes, many precast concrete structures were either fully 
collapsed or had significant damage causing economical and life lost. Also 
suspension of production due to the earthquake damages in industrial buildings, have 
led to catastrophic economic losses.  

Precast reinforced concrete buildings have some design disadvantages such as non-
satisfactory weak connections, bad load transfer mechanism, overturning problems of 
the main beams in an earthquake and no diaphragm behavior at the roof level of the 
building. Beam column connections are simple connections using pin or welding. It 
is observed in previous earthquakes that these types of connections were not 
successful to keep the beam in place. Beams were dropping down or having 
overturning problem breaking the pin or welding. Horizontal load transfer between 
columns generally provided by gutter beams in these building. Mostly gutter beams 
are structurally weak members and have heavy corrosion damage as a reason of 
water drainage system in the roof. Moreover they are connected to columns via 
simple pins. Thus, load carrying and transfer capacity of these beams are not strong 
enough. Also, the structures have a roof frequently that is either not designed to act 
as a diaphragm or low diaphragm capacity. This can be resulted as failure of 
secondary beams at the roof due to seismic loads.  

While Turkish Seismic Code that is currently being prepared is supposed to have a 
more detailed special chapter related to prefabricated structures, existing precast 
concrete building stock possesses a major risk and needs to be mitigated. Due to the 
low quality of engineering or construction explained above, most of the industrial 
buildings do not fulfill requirements of existing Turkish Seismic Code (2007). 
Generally, retrofit of these buildings is not considered because the cost of retrofit 
may exceed to the original cost of the structure. Also, building owner is not willing 
to proceed a retrofit due to high cost of evacuating the building or stop working. In 
addition, classical retrofitting methods like as jacketing and adding structural 
elements require a major disturbance to the operations of buildings including 
relocation expenses. Further, it is hard to retrofit weak connections of the building. 
Therefore, retrofitting of precast reinforced concrete buildings are not feasible mostly 
and has not been applied much in Turkey. Having understood this risk, Ministry of 
The Official Institution decided to undertake a major project to retrofit their single 
story precast concrete buildings, where twelve buildings are planned to be retrofitted 
as the first phase of the project. It is required that buildings will not be vacated 
during retrofit and disturbance to the building operation will be the lowest level. 
Existing building structures are examined and reviewed in detail, and based on the 

ATC & SEI 2015 694

© ASCE and ATC 2015

 Improving the Seismic Performance of Existing Buildings and Other Structures 2015 

D
ow

nl
oa

de
d 

fr
om

 a
sc

el
ib

ra
ry

.o
rg

 b
y 

Is
ta

nb
ul

 T
ek

ni
k 

U
ni

ve
rs

ite
si

 o
n 

12
/0

8/
15

. C
op

yr
ig

ht
 A

SC
E

. F
or

 p
er

so
na

l u
se

 o
nl

y;
 a

ll 
ri

gh
ts

 r
es

er
ve

d.



com
wit

  Th
Stru
des
the
as 
typ
stru
eng
retr

 

EX

The
9 n
Fig
are

F

mparison of 
th energy dis

he structure
uctural elem
signed to tra
e load on stru

the supplem
pical one of t
uctures loca
gineered and
rofitting purp

XISTING ST

e typical stru
nine bays in 
gure 1a, Figu
e given in Fig

Figure 1. O

f several ret
ssipation dev

e is expose
ments absorb
ansform this 
uctural eleme
mental energ
twelve single
ated in Tur
d completed 
pose in Turk

TRUCTURE

ucture which
long directio

ure 1b, Figur
gure 2. Ther

(1a)  

(1c)  

utside and i

rofitting sch
vices is a fea

d to high 
b this energ
earthquake 

ents. In this 
gy dissipatio
e-story indu
rkey. This p
application 

key. 

