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Abstract
Due to several reasons as the low resistance of constructed concrete and also change in codes or application of structures, 
some concrete frames need to be retrofitted. By adding the steel brace to the reinforced concrete, many seismic parameters 
such as resistance, ductility, stiffness and the resistance reduction coefficient change. This study experimentally investigates 
the impact of adding the prop, the convergent steel brace and also the convergent steel brace with a ductile ring on resistance, 
stiffness, ductility and energy dissipation of RC frames. Four samples of RC frames with one span and one story with the 
same characteristics were constructed and retrofitted by different methods. All frames were subjected to the cyclic loading, 
and the hysteresis and pushover-displacement graphs of them were plotted. The novelty of the work was using such braces 
in RC frames. The results obtained from the tests showed that although the frame retrofitted by the X-brace showed a better 
performance in terms of resistance and stiffness, but the retrofitted frame with a ring also showed a better behavior in terms 
of resistance and stiffness compared to the RC frame and the sample with the jacket as well as compared to the sample with 
the X-brace showed more ductility and energy dissipation (with a slight reduction in resistance).

Keywords  RC moment resisting frame · Retrofitting · X steel brace · Ductile ring · Steel jacket · Hysteresis

1  Introduction

There are several reasons for retrofitting the RC buildings 
such as a change in guidelines, change in the use of build-
ings, the addition of floors to buildings or the low strength 
of concrete which can be motivated by guidelines evolution 
or revision. These structures need to adapt themselves to 
new demands or guidelines. Different parameters should be 
evaluated for retrofitting these structures. So far, many meth-
ods have been investigated for the strengthening of struc-
tural members [8, 19] and many models were presented by 
researchers for predicting the behavior of strengthened mem-
bers [17, 21, 12]. Different guidelines like ASCE 7-05 are 
available for this purpose [2]. The design guidelines address 
some specifications and parameters of steel frames by the 

engineering judgment and non-linear analyzes. However, 
these analyzes are very difficult, especially at the contact 
part of elements between concrete and steel. Advantages 
such as very high energy dissipation capability and lateral 
elastic stiffness, as well as appropriate ductility have made 
the steel shear wall a suitable lateral load bearing system. 
Compared to the reinforced concrete shear wall, the steel 
shear wall is substantially lighter and provides the user with 
more space due to its very small thickness. The steel shear 
wall functions similarly to a vertically placed plate girder. 
Videlicet, the beams act as stiffeners, the columns as the 
flanges, and the steel plate as the web of the plate girder. 
The basis for the usage of steel shear walls without stiffen-
ers is to utilize the diagonal tensile field, which is created 
after the steel plate buckles. The phenomenon of diagonal 
buckling and its employment in the steel shear wall was first 
proposed in the 80’s.

