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Abstract. This study investigates the use of high-strength reinforcements (ASTM A1035 Grade 

100) instead of conventional reinforcement (such as ASTM A615 Grade 60) in a blast-resistant 

reinforced concrete flexural member. The stress-strain curve of an ASTM A1035 Grade 100 steel 

differs from conventional grade 60 steel. Grade 100 steel possesses higher strength and an unclear 

yield threshold. When designing a flexural member to resist blast loading, its resistance function 

is typically developed utilizing the Unified Facilities Criteria (UFC 3-340-02) manual. The UFC 

approach simplifies the behavior of steel reinforcement to an elastic portion up to the yield point, 

followed by a perfectly plastic plateau. With the absence of a clear yield point in high-strength 

steel, this simplification may not be well represented. The dynamic performance for flexural 

concrete members reinforced with high-strength steels is developed using the generalized single-

degree-of-freedom (SDOF) system. The SDOF performance generated with the simplified 

approach is compared with a more realistic resistance function of the system obtained by a 

computational model established with the virtual work principle and the moment curvature of a 

section. The results indicated that using the UFC approach for the high-strength steel flexural 

member may require an adjustment factor in order to reach conservative predictions when the 

reinforcement ratio is between 0.4% and 2%. The results also illustrated a 50% reduction in the 

area of steel reinforcement when using grade 100 instead of grade 60, indicating less steel 

congestion in the high-strength reinforced cross-section. 
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1. Introduction 

The use of high-strength reinforcement has gained more attention in concrete members. High-

strength reinforcement, such as ASTM A1035-Grade 100, has a different stress-strain curve than 

conventional reinforcement [1]. High-strength steel is considerably stronger than conventional 

steel reinforcement and has no yield plateau. Using grade 100 steel has several advantages, 

including reduction of reinforcement congestion in heavily reinforced concrete members, 

enhanced concrete placement, savings in the cost of labor, reduction of construction time, and 

better resistance to corrosion in some cases [2]. Due to its behavioral variations compared with 

conventional reinforcement, several researchers investigated the applicability of using high-

strength reinforcement as an alternative to conventional reinforcement in flexural members using 

the current design code provisions [2–5]. Few studies examined the blast behavior of flexural 

members reinforced with ASTM A1035-Grade 100 [6,7]. Li and Aoude (2019) [6] showed that 

using high-strength steel improved the blast capacity and the control of peak displacements. 

However, the study indicated that the under-reinforced stage and sufficient shear reinforcement 

should be maintained to avoid brittle and shear failure modes. Li and Aoude (2020) continued 

tackling the issues of their previous study [6] related to the use of the ASTM A1035-Grade 100 

reinforcement in concrete members. The study found that the component detailing, such as the use 

of compression bars and closely spaced ties, allowed more ductility, thus avoiding brittle failures. 

Aldabagh and Alam (2020) [4] carried out an extensive review related to the use of the ASTM 

A1035-Grade 100 bars as a reinforcement. The study also provided a comparison related to the 

design limitation between the American Concrete Institute (ACI) guidelines, i.e., ACI 439.6R [8] 

and the AASHTO design specifications [9]. It concluded that further limitations are required to be 

investigated.  

Other types of high-strength reinforcement were examined for blast-resistant flexural members in 

various researches [10–13]; many of these types are no longer used in practice [6]. Keenan (1963) 

[10] performed an early study to examine high-strength steel with a yield stress of 90 ksi and 

indicated that higher blast resistance could be obtained compared to specimens with lower-strength 

steel. However, the study illustrated that factors such as low reinforcement elongation and 

excessive deflection under static loading may restrict the use of high-strength steel in blast 

applications. Thiagarajan et al. (2014) [12] examined various concrete and steel strength grades in 

reinforced concrete slabs when subjected to blast loadings. The study indicated an improvement 

in the level of protection for specimens with higher strength for steel and concrete. Li et al. (2015) 

also indicated in their study that similar improvement for specimens with both concrete and steel 

that possessed high strength for close-in blast scenarios. 