E INFORM

h is subject 
on. Outside 
re 1c and Fig
e are 18 colu

 

 

inside photo
Side, 1c. I

hemes, it w
asible option

seismic ene
gy by havin
energy to h
project rotat
on. This pap
strial-type p
project is c
of suppleme

MATION 

to this paper
and inside p

gure 1d. Geo
umns which 

  

  

os of the str
Inside, 1d. I

was conclude
n for the subj

ergy during
ng damage. 
heat by mean
tional frictio

aper presents
precast reinfo
considered 
ental energy 

r, was one s
photos of the
ometrical pro
have dimen

 (1b

 (1d

ructure(1a. L
Inside) 

ed that seism
ject building

g a major e
Friction da

ns of friction
on dampers a
s seismic re
orced concre
to be the 
dissipation 

story buildin
e structure a
operties of th

nsion of 40cm

b) 

d) 

Left Side, 1

mic retrofit 
gs.  

earthquake. 
ampers are 
n to reduce 
are selected 
etrofit of a 
ete building 
first fully-
devices for 

ng and have 
are given in 
he building 
mx40cm.  

 

 

b. Right 

ATC & SEI 2015 695

© ASCE and ATC 2015

 Improving the Seismic Performance of Existing Buildings and Other Structures 2015 

D
ow

nl
oa

de
d 

fr
om

 a
sc

el
ib

ra
ry

.o
rg

 b
y 

Is
ta

nb
ul

 T
ek

ni
k 

U
ni

ve
rs

ite
si

 o
n 

12
/0

8/
15

. C
op

yr
ig

ht
 A

SC
E

. F
or

 p
er

so
na

l u
se

 o
nl

y;
 a

ll 
ri

gh
ts

 r
es

er
ve

d.



Site
geo
acc
equ
(Fi

F

Com
sam
cal
exp
wh
40x
giv
Als

e investigat
ometry of th
cording to T
uipment and
gure 3).  

Figure 3. Ide

mpressive c
mples. Comp
culated acco
periments of
hich was sui
x40 column 
ven in Figur
so, snow loa

Figure 4. C

A = 7
B = 1
C = 4

 

Figure 2. 

tion was pe
he building.
EC (2007). 

d visual insp

entification 

concrete str
pressive stre
ording to me
f 9 core sam
itable and p

type was c
e 4. Soil typ

ad was consid

Column inte

-700

-500

-300

-100

100

A
xi

al
 F

or
ce

 (
k

N
)

7.40m 
14.90m 
4.10m 

Geometric

erformed in
. All invest
Reinforcem
ection after 

of column 
fe

rength of th
ength core s
ethods sugge

mples, concre
proper to us
calculated by
pe of the la
dered as 75 k

eractive diag

00

00

00

00

00

0 10

M

A

al propertie

n the struct
igation of t

ments were d
removing c

reinforceme
erro-scan. 

he columns 
sample resul
ested by AC
ete compress
e damper a
y using Xtra
and was dete
kg/m2 accor

gram (40cm

00 200

Moment (kNm

A

es of the bui

ture to det
the structura

determined b
clear cover o

ent with cle

was determ
lts of concre
CI 318. Acco
sive strength
application. I
act Section 
ermined as 
rding to TS4

mx40cm sym

300 40

m)
0-90° degree
45° degree

B 
 

ilding 

termine con
al elements 
by using both
of concrete o

 
earing the co

mined by t
ete were cor
ording to res
h was found 
Interactive d
Analysis so
Z2 accordin

498.  

 
mmetrical co

00

e

C

ndition and 
was made 

h ferroscan 
of columns 

over and 

aking core 
rrected and 
sults of the 
as 35 MPa 
diagram of 

oftware and 
ng to TEC. 

olumns) 

ATC & SEI 2015 696

© ASCE and ATC 2015

 Improving the Seismic Performance of Existing Buildings and Other Structures 2015 

D
ow

nl
oa

de
d 

fr
om

 a
sc

el
ib

ra
ry

.o
rg

 b
y 

Is
ta

nb
ul

 T
ek

ni
k 

U
ni

ve
rs

ite
si

 o
n 

12
/0

8/
15

. C
op

yr
ig

ht
 A

SC
E

. F
or

 p
er

so
na

l u
se

 o
nl

y;
 a

ll 
ri

gh
ts

 r
es

er
ve

d.



