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Reinforcement of steel moment frame with linked beam to column (LCF) system by

nonlinear static and time history analysis
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ABSTRACT: Based on the SAC building plan, three, six, and nine-story buildings have been taken
into consideration for this purpose. After verifying the models presented by the researchers, 4, 8, and
16-floor bending frames were designed according to the 1st and 4th editions of the codes for the Design
of Buildings against Earthquakes (Standard 2800) and then the frames designed with the 1st edition
were designed by the frame and column system until reaching Changing the location of the target was
reinforced. After that, the reinforced and designed frames with 1st and 4th editions were analyzed under
7 pairs of near and far field accelerograms. According to the results of non-linear static analysis and
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structure designed according to the 1st and 4th editions, the target is 27 to 50%, the percentage difference
in the yielding deformation of the structure designed according to the 1st edition to the retrofitted one is

Frame System with Connected Col-
umn

about 5 Up to 42%, the percentage difference of the behavior coefficient of structures designed according Connected Beam

to the 1st edition and retrofitted is from 4 to 40%. In a 4-floor structure, it causes a 13.34% reduction in
displacement and a 14.06% reduction in IDR. Similarly, in the case of 8-floor structures, this reduction
is measured as 20.92% for displacement and 20.81% for IDR, respectively. In the evaluation of the
16-floor structure designed based on the 1988 edition and adding the extension system, it was found
that the addition of the extension system to the 16-floor structure causes a decrease of approximately
51.43% in displacement and approximately 26.89% in IDR. Adding the extension system to the 4-floor
structure has significant changes. It generates 59.99% in displacement and 24.53% in IDR. Similarly, in
the 8-floor structure, we experience a 59.99% reduction in displacement and 22.82% in IDR. In addition,
in the 16-floor structure, displacement is reduced by 59.99% and IDR is reduced by 23.96%.

Retrofitting
Far and Near Field Acceleration

Steel Bending Frame

1- Introduction

Salar Mariya et al investigated the effect of the height of
the structure on the changes in the behavior coefficient of the
link column frame at the performance level of the collapse
threshold. The samples analyzed include 1, 3, 5, and 7-floor
structures, and their results show that with the increase
in the height of the structure, the demand for ductility
and, accordingly, the coefficient of behavior of the 3-floor
structure is about 3.3 times the coefficient of behavior of the
7-floor structure. Therefore, considering this huge difference,
it is recommended to use the coefficient of behavior related
to the same structure in the designs and not to use the average
value as the design criterion. [1]

Jabri and Asghari investigated the seismic performance
evaluation of simple frame system with connected columns
as a new structural system. The results of their investigation
show that the behavior factor value of 8, the additional
resistance factor of 2.7 and the displacement magnification
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factor of 5.5 are suitable for this system. The results of the
dynamic analysis of their nonlinear time history show that the
average value of the maximum relative lateral location change
of'the floors, under 14 earthquake records scaled to the design
earthquake, is always lower and close to 2%, which is for
buildings with a height of less than 20 m. It is very suitable.
Also, this system has the ability to quickly repair buildings
immediately after an earthquake by replacing several
members. So that the building will be able to withstand the
next earthquake after a quick and simple repair. [2]

Asghari and Jabri investigated the performance of the
bonded column as a single system against seismic loads. The
results of their investigation showed that the average value
of the maximum relative lateral displacement of the floors,
under 14 earthquake records scaled to the design earthquake,
is always lower and close to 2% and this system has sufficient
inelastic capacity. [3]

Moscouchi et al investigate the effect of the seismic
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Table 1. Characteristics of graft beam in laboratory sample

End Plate Thickness (in)  Stiffener Thickness (in)  Stiffener Spacing (in) e (in)
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Fig. 1. Plan of the studied structures

sequence phenomenon on the link column frame system and
compare the results of the analysis of these frames with the
bending frame. The results of their investigation show that
the phenomenon of seismic sequence leads to an increase in
the relative lateral displacement of the floor in both types of
structural systems. However, the LF system shows a better
performance against the seismic sequence phenomenon. [4]

2- Methodology

In this part, there are 3 steel bending frame structures
with aspect ratios equal to m, w3 and w2 which were selected
based on the aspect ratios in the book Analysis and Design
of Tall Structures. The structures include 8, 4, and 16-floor
structures, where the height of each floor is 3.5 m. Each
frame has 4 openings with a length of 4.5 m.