Further investigations are required on predicting the performance of blast-resistant flexural 

members reinforced with ASTM A1035-Grade 100 rebars when utilizing the simplified approach 

detailed in the Unified Facilities Criteria (UFC 3-340-02) [14]. Hence, a study is performed to 

compare the dynamic performance of the simplified approach resistance functions developed 

utilizing the UFC 3-340-02 [14] with a computational model developed with more realistic 

resistance functions based on the virtual work principle and moment curvature approach. The 

dynamic response of the simply supported flexural panels subjected to a blast load is carried out 

considering the generalized single degree of freedom system (SDOF). The study also compares 

the performance of the ASTM A1035-Grade 100 reinforcement and conventional reinforcement, 

i.e., grade 60 reinforcements, when used in flexural members. 

2. Methodology and materials 
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The investigation in this study is performed considering a one-way flexural reinforced concrete 

member with simply supported boundary conditions and a span length of 12 ft. The cross-section 

of the member is 12 inches in width and 24 inches in height, as well as 2.5 inches of concrete cover 

for both sides (Figure 1). The reinforcement ratio was varied using different areas of reinforcement, 

which are 0.5, 0.75, 1.0, 1.5, 2.5, 3.5, 5.5, 7.5, and 10.5 in2. It should be noted that similar areas of 

reinforcement were used at the top, denoted as As, and bottom, denoted as As’, of the member.  

  

Figure 1: Cross-section details 

A simplified triangular blast load was assumed to be applied on the structural member with a peak 

positive pressure of 200 psi and a duration (td) of 10 msec. The applied load is assumed to have 

no negative pressure phase. The Single-Degree-of-Freedom Blast Effects Design Spreadsheet 

(SBEDS) tool was used to determine the dynamic response for the examined systems. SBEDS is 

an Excel-based tool used to design and analyze structural components when subjected to blast 

loading using an equivalent Single-Degree-of-Freedom (SDOF) system. The equation of motion 

for the SDOF system is shown in equation (1), where me is the mass of the system, KLM is the load-

mass transformation factor, R(y(t)) is the SDOF system resistance function and F(t) denotes as the 

history of the blast load. SBEDS utilized a time-stepping method to solve equation (1) and then 

display the displacement history, y(t). Typically, the maximum displacement occurs at the initial 

oscillation of the system; hence, the damping term is neglected in this study. The maximum 

displacement, Δmax, of the response history can then be correlated with the support rotation, θ, 

which is typically linked to the level of protection as demonstrated in the US Army Corps of 

Engineers (USACE) [15]. The support rotation can be calculated using equation (2) shown in 

Figure 2. 

The load-mass factor, KLM, is considered an adjustment factor to transform the mass distribution 

and the applied load along the span of the real structural system into an equivalent SDOF system 

[16]. The KLM corresponds to the ratio of the mass factor, KM, to the load factor, KL. These factors 

are derived following equations (3) and (4) by considering the shape function, (x), and the length, 

L, of the real system. The shape function depicts the static deflected shape of the system under an 

applied load. For a simply supported flexural member under a uniform loading, the KLM factors 

utilized in the SDOF system are 0.78 and 0.66 during the elastic and plastic response, respectively.  

The resistance function, R(y(t)), defines the deformation changes of a structural element as the 

applied load increases. A structural element’s load-deformation (or resistance-deformation) 
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relationship can be calculated based on material characteristics, geometric configurations, and 

applied loading conditions. The relationship can be idealized as an elastic-plastic response for a 

determinate flexural element. On the other hand, for an indeterminate flexural element, the 

resistance function can be idealized as an elastic-elastoplastic-plastic response. More details on 

determining the resistance function are explained in sections 2.1 and 2.2. 

