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Abstract 

 

Bracing systems [BS] have been widely adopted as the primary lateral 

load resisting system in medium and high-rise buildings due to their 

inherent substantial lateral stiffness and load resistance, and it is 

considered the most effective method for fusing existing RC structures. 

Therefore, the seismic response of steel braced frames [SBF] with 

bracing members connected to the columns had been explored for a 

moment-resisting frame [MRF]. And different configurations of BS had 

been investigated to study their effects on lateral load resistance and get 

the optimized bracing configurations. Moreover, the study doesn’t take 

into consideration only the BS over the height of the building, but it also 

reduces the length of the bracing element by adding many bracing 

panels over the height of stories which can lead to an increase in the 

resistance of seismic loading. The bracing panels can be an effective 

technique in dealing with the architects' constraints. Therefore, smaller 

brace components can be chosen for studying to avoid the architect’s 

constraints and create different configurations while still meeting code 

criteria for brace strength and overall slenderness. The earthquake 

behavior of the retrofitted structure was analyzed by distributing the SB 

of various types (X, V inverted) over the height of the RC frame. The 

results demonstrate that the smaller brace components for X & V 

inverted bracing can contribute to reducing the lateral displacement and 

maximum story drift. 

Keywords 
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spectrum, Retrofitting, MRF. 

 

 

 

1. Introduction  

 

Structures intended to endure moderate and regular earthquakes are essential to be stiff and strong to 

limit displacement and prevent any potential damage. And it is ideal to design a structural system that 

combines stiffness and ductility in the utmost efficient way possible while keeping costs down. So, 

the designers are concerned with developing the structures' seismic behaviours in different manners. 

Two main retrofitting methods have been devised to improve the seismic performance of existing 
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construction buildings; the first is the addition of extra structural components, such as shear walls 

[SW] or steel braces [SB] and, the other is selective reinforcing of structural elements that are 

insufficient by means of concrete or steel jackets, as well as fibre-reinforced polymers [1], [2]. 

Traditional shear resisting materials such as concrete and masonry SW, or SB systems are an 

intriguing option due to their low cost and ease of construction. Therefore, SW or SB is commonly 

employed to raise the lateral load resistance of framed structures. Furthermore, there are numerous 

advantages to the usage of SB technique for RC frame seismic rehabilitation; including the capacity 

to accommodate openings, low added weight to the structure, and the capability to create external 

steel systems with minimal disturbance to the building's function and occupants [3]. 

The major technique to achieve the protection of structures against earthquakes is to renovate existing 

buildings to improve seismic performance. It can be achieved by numerous systems, such as adding 

SB with different patterns of concentricity and eccentrically. On the other hand, the diagonal bracing 

[DB] is naturally obstructive to the architectural layout. But it can cause issues with the management 

of interior space and traffic, as well as the place of window and door openings. Consequently, 

engineers usually focus on a V-inverted construction and BS with restricted height which provide an 

aperture in the middle of the story. Also, they are favored by architects over the concentrically braced 

system. So, the research's major purpose is to look at systems for improving the seismic behaviour of 

RC moment-resisting frames which can be accomplished by applying several types of bracing 

modelling (X, V inverted) over the RC frame height.  

Unless some limits such as installing windows are considered, a bracing technique based on the whole 

structure is more appropriate [4]. In addition, a lot of studies have neglected the architectural 

constraints for the erection of the BS. Therefore, the study does not take into consideration only the 

BS over the height of the building, but it also reduces the length of the bracing element by adding 

many bracing panels over the height of stories which can lead to an increase in the resistance of 

seismic loading. The bracing panels can be an effective technique in dealing with the architects' 

constraints. Fig.3 shows the bracing panels for the cases of studies. Finite element programs are 

employed in modern structural design. Such programs are forceful and can be used to model 

structures in detail. However, it is well known that the correctness of FE-modelling outcomes is 

reliant on the inputs used to describe the model. In this research, ETABS 2018(CSI 2018) has been 

utilized to model and analyse all structures. And the essential metrics for comparing are lateral 

displacement [LD], story drift [SD], base shear[Q], and overturning moment [OM] in seismic 

analyses of RC frames. 