3- Results and Discussion

In the examination of the graphs of IDR changes - the
relative height of the floors of the 4-floor structure under
accelerograms far from the fault, it has been observed that
in the Kocaeli earthquake, the highest value of IDR for the
structure designed according to the revision of 1988 is equal
to 0.683, which is for the extension structure, it is equal to
0.58, which represents a decrease of 15.08%, which shows
the largest decrease. For other earthquakes, the value of
IDR in the extension system has decreased compared to
the structure designed according to the 1988 edition, which
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percentages of reduction for the Cape Mendocino earthquake
is 40.72%, for the Landers earthquake it is 21.66%, for the
Chichi earthquake it is 21% 34/3, for Manjil earthquake is
equal to 13.29% and for Hector and Duzce earthquakes it is
equal to 33.33% and 13.44%, respectively.

In the examination of the graphs of changes in IDR - the
relative height of the floors of the 8-floor structure under
accelerograms near the fault according to Figure (36), it has
been observed that in the BAM earthquake, the highest value
of IDR for the structure designed according to the revision of
1988 is equal to 0.735, which is for the supplementary structure
is equal to 0.673, which indicates a decrease of 8.43%. For
other earthquakes, the value of IDR in the additional system
has decreased compared to the structure designed according
to 2017, which percentages of reduction for the San Simeon
earthquake is 21.73%, for the Montenegro earthquake it is
26.40%, and for the Loma earthquake it is 60%. 18/1, for the
Duzce earthquake it is equal to 35.22% and for the Kobe and
Northridge earthquakes it is equal to 14.54% and 21.56%,
respectively.

4- Conclusions

1. Comparing the current deformation of old structures to
retrofitted structures, it can be concluded that the percentage
difference in the current deformation of retrofitted structures
varies from about 5% to 42%, with the most significant
decrease in 4-floor structures. In addition, in examining
the current changes in the shape of new structures and
retrofitted old structures, it can be concluded that retrofitted
old structures have less current changes than new structures
according to the fourth edition, with a percentage reduction
of about 4.37% to 37%.

2. In examining the ductility of the structures designed
according to revision one and four, it was observed that the
new structures seem to have more ductility. The difference
in ductility between 4, 8, and 16-floor structures designed
according to revision one and four is 4%, 19%, and 32%,
respectively. In addition, in examining the ductility of new
structures compared to retrofitted old structures, it can
be concluded that the retrofitted old structures have more
ductility than the structures designed according to the fourth
edition, and the increase percentage is in the range of 0.17%
to 70%. has it.

3. In the analysis of the coefficient of behavior of old,
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new and retrofitted 4, 8, and 16-floor structures with a frame
system with a link column, it was observed that the highest
coefficient of behavior in retrofitted old structures of 5, 10,
and 15 floors is 5.17, 7/47 and 6.9 respectively.
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Table 1. characteristics of graft beam in laboratory sample

End Plate Thickness (in) Stiffener Thickness (in) Stiffener Spacing (in) e (in)
WI1Zx96 1.5 0.63 13.3 53
s
Actuator
Force

Link Column meq: ‘l
R e ey ;
o e |
[ ) ]
i 14 {
: i !
] 1 :
' ! |
i i !
: s !
' 1 |
1 1. ’
- 11 B ¥

X = <"

S N
Reaction
Frame
[YV]oaiscoun (9 9 b (B (! (9 b JUadl sl of (25 390 9 Ngm s (bl YU Lu OB Y JSS