 

𝐾𝐿𝑀 𝑚𝑒 𝑦′′(𝑡) + 𝑅(𝑦(𝑡)) = 𝐹(𝑡)  (1) 

𝜃 = tan−1(
∆𝑚𝑎𝑥

0.5 𝐿
)   

(2) 

𝐾𝑀 =  
1

𝐿
∫ [𝜙(𝑥)]2 𝑑𝑥

𝐿

0

 
(3) 

𝐾𝐿 =  
1

𝐿
∫ 𝜙(𝑥) 𝑑𝑥

𝐿

0

 
(4) 

 

 

Figure 2: Support rotation of flexural member 

 

Designing a reinforced concrete structure to withstand blast load is one of the main focuses of the 

UFC 3-340-02 manual. The UFC 3-340-02 presented a methodology to calculate a simplified 

resistance deflection function for a structural member when subjected to a dynamic load, i.e., will 

be called “the UFC approach” in this paper. Thus, the UFC approach was used to determine the 

simplified resistance function for the given cross-section. In addition, another approach has been 

used to capture a more realistic behavior for a flexural member under uniform loading, considering 

the moment curvature of the section and the principle of virtual work. The two approaches are 

utilized to calculate the resistance function for the flexural reinforced concrete member, which is 

explained below. 

 

2.1 Computational model 

A computational model was built using Mathcad software to describe realistic resistance-

deflection functions for structural flexural members, considering the virtual work principle and the 

moment curvature relationship. The virtual work approach or unit-load approach was developed 

by John Bernoulli in 1717 [17]. The approach is utilized to obtain the displacement or slope at a 

given location on a structure. The moment curvature can describe the nonlinear capacity of a 

structural member under bending deformation, considering the nonlinear properties of the concrete 

and steel reinforcement materials. It is important to note that the computational model accounts 

for flexural deformation only, while shear deformation is not incorporated. This limitation 
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highlights the need for future research that accounts for shear and flexural deformation in blast-

resistant structural members. 

The concrete properties used in the model include a density of 150 pcf and a compressive strength, 

f’c, of 4 ksi. To represent the performance of the concrete material in the compression zone of the 

section, a stress-strain (fc-, 𝜀𝑐) relationship was used as per Hognestad (1952) [18] and represented 

in equations (5) and (6). Equation (5) is used where the strain is below the strain value, 𝜀0, that 

corresponds to the peak stress, assumed here as 0.002. Beyond this limit, equation (6) was used to 

represent this portion, where Z is a constant and was assumed to be 150. The stress-strain 

relationship for concrete is shown in Figure 3. It should be noted that the Dynamic Increase Factor 

(DIF) was included in the study to consider the strain rate effect for concrete due to blast loading, 

corresponding to 1.19, according to the UFC 3-340-02 (2014) [14]. 

𝑓𝑐 =  𝑓𝑐
′ [2 (

𝜀𝑐

𝜀0
) − (

𝜀𝑐

𝜀0
)

2

] (5) 

𝑓𝑐 =  𝑓𝑐
′ [1 −

𝑍

1000
(

𝜀𝑐 − 𝜀0

𝜀0
)] (6) 

 

 

Figure 3: Stress-strain relationship for concrete 

The steel reinforcements used in this study, i.e., ASTM A1035-Grade 100 and conventional grade 

60 steel, possess different properties. ASTM A 1035-Grade 100 has a smooth stress-strain curve 

with a minimum tensile strength of 150 ksi and a minimum yield strength, fy, of 100 ksi that was 

found by 0.2% offset (Figure 4) [1]. The stress-strain (fs-εs) relationship for ASTM A1035-grade 

100 that was used in this approach was developed by Mast et al. (2008) [2] as shown in equations 

(7) and (8). The modulus of elasticity for grade 100 is similar to that of conventional steel, which 

has 29000 ksi. The stress-strain relationship for grade 60 is shown in Figure 4 with a yield stress, 

fy, and a strain of 60 ksi and 0.00207, respectively. Figure 4 also shows the simplified stress-strain 

curve with elastic-perfectly-plastic behavior typically recommended by the design codes. The DIF 

of 1.17 for grade 60 was utilized in the analysis, according to the UFC 3-340-02 [14]. A DIF of 

1.0 was assumed for grade 100 steel. 