AN

sof
Sap

(DB
the
elem

Ta
  
  
  

I

by 
pro
equ
ana
wa

this
rep
Com
giv

Ta

  

 BA
 FR

NALYSIS O

Mathem
ftware. Both
p 2000. Struc

Design 
BE) and Col

e structure a
ments which

ble 1: Analy

STOR
BASE SHEA
IMMEDIAT
COLLAPSE

COL
 

Infill w
using strut m

oposed by M
uivalent of in
alysis but di
lls was much

There i
s plate effe

presentative 
mparison of

ven in Table 

ble 2: Moda

ARE FRAM
RAME WIT

OF THE STR

matical mode
h linear anal
ctural model

  
Figure

objectives a
llapse Preven
ccording to 
h was is not 

ysis results 

RY DRIFT 
AR FORCE 

TE OCCUPA
E PREVENT
LLAPSE 

walls, which c
models. Stru
Mainstone 
nfill wall wit
isregarded in
h higher than

s a steel pla
ects modal b

sheet cover
f modal infor
2.  

al informati

  
ME  
TH DAMPE

RUCTURE

el of the bui
lysis and no
l of bare fram

e 5: SAP200

are set Imm
ntion for the
ASCE41-06
satisfy the re

of existing b

(KN) 
ANCY 
TION 

contribute to
ut model dim
(1979). Fou
th different o
n nonlinear 
n infill walls

ate in the roo
behavior of
r was defin
rmation betw

ion of the bu

IN
Tx 

0.6
ERS  0.4

ilding was c
onlinear part
me was give

00 Structura

mediate Occu
e Maximum 
6. Assessme
egulations p

buildings fo
E

X DIRECT
DBE 

2.04% 
1537.98 

4 
14 
0 

o the stiffnes
mensions wer

ur strut mo
openings. In
analysis of 

s capacity, le

of with a 0.5
f the structu
ned to top 
ween bare fr

uildings 
 WITHOUT

NFILL WA
(sec) Ty 
613 0.
431 0.

created by us
t of analysis
en in Figure 

al Model

upancy for t
Considered 

ent analysis 
roperly was

or DBE and 
EXISTING B
TION 

MCE 
3.06% 

2307.78 
0 
4 

14 

ss of the stru
re calculated
odels were 
nfill walls we
f retrofitting 
eading crack

5mm thickn
ure to a lim
of the bui

rame and fra

T 
ALL  

W

(sec) Tx 
.613 0.
.361 0.

sing SAP200
s were cond
5.  

 
 

the Design B
Earthquake 
results and 
given in Ta

MCE earth
BUILDING 

Y DIRE
DBE 

2.04% 
1537.98 

0 
0 
0 

ucture, are in
d by using m

defined to 
ere consider

since the l
king all of th

ness, it was p
mited exten
lding in th

ame with dam

WITH INFI
WALL 

x (sec) Ty
.598 0
.428 0

00 analysis 
ducted with 

Basis Earth 
(MCE) for 
number of 

able 1.  

hquakes 

CTION 
MCE 
3.06% 

2307.78 
0 

18 
0 

nvestigated 
model which 

model as 
red in linear 
load on the 
he walls.  

proved that 
d. Thus, a 

he analysis. 
mpers were 

ILL 

y (sec) 
.267 
.263 

ATC & SEI 2015 697

© ASCE and ATC 2015

 Improving the Seismic Performance of Existing Buildings and Other Structures 2015 

D
ow

nl
oa

de
d 

fr
om

 a
sc

el
ib

ra
ry

.o
rg

 b
y 

Is
ta

nb
ul

 T
ek

ni
k 

U
ni

ve
rs

ite
si

 o
n 

12
/0

8/
15

. C
op

yr
ig

ht
 A

SC
E

. F
or

 p
er

so
na

l u
se

 o
nl

y;
 a

ll 
ri

gh
ts

 r
es

er
ve

d.



RE

bec
vac
Mo
the
me
pre
equ
usin					
In E
com
ene
for
cal
sys					
inte
pla
dire
pro
one
resp
Per
MC

ETROFITTI

Retrofit
cause of the 
cated during
oreover som
e structure su
mbers to ke

eliminary an
uivalent dam
ng Equation																						
Equation 1, 
mponent of 
ergy by elem
ce-resisting 
culate reduc

stem. In Equ																						
The mo

ensive iterat
aced at the 
ection. In th

ovide load tr
e or severa
pectively. SA
rformance of
CE events.  