 

 

2. Literature review 

 

Existing reinforced concrete (RC) frame constructions with non-ductile details pose a significant risk 

during earthquakes. Therefore, most structural designers are still studying seismic retrofitting of 

structures taking into account the technical and economic aspects [5]. Moreover, by noticing the latest 

earthquakes which occurred in Mexico in 1985 and 1999 in Turkey the researchers have observed 

inadequate transverse reinforcement in beams, columns, and a lack of confinement of the column lap 

splice area. In addition, all the previous factors have been contributing to the brittle behaviour of RC 

frames which may be accountable for the utmost numbers of the fatalities [3]. On the other hand, 

adding SB to masonry infill RC buildings is a cost-effective technique and an effective tool for 

increasing the strength of soft story. In other words, the additional BS provides the soft story with the 

necessary rigidity [6]. It is obvious that X-DB hinders the vehicles and mobility, particularly in 

developing countries where the areas are limited, and the parking space on the first floor is the only 
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option [7]. As a result, in the midst of numerous types of bracing, several researchers have 

investigated the X-DB for strengthening weak or soft-story building [8], [9]. Since 1930, eccentric 

bracing has been utilized in steel constructions where in architectural purposes it has been used 

frequently since 1970. Following that, eccentric bracing has been examined and added to steel 

constructions as a structural element. In addition, this BS is favored over other bracing systems in 

steel constructions because of its high lateral stiffness, and sufficient ductility [10]. Many 

investigators have studied the application of concentric and eccentric bracing in concrete frames since 

1981[11],[3],[12],[5],[13],[14],[4] and [15]. 

Over the past three decades, several types of SB have been used to boost the seismic capabilities of 

RC frames and they have been converted into a major study. Also, the BS are categorized into two 

categories: exterior bracing and interior bracing. External bracing consists of SB system that is 

permanently linked to the side of the RC frame [RCF]. The drawbacks of BS are architectural 

problems and proper connections between SB and RC frame. The BS is positioned by an internal 

bracing technique within the separate bays of RCF. And it can be directly or indirectly connected to 

the frame system. Furthermore, in the case of indirect connection, the load transfer from SB to the 

concrete frame, is accomplished indirectly through the steel frame. Nevertheless, the direct 

connection between BS and RC frame has been created with a quantifier connection between them 

which led to less interference with RCF. And, this direct connection is easier and cheaper in 

comparison with the other type [16]. Abou-Elfath and Ghobarah looked at how low-rise RC frames 

have performed before and after they were upgraded with direct SB [17] and [3]. 

The seismic assessment in RC buildings retrofitted with SB frames has been studied by Vahedi, and 

his results have shown that premature shear and/or axial failures of RC columns are more likely to 

occur in non-retrofitted due to a lack of required ductility. In addition, it was discovered that the axial 

and shear forces in the boundary RC columns, as well as the SB slenderness ratios, are the key 

elements that determine the seismic reactions of structures retrofitted with SBF [18]. And, Kaveh 

demonstrated that the zipper bracing added to reinforced RC constructions improves performance 

and stiffness without the need to reinforce the beams and columns [19]. The DB is naturally 

obstructive to the architectural layout, causing issues with internal space and traffic management, as 

well as the position of openings. Therefore, the designers are concentrating on V-inverted structures 

which provide an aperture in the middle of the story. Therefore, they are favored by architects over 

the concentrically braced option.  

 

 

3. Mathematical modelling 

 

3.1. The numerical modelling of MRF: 

 

Three structural models have been examined at different heights [four, eight, twelve stories]. And the 

moment-resisting frame models have been created from three bays with lengths of five meters. Also, 

the structural model height for each story is 3.6 m. A preliminary design approach was used to 

estimate the dimensions of the structural parts, where all structural elements have been designed 

according to ECP 2008 code. But the SSI has not been taken into consideration. The ground-floor 

column bases were presumed to be fixed. and all dimensions and detailed designs of cross-sections 

for columns and beams have been presented in Table 1, and the arrangements of reinforcement for 

columns have been exposed in Fig 1. Material properties [Concrete's compressive strength fc, and 

tensile strength ft] have been determined to be 28 MPa and 3.17 MPa, respectively. The yield stress 

for steel bars fy is equal to 350 MPa, and modulus of elasticity E is equal to 200,000 MPa. The dead 
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load and live load were presumed to be thirty kN/m and 10 kN/m, respectively. And the design base 

shears for a Peak Ground Acceleration (PGA) for 5B Zone is 0.3 g. The weights of the frames have 

been determined as the dead load plus 25% of the live load for evaluating the equivalent static load 

method load based on the Egyptian [EGY] code. 