In recent years, many studies have been conducted on ret-
rofitting RC buildings with steel elements. In 1980, Sugana 
and Fujimara experimentally conducted some studies in the 
field of using the external brace on a few samples and com-
pared them with masonry and concrete frames and obtained 
satisfactory results on stiffness and energy dissipation. They 
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also used this method to retrofit a school in Japan [15]. In 
1981, Higasho et al. conducted a study on the application of 
convergent and out-of-center frames. The results indicated 
the possibility of the effective use of this retrofitting method 
[9]. In 1990, Gul and Lee experimentally studied the seismic 
retrofitting of RC structures using the ductile steel bracing 
system. The results showed that the retrofitted frame under 
the cyclic displacements has a good ductility and energy 
dissipation [7]. In 1991, Weilly et al. presented a report on 
retrofitting the RC building of the Berkeley University Hall 
in California with steel bracing. The method used in this 
project is using the steel frame braced in RC frames. In this 
report, it is clarified that the used steel bracing system is 
the most cost-effective method for retrofitting [18]. In 2007, 
Youssef et al. by conducting two cyclic loading tests evalu-
ated the impact of using the steel brace on a moment frame 
and a frame with an X-brace. The results showed that com-
pared to the moment frame, the braced frame has a more 
resistance, adequate ductility and an acceptable seismic 
performance in general [22]. Saeid and Nahdi provided a 
method entitled “local bracing system” for retrofitting RC 
connections. They prepared two samples of RC, which one 
of them as the reference sample and the other one as the ret-
rofitted sample were subjected under the quasi-static cyclic 
loading. They studied and compared their behaviors. Their 
study showed the improvement of the general performance 
of the retrofitted connection compared to the reference con-
nection [13]. Sharbatdar, Kheyredin, Emami, by providing 
a modern method using the steel jacket and the steel bracket 
tried to retrofit some connections which had been defected 
in terms of resistance due to the elimination a part of the 
beam height. In their study, first by preparing two connection 
samples with the scale of 1/2 with different beam heights 
(15 cm and 20 cm) investigated the impact of the reduction 
of the beam height on stiffness and energy absorption. Then, 
by applying the introduced method they retrofitted the men-
tioned connections after the test and the initial loading. The 
results of this retrofitting indicated increasing of resistance, 
local ductility, energy absorption and decreasing of stiffness 
drop and narrowing the hysteresis loops. Another result of 
this study is the shift of the plastic hinge in the RC beam 
from the edge of the beam-column connection to the top 
edge of the beam drop box. Furthermore, in this method the 
vertical displacement of the beam is also controlled using 
the bracket in the service state, however during the cyclic 
loading of the earthquake causes to improve the seismic 
factors and consequently the better performance of the RC 
frame against the loads caused by the impact of earthquake 
[14]. In the form of a paper, Kheyroddin investigated the 
hybrid behavior of the shear wall and the steel frame and 
the braces areas effects on the RC structure behavior and 
the percent of absorbed shear and the lateral displacement 
of the structure. For this purpose, a ten-storey RC structure 

subjected to vertical and earthquake forces was designed 
and analyzed. In the first stage, a single moment frame, in 
the second stage the frame and the shear wall, in the third 
stage the frame with the shear wall and the steel brace and 
in the fourth stage the RC frame with the steel brace were 
studied. The results show that if in a RC structure which 
has a moment frame and a shear wall and also retrofitted by 
the steel brace, the lateral displacement exceeds from the 
allowable limit the braces area can be somehow effective 
and after that, it does not have a significant impact of the 
structure behavior. By increasing the braces area, the shear 
absorption by the frame decreases and after a specified limit 
the braces do not have any contribution in the shear absorp-
tion of earthquake. The behavior of the brace and the frame 
in the lower and middle floors are almost the same. The 
comparison of two moment frame systems with and without 
braces shows that using the steel brace decreases the lateral 
displacement of the structure down to 50 percent [10]. There 
were other studies using steel bracing as a technique for ret-
rofitting RC frames in recent years [5, 16, 20].

As discussed, many studies have been conducted on 
retrofitting RC frames with steel elements to enhance the 
performance of these braces such as resistance increasing, 
ductility and energy absorption. However, nothing has been 
done in applying the ductile ring at the corner of the brace 
connection to the RC frame and compare this sample with 
various states, so far. In this regard, four experimental sam-
ples including the RC frame, the RC frame with jackets, the 
RC frame braced with the convergent X-brace, and the RC 
frame with the convergent X-brace with ductile rings at the 
bottom corner were constructed. These samples were sub-
jected to the static cyclic loading up to collapse. Based on 
the hysteresis diagrams of force–displacement of the frames, 
different parameters including resistance, stiffness, energy 
dissipation and ductility were evaluated and compared.