𝑓𝑠 =  29000𝜀𝑠 (𝑘𝑠𝑖)         𝜀𝑠 ≤ 0.00241 (7) 
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𝑓𝑠 =  170 −
0.345

𝜀𝑠 + 0.00104
 (𝑘𝑠𝑖)      0.00241 < 𝜀𝑠 ≤ 0.06 (8) 

  

 

Figure 4: Grade 100 and grade 60 stress-strain curves 

The computational model initially finds the moment curvature for the cross-section of the flexural 

member, with at least 15 points recorded (Figure 5). The flexural member is then discretized 

uniformly along its length, L, where 18 nodes were utilized. Then, a load, wi, is applied at each 

node to resemble a uniform load shape and increased for each increment, i. The bending moment 

value, Mi, of each node and increment along the member is determined using equation (9). 

Similarly, the curvature at each node, ∅i , is calculated considering the established moment 

curvature relationship obtained earlier. Figure 6 summarizes the formation of the structural 

member’s curvature diagram for each increment. Figure 7 shows the curvature distribution along 

the member for different loading increments, where the dashed line clearly shows the plastic 

deformation on the mid-span region of the member at a higher loading application.  

 

Figure 5: Moment curvature of a reinforced concrete member with grade 100 steel (As= 2.5 in2) 
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𝑀𝑖 = (
𝑤𝑖 × 𝐿 × 𝑥

2
−

𝑤𝑖 × 𝑥2

2
) (9) 

   

 

Figure 6: Schematic of curvature diagram development for a load increment 

 

 

Figure 7: Curvature of a reinforced concrete member with grade 100 steel along the span (As= 2.5 in2). 

 

The maximum deflection of the examined member is then obtained by applying a virtual unit load 

on mid-span and obtaining the moment diagram along the member 𝑚(𝑥). The displacement (∆𝑖) 

of the member at the mid-span for each increment is calculated numerically using equation (10). 

Following these steps, the resistance function for a structural member is created by relating the 

applied uniform load with its corresponding maximum deflection for each increment (Figure 8). 
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∆𝑖= ∫ ∅(𝑥)𝑖 × 𝑚(𝑥) 𝑑𝑥
𝐿

0

 (10) 

 

 

 

Figure 8: Resistance function of a reinforced concrete member with grade 100 (As= 2.5 in2) 

 

2.2 The UFC approach 

The UFC approach provided three types of reinforced concrete cross-sections based on the blast 

magnitude and permissible deformation. The three types are 1) Type I considers no spalling for 

concrete cover over both layers of reinforcement, 2) Type II considers spalling on one side of 

concrete covers, and 3) Type III assumes spall occurs on both sides of concrete covers. UFC 3-

340-02 [14] recommends utilizing Type I when support rotations are less than 2 degrees and Type 

II when support rotations are larger than 2 degrees but less than 6 degrees. 

The resistance function of a simply supported reinforced concrete member using the UFC approach 

possesses an elastic-perfectly plastic behavior. Two types of cross-sections were used based on the 

performance of the examined cases in the study, which are Type I and Type II. The ultimate 

dynamic resisting moment for the one-way flexural member is given by equations  (11) and (12) 

for Type I and equation (13) for Type II. The resistance function’s elastic portion of the system 

will ideally increase with an elastic stiffness slope until yielding displacement, where the ultimate 

resistance is reached. In the plastic portion of the resistance function, the ultimate resistance of the 

system is considered to be constant, while an increase in deflection occurs as the applied load 

continues on the element. The resistance function can be defined considering the ultimate 

resistance, elastic stiffness, and yield displacement, which are presented in equations (14), (15), 

and (16), respectively. The elastic-perfectly plastic behavior is considered for steel reinforcement 

when using the UFC approach, as shown in Figure 4. It is important to note that a realistic stress-

strain curve for grade 100 steel has no yield plateau; thus, yield stress cannot be read from the 

chart directly as in conventional steel. Therefore, the 0.2% offset method was used to define the 

yield stress and displacement for the high-strength steel. Beyond the 0.2% yield point, the stress 

is considered to be constant.     