Fig. 2. The frame of the test structure of the link beam and its failure mode for connection with the
screw end plate with and without stiffener [15]
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Fig. 3. Cyclic loading used in the laboratory sample of Dusika Velois [15]
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Fig. 6. A view of the investigated structures with the aspect ratios equal to &, v3 and n2
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Table 3. mechanical properties of frame system components with link column
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Fig. 8. Comparison diagram of the need to retrofit the 4-floor structure designed according to revi-
sion one and four.
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Table 4. Coefficients of target location change in a 4-floor structure.
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Table 5. Coefficients of target location change in 8-floor structure
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Fig. 10.Comparison diagram of the need for retrofitting the 16-floor structure designed according to
revision one and four.
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Table 6. Coefficients of target location change in 16-floor structure.
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Checking the change of target location in the examined samples
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Fig. 12. Comparison of the push-over diagrams of additional force-change of location applied to the
top of the frame of the investigated reinforced structures
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Table 7. Comparison of yielding deformation, target deformation, ductility and behavior coefficient
of the studied structures
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Fig. 13. The yielding deformation checking in the studied samples
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Fig. 15. Checking the behavior coefficient in the investigated samples.
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Fig. 16. Comparison of additional force load-displacement applied on top of the investigated structures.
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Fig. 17. Comparison of additional force load-displacement applied on top of the investigated structures.
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Fig. 18. Cyclic analysis diagram of 4 floors equipped with extension system.
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Fig. 19. Cyclic analysis diagram of 8 floors equipped with extension system
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Fig. 20. cyclic analysis diagram of 16 floors equipped with extension system
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Fig. 21. Relative displacement diagram - 4-floor base section
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Fig. 22. Relative displacement diagram - 8-floor base section
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Fig. 23. Relative displacement diagram - 16-floor base section
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Table 8. Details of accelerogram records for earthquakes near the fault area.
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Table 9. details of the records of the accelerogram for the earthquake in the area far from the fault
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Table 10. The maximum acceleration of the earthquake near the fault and the scale coefficients in the 4-floor frame
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0.64 1.536 0.991 1.55 Loma Prieta 1989
043 2.289 0.991 231 Northridge 1994
048 2.051 0.991 2.07 Kobe_ Japan 1995
0.11 9.236 0.991 9.32 Duzee_ Turkey 1999
0.81 1.228 0.991 1.24 Bam_ Iran 2003
o e
048 2.051 0.991 2.07 San Simeon_ CA 2003
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Table 11. Maximum earthquake acceleration near the fault and scale coefficients in the 8-floor frame
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SO zg; Sl e W ool ulde g po b lde colpo s a3l b
0.64 1.698 1.096 1.55 Loma Pricta 1989
0.43 2531 1.096 231 Northridge 1994
0.48 2.268 1.096 2.07 Kobe_Japan 1995
0.11 10214 1.096 9.32 Duzce Turkey 1999
0.81 1.359 1.096 1.24 Bam_ Iran 2003
0.23 4811 1.096 4.39 Montenegro  Yugoslavia 1979
0.48 2.268 1.096 2.07 San Simeon_ CA 2003
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Table 12. The maximum acceleration of the earthquake near the fault and the scale coefficients in the 16-floor frame
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0.64 3.549 229 1.55 Loma Pricta 1989
043 5.289 229 231 Northridge 1994
0.48 4.740 229 2.07 Kobe_ Japan 1995
0.11 21342 229 9.32 Duzce  Turkey 1999
0.81 2.839 229 1.24 Bam_ Iran 2003
0.23 10.053 229 439 Montenegro_ Yugoslavia 1979
0.48 4.740 229 2.07 San Simeon_ CA 2003
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Table 13. Maximum earthquake acceleration away from the fault and scale coefficients in the 4-floor frame

Aol 7y Sl lake

0.12
0.28
0.21
0.29
0.13
0.51
0.5

sl wrodel ulde oy
12.694
5.22
7.059
5.131
11.30
2.877
2.98

il jolde culpo

1.483
1.483
1.483
1.483
1.483
1.483
1.483

8.56 Cape Mendocino 1992
3.52 Landers 1992
4.76 Kocaeli  Turkey 1999
3.46 Chi-Chi_ Taiwan 1999
7.62 Duzce Turkey 1999
1.94 Manjil _Iran 1990
2.01 Hector Mine 1999
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Table 14. Maximum earthquake acceleration far from the fault and scale coefficients in the 8-floor frame.
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0.12 12.694 1.483 8.56 Cape Mendocino 1992
0.28 5.22 1.483 3.52 Landers 1992
0.21 7.059 1.483 4.76 Kocaeli_ Turkey 1999
0.29 5.131 1.483 3.46 Chi-Chi_ Taiwan 1999
0.13 11.30 1.483 7.62 Duzce_ Turkey 1999
0.51 2.877 1.483 1.94 Manjil_ Iran 1990
0.5 2.98 1.483 2.01 Hector Mine 1999
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Table 15. maximum earthquake acceleration far from the fault and scale coefficients in the 16-floor frame.