2 � Test samples and setup

The reference sample is the RC frame shown in Fig. 1. 
The distance between the columns of the experimental 
rigid frame is 300 cm from each other, and the height of 
the rigid frame is about 210 cm. Thus, by considering 
the length required for applying the load by the jack on 
both sides and also the suitable distance for the cyclic 
displacement of frames, the length span of the frame was 
considered 160 cm. Also, the frame height plus the foun-
dations was considered equal to 140 cm. The foundations 
of all frames were constructed in the form of a strip, and 
the space between the foundations and the experimental 
rigid frames were filled by steel plates to avoid from any 
movement, displacement, and uplift of the foundation dur-
ing the test. Also, to make the test frame close to the actual 
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structure and create the fixed condition for the support, the 
foundation was attached to the rigid floor of the laboratory 
through some rods. The beams with the height of 15 cm 
and the width of 20 cm and the columns with a square 
cross-section with a width of 20 cm were selected. The 
concrete cover was considered equal to 2.5 cm. For the 
column reinforcing bars, the minimum value of the code 
equal to 1 percent is used, and four reinforcing bars with 
a diameter of 12 mm were considered for the columns. 
For the beam reinforcing bars, two bars with a diameter 
of 8 mm at the top and two bars with a diameter of 10 mm 
at the bottom were used, so that the ratio of the beam 
bars are equal to 0.0085 which met the minimum (0.0035) 

and maximum (0.025) values of the guidelines (National 
Building Regulation of Iran [4]). The stirrup placement in 
the beam and the column was performed compressively 
to avoid from shear damages in the samples. For stirrups, 
bars with a diameter of 6 mm were used.

Four samples similar to Fig. 1 were constructed. The con-
crete specifications and the bar mesh for these samples are 
similar. There of these frames were retrofitted with different 
methods shown in the Fig. 2. The naming of the samples is 
as follows:

Specimen 1	� Un-retrofitted RC moment resisting frame 
(MRF)

Fig. 1   a The reference moment resisting frame and b frame reinforce-
ment Fig. 2   Specimens 2, 3 and 4
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Specimen 2	� RC moment resisting frame retrofitted with 
steel jacket (MRF-J)

Specimen 3	� RC moment resisting frame retrofitted with 
concentric X brace (MRF-X)

Specimen 4	� RC moment resisting frame retrofitted with 
concentric X brace along with steel ductile 
ring (MRF-X-R)

For connection, the steel brace to the RC frame, two meth-
ods including direct and indirect can be used. The direct 
method is used in this test. For welding, the steel brace to 
the corner connection plate, the steel jackets around the beam 
and the column are used. Also, for further investigation of the 
impact of steel jackets, only one frame is equipped with the 
steel jacket to see its impact on the frame behavior.

Also, for the sample MRF-X-R in which the steel ductile 
ring has been used, two rings without a gap with a length of 
8 cm and a thickness of 8 mm (outer diameter = 114 mm, inner 
diameter = 98 mm) were welded at the bottom of the brace at 
the connection point to the corner plate. The first note that 
should be mentioned is the diameter and the thickness of the 
ring. Based on this fact that using this ring in the sample is for 
increasing ductility and avoiding from the brace buckling, the 
ring should be ruptured along the weld line and not along its 
line or another line [according to the previous studies noted in 
the followings (Fig. 3 and Eq. 1)] before the brace is buckled.

Mp : plastic moment of ring, L: length of ring, R: ring radius, 
�y : yield stress.

Also a LVDT was used on the rings that is shown in 
Fig. 4.

(1)

2MP =

P ⋅ R

2
→ P =

4MP

R

MP =

t2l�y

4

P =

t2l�y

R
,

A 3*3*0.3 cm double angle with a 3.48 cm2 was used for 
X brace. For the corner connection plate, the middle plate, 
the brace belts and steel jacket plates around the column and 
the beam, plates a thickness of 1 cm were used (shown in 
Fig. 5). All plates were made of ST37 steel. The thickness 
and the dimension of the plates were calculated by manual 
and software analyzes.

The steels used in this study are categorized into three 
groups:

1.	 The bars used in the RC frame,
2.	 The angles used for X-brace,
3.	 Steel plates used for the column and beam steel jackets 

and the brace corner connections.