 

Table 1: Dimensions and reinforcement of frame members 

 Dimension (cm) Longitudinal reinforcement Transverse Reinforcement 

Four Stories    

C1 60 * 60 18 Ø 16 mm 10 mm @ 180 mm c/c 

B1 60 * 60 6 Ø 16 mm top 

6 Ø 16 mm bottom 

10 mm @ 150 mm c/c 

Eight Stories    

C1 60 * 60 18 Ø 16 mm 10 mm @ 180 mm c/c 

C2 60 * 60 18 Ø 18 mm 10 mm @ 180 mm c/c 

B1 60 * 60 6 Ø 16 mm top 

6 Ø 16 mm bottom 

10 mm @ 150 mm c/c 

Twelves stories    

C3 60 * 80 12 Ø 22 mm 10 mm @ 180 mm c/c 

C4 60 * 80 14 Ø 22 mm 10 mm @ 180 mm c/c 

C5 60 * 100 16 Ø 22 mm  10 mm @ 180 mm c/c 

C6 60 * 100 16 Ø 22 mm 10 mm @ 180 mm c/c 

C7 60 * 100 18 Ø 22 mm 10 mm @ 180 mm c/c 

B1 60 * 60 6 Ø 16 mm top 

6 Ø 16 mm bottom 

10 mm @ 150 mm c/c 

 

 

 
No of stories [ Four, Eight, Twelve] 
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Fig.1 The arrangements of reinforcement for columns 

 

 

3.2. The braced frame details 

 

The X and inverted V steel brace systems have been used in the present study. And the effectiveness 

of different configurations which have been used such as bracing over the height of the story, bracing 

for only 1 m from the height of each story as well as the spatial distribution of X and inverted V steel 

bracing over the height of the building. They have been functioned to achieve the best performance 

with the least amount of steel. Four, eight, and twelve retrofitting MRF cases have been designed. 

Twenty-four retrofitting cases have been defined based on the configuration of the SB system. All 

models [Reference Model [RM], Retrofitting Model [RETM]] are reported in Table 2.  

The goal of this research is to see how a bracing technique for retrofitting moment resisting frames 

[MRF] affects the seismic performance. X, and inverted V BS have been examined with different 

heights along the frame. The configuration of bracing modelling [BM] of four stories from Model R5 

to R8 have been projected in Fig.3. Its configurations have been plotted for retrofitting of MRF to 

meet the requirements of architects. In addition, figures 3, 4, and 5 show different SB models.  
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The bracing members have sizes based on Eurocode 2005 and ANSI/AISC 341-10 code to carry the 

seismic forces. All the braces have been made from square HSS elements confirming to modulus of 

elasticity of steel [E] = 200,000 MPa. And the steel yield strength [fy] is equal to 350 MPa. The X 

bracing and V inverted steel braces have been employed for strengthening and boosting the seismic 

performances. Furthermore, the bracing cross sections differ from one level to another as shown in 

Table.3; the cross sections of braces are HSS3-1/2*3-1/3*0.188 and HSS2-1/2*2-1/2*0.188 for four 

stories modelling. Whereas the HSS4-1/2*4-1/2*0.188 and HSS3-1/2*3-1/2*0.188 have been used 

in eight stories modelling, as well as HSS4-1/2*4-1/2*0.250, HSS4-1/2*4-1/2*0.188, and HSS3-

1/2*3-1/2*0.188 have been employed in twelve stories modelling. 

The brace slenderness ratio ranges from fifty to two hundred, where the lower limit applies for KL/r 

is equal to 50. And, the maximum limit of 200 have been based on the slenderness ratio limiting 

values of ANSI/AISC 341-10 [20] to exhibit a ductile behaviour. Furthermore, the width-to-thickness 

ratio of the brace cross section [bo/t ratio] range between 11.4 and 22.8; where bo is equal to b-3t [the 

total width of the brace section minus three thickness of the brace section]. And the top limit of bo /t 

ratio for this investigation is 22.8. The values Cf /Cr (compression load to resistance ratio) for brace 

sections are close to 1.0. A horizontal strut has been installed between the bracing panels to ensure 

direct lateral load transmission for bracing panel systems [(R5-R8), (R13-R16), (R21-R24)]. Fig.2 

shows the specifics of a proposed linking among the bracing elements and the RC frame members. 

Where, steel plates had been attached to concrete columns and beams. Consequently, the forces can 

be transferred from BS to the frame elements directly. Moreover, the steel plates that surround the 

beams are anchored through the concrete section, where the column's steel plates are welded together. 

In addition, a gusset plate can be used to distribute the force from the brace member to both beam 

and column plates [17].  