30 

 

 

𝑀𝑢 =
𝑓𝑑𝑠 × 𝐴𝑠

𝑏
× (𝑑 −

𝑎

2
) (11) 

𝑎 =
𝑓𝑑𝑠 × 𝐴𝑠

0.85 × 𝑓′𝑑𝑐 × 𝑏
 (12) 

𝑀𝑢 = 𝑓𝑑𝑠𝐴𝑠

𝑑𝑐

𝑏
 (13) 

 

Where; 

a= depth of equivalent rectangular stress block 

As= area of tension reinforcement 

d= distance from extreme compression fiber to centroid of tension steel 

dc= distance between the centroid of the compression and tension steel 

b= width of the compression face 

𝑓𝑑𝑠= dynamic design stress for reinforcement 

𝑓′𝑑𝑐= dynamic ultimate compressive strength of concrete 

 

𝑟𝑢  =
8𝑀𝑢

𝐿2
 (14) 

𝐾𝑒  =
384𝐸𝐼

5𝐿4
 (15) 

𝛥𝑒  =  
𝑟𝑢

𝐾𝑒
 (16) 

Where; 

Mu = ultimate moment capacity 

ru= ultimate resistance 

Ke= Elastic stiffness 

Δe= Yield displacement 

L = member span length 

I = average moment of inertia for gross and cracked section 

E = modulus of elasticity 

 

3. Results and Discussion 
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When an explosion occurs, the structure must have sufficient internal resistance to survive the 

explosion event. The resistance-deflection relationships for each system were found using the 

computational model and the UFC approach. These relationships were imported manually into 

SBEDS using the “General SDOF analysis” type to determine the responses for the systems. 

SBEDS can also be used to analyze various component types, such as the “reinforced concrete 

beam or beam-column” type. When selecting this type, the resistance function will be generated 

by SBEDS after the user defines the geometries and properties of the reinforced concrete member. 

The user can also insert the blast loading history, and then SBEDS will derive displacement 

history. The “reinforced concrete beam or beam-column” type in SBEDS can deal with 

conventional steel with a defined yield point, such as grade 60 steel, when used for reinforced 

concrete. The resistance function of a reinforced concrete member using grade 100 steel has a 

smooth curve; hence the “General SDOF analysis” type in SBEDS can be used to derive the 

response of the system. It should be noted that SBEDS has limited inputs when inserting the 

resistance function in the “General SDOF analysis” type. Thus, four points from the smooth 

resistance-deflection curve of specimens with grade 100 steel were selected and inserted into the 

program.  

Considering the selected loading in the study, displacement histories are obtained from the SBEDS 

spreadsheet for the selected cases, as shown in Figure 9. The support rotation is then calculated 

using equation (2), considering the maximum displacement of the system. For example, the case 

with a reinforcement ratio of %0.39, shown in Figure 9, possesses a maximum displacement of 

2.23 in, and the support rotation was calculated as 1.77 degrees. The results in this study are 

generally presented considering the support rotation results versus the selected reinforcement ratio. 

For example, Figure 10 illustrates the support rotation results for the flexural member with grade 

60 steel using the UFC approach versus the analyzed reinforcement ratios. The results for all 

examined cases indicate a decrease in support rotation for the flexural member while increasing 

the reinforcement ratio due to the increase in stiffness and capacity of the member. 