In order to determine the bars specifications, one sample 
from bars 8 and 10 and two samples from bar 12 with suit-
able length were taken and using the SANTAM STM-400 
device with the capacity of 400 kN were subjected to the 
tensile test in the material laboratory of Semnan University. 
The results are listed in the Table 1. 

In order to determine the angle specifications, due to the 
inappropriate section of the angle for the test device, first 
apart from one side of the angle was cut to create a belt, then 
using a pattern available for testing the steel belt it should be 
turned. The steel belt prepared for the tensile test is shown 
in Fig. 6 and the results are shown in Table 2.

In order to determine the specifications of the concrete used 
in the experimental samples, four concrete samples were taken 
from each concreting and were tested before the frame test. To 
this end, the standard cylindrical samples of section 9 of the 
National Building Regulations [4] with a diameter of 15 cm 
and a height of 30 cm and also 10*10*10 cubic samples were 
used (that is shown in Fig. 7). After 28 days, the compressive 
strength test was conducted on the cylindrical and cubic sam-
ples, and the mean strength of 24.8 MPa was obtained.

Two compressive hydraulic jacks were used in both sides 
and at the top of the frames so that when one jack in one side 
is pushing, the other jack is in the discharge mode and vice 
versa. Also, ATC-24 [3] is used for the applied displace-
ments in these tests.

Fig. 3   Steel ring loading and place of plastic hinge formation [1] Fig. 4   LVDT on the ring
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3 � Load apply, increasing the number 
and width of cracks and test results

The hysteresis diagram of force–displacement and the pro-
gression of the MRF sample crack in different cycles are 
shown in Fig. 8. The first crack occurred in the 2.4 mm 
displacement in the 0.24% drift (the distance of the load 

applied to the column base was 1000 mm) at the location 
of the beam-column connection, and in the 0.5% drift, 
some cracks were appeared at the column base. Also, in 
the 1% drift, the first plastic hinge occurred in the bars 
of the right side column. By increasing the loading, new 
cracks were appeared and the depth of the previous cracks 
increased. Then, in the right side loading and the 4% drift, 

Fig. 5   Details of RC frame, brace and curb

Table 1   The results of the tensile test for bars in specimens 1–4

Specifications

Test name Test mode Sec. area (mm2) Gauge 
Len 
(mm)

1 r12.ttd Tensile 113 120
2 r12-f.ttd Tensile 113 240
3 R8.ttd Tensile 50.3 160
4 r10.ttd Tensile 78.5 200

Results

Peak stress (kg/mm2) Break strain (%) Yeild stress 
(kg/mm2)

r12: 1 73.46034 36.6561 55.77838
r12-f: 2 73.53071 20.2809 56.29108
R8: 3 54.31428 38.6303 36.97167
r10: 4 69.17158 22.6947 42.49289
Delta 19.21643 18.3494 19.31941
SD 7.881872 8.15259 8.383664
Mean 67.61923 29.5655 47.8835
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the sample bore the maximum force equal to 72 kN, and 
after that, the bearing capacity decreased. Also, in the 
left side loading and the 3% drift, the sample bore the 
maximum force equal to 86 kN, and after that, the bearing 
capacity decreased. After the graph drops down to 85% of 
the maximum force in the 4% drift, the test did not stop 
and continued in a cyclic form until the 10% drift. The 
reason for the continuation of the test was the observation 
of the frame behavior in very high drifts and the observa-
tion of concrete crushing.