 

 

Table 2: Models of the structural systems 

Code Description of Model 
Types of 

Models 
Code Description of Model 

Types of 

Models 

Four Stories Eight Stories 

OR 4 without bracing [W-B] RM OR 8 [W-B] RM 

RET 1 
[X bracing [X-B] in all 

bays] 
RETF RET 9 [ X -B] in all bays] RETF 

RET 2 
[Inverted V bracing 

[IV-B] in all bays] 
RETF RET 10 [IV-B] in all bays] RETF 

RET 3 [[X-B] in Mid bay] RETF RET 11 [ X -B] in Mid bay] RETF 

RET 4 [[IV-B] in Mid bay] RETF RET 12 [[IV-B] in Mid bay] RETF 

RET 5 
[1m height of [X-B] in 

all bays] 
RETF RET 13 

[1m height of [X-B] 

in all bays] 
RETF 

RET 6 
[1m height of [ IV-B] in 

all bays] 
RETF RET 14 

[1m height of [ IV-B] 

in all bays] 
RETF 

RET 7 
[ 1m height of [X-B] in 

Mid bay] 
RETF RET 15 

[ 1m height of [X-B] 

in Mid bay] 
RETF 

RET 8 
[1m height of [IV-B] in 

Mid bay] 
RETF RET 16 

[1m height of [IV-B] 

in Mid bay] 
RETF 
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Code Description of Model 
Types of 

Models 
Code Description of Model 

Types of 

Models 

Twelve stories 

OR 12 [W-B] RM    

RET 

17 
[X bracing in all bays] RETF RET 21 

[1m height of [X-B] 

in all bays] 
RETF 

RET 18 [IV – B] in all bays] RETF RET 22 
[1m height of [ IV-B] 

in all bays] 
RETF 

RET 19 [ [X-B] in Mid bay] RETF RET 23 
[ 1m height of [X-B] in 

Mid bay] 
RETF 

RET 20 [ [IV-B]in Mid bay] RETF RET 24 
[1m height of [IV-B] in 

Mid bay] 
RETF 

 

 

 

Fig. 2:The details of connection between the bracing member and RC Frame [17] 

 

 

Table.3   Details of bracing cross section 

Story Level Bracing Cross section Depth (m) 
Width 

(m) 

Flange 

thickness 

(m) 

Web 

thickness 

(m) 

Four stories 

Level 1 HSS3-1/2*3-1/2*0.188 0.0889 0.0889 0.00442 0.0042 

Level 2 HSS3-1/2*3-1/2*0.188 0.0889 0.0889 0.00442 0.0042 

Level 3 HSS3-1/2*3-1/2*0.188 0.0889 0.0889 0.00442 0.0042 

Level 4 HSS2-1/2*2-1/2*0.188 0.0635 0.0635 0.00442 0.0042 

Eight stories 

Level 1 HSS4-1/2*4-1/2*0.188 0.1143 0.1143 0.00442 0.0042 

Level 2 HSS4-1/2*4-1/2*0.188 0.1143 0.1143 0.00442 0.0042 

Level 3 HSS4-1/2*4-1/2*0.188 0.1143 0.1143 0.00442 0.0042 

Level 4 HSS4-1/2*4-1/2*0.188 0.1143 0.1143 0.00442 0.0042 

Level 5 HSS3-1/2*3-1/2*0.188 0.0889 0.0889 0.00442 0.0042 

Level 6 HSS3-1/2*3-1/2*0.188 0.0889 0.0889 0.00442 0.0042 

Level 7 HSS3-1/2*3-1/2*0.188 0.0889 0.0889 0.00442 0.0042 

Level 8 HSS3-1/2*3-1/2*0.188 0.0889 0.0889 0.00442 0.0042 
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Story Level Bracing Cross section Depth (m) 
Width 

(m) 

Flange 

thickness 

(m) 

Web 

thickness 

(m) 

