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1.lateral force resisting system
2.shear wall
3.moment resisting frame
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1.concentrically braced frames
2.eccentric brace frames
3.Gusset plate
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1.plastic deformation
2.buckling brace
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1.uplift
2.link beam
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1.1ateral stiffness
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MREF braced with the cable and central steel plate with different dimensions
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lateral displacement of joint 4 (cm)

Maximum axial force of cable AE in the cable braced frame with the steel plate (kgf)
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Displacement of joint 4 in the cable braced frame with the steel plate (cm)
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Cable Plate

Diameter Thickness PL25x25 PL30x30 PL35x35 PL40x40 PL45x45 PL50x50
t=1 429483241 4323.49978 435251414 4381.89702 4411.67209 4441 86572
D=1 t=1.5 429631687 432472109 435345130 438254616  4412.04678  4441.76632
t=2 429670605 432486162 435334345 438219211 4411.46486  4441.44242
t=1 6049.22635 6063.78344 607835239 609295024 610759519  6122.30559
D=2 t=1.5 6053.20789 6067.57110 6081.94662 609636658 6110.86173  6125.45956
t=2 605492689 6069.11814 608333764 6097.63103 6112.03816  6126.59510
=1 6589.37574  6596.54768 6603.63646 6610.65368 6617.61253  6624.52752
D=3 t=1.5 659439481 6601.35027 660820600 661498542 662171399  6628.41794
=2 6596.62958  6603.38198  6616.61019  6616.61019 662316150  6629.72000
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Maximum axial force of cable GC in the cable braced frame with the steel plate (kgf)

Cable Diameter Plate Thickness ~ PL25x25 PL30x30 PL35x35 PL40x40 PL45x45 PL50x50

=1 4300.02070  4330.18085 4360.96513 4392.39510 4424.49443 4457.28988
D=1 =1.5 4303.23710 4333.89617 4365.29700 4397.47845 4430.48327 4464.21865
=2 430535822 4336.53075 4368.58413 4401.56188 4435.51043 4470.72001
t=1 6059.54433  6075.50488 6091.75445 6108.31010 612519005 6142.41263
D=2 t=1.5 6065.25958 6081.78869 6098.74592 6116.16338 6134.07177 6152.49848
=2 606871170 608583123 6103.53340 6121.86375 6140.86196 6160.56390
=1 6607.54481 661598567 6624.61509 6633.44845 6642.49718 6651.77748
D=3 =1.5 6614.27253 662324473 6632.52799 6642.14723  6652.12922 6662.50123
=2 6618.20679 6627.72398 6637.68545 6648.13040 6659.09865 6670.62782
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Maximum axial force of cable BF in the cable braced frame with the steel plate (kgf)

Cable Diameter Plate Thickness  PL25x25  PL30>30  PL35x35  PL40x40  PL45x45 PL50x50

t=1 3.79066 3.63147 3.31230 3.31230 3.15807 3.01060
D=1 t=1.5 3.69780 3.51448 3.16193 3.16193 3.00127 2.83394
=2 3.61351 3.41284 3.04298 3.04298 2.83436 278702
t=1 2234517 2160235  20.07643  20.07643 19.31952 18.58226
D=2 t=1.5 22.03542 2119310 1951962 1951962  18.72845 17.98673
t=2 21.73955  20.82368  19.07751  19.07751 18.29391 17.85992
t=1 67.25657 6551850 61.87953  61.87953  60.00346 5810814
D=3 t=1.5 66.96639  65.03947  61.00993  61.00993  58.95533 56.90714
=2 66.58856 6449330  60.14963  60.14963 5797386 55.84063
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Maximum axial force of cable HD in the cable braced frame with the steel plate (kgf)

Cable Diameter  Plate Thickness  PL25x25  PL30x30 PL35x35 PL40x40 PL45x45  PL50%50

t=1 464883 471588 483001  5.00605  5.26829 5.65770
D=1 t=1.5 4.86154  5.05946 537578 587856  6.71931 9.18468
=2 510570 548548 612719 737391 10.41133  13.34234
=1 29.54980  29.75215 30.13769 30.73050 31.55969  32.65985
D=2 t=1.5 30.49397 31.16732 32.17037 33.55958 3540204 37.76897
=2 31.46970 32.66876 3437398 3670001 39.73069  43.46952
t=1 83.98229 8338121 82.96903 82.75866 82.76477  83.00355
D=3 t=1.5 85.27626 8517562 85.38484 8593076 86.84274  88.15128
=2 86.47115  86.89451 87.76428 89.11856 91.00791  93.47429