 

Figure 9: Displacement history 
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Figure 10: Support rotation versus reinforcement ratio for grade 60 steel 

3.1 Computational model validation 

The computational model is validated with experimental results adopted by Li and Aoude (2019) 

[6]. This study performed a static test on a simply supported beam with a span length of 87.87 in. 

The beam is subjected to two points loading located at 29.17 in. from supports and has a 

rectangular cross-section with 4.92 in. width and 9.84 in. height. The main reinforcement for the 

beam consisted of 2 No. 4 of ASTM A1035 bars. The beam has a cover of 1.38 in. The material 

properties for concrete and steel are shown in Table 1, where Ec is the modulus of elasticity for 

concrete and fu is the ultimate stress for steel. 

Table 1: Material properties of experimental specimen used for computational model validation 

Experiment Concrete Steel 

Ec, ksi f’c, ksi Es, ksi fy, ksi fu, ksi 

Li and Aoude 

(2019) [6] 

5729.00 13.98 29000.00 131.11 156.21 

 

Figure 11 shows the load displacement for both the computational model and the experiment. The 

results show generally good agreement. The computational model overestimates the experimental 

results with major variation at the middle range of displacement. This could be attributed to the 

type of model used to describe the concrete, where the concrete stress-strain test in the 

experimental study illustrated almost linear line up to the ultimate compressive strength, while the 

selected concrete model in this study has a curvature behavior, as shown in Figure 3. However, 

the model predicts well the maximum capacity and to some extent the initial stiffness.  
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Figure 11: Computational model validation of load-displacement with Li and Aoude (2019) [6] 

 

3.2 Feasibility of using the UFC approach for grade 100 steel 

The UFC approach considers a simplified resistant function when analyzing a blast-resistant 

reinforced concrete flexural member. Steel strength is considered to be constant and equal to the 

yield strength when steel strain exceeds the yield point; in other words, it possesses a bi-linear 

curve. The UFC approach is investigated for a reinforced concrete member using grade 100 steel. 

A comparison was established between the computational model performance, which presents an 

actual response, and the UFC approach. The comparison focuses on the results within the 

minimum and maximum limits of the steel reinforcement ratios that have been required by (ACI 

318-19) [19].  

Figure 12 shows that the UFC approach resulted in higher values than the computational model 

approach when the reinforcement ratio is below 0.4%, while lower or equal values of the UFC 

approach than computational model results were observed when the reinforcement ratio is higher 

than 0.4%. This result illustrates that using the UFC approach to analyze a reinforced concrete 

member using grade 100 steel when subjected to the examined blast load may require adjustments 

when the reinforcement ratio is between 0.4% and 2% in order to reach conservative results. 

Adjustment may not be required elsewhere, as it can be noticed when the reinforcement ratio is 

higher than 2%, where the UFC and computational model approached almost similar results.  
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Figure 12: Computational model and the UFC approaches for grade 100 

 

3.2 Performance comparison of grade 100 and grade 60 steels 

This part illustrates the performance when using grade 100 steel as a reinforcement in a reinforced 

concrete flexural member instead of conventional steel (i.e., grade 60). A plot of support rotation 

versus reinforcement ratio for the computational model for grade 100 and grade 60 was provided 

(Figure 13). The plot shows that grade 100 and grade 60 steels show insignificant variation in 

support rotation performance when the reinforcement ratio is higher than 1.3%. The support 

rotation values, however, vary for reinforcement ratios less than 1.3%.  

Table 2 shows a comparison when using rebar no. 4 steel of grade 100 instead of grade 60 steel 

for support rotation of 1.5 and 2 degrees. The amount of steel rebar was reduced nearly to half, 

which indicates less congestion in steel configuration in the cross-section and may result in less 

labor cost and reduced construction time.  

 

Figure 13: Computational model approach for grade 100 and grade 60 
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Table 2: Comparing the use of no. 4 steel bar of grade 100 and grade 60 steel 

Support rotation Type Reinforcement ratio, % Area, in2 Number of rebars 

1.5 degrees 
Grade 100 0.27 0.7 7 

Grade 60 0.53 1.4 13 

2 degrees 
Grade 100 0.19 0.5 5 

Grade 60 0.39 1.0 10 

 

4. Conclusions 

In this study, simply supported rectangular cross-section flexural concrete members with double 

reinforcement were subjected to a blast load. The study examined a range of reinforcement ratios, 

i.e., 0.194 to 4.07%. The applied blast load was a simplified triangular load with 200 psi peak 

pressure and 10 msec duration. Two types of reinforcements are used: ASTM A1035 Grade 100 

steel and conventional grade 60 reinforcement. The study investigated the UFC approach (the 

simplified approach), which is typically used during blast design stages to assess the performance 

of the flexural members with high strength reinforcements. The UFC approach simplifies the 

resistance function of the system to elastic-perfectly plastic. The study also compared the SDOF 

response of the UFC approach with a computational model that utilized a more realistic resistance-

deflection function for the system. The study indicated a 50% reduction in the amount of steel 

when using grade 100 reinforcement instead of grade 60. This reduction indicates less steel 

congestion in the cross-section. The analysis concludes that employing the UFC approach yielded 

non conservative results within the reinforcement ratio between 0.4% and 2%. Hence, enhancing 

the UFC approach may be necessary to ascertain its reliability when designing for blast-resistant 

flexural members with ASTM A1035 Grade 100 steel. To make a comprehensive judgment, 

further investigations can be performed, which may include various blast regimes, boundary 

conditions, level of protections, reinforcement ratios, compressive strengths, and geometrical 

configurations.   
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( ASTM A1035 Grade 100) عالي القوة حديد التسليحتبحث هذه الدراسة في استخدام ملخص البحث. 
المسلحة  يةالخرسان الإنحناء عناصرفي  (ASTM A615 Grade 60مثل ) بدلاً من التسليح التقليدي

 الحديدعن  ASTM A1035 Grade 100 للحديدنفجار. يختلف منحنى الإجهاد والانفعال لإل ةالمقاومو
غير واضح. عند تصميم  حد خضوعقوة أعلى و 100من الدرجة  الحديد. يمتلك 60التقليدي من الدرجة 

المقاومة الخاصة به عادةً باستخدام  احتسابلمقاومة أحمال الانفجار، يتم  لمسلحالإنحناء الخرساني ا عنصر
على تبسيط سلوك حديد التسليح إلى جزء مرن يصل إلى  UFC منهجية (. تعملUFC 3-340-02) دليل

عالي القوة، قد  الحديد. مع عدم وجود نقطة خضوع واضحة في عدم تغيرمثالي للمقاومةنقطة الخضوع، يليه 
عالي  بجديد التسليحالأداء الديناميكي للعناصر الخرسانية المرنة والمقواة  ل هذا التبسيط بشكل جيد. يتم تمثيلا

 SDOFمقارنة أداء ب الدراسة قامت. (SDOF)باستخدام نظام درجة الحرية الواحدة  عادة يتم احتسابها القوة
تم الحصول عليها بواسطة و التي أكثر واقعية لتكون مقاومة ال طريقة تطورب ةالمبسط الطريقة من الناتج

. أشارت النتائج إلى للقطاعالانحناء -علاقة العزم الافتراضي و الشغلنموذج حسابي تم إنشاؤه باستخدام مبدأ 
عالي القوة قد يتطلب عامل تعديل من أجل  حديد التسليح للعناصر التي تحتوي على UFC طريقةأن استخدام 

%. أوضحت النتائج أيضًا انخفاضًا 2% و0.4متحفظة عندما تكون نسبة التسليح بين الوصول إلى توقعات 
، مما يشير إلى تقليل احتقان 60بدلاً من درجة  100٪ في مساحة حديد التسليح عند استخدام درجة 50بنسبة 

 عالي القوة.بحديد  سلحةمالالعناصر في  حديد التسليح