Twelve stories 

Level 1 HSS4-1/2*4-1/2*0.250 0.1143 0.1143 0.00592 0.00592 

Level 2 HSS4-1/2*4-1/2*0.250 0.1143 0.1143 0.00592 0.00592 

Level 3 HSS4-1/2*4-1/2*0.188 0.1143 0.1143 0.00442 0.0042 

Level 4 HSS4-1/2*4-1/2*0.188 0.1143 0.1143 0.00442 0.0042 

Level 5 HSS4-1/2*4-1/2*0.188 0.1143 0.1143 0.00442 0.0042 

Level 6 HSS4-1/2*4-1/2*0.188 0.1143 0.1143 0.00442 0.0042 

Level 7 HSS4-1/2*4-1/2*0.188 0.1143 0.1143 0.00442 0.0042 

Level 8 HSS4-1/2*4-1/2*0.188 0.1143 0.1143 0.00442 0.0042 

Level 9 HSS4-1/2*4-1/2*0.188 0.1143 0.1143 0.00442 0.0042 

Level 10 HSS4-1/2*4-1/2*0.188 0.1143 0.1143 0.00442 0.0042 

Level 11 HSS3-1/2*3-1/2*0.188 0.0889 0.0381 0.00442 0.0042 

Level 12 HSS3-1/2*3-1/2*0.188 0.0889 0.0381 0.00442 0.0042 

 

  

OR4 
RET 1 

 
 

RET 2 RET 3 
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RET 4 RET 5 

    

RET 6 RET 7 

  
RET 8 

Fig. 3: Bracing Modeling [Four Stories] 

 

Bracing Panels 

Bracing 

Panels 

Bracing 

Panels 

Bracing 

Panels 
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OR8 RET 9 

 
RET 10 

Fig. 4: Bracing Modeling [Eight Stories] 
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OR12 RET 17 

 
RET 18 

Fig. 5: Bracing modeling [Twelve Stories] 
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3.3. Response Spectrum Analysis [RSA] 

 

Although, an equivalent lateral load approach is restricted in its application due to unconservative 

conclusions in some cases. This method is still frequently leveraged due to its ease of performing. 

However, the modal RSA is applicable for all types of structures. On the other hand, the response 

spectrum [RS] analysis comprises enough modes of vibration in each of two orthogonal orientations 

to capture at least ninety percentage of the structure's mass [21]. The earthquake region analyzed in 

this study is region 5B according to the Egyptian code. And the shape of the spectrum is type 1 with 

a design ground acceleration ag of 0.3g confirming with the Egyptian code reference. The models are 

engaged into consideration are residential buildings with an importance factor which is equal to 1. As 

well as soil factor [S] is equal to 1.5 and, C is the soil class. Besides, the R reduction factor is 

employed for expressing the resistance of the frame bracing structure system for both vertical loads 

and total base shear. So, R is equal to 4.5. Also, Tb, Tc, and Td are equal to 0.1, 0.25, 1.2sec, 

respectively. Fig.6 describes RS curve. 

 

 

Fig. 6: RS Curve 

 

 

4. Analysis and discussion 

 

4.1. Lateral displacement and story drift: 

 

Lateral displacement [LD] which is determined from the dynamic features of the structures during an 

earthquake is one of the most response demands in high-rise building design [22] .In addition, the 

amplitude of lateral deformations has the potential impact on changing the performance level of 

building models. And the effects of bracing modeling on lateral displacement demands should be 

measured in a comprehensive dynamic study to evaluate a structure's realistic performance level. 

Figures 7 to 9 present the effects of bracing modeling on the story lateral displacement over the height 

of the RC – frame. The results have demonstrated that: 

▪ First (Four stories): Fig. 7 shows the peak values of the story displacement distribution along 

models’ heights. Models RET1 to RET4 display the highest top displacement response which is 

less than OR4 by 69.21%, 48.00%, 29.23%, and 24.30%, respectively. Furthermore, Models 

RET5 and RET6 demonstrate the decrease of the lateral displacement [LD] by 13.64% and 

22.39% compared to RM [O4]. 
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▪ Second (Eight stories): Fig.8 shows the story displacement along the model’s heights. Models 

RET9 to RET12 display the highest values of lateral displacement which is less than O8 by 

74.92%, 58.01%, 43.59%, and 32.45%, respectively. While Models RET13 and RET14 

demonstrate the decrease of the LD by 21.10% and 27.30% with respect to RM [O8]. 

▪ Third (Twelve Stories): Fig.9 presents the peak values of the story displacement distribution over 

the model’s heights. Models RET17 to RET 20 display the highest top displacement response 

which is less than OR12 by 76.85%, 69.98%, 50.6%, and 45.31%, respectively. Furthermore, 

Models RET21 and RET 22 demonstrate the decrease of the LD by 30.51% and 41% with respect 

to RM [O12].  

Although the seismic performance may be severely impacted, the bracing techniques throughout the 

building's height led to a decrease in displacement demands compared to RM. Also, adding 

retrofitting system with a limited BS mechanism can mitigate the response and improve lateral 

stability. 