oolede o

S 35 SN ke e il ey i ke ls T MO
0.12 20.586 2.405 8.56 Cape Mendocino 1992
0.28 8.465 2.405 3.52 Landers 1992
0.21 11.447 2.405 4.76 Kocaeli Turkey 1999
0.29 8.321 2.405 3.46 Chi-Chi_ Taiwan 1999
0.13 18.326 2.405 7.62 Duzce Turkey 1999
0.51 4.665 2.405 1.94 Manjil_Iran 1990
0.5 4.834 2.405 2.01 Hector Mine 1999
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Fig. 25. Displacement-time scaled diagram for 4, 8 and 16 floor samples under near-fault earthquake
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Fig. 26. Displacement-time scaled diagram for 4, 8 and 16 floor samples under earthquake away from the fault.
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Fig. 27. Displacement-time response under accelerograms near the fault for 4-floor structures
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Fig. 28. Displacement-time response under accelerograms away from the fault for 4-floor structures

sd30; clp DV g VAN cs 4 Manjil gdyj olp &7
<y & Hector cdjl; ¢lp d3/297  ¥+/-YZ 55 & Duzce
5,Shas 3gup 33,5 oo 455 YU leMbl 1 .03,5 o 45,135 OV/AS
5l ¥ Capemendocino Jus ooy gdljl; cov dib ¥ ol
A5l e 455 Wojle
IS5 31 JuS S5 sl €08 ploj — (bl el oy
ol oyt LOMA 53 5 88 el 0 Joobs 5 ol (1)

Gy g e i YARYY Ll WWEY s gl onds slhb o5l (4l

il 00 Juols y5 ol (YR)
oile lyp obels pyiw Cape mendocinocdyl; s
Oilyg slp e Lo VWWF/AAY  jlade 4 WPV Jlo i oads o)l
)m‘_;lA.A \cq/ia\c )Jl)) L;Ql.’x.” db)‘.w d|f9)~o‘5l~a c\c\/c\’\ l))J‘)J )l.g‘}
I2VA 9 YeloV b plyp cui a0 ySlos Doy (godimd L oS AL o
ol el 5Slas Jlai jladl ¥ g0l 3 Slas daups 500 bl 0
Pl ) 28 bl s cov
4 Landers gdlj; cod ojle slp oloj — (obols 5,5les 3400

9 Yo7k ply ey a4 Kocaeli dljl; slp &+7 9 VAV (s

VAL



Duzce_ Turkey 1999

400 - 8story-new >0 f ston 67
- meee. 8story-67 £ g == 3story-elhaghi
EZOO | e e 8story-elhaghi g
o0
£ £ —~
g 0 o -~ . g
©
3 40 60 80 =
2700 Time {s) o500 Time (3
150 - Kobe Japan 1995 100 Loma Pri 1639
8story-new 8story-new
w4 ., eeee. 8story-67 -~50414s& .,  mem== 8story-67
3 e = 8story-elhaghi [3 e wm gstory-elhaghi
€ 50 E
= 2 0
S s
g ° £
(<] -50
550 2
5 )
al00 Time (s) a100 Time (s)
Montenegro_ Yugoslavia 1979 100 Northridge 1994
200 8story-new gstory-gsw
_____ story-
200 4 N 6 === 8story-67 — 50 - — —sstoz-elhaghi
£ @ e 8story-elhaghi €
€o | E
e =]
= c 0
c o S
oo | : i
Foo | 8-50 1
& ) g v
800 Fimme(s) %100 Time{s)
150 San Simeon_ CA 2003
8story-new
00 4 3 0 eeee. 8story-67
'g e e 3story-elhaghi
€50
H
g0
8-50 60 N
i)
00 .
=) Time (s)

aib A 5ol (1 Jud Su35 SLEWISEORS Cod ol — bl fuwl YA S

Fig. 29. Displacement-time response under accelerograms near the fault for 8-floor structures
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Fig. 30. Displacement-time response under accelerograms away from the fault for 8-floor structures
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Fig. 31. Displacement-time response under accelerograms near the fault for 16-floor structures.