The hysteresis diagram of force–displacement and the 
progression of the MRF-J sample crack in different cycles 
are shown in Fig. 9. By continuing this process until the 
0.5% drift, no cracks were observed. That could be due to 
this reason that the initial cracks were covered by the steel 
jackets and were not observable. Based on the strain gauges 
results, the first plastic hinge was formed in the top bar of 
the beam at the connection point to the right side column. 
By finishing the 1% drift, the first cracks were seen in the 
panel zone. By continuing the loading until the 2% drift, 
new cracks appeared in the panel zone and the previous 
ones got wider and the frame recorded the maximum force 

borne equal to 72.01 kN and after that the bearing capacity 
of the frame decreased. In this test, due to the presence of 
the steel jackets, the shear stress applied to the panel zone 
increased, and the panel zone was not able to bear the forces, 
and the plastic hinge occurred in the panel zone instead of 
the beams, and it also led to decrease the early force of the 
sample. After the graph drops down to 85% of the maximum 
force in the 5% drift, the experiment did not stop and con-
tinued until the 10% drift in the form of cyclic. The reason 
for the continuation of the test was the observation of the 
frame behavior in very high drifts and the observation of 
concrete crushing.

The hysteresis diagram of force–displacement and the 
progression of the MRF-X sample crack in different cycles 
are shown in Fig. 10. In this sample, the first crack occurs 
in the 0.25% drift in the left-hand panel zone subjected 
to the force of 46 kN and the displacement of 1.3 mm. 
Also, in the 0.5 drift the first crack of the column is cre-
ated in the 0.5% drift at the base of the right side column 
subjected the force of 63.5 kN and the displacement of 
2.06 mm. In the 1% drift, a diagonal crack was appeared 

Fig. 6   The steel belt prepared for the tensile test

Table 2   The results of the tensile test for steel belt

Elastic module (10, 50) as long of Peak = 183,496.4 MPa

Sample ID a1 Tensile test
Section type Rectangular
Thickness 3 (mm)
Width 12.5 (mm)
Gauge length 50 (mm)
Speed 10 (mm/min)

Results
Force (N) Extension (mm) Stress (MPa) Elongation (%) Elong Aft. Brk (%) Module (MPa) Energy (J) Time (Min)

Peak 22,955 6.828 612.1334 13.656 13.32062 4482.523 142.5 k 1:4.73
Break 5386 9.53 143.6267 19.06 18.97931 753.5504 200.7 k 1:20.27
Yield 16,314 0.217 435.04 0.434 0.2 100,239.6 2552.755 0:0.00

Fig. 7   Two compressive hydraulic jacks
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from the steel jacket edge in the left column. In the 2% 
drift, the number of cracks and the width of the previous 
cracks increase. In the 3% drift, the frame bears a force 
equal to 255 kN, and no sign of buckling or yield is seen 
in the braces. Due to the limitation of loading by one of 
the jacks, the loading process continues unilaterally to the 
left side. By continuing the loading until the 4% drift, in 
the displacement of 39 mm and the force of 270 kN, the 
compressive brace buckled out-of-plane, and subsequently 
the tensile brace was ruptured. By continuing the loading 

until the 6% drift, the shear cracks in the column and at 
the edge of the steel jacket got bigger, and the crack at the 
steel jacket edge in the beam was also progressed. In the 
8% drift, the left column is diagonally cracked, and the 
shear destruction occurs along the jacket.

As seen in the previous sample, due to the use of the 
convergent X-brace the force borne by the frame signifi-
cantly increased. Now, the hysteresis diagram of force–dis-
placement and the crack progression of the MRF-X-R 
sample in different cycles are shown in Fig. 11. In this 

Fig. 8   The obtained results and 
the failure of the (MRF) speci-
men a the hysteresis diagram 
b condition of the frame at the 
end of loading c 0.25% of drift 
d 0.5% of drift e 4% of drift
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sample, two rings without a gap with a length of 8 cm 
and a thickness of 8 mm (outer diameter = 114 mm, inner 
diameter = 98 mm) were used at the bottom of the brace at 
the connection point to the corner plate. In the 0.5% drift 
and under the load of 89.518 kN and the displacement of 
3.285 mm the first crack occurs in the left panel zone. In 

the 1% drift, some cracks are created in the panel zone and 
the right column. Then, in the 1.5% drift and under the 
force of 183.203 kN and the displacement of 12.46 mm, 
the ring that is in the pressure is accumulated, and the ten-
sile ring becomes an open oval (the rings are deformed). 
From this time, LVDT is installed on the rings to see the 