On other hand, drift and lateral stability should be investigated early in the design process. The LD 

or SD of a structural system under seismic forces is critical from three main points: 1) structural 

stability, 2) non-structural component damage, and 3) human comfort during and after construction 

[23]. Fig.10 presents the drift index as a relationship between relative displacement among contiguous 

floors and the height of the floor. According to the non-structural elements and their placement in the 

structure, the EGY code stipulates three levels of allowed SD. For brittle partitions, the acceptable 

SD ratio is 0.5 percent and, 0.75 percent for ductile partitions. Whereas, SD ratio is 1.0 percent for 

structural systems with partitions totally isolated from structure motion [24]. 

 

 

  

Fig. 7: Lateral displacement [Four Stories] Fig. 8: Lateral displacement [ Eight Stories] 
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Fig. 9: Lateral displacement [Twelve Stories] 

 

 
Fig. 10: Drift Index 

 

The story drift ratios [SDR] response demand have been calculated for diverse configurations of the 

bracing models and compared to RM. Also, the SDR for all BS does not exceed the allowable 

stipulations in EGY code. Overall, the findings are divided into three cases as follows:  

▪ First (Four Stories):  The story drifts [SD] of models rise gradually with the building's height, 

peaks at the second-story level, and then falls at higher levels. The maximum values of SD 

response for models RET1 to RET4 are less than RM [OR4] by 71.98%,51.01%,30.15%, and 

24.88%, respectively. While models RET5 and RET6 establish the decrease of the story drift by 

13.42% and 24.88% compared to RM [OR4]. The SD ratios for diverse models are exposed in 

Fig.11. 
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▪ Second (Eight Stories): Also, as previously mentioned, the story drifts of models increase 

progressively with building height, and its peak value locates at the third story level and then 

declines at higher levels. The maximum values of SD response for models RET9 to RET12 are 

less than RM[O8] by 78.71%,60.15%,41.53%,33.90%, respectively. Furthermore, Models 

RET13 and RET14 demonstrate the decrease of the SD by 21.70% and 28.18% compared to RM 

[OR8]. The SD ratios for different models are stated in Fig. 12. 

▪ Third (Twelve Stories):  The story drifts increase progressively across the building's height, its 

peak value locates at the fourth story level, and then declines at higher levels. The maximum 

values of SD response for models RET17 to RET20 are less than RM[OR12] by 

81.54%,72.67%,54.70%,48.25%, respectively. Besides, the models RET 21 to RET 24 have 

values of SD less than 32.50%,42.46%,17.57%, and 23.16%, respectively, compared to RM 

[OR12]. Moreover, the SD ratios for different models are presented in Fig.13. 

 

  
Fig. 11: Story Drift [ Four Stories] Fig. 12: Story Drift [ Eight Stories] 

 

 
Fig. 13: Story Drift [ Twelve Stories] 
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4.2. Story moment response:  

 

All models of stories [4 & 8 stories]: the existence or absence of the bracing modelling has not 

affected the moment response. That means the bracing interaction with the RC frame has not a 

substantial effect on values over the height of the frame. Regarding twelve stories, the reduction of 

the overturning moment [OM] due to the retrofitting BS can be achieved in the range of 11% to 6.2%. 

Therefore, the increasing height of the construction can lead to the raising of the impact of the BS. 

Figures.14, 15, and 16 illustrate the variations of response for all studied cases. 

 

  

Fig. 14: Overturning Moment [ Four Stories] Fig. 15: Overturning Moment [ Eight Stories] 

 

 

 
Fig. 16: Overturning Moment [ Twelve Stories] 
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4.3. Story shear response:  
 

The goal of the investigation is to get more information about the seismic performance of the bracing 

modeling effects. The structural response in terms of story shear and internal forces over the height 

of the structural elements are measured as response parameters. On other words, these are the most 

primary response parameters in seismic design. Therefore, the effect of bracing modeling on the story 

shear response profile over height for 4, 8, and 12-story RC frames has been investigated and 

compared to RM. For all models of stories [4 & 8 & 12 stories]: The existence or absence of the 

bracing modeling nearly has a slight effect on the shear response. Figures 17, 18, and 19 display the 

variations of response for all studied cases. 

  

Fig. 17: Story Shear [Four Stories] Fig. 18: Story Shear [ Eight Stories] 

 
Fig. 19: The Story Shear [Twelve Stories] 
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On other hand, table 4 shows the ratio between the weight of the used steel in the bracing system and 

the required steel material for achieving the best performance. The findings demonstrate that: 

For four stories: Models RET2 and RET6 show not only a decrease in steel ratio by 28.86%, and 

15.74%, respectively but also a reduction in the lateral response by 48.00%, and 22.39%. 