Sl g (39381 b &S AL oo yia oo YEOIAY Jlade e (ol
g (g3 Sy deoyen yiacdes VYYIAY Jlade 4 (obuls e oyl
onl 8 ol 015 oalie balj)j K05 cov bele 5 jlojlu 5,Slas
L yly Cape mendocin djl; slp ool il o e
Kocaeli dj;j lp g5+/+) % b plp Landers cdjl; ¢l 57
Hec- byl clyp 9527 b ply chichi cdil; ¢l 03/287% L iy

23,5 oo oS OVANL 9 03/ 7 bl i 5 & Duzce 4 tor

YAY

5 03/23% |yl Bam s (¢l &/AVZ L ), Montenegro
2350 )P 5Tl duzee Al ol
il V2 sojls sl ploj —abulr S jlojls 5 Slas () 5
Sk (y i &S Cuwl ol odalie JuS 3l 90 e Koy cou
ol o S b o Manjil djlj 4 bge obols L jlojle 5,Skee
A5 ol 3l el aopd FeleY Bl g b obele dj);
5 sioisko YYVIOF i &y \YSV Jlu 3 odd sl b ojlo ;5 olools



ape Landers 1992
2000 — 202 Testorynew 500 4y = 16story-new
————— 16story-67 - s an an o 165tory-67
‘E o e ] 6story-elhaghi 'E‘ 1
EO £°
22000 g500 -
£ L
g g
2 . 51 . PN
-4000 Fime (); -1000 TTme(s)
1000 Kocaeli T\Jl’kez 1999 500 Chi-Chi_ Taiwan 1999
'.‘ e 16stOTY-nEW — ] 6StOry-new
Y, /A T 16story-67
- — e ]6story-elhaghi -
£ £
E O £
] t
v w
§s00 £
o o
& K
o o
. 2
2000 Time (s) a500 Time(s)
o . 400 Manjil_lran 1990
1000 uzes_ Turkey 1959
e 165tOry-new a — ] 6StOrY-Nnew
————— 16story-67
£ 504 ¥y T=== 16story-67 €200 - g 16story-elhaghi
E == 16story-elhaghi £
£ 0 g 0
§ 0 g 0
x4 -500 - A 200 -
) 2
a =)
©-1000 Time-ts) -400 Time s)
400 Hector Mince 1999
— ] 6StOry-new
£ 2001 3 4., = M meme=. 16story-67
E — e ]6story-elhaghi
H] 0
Q
g 20 0
§-200
x
©-400 Timets)

alb 18 ol (gl Jun 51 490 LCUIEOULS Cod o — 2bmls muwl XY S

Fig. 32. Displacement-time response under accelerograms far from the fault for 16-floor structures
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Fig. 33. IDR changes - relative height of the 4-floor structure floors under accelerograms near the fault.
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Fig. 34. IDR changes - relative height of the 4-floor structure floors under accelerograms away from the fault
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Fig. 35. Changes of IDR - relative height of the 8-floor structure floors under accelerograms near the fault.
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Fig. 37. hanges of IDR - the relative height of the 16-floor structure floors under accelerograms near the fault.
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Fig. 38. IDR changes - relative height of the 16-floor structure floors under accelerograms far from the fault.