ING OF TH

tting structur
hinged desig
g retrofit. T

me more prec
uch as desig
eep the beam
nalyses, whe
mping. Effec
ns 1 which w																						

 is hyster
effective da

ments of the
system. Equ

ced base sh
uation 2,  i																						
ost promising
ive trial-and
beam-colum

he long direc
ransfer betwe
al bays. Lo
AP2000 stru
f the column

Figure

HE STRUCT

re with conv
gn of structu
Therefore, d
cautions wer
gning compr
m in its plac
ere design b
ctive dampin

was suggested		
resis loop adj
amping of th
e structure. 
uation 2 whi
hear force d
is the reducin					 4/
g damper co
d-error study
mn connecti
ction, steel c
een frames. 

ocations wer
uctural mode
ns was shown

e 6. Damper

TURE 

ventional me
ure and it wa
dampers we
re taken to a
ression bars 
ce.  Equival
base shear w
ng ratios of
d by ASCE70.64

djustment fac
he structure 

 is effectiv
ich was sugg

due to the e
ng coefficien5.6 ln	 10

onfiguration 
y. According
ions, which
compression 
Then, steel 
re given in
els of retrofi
n to satisfy t

rs locations 
 

ethods are v
as required th
ere used to 
assure load 
 between co
lent static p
was reduced
f the dampe
7-10.  1 1
ctor which is
due to the 

ve ductility d
gested by A
equivalent d
nt and  is e00 							
and capaciti

g to this conf
h are pin-co

members ar
braces with

n Figure 6,
itted frame w
the desired g

in X Direct

very difficult
hat building 

retrofit the
transfer me

olumns and 
procedure wa
d based on 
ers were cal

																				
s taken as 0,
inherent dis

demand on t
ASCE41-13 w
damping ene
equivalent da																						
ies are select
figuration, d
onnected, in
are designed 
h dampers ar
, Figure 7, 
were given i
goals for bot

tion  

t and costly 
will not be 

e building. 
chanism of 
some steel 

as used for 
the added 

lculated by 

						 Eq. 1
,5.  is the 
ssipation of 
the seismic 
was used to 
ergy of the 
amping. 						 Eq. 2
ted after an 

dampers are 
n the short 

in order to 
re placed in 

Figure 8, 
in Figure 9. 
th DBE and 

 

ATC & SEI 2015 698

© ASCE and ATC 2015

 Improving the Seismic Performance of Existing Buildings and Other Structures 2015 

D
ow

nl
oa

de
d 

fr
om

 a
sc

el
ib

ra
ry

.o
rg

 b
y 

Is
ta

nb
ul

 T
ek

ni
k 

U
ni

ve
rs

ite
si

 o
n 

12
/0

8/
15

. C
op

yr
ig

ht
 A

SC
E

. F
or

 p
er

so
na

l u
se

 o
nl

y;
 a

ll 
ri

gh
ts

 r
es

er
ve

d.



hist
dat
Inf
Tab

Ta

  

Dü

Dü

Er

He

Ko

Ko

La

Finally,
torical grou
ta were scal
formation of 
ble 3. 

ble 3: Earth

üzce (1999) 

üzce (1999) 

rzincan (1992

ector (1999) 

obe (1995) 

ocaeli (1999) 

anders (1992)

Figure

Figure

Figu

, nonlinear 
und motion 
led to the M

f earthquakes

hquake info

Station 

Bolu 

Düzce 

2) Erzincan

Hector M

Shinosak

İzmit 

) Joshuatr

e 7. Damper

e 8. Damper

ure 9: SAP2

time-history
acceleration

MCE respon
s that used i

ormation 

Magn

n 

Mine 

ka 

ree 

rs locations 

rs locations 

2000 Struct

y analyses a
n data. Histo
nse spectra
n nonlinear 

nitude (Mw)

7.2 

7.2 

7.8 

7.1 

6.9 

7.6 

7.3 

in Y Direct

in Y Direct

ural Model

are perform
orical groun
by using S
time-history

tion  

 
tion  

 
 

med for seve
nd motion a
SeismoMatch
y analysis w

 

en pairs of 
acceleration 
h software. 