Furthermore, models RET3 and RET7 have a reduction in the steel ratio by 66.67% and 60.39%, 

respectively while reducing lateral deformation by 29.23% and 2.81%. 

For eight stories: Models RET10 and RET14 demonstrate not only a decrease in steel ratio by 28.84%, 

and 15.69%, respectively but also a reduction in the lateral response by 58.01%, and 27.30%. 

Furthermore, models RET11 and RET15 have a reduction in the steel ratio by 71.17% and 60.38%, 

respectively while reducing lateral deformation by 43.59% and 7.40%. 

For twelve stories: Models RET 18 and RET 22 show a decrease not only in steel ratio by 28.86% 

and 15.72%, respectively but also a reduction in the lateral response by 69.98%, and 41.00%. 

Furthermore, models RET19 and RET23 have a reduction in the steel ratio by 66.67% and 60.39%, 

respectively while reducing lateral deformation by 50.60% and 17.46%. 

In general, the reduction of the steel ratio should be taken into consideration for designing the bracing 

model to cover the cost factor as the main parameter in the construction industry. In conclusion, the 

bracing panels of inverted V bracing can be used in reducing the steel ratio while lowering the lateral 

seismic performance. 

 

Table 4: The ratio of the required bracing material/weight of bracing material model 

Modelling code Bracing Modelling 

Weight 

of braces 

[kN] 

The Ratio of required 

steel in X bracing 

and the weight of 

bracing material 

model 

Performance 

[The percentage of 

reducing of lateral 

displacement in 

compared with RM] 

Four stories     

RET 1 
[X bracing [X-B] in all 

bays] 
15.4643 100% 69.21% 

RET 2 
[Inverted V bracing 

[IV-B] in all bays] 
11.001 71.14% 48.00% 

RET 3 [[X-B] in Mid bay] 5.1548 33.33% 29.23% 

RET 4 [[IV-B] in Mid bay] 3.667 23.71% 24.30% 

RET 5 
[1m height of [X-B] in 

all bays] 
18.3771 118.84% 13.64% 

RET 6 
[1m height of [ IV-B] 

in all bays] 
13.03 84.26% 22.39% 

RET 7 
[ 1m height of [X-B] in 

Mid bay] 
6.125 39.61% 2.81% 

RET 8 
[1m height of [IV-B] in 

Mid bay] 
4.344 28.09% 7.25% 

Eight stories     

RET 9 
[X bracing [X-B] in all 

bays] 
38.7045 100% 74.92% 

RET 10 
[Inverted V bracing 

[IV-B] in all bays] 
27.5424 71.16% 58.01% 

RET 11 [[X-B] in Mid bay] 11.1583 28.83% 43.59% 

RET 12 [[IV-B] in Mid bay] 9.1808 23.72% 32.45% 
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Modelling code Bracing Modelling 

Weight 

of braces 

[kN] 

The Ratio of required 

steel in X bracing 

and the weight of 

bracing material 

model 

Performance 

[The percentage of 

reducing of lateral 

displacement in 

compared with RM] 

RET 13 
[1m height of [X-B] in 

all bays] 
46.0096 118.87% 21.10% 

RET 14 
[1m height of [ IV-B] 

in all bays] 
32.63 84.31% 27.30% 

RET 15 
[ 1m height of [X-B] in 

Mid bay] 
15.336 39.62% 7.40% 

RET 16 
[1m height of [IV-B] in 

Mid bay] 
10.87 28.08% 13.06% 

Twelve Stories     

RET 17 
[X bracing [X-B] in all 

bays] 
66.6502 100% 76.85% 

RET 18 
[Inverted V bracing 

[IV-B] in all bays] 
47.4135 71.14% 69.98% 

RET 19 [[X-B] in Mid bay] 22.2167 33.33% 50.60% 

RET 20 [[IV-B] in Mid bay] 15.8045 23.71% 45.31% 

RET 21 
[1m height of [X-B] in 

all bays] 
79.857 119.82% 30.51% 

RET 22 
[1m height of [ IV-B] 

in all bays] 
56.17 84.28% 41.00% 

RET 23 
[ 1m height of [X-B] in 

Mid bay] 
26.4014 39.61% 17.46% 

RET 24 
[1m height of [IV-B] in 

Mid bay] 
18.72 28.09% 22.81% 

 

 

5. Conclusion 

 