Y40



bl onds gilwpglie a8 slaojls &S CB)S dm el oo
e plalny B e slaojl 4 Cud (558 (b Sl
o d YV B F/YY d50s 10 o) yidlS s b il oo
o 9 Se Glilpg b ord ALl (slaojle (6 pd JSE (v 5
6 i (5 s IS (sl sl o 515 4y s (glmojlus o570 osnlite
oad b ailo V8 g A F slaojlo oy (s S5 M aitun
D9ML Mbuo Yy/. 9 \LVAR A Ui A )Le(> 9 ;i) J”‘)Jﬁ ‘j».‘o
28 (gloojls &) Comd s> (sloojlo (6 0y JSS w2 53 el
Silupglie w8 (slaojl &S )5 el Glyi e w0ad (silupslia
ol b (slrole dy G Mitwd (6o (s S glyld ol
Vo7l oW oxgamme o Lialidl ao s g olax Linlpg Gib
b )8
oYl 4 0 odmliie ebigny (i b Ol i b 005 (g lopslie
FIA g VIFY DV 5 5 4 el
o8 cloojle b i clbojls 4B, cups duglio 3 gl
Silupglie w8 (slaojl &S )5 sl Glyi e w0ad (silupslia
ool 2 0aB b slaojle 4 Cuns VL (4)1B) oS 0l
NOMINES SVANTR A1 BNV NSRRI SO PPN S
sbybges 5 lojmabuly labged (gwyp > @M 5k
(S Soop slcwuslolks cos IDR plbols s glas))
cel dab ¥ gojlw ;o (Bodl s | edlatol &5 b ssaliv
ssbas 365 0 IDR 3 VF/-57 LialS g WYY Lbols ials
sy Y./av/. g ials pl b A glaojle 350 53 sl
oile Dbyl 50 098 o (6 xS0l IDR (4l Yo /AN PRI
dio V8 (gojl 4y Bl s 0938 45 A5 asude o3l
IDR 5YS/AV oy g bl ,0 OVEYZ )i jials cely
995
)l g plojmolbmle jlai 5l Sloj )b udos gl sadlllas 5
09958 48" u samlie (S 5l 590 (slvej ) e o IDR s
b olmls 0 )b Sl dib ¥ gojls 4 (Sl gl
oilo > cpl aSloay .S e bl OF/YYZ L IDR 3 4 03/237

4 (Slodl g 99380 b a8 Canl onds ases  Bldl g0l 5 VYFY
b o el YSIAAL IDR g VY7 lols jlaie dib V8 cojl
ol 0l Jols

IDR 403/387 |, obuls aib ¥ cojlo 1> Bl piamw (33933]
3 oVW/AYZ 1,IDR 403/297% |, Sbols aib A cojlo 3 VE/OYZ |,
Amd o LialS YY/ASZ 1 IDR ¢ 03/397 1) oluls 4ib V8 gojle
ossao 4 Canwl 04 odliio Sl w9 g5 31 lojon )y o
ol 3¢5 I IDR mals » (gspcsllas 5l oS slaglas,l o Sl
sl daled sellas 3 Sles 4l ye oligS (glaojle 5o

S 35 4ot -1
s g Sy (Sobil Jdog plsil I ey s ol

el Cawd 4y ol ¢ Sloj dou b Suelisd

5 Jsl Oielny Gk oad Shb ool (hgy sl laged anslia |y @
KVRCRRRY o) b a.)..i»@l)b slojle  olos FLER )L(wfj PSITES
ol 04 ﬁ]ﬁ 92 L)m

5 w5 Olilng ooll 2 85 lojle g sy odie Jloxign jos ) @
ool sly Bun (e o (58,5 )5 15 b g Sl b o)l
b 2UlF Ll ond 2Ll 0S5 inlng Bk o lojlo 25
Conl (glojlo & G Ban (S0 i )3 1S slag s Jood 5
2393500 33 M cpl sl oa5 o pylas Lialys el 2 &
S8 it b ojls Co gl g g 0ud @Bly 803 B0 LYY ()5
3o )8 AT )90 |y Wigm (gt L

Silopglie (slaojl 4y (10208 (slvojls (o)l JSUD i b duylio )5 @
Ol bl e ¥V B 07 g 3l odd (ilwpglie (slaojlo
gy ol pegde il ¥ glaojle j3 i cppdey LB
@ld (5ilopglie 0238 slaojls g > slaojls S5 (ad s

a1



[8] Chinju mathew, Anoop pp, An analytical study of linked
column frame system in multi story multi bay Rec
building. (2017).

[9] Shelton J, Hemalatha G, Venkatesh V. FE modelling of
RC frames with Link column Frame System under in —

plane loading. (2020).
[10] Malakoutian M, Berman JW, Dusicka P. Seismic

response evaluation of the linked column frame system.

Earthq Eng Struct Dyn. 42 (2013) 795-814.
[11] Malakoutian M, Berman JW, Dusicka P, Lopes A.

Quantification of Linked Column Frame Seismic
Performance Factors for Use in Seismic Design. J

Earthq Eng. 20 (2016) 535-558. doi:10.1080/1363246
9.2015.1104750.

[12] Gholhaki M, Forozan F, Razaifar O. Study of the
performance-based designed LCF system under far
and near earthquakes, Structural and Construction
Engineering Journal. 7 (2019).

[13] Golestani Y, Rajabi A, Rajabi Sohaili R. Seismic
sequential effect on the displacement magnification
factor of steel frames with a frame system with linked

columns, Tarbiat Modares University Publications

System. 225) (1401) (In Persian).
[14] Ezzoddin A, Kheyroddin A, Gholhaki M. Determining

the coefficient of behavior of reinforced concrete
frames reinforced with a steel-jointed column frame
system, Scientific Research Journal of Structural and

Construction Engineering. 8 (1400).

[15] Shen Y., Christopoulos C., Mansour Nabil, Tremblay R.
Seismic design and performance of steel momentresisting
frames with nonlinear replaceable links. Journal of
Structural Engineering. 137(10) (2011) 1107-1117,
DOI: 10.1061/ (ASCE) ST.1943-541X.0000359

[16] Kheyroddin A, Aramesh S. Structural resistant systems

in tall buildings, Semnan University,  second edition.

[17] Dusicka P, Lewis G. Investigation of replaceable
sacrificial steel links. Proc. 9th US Natl. 10th Can. Conf.
Earthq. Eng. 1659 (2010).

yay

4,55 |, YWAYZ IDR (5 4 03/287 Lbols ials o aib A
Ol 08/A87 ool wids V8 (cojlw 50 (ol ogdle ouiS 0

&be

[1] Dusicka P, Iwai R. Development of Linked Column
Frame System for Seismic Lateral Loads. Struct. Eng.
Res. Front.,, American Society of Civil Engineers.
(2007) 1-13.

[2] Ezzeddin A. Investigating the behavior of steel bonded
column frame system to strengthen concrete frames,
Karafan Scientific-Research Quarterly. 18(1) (1400) 78-
63 (In Persian).

[3] Salar Mariya M, Kazem, H, Akbarpour Nik Qalb A.
investigation of the effect of the height of the structure
on the changes in the behavior coefficient of the link
column frames at the performance level of the collapse
threshold, the first nationwide conference on the
central development of civil, architectural, electrical
and mechanical engineering in Iran. Gorgan, Golestan

University conference hall. (2013).

[4] JabriV, Asghari A. evaluation of seismic performance of
simple frame system with connected column, scientific-
research journal of Modares civil engineering. 19th

edition. 6 (2018).

[5] Asghari A, and Jabri. investigation of the idea of simple
frame with linked column as a steel structural system,

Iran Steel Structures Association. (2017).

[6] Moskouchi R, Hossein Chiraghi A, Gohdari Amiri G,
Darvishan A, Rajabi A. Comparison of the possible
seismic response of flexural frames and link column
frames under successive earthquakes, Amirkabir Civil

Engineering Journal. 52(2) (2019) 1-15.

[7] Tezrou J, Mohibkhah A. Evaluation of the performance
of the linked column frame (Lcf) system designed
by the displacement-based system method (general
functional criteria), the 7th National Conference of
Applied Researches in Civil Engineering, Architecture

and Urban Management.



redd gl )| Ao (] 4 digSs
M. Gholhaki, N. Taheri, Reinforcement of steel bending frame with linked beam to column
(LCF) system by nonlinear static analysis and time history analysis, Amirkabir J. Civil Eng.,
57(1) (2025) 157-198.

DOI: 10.22060/cee].2025.22689.8027

14A



https://dx.doi.org/10.22060/ceej.2025.22689.8027