Fig. 9   The obtained results and 
the failure of the (MRF-J) speci-
men a the hysteresis diagram 
b condition of the frame at the 
end of loading c 1% of drift d 
2% of drift
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collapsing and opening of the rings. Subsequently, in 
the final cycle and the 1.5% drift and under the force of 
200.04 kN and the displacement of 14.925 mm a crack 
was appeared along the weld line in the ring and the rings 
are plastic deformed. Then, in the 3% drift the ring under 
pressure is ruptured under the force of 104.688 kN and the 
displacement of 12.62 mm and the frame bearing capacity 
decreases. By continuing this loading, this ring is ruptured 
from the opposite side of the previous cut and along the 

weld line and when the loading direction changes and the 
other ring is placed under the tension (at the same 3% 
drift) the ring is ruptured approximately simultaneously 
from both sides under a load of 108.667 kN and a dis-
placement of 21.725 mm. The interesting note about the 
rings is that since the left or right loading engages two cut 
rings, in the loading helps the RC frame. In the 4% drift, 
a deep crack was appeared near the steel jacket at the base 
of the left column and the previous cracks get wider. In the 

Fig. 10   The obtained results and the failure of the (MRF-X) specimen a the hysteresis diagram b condition of the frame at the end of loading c 
0.25% of drift d 0.5% of drift e 1% of drift f buckling of compressive brace in 4% of drift g rupturing of tensile brace in 4% of drift
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followings, until the 8% drift and the complete overturn-
ing, the sample is subjected to the loading.

As shown above, in the final sample the brace remains 
almost intact, and the rings act as a fuse. If we want to 
explain the last sample, in summary, we should say that first, 
the rings became the bending plastic hinge. Then, the base 
of the left column became the shear joint, and after that, the 
right column base and subsequently the base of the left steel 
jacket were destroyed by shear.

4 � Examination and evaluation of samples

In this section, based on the results obtained from the experi-
ments, the strength, ductility, and degradation of the lateral 
hardness of all samples were calculated and compared with 
each other.

Fig. 11   The obtained results and the failure of the (MRF-X-R) speci-
men a the hysteresis diagram b condition of the frame at the end of 
loading c 0.5% of drift d the ring was compressed in 1.5% of drift e 

elongation of the ring in 1.5% of drift f rupturing of the rings in 3% 
of drift g engaging two cut rings after rupturing h 4% of drift
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5 � Resistance

The push diagram of four samples is shown in Fig. 12. As 
shown, the maximum borne for the MRF-X sample was 270 
kN which was 3.12 times the reference sample. Also, for the 
MRF-X-R and MRF-J samples, it was 2.51 and 0.83 times 
the reference sample, respectively.

6 � Ductility

Ductility is one of the most important parameters for seis-
mic evaluation of a structure. To obtain the ductility, using 
the push diagram for determining the force and the yield 
displacement is accompanied by some difficulties. This dif-
ficulty is due to this fact that the push diagram does not have 
a certain yield point. The yield point in the push diagram 
is not clear, and it is due to several factors including the 
non-linear behavior of the material and starting the yield 
in different parts of the structure in different levels due to 
the indeterminacy of the structure and re-distribution of 
forces [11]. For this purpose, the idealized bilinear diagram 
is used. Different definitions provided for drawing the ide-
alized bilinear diagram for obtaining the yield location of 
structures. In this study, the method provided in Fig. 13 is 
used. In this method, the bilinear diagram is drawn so that 
the energy absorption level (the surrounded area) be the 
same in both diagrams.