This paper investigates the seismic performance of [X- inverted V] bracing equipped with hollow 

steel sections where these bracing elements are placed between the beam and column joints. The 

different cases for bracing modeling on the earthquake behavior of RC frames have been evaluated 

by performing the seismic analysis [RSA]. Each model of the four, eight, and twelve have been 

analyzed with eight configurations for bracing modelling. Overall, the results of the investigations 

demonstrate that: 

▪ In 4, 8 and 12-stories frames: The lateral displacement decreases due to the retrofitting system, 

and it can be a desirable solution for reducing the seismic response. In addition, the reduction in 

lateral displacement due to X and inverted V in all bays are more than fifty percent compared 

with a frame without bracing. Moreover, the bracing retrofitting system with limited height 

[height = 1 m] for both [X-Inverted V bracing] has also an effect on reducing the lateral 

displacement. Therefore, it can be the best solution to raise the resistance of seismic loading while 

putting into consideration the architects' requirements. 

▪ The story drift decreases due to retrofitting system [X, inverted V bracing], and its reduction for 

X and inverted V in all bays reaches more than fifty percent compared with a frame without 
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bracing. Also, the bracing retrofitting system with limited height [Bracing panels] decreases the 

values of story drift. 

▪ For both LD and SD ratios, the most effective BS for increasing the ductile frame's lateral stiffness 

is X bracing. Furthermore, the inverted V bracing is more effective for these responses in the 

limited height of bracing [Bracing panels]. 

▪ In 4, 8 and 12-stories frames, the retrofitting system has a slight effect on the overturning moment 

and story shears. Otherwise, the increasing height of the building can lead to the raising of the 

impact of the BS. 

▪ In general, retrofitting low- and medium-rise RC frames with steel X and inverted V bracing 

benefits MRF in every characteristic. Besides, the X bracing is the utmost effective BS in 

enhancing the ductile frame's lateral stiffness.  

▪ In conclusion, the reduction of the steel ratio should be taken into consideration for designing the 

bracing model to cover the cost factor as the main parameter in the construction industry. In 

addition, the bracing panels of inverted V bracing can be used in reducing the steel ratio while 

lowering the lateral seismic performance. 
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 المقاومة للعزوم  للإطارات لتحسين الأداء الزلزالي التدعيماستخدام أنظمة 

 

 بالعربي:الملخص  

 

في المباني المتوسعععطة واليالية    الجانبية للأحمال[ على نطاق واسعععن امظاق وماووة  BS]  التدعيمتم اعتماد أنظمة 

ون فاعلية لدوج  الطرق أاثروتيتبر ون    ،الافميةالاحمال   وقدرتها على وماووةبسععبا البععابة الجانبية    الارتفاع

  انظمة التدعيمالمماووة للياوق باسعععتخداق    للإطارات الاسعععتجابة الالاالية   دراسعععةتم    ،لذلك الخرسعععانية   هياال ال

[SBF  ]مختلفعة لعدراسعععععة علعارقعا على ومعاووعة التمعل الجعانبي  ال  هعابعاععمعد   وقعد تم فتك تنوتمعات  المرتبطعة

على   BS  فمط بدراسععة انظمة التدعيمالدراسععة    تهتملا    ،ذلك  عاو  على انشععا ي سععلو  فضععلأوالتبععول على 

التي   عماصعععر التدعيمطول   تملل ون ارتفاعها المسعععتخدق وبالتالي تملل وناتضعععا   ولنمها  ،بالناول  ارتفاع المبمى

تفي  عمعاصععععر التعدعيم وتعدود  الارتفعاع    الى ذلعك  بعاضاععععافعة   تمنن أن تؤدي إلى زتعاد  ومعاووعة التتميعل الالاالي

تفرض ون قبل   التيتفي بمتطلبات   التي  اعصعع ر ات تمنن اختيار الدعاو  لذلك،   الميمارتينالمهمدسععين    بمتطلبات 

  تدعيمهاللهينل الذي تم    يسععلو  الالاالالتم تتليل  وقد  دراسععة  ل  الميمارتن بتمليل الارتفاعات للدعاوات الميدنية

وملوبة(  تواععا المتا ج أن ونونات الدعاوة   X، V) SB  وختلفة ون الدعاوات الميدنية  باسععتخداق ااععنال وانماط

والتد اعقبعى   الازحات الجانبيةقم في تمليل  اتسع  ةالمملوب V  ونظاق  Xالممبعات وتدود  الارتفاع لنا ون نظاق  

  لانتراف الطبمي

 