DOB-Y) IS 30 (610Kl bl p (ol (G955 Jlo! 51wy HD J1S 35 o0 oloxs| (6590 (59 g5 S Taz> (3-1-Y) Jgu

46

YA



lo (S Gz ol yo [Vl oy b olo sl o)) (5late 53 $3Y58 sl S 3,05 (b)) & b
)l oslazwl 0450 § 6L o)L\i’:‘ QLQ.,.}L.: o J.:lf )| oolaw! suxie o)|9.o 9 03 UL“" J.:lf )‘ oolazw! Lsu),o 9
ooliiul 0 lge 3l el oo pu 125 b o5l sl o)) (g5t plmil e § il )b sla Ll sl ]
3leslaiwl 635 yo dilginl b (g 000 (LI o lpe (lgie 4y oolainl 4y lgs o o ol Cogas jo LIS
sl @ oslitul g (i (63l gamliind (Silite « s (Lhp (Glate By (phed il o SIS
C)'b GO PR WP K uLm.t \a-y) Jiw 39 6)5).0 44‘9.“»1 l.s ‘_A)ls M)Le(c (omtiind O 33 ral.a ‘5»4).' )‘ﬁb
allgil 5 05 algsl Sl (gl )T Qe iimg i o503 5 (635 p0 gl b LS oty los pinns SIS

ol 0 08ls yLis (YV-Y) 5 (Y--Y) IS5 0 o

[V] (35 yo ailgins! b (oS 0y Lo pitmmpns (VA-Y) JSC

h,
I" ‘
h, L) wire rope
cylindrical
m J wr
(a) Dimensions. (b) Deformation at § = 4.

(V1555 0 ailgiant b (lS i laen imns (S 500 (14-T) JSs

1.seismic improvement

Y4



\\.

higystifiness pipe

bare frame 7 >
g low-sufincss pipe
- - -

l" O 0 )

(a) Low-stiffness pipe (b) High stiffness pipe
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Abstract

Due to the growing importance of construction in human societies, various statutes have been
developed and presented to build a safe and practical structure. providing these laws is mainly
based on the results of the latest information obtained from analytical, laboratory, and statistical
methods. because of the increasing population, structures with a basic formation are being
changed into massive structures. simultaneously, design statutes are also developing quickly.
In our country, according to the present conditions and requirements, the construction
instructions are changing fast as well. Articles 9 and 6 of the National Building Code and
Standard No. 2800 are among the regulations that have been amended. Changes in building
regulations have increased lateral loads on structures. As a result, it is necessary to reinforce
some old concrete buildings. On the other hand, Weaknesses are seen in the implementation
and execution of conventional retrofitting methods. In this research, the effect of using steel
cables as braces in concrete structures has been investigated with the aim of increasing the
efficiency of the lateral bearing system, eliminating some of the weaknesses of conventional
methods, and presenting a new method in the field of reinforcing the concrete buildings. The
advantages of this method include improving the performance of the structure during
earthquakes, reducing the seismic weight of the structure, no buckling of cables, reducing
human error during execution, high execution speed, very good corrosion resistance, and very
high tensile strength of the cable. In this research, a convergent cable bracing with a central
steel plate has been utilized to reinforce short, medium, and large old concrete constructions.
Appropriate amounts of retraction force, cable diameters, and the appropriate thickness of the
steel plate have been investigated as well. According to the results, the reinforcement of
concrete structures with convergent cable bracing with a central plate on 12-storey buildings
with cable diameter and plate thickness of 2 cm and retraction force of 0.31 cable capacity, had
very high efficiency. Also, implementation of this type of reinforcement on 8-storey buildings
with the cable diameter of 2 or 3 cm and plate thickness of 3 cm and retraction force of 0.29
cable capacity, and on 3-storey buildings with the cable diameter of 3 cm and plate thickness
2 or 3 cm and retraction force of 0.27 cable capacity was observed to be a very high and good
performance, respectively.

Retrofit of reinforced concrete buildings, Convergent cable bracing, Central steel plate,
Appropriate retraction force
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