was given in 

ATC & SEI 2015 699

© ASCE and ATC 2015

 Improving the Seismic Performance of Existing Buildings and Other Structures 2015 

D
ow

nl
oa

de
d 

fr
om

 a
sc

el
ib

ra
ry

.o
rg

 b
y 

Is
ta

nb
ul

 T
ek

ni
k 

U
ni

ve
rs

ite
si

 o
n 

12
/0

8/
15

. C
op

yr
ig

ht
 A

SC
E

. F
or

 p
er

so
na

l u
se

 o
nl

y;
 a

ll 
ri

gh
ts

 r
es

er
ve

d.



The comparison of damping ratios for both linear and nonlinear methods was given 
in Table 4. Nonlinear damping ratios for different seven pairs of historical ground 
motion acceleration data were given in Figure 10. Also base shear force – time and 
displacement – time diagrams were given between Figure 11 and Figure 18 for only 
Kocaeli (1999) – İzmit and Düzce (1999) – Düzce earthquakes.  The earthquake 
name numbered as (1) like (Kocaeli(1)) represents that the earthquake FN data(Fault 
normal) was loaded in X direction while FP data(Fault parallel) was loaded in Y 
direction and vice versa for  the earthquake name numbered as (2). 

Table 4: The comparison of damping ratios for analysis type 

MCE Earthquake X Direction Y Direction 

LINEAR DAMPING 11% 16% 

NONLINEAR DAMPING (AVERAGE) 17% 34% 
 

 

Figure 10. Nonlinear energy consumption ratios of columns and dampers for 
different seven pairs of historical ground motion acceleration data  
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Figure 11. Base Shear Force – Time diagram of Kocaeli (1999) - İzmit – 1 
earthquake  

   
Figure 12. Top Displacement – Time diagram of Kocaeli (1999) - İzmit – 1 
earthquake  

   
Figure 13. Base Shear Force – Time diagram of Kocaeli (1999) - İzmit – 2 
earthquake  
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Figure 14. Top Displacement – Time diagram of Kocaeli (1999) - İzmit – 2 
earthquake  

   
Figure 15. Base Shear Force – Time diagram of Kocaeli (1999) - İzmit – 1 
earthquake  

 

 

-100

-50

0

50

100

150

0 10 20 30

T
op

 D
is

p
la

ce
m

en
t 

(m
m

)

Time (sec)

Kocaeli2 - X Direction

Retrofitted
Bare Frame -40

-20
0

20
40
60
80

100
120
140

0 10 20 30

T
op

 D
is

p
la

ce
m

en
t 

(m
m

)

Time (sec)

Kocaeli2 - Y Direction

Retrofitted
Bare Frame

-1500

-1000

-500

0

500

1000

1500

0 10 20 30

B
as

e 
S

h
ea

r 
F

or
ce

 (
k

N
)

Time (sec)

Düzce-Düzce 1 - X Direction

Bare Frame
Retrofitted -800

-600
-400
-200

0
200
400
600
800

0 10 20 30

B
as

e 
S

h
ea

r 
F

or
ce

 (
k

N
)

Time (sec)

Düzce-Düzce 1 - Y Direction

Bare Frame
Retrofitted

ATC & SEI 2015 702

© ASCE and ATC 2015

 Improving the Seismic Performance of Existing Buildings and Other Structures 2015 

D
ow

nl
oa

de
d 

fr
om

 a
sc

el
ib

ra
ry

.o
rg

 b
y 

Is
ta

nb
ul

 T
ek

ni
k 

U
ni

ve
rs

ite
si

 o
n 

12
/0

8/
15

. C
op

yr
ig

ht
 A

SC
E

. F
or

 p
er

so
na

l u
se

 o
nl

y;
 a

ll 
ri

gh
ts

 r
es

er
ve

d.



   
Figure 16. Top Displacement – Time diagram of Kocaeli (1999) - İzmit – 1 
earthquake  

   
Figure 17. Base Shear Force – Time diagram of Kocaeli (1999) - İzmit – 2 
earthquake  

   
Figure 18. Top Displacement – Time diagram of Kocaeli (1999) - İzmit – 2 
earthquake  
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