In this method, a line parallel to the horizontal axis is 
drawn from the maximum force of the structure, then the 
line of the elastic part of the structure is drawn from the 
beginning of the coordinate axis to intersect the line of the 
maximum force. The enclosed area between two actual and 
ideal diagrams (energy absorption level) should be equal 
to each other to be representative of the actual diagram of 
the structure (FEMA-451 [6]). The results obtained from 
the bilinear diagram of the test frames are listed in Table 3.

In the above table, � =
u

y
 and Pu = 0.85 Pmax . The differ-

ence between the results in two directions of go and back is 
due to operational problems and laboratory conditions. For 

the MRF-X sample, before the frame reaches to its maxi-
mum force in the right side, the loading stops on the right 
side, and the test continues unilaterally. Therefore, the values 
of the MRF-X sample in the right direction cannot be 
detected.

7 � Deterioration of lateral stiffness

For each sample, the lateral stiffness level is calculated in 
each drift. The calculation trend of stiffness is by dividing 
the maximum force of each cycle to its corresponding dis-
placement and is consecutively calculated for each drift. By 
progress during the experiment, the lateral stiffness of the 
frame decreases as shown in Fig. 14.

Adding the brace to the RC frame in the MRF-X sample 
increases the initial stiffness of the frame about 6.7 times, 
which is a significant value. In the MRF-X diagram, in the 
relative displacement of 40 mm, a severe drop is seen which 
is the buckling moment of the brace. At the time of remov-
ing the brace from the lateral resistance system, the stiffness 
of the MRF-X-R sample is a slightly more than the MRF 
sample and after that continues with a constant value. This 
excessive stiffness is due to the performance of the corner 
connection plates as well as the buckled brace member. 
In the MRF-X-R sample, the initial stiffness value is 5.35 
times the reference sample stiffness which according to the 
more ductility than the MRF-X sample it has an accept-
able stiffness. For the MRF-J sample, the frame stiffness 
is also 1.76 times the reference sample due to the accept-
able performance of steel jackets and the stick and grout 
between them with concrete. Thus, using the steel jackets in 
this method can be assured about the complete involvement 
of steel jackets. The lateral stiffness of the MRF-J sample 
until the relative displacement of 20 mm is more than the 

Fig. 12   The push diagram of four samples

Fig. 13   The idealized bilinear diagram
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reference frame, and after that, they are equal to each other, 
and it indicates the frame stiffness increase in initial dis-
placements by the steel jacket.

8 � Conclusions

In the MRF-X sample in which the RC frame was retrofit-
ted using the convergent steel X-brace, the frame capacity 
was increased about 3.12 times which brought a satisfac-
tory result for increasing the lateral capacity. The destruc-
tion trend of this sample is so that the brace under the com-
pressive force buckled out-of-plane and subsequently the 
tensile brace was ruptured. By continuing the loading after 
removing the steel brace from the system, shear cracks were 
formed in columns and caused to rupture the RC frame.

Using the steel jacket around beams and columns method 
for brace connection in RC structures is a suitable method, 
and the complete capacity of braces can be used.

Shear cracks created at the edge of steel jackets indicate 
a high shear force transmitted by the steel jacket to the col-
umn. To prevent early damage to columns and to increase 

the frame bearing capacity, it is best to cover the columns 
during using them.

For using the steel jacket, the panel zone should be inves-
tigated whether the shear forces applied by the crown are 
bearable for it. Otherwise, using the steel jacket causes to 
form plastic hinges in the panel zone.

To increase the strength and the lateral stiffness of the 
structure, using convergent steel braces is an effective 
method. However, they are not efficient enough to obtain 
ductility. However, on the contrary, by using ductile rings 
without gaps in braces (sample MRF-X-R) the ductility can 
increase.

After completing the test related to the MRF-X-R sample, 
it was seen that braces remained intact and only rings were 
ruptured. In other words, rings were acted as fuses which 
are simply replaceable.
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