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This paper presents the results of an experimental investigation 

conducted on rectangular RC beams strengthened externally in shear 

with CFRP-U strips.  The main objective of this research was to 

evaluate experimentally and analytically the influence of the following 

parameters on the shear performance of such beams; amount of 

internal shear reinforcement with and without (stirrups), amount of 

longitudinal steel, and concrete compressive strength (normal and high 

strength).  Test results indicated that the contribution of CFRP strips to 

the shear capacity of beams is strongly influenced by the studied 

parameters.  CFRP strips are less effective when beams are heavily 

reinforced with stirrups.  The gain in shear capacity increases as 

amount of longitudinal steel and/or concrete compressive strength 

increases.  After analyzing the experimental results, the empirical 

model previously proposed by the author, to predict the contribution of 

CFRP-U strips, was modified to take the effect of the studied 

parameters into consideration.  The modified model can predict the 

experimental results with acceptable accuracy, while ACI code 

guidelines fail to capture the influence of the studied parameters.  At 

the end, recommendations for further work have been given. 

 

KEYWORDS: RC beams, shear strengthening, carbon fiber 

reinforced polymer CFRP–U strips, steel stirrups. 

 

NOTATION 

 

d      = Effective depth of beam,  

mm. 

df     = Effective depth of CFRP–U 

strips, mm. 

Ef     = Modulus of elasticity of 

CFRP, MPa. 

 

a      = Shear span of beam, mm, 

Af     = Cross-sectional area of 

CFRP strips within spacing 

Sf, mm
2
, 

b      = Width of beam cross–
section (web width), mm. 
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tf       = CFRP effective thickness,  

mm. 

Vf     = Shear contribution of 

CFRP–U strips, to shear 

capacity of beam, kN. 

Vf exp.= Experimental shear 

contribution of CFRP–U 

strips,  kN. 

Vf pre.= Predicted shear contribution 

of CFRP-U-strips, kN. 

Wf    = Width of CFRP strips,  mm. 

fe     = Effective strain of CFRP–U 

strips, at failure. 

fu     = Ultimate tensile (rupture) 

strain of CFRP strips. 

      = Longitudinal reinforcement 

ratio. 

max.  = Maximum tensile strain in 

CFRP-strips measured just 

before failure. 

fcu    = Cube compressive strength 

of concrete, MPa. 

Ffe    = Effective stress of CFRP–U 

strips,  intersected by shear 

crack, MPa. 

ffu    = Ultimate tensile strength of 

CFRP–strips,  MPa. 

K     = Bond length ratio. 

Le    = Effective bond length,  mm. 

n     = Number of CFRP layers per 

strip. 

R    = Ratio of effective to 

ultimate strength of CFRP 

strips. 

Sf      = Central spacing of CFRP–U 

strips, measured along the long. 

axis of beam mm. 

Ss       = Spacing between steel 

stirrups, mm, 

 

1. INTRODUCTION 

In recent years, the technique of strengthening or repairing reinforced concrete 

structures with externally bonded carbon fiber reinforced polymer (CFRP) has 

been successfully applied and has become popular.  Over the past several 

years, there has been a concerned research effort to explore the strengthening 

effect of advanced composite materials in the form of thin laminates or fabrics 

such as carbon fiber reinforced polymer (CFRP) laminates.  Strengthening of 

beams and slabs in flexure are well documented.  In contrast, due to the 

complexity related to shear, the number of researches on shear strengthening is 

relatively limited [1-13]. 

Review of research studies carried out on shear strengthening [1-13] 

revealed that a lot of parameters, which influence the shear resistance 

mechanism, were not sufficiently documented.  Transverse and longitudinal 

steel reinforcement ratios and concrete strength are examples of such 

parameters.  Therefore, an extensive research is carried out at Assiut 

University, to study the influence of such parameters on the shear performance 

of RC beams strengthened in shear with externally bonded CFRP-U strips.  

The objectives of the research were: 
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1. To study experimentally the influence of amount of internal shear 

reinforcement (with and without steel stirrups), amount of longitudinal 

steel, and concrete compressive strength (normal and high strength) on the 

behaviour of reinforced concrete beams strengthened in shear with 

externally bonded CFRP-U strips. 

2. To determine whether or not the existing codes and calculation models are 

valid and applicable for such beams.  Codes and calculation models 

referred in this study are: ACI code [14] (i.e. Egyptian Code [19]), and 

author's model [1]. 

3. To develop, if necessary, new equations or modify the existing ones, for 

more accurate prediction of contribution of CFRP strips to the shear 

strength of such beams. 

 

2.  EXPERIMENTAL PROGRAM  

2.1 Test Specimens: 

In order to achieve the prior objectives, eighteen RC beams were designed and 

tested.  The dimensions of the tested beams were 120 mm (width) x 300 mm 

(depth) x 1940 mm (span).  All beams were designed to fail in shear.  The 

experimental program consisted of three series.  Series No. 1 designed to have 

a concrete compressive strength of 30 MPa (Normal strength concrete); while 

series No. 2 and 3 designed to have fcu of about 70 MPa (high-strength 

concrete).  Nine beams were not strengthened with CFRP and kept as control 

specimens, whereas other beams were strengthened in shear spans with CFRP-

U strips of 60 mm width and of 120 mm spacing (center-to-center).  The width 

and spacing of the CFRP-U strips used in this study were chosen according to 

the conclusions and recommendations of a previous research carried by the 

author [1].  Table (1) and Fig. (1) show details of test specimens and the 

parameters investigated.  

  

2.2 Materials: 

– Details of mix proportions and compressive strength of concrete for normal 

and high strength concrete are presented in Table (2).  Ordinary Portland 

cement and local natural sand were used.  Graded gravel and crushed basalt 

with maximum size 20 mm were used as coarse aggregate for both normal 

and high strength concrete respectively.  To enhance the strength and the 

workability of high-strength concrete, Silica Fume, and water reducing 

admixture (Sekament F.F.3) were used. 

– Two diameters of high strength deformed bars 22 and 12 mm of 440 and 

470 MPa proof-strength respectively were used for longitudinal 
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reinforcement.  Mild steel plain bars of 6 mm diameter and of 340 MPa 

yield strength were used for stirrups. 

 

Table 1:  Specimen details 

Series 
No. 

Beam 
No. 

fcu 
(MPa) 

Long. Steel      

(%) 

Shear strengthening system 

Steel stirrups 
dia. & spac. 

(mm) 

CFRP-U strips 

Wfmm Sfmm 

1 

BN–1 33 0.0235 Without – – 

BNF–1 34 0.0235 Without 60 120 

BN–2 33 0.0235 6@300 – – 

BNF–2 33 0.0235 6@300 60 120 

BN–3 32 0.0235 6@150 – – 

BNF–3 32 0.0235 6@150 60 120 

2 

BH–1 74.0 0.0235 Without – – 

BHF–1 74.0 0.0235 Without 60 120 

BH–2 72.5 0.0235 6@300 – – 

BHF–2 72.5 0.0235 6@300 60 120 

BH–3 71.0 0.0235 6@150 – – 

BHF–3 71.0 0.0235 6@150 60 120 

3 

BH–4 75 0.0470 Without – – 

BHF–4 75 0.0470 Without 60 120 

BH–5 74 0.0470 6@300 – – 

BHF–5 74 0.0470 6@300 60 120 

BH–6 72 0.0470 6@150 – – 

BHF–6 72 0.0470 6@150 60 120 

 

 
Fig.1:  Specimen details. 
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– Unidirectional Carbon Fiber Reinforced Polymer (CFRP) of 0.12 m 

effective thickness was used for external shear strengthening.  According to 

the supplier the fabrics had an elastic modulus of 231000 MPa, tensile 

strength of 4100 MPa and rupture strain of 1.7%. 

– An epoxy mortar, under a commercial name of (Sikadur-41) was applied to 

all strengthened beams as a substratum primer to the CFRP lamingtes, and 

an epoxy adhesive (Sikadur-330) was used for bonding the laminates.  

Properties of these materials have given before [1]. 
 

Table 2:  concrete mix proportions. 

fcu 
N/mm

2
 

Cement 
(Kg/m

3
) 

Fine 
aggregate 

(Kg/m
3
) 

Coarse agg.(kg/m
3
) 

Silica 
Fume 

(Kg/m
3
) 

Sekament 
(lit/m

3
) 

Water 
(lit/m

3
) 

Gravel 
20 mm 

Crushed 
basalt 

(10mm) 

30 400 620 1220 - - - 180 

70 500 600 - 1200 100 15 150 
 

2.3 Strengthening Technique: 

The surfaces of the beam where the CFRP-U strips should be bonded were 

roughened and cleaned, and the corners of the beam were rounded in curved 

shape of 30 mm diameter.  Then an epoxy mortar (Sikadur-41) of about 2.0 

mm thickness was applied to these surfaces as substratum to the CFRP strips, 

but before that a primer coat (Sikadur-31) was applied to promote the adhesion 

between the concrete surface and the mortar.  After about 24 hours the CFRP-

U strips were glued using epoxy adhesive (Sikadur-330). 

2.4 Test Procedure: 

All beams were tested simply supported and the load was applied through two 

symmetrical points of 520 mm apart as shown in Fig. (1). The load was applied 

to the beams in increments.  At each increment the mid-span deflection and the 

strains in the middle height of some of the CFRP-U strips were measured.  

During test, crack initiation and propagation were recorded. 
 

3.  TEST RESULTS AND DISCUSSION 
 

3.1 Cracking and Failure Modes: 

Figure (2) shows the failure modes of some beams.  Initially, a flexural crack 

occurred in the zone of pure bending.  As the load increased, more flexural 

cracks developed and a diagonal crack occurred.  All control beams failed in 

shear and the failure was resulted from a critical diagonal tension shear crack.  

Beams without stirrups failed suddenly, and the failure of these beams become 
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more sudden and explosive as the concrete strength increased, while beams 

with stirrups presented a more ductile response, especially in case of beams 

with stirrup of 150 mm spacing. 

All strengthened beams failed in shear (diagonal tension) except beams 

BHF-2 and BHF-3 which failed in flexure before they reached their maximum 

shear strength capacities.  The diagonal tension failure was preceded by CFRP-

U strips bond failure and/or strips rupture, and the diagonal crack occurred at a 

higher load than for control beams.  It has to be mentioned that failure of these 

beams become more sudden and explosive as the concrete strength increases 

especially those with higher ratio of main steel and/or larger stirrup spacing or 

with no stirrups. 

 

3.2 Load–Deflection Behaviour: 

Figures (3 and 4) show the relationship between the shear load and mid-span 

deflection for the test beams.  Each successive curve is offset by 2 mm to 

facilitate the comparison. The following observations can be made from these 

figures: 

– In the first stage of loading, prior to cracking, the curves of beams of each 

series are very similar, but after the occurrence of diagonal cracking, the 

addition of web reinforcement and/or external shear reinforcement (CFRP-

U strips) has a significant effect on both ultimate load and ductility. 

– High strength concrete beams strengthened with CFRP showed a 

substantially higher shear resistance compared to control beams in 

comparison with those made of normal strength concrete. 

– For specimens with nearly the same compressive strength of concrete, the 

ultimate load and the stiffness of the beam increased with increasing 

amount of longitudinal steel. 

– The addition of web reinforcement and bonded CFRP-U strips improves the 

shear response of the specimens by increasing the failure shear load and a 

higher ductile response. 

 

3.3 CFRP Strains 

Figures (5 and 6) present the curves of the shear load versus the strains in the 

CFRP-U strips for all specimens (bigger value of strain No. 1 or 2).  All curves 

presented in these figures show that the CFRP strips did not contribute to the 

load carrying capacity in the initial stage of loading.  Thereafter, the strain 

started to increase steadily up to failure. In case of beams made with high 

strength concrete, the strain attained a value of 4550  strain, while only 4050 

 strain in companion beams made with normal strength concrete.  This means 

that the CFRP contribution to the shear resistance is greater in case of high 

strength concrete beams than normal strength concrete beams. 
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Fig.2:  Mode of failure of strengthened beams. 
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Fig.3:  Load–midspan deflection (series 1 and 2). 
 

Comparison of maximum measured strains of beams in series 2 and 3 

(Table 3) reveals that the maximum strain recorded were greater for beam of 

series 3 than those in series 2.  For example, the measured strain reached 7640 

 strain in case of beam BHF-4 in comparison with only 4100  strain in case 

of beam BHF-1. 
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Fig.4:  Load–midspan deflection (series 3). 
 

Figure (7) shows that the two fiber strips crossing the shear crack 

experienced nearly the same level of strain especially near failure.  This means 

that the load carried by the fiber strips crossing the crack is uniformly 

distributed between these strips.  This observation is in agreement with that 

reported before by Deniaud et al. [12]. 

 

3.4 Shear Strengthening Influence on Beam Capacity: 

Test results showed that the contribution of CFRP-strips to the shear capacity 

of RC beams depends not only on the dimensions and spacing of U-strips as 

mentioned in previous research [1], but also on the amount of both transverse 

(stirrups) and longitudinal steel, and concrete strength as follows: 

Influence of amount of stirrups: 

Results in Table (3) indicates the existence of a strong interaction between both 

amount of internal shear reinforcement (stirrups) and external shear 

strengthening (CFRP-U strips), in term of the gain in shear capacity.  CFRP-U 

strips are less effective when beams are heavily reinforced internally.  For 

example in case of normal strength concrete beams strengthened with the same 

amount of CFRP-U strips, the increase in shear capacity of beam without 

stirrups (BNF-1) is 92.9% over that of control beam, while for beam with 150 

mm stirrup spacing (BNF-3), the increase is only 18.7%, while for similar 

beams made with high strength concrete the increase are 113.04% (BHF-1) and 

22.35% (BHF-3) respectively.   Deniaud et al. [12] reported an increase of 40% 

and 21% for normal reinforced concrete beams strengthened with glass fiber 
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with no stirrups and with 200 mm stirrups spacing respectively.  Li et al. [11] 

concluded that the contribution of composite fabric to ultimate forces decreases 

as stirrups spacing reduced.  In addition to that, Khalifa et al. [10] concluded 

that, the contribution of CFRP benefits the shear capacity at a greater degree 

for beams without shear reinforcement than for beams with adequate shear 

reinforcement.  Moreover, Deniaud et al. [12] reported that the external FRP 

reinforcement can eventually reduce the shear capacity of the beam by 

changing the critical path that will lead to an even more sudden shear failure. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.5:  Load versus fiber strain (series 1 and 2) 
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Fig.6:  Load versus fiber strain (series 3) 

 

 Influence of longitudinal steel ratio: 

Test results of beams in series 2 and 3 clarify that the contribution of composite 

fabric on the shear capacity of the strengthened beams varies according to 

longitudinal steel ratio.  Increasing the amount of longitudinal steel ratio 

increased the net increase of the CFRP-U strips with respect to failure load-

especially in case of beams with no stirrups.  A net increase of 113.04 and 

138.9% was recorded in case of beams with no stirrups and having  = 0.0235 

and 0.047 respectively, (see Table 4).  Li et al. [11] concluded that the 

contribution of composite fabric to ultimate forces decreases as the longitudinal 

steel bar section of a beam is reduced. 

 

Influence of concrete strength: 

Comparing results of beams in series 1 and 2 (Table 3) shows that the 

contribution of the CFRP-U strips to the shear capacity of the beam is 

dependent strongly on the compressive strength of concrete.  The CFRP-U 

strips are less effective when the strengthened beams made from normal 

strength concrete, especially for those with no stirrups.  For example the net 

increase in normal strength concrete beam BNF-1 is 92.9%, while for beam 

BHF-1 made of high-strength concrete, the net increase is 113.0%.  
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Fig.7:  Load versus fiber strain for beams BNF-4 and BHF-5. 
 

 

4.  ESTIMATION OF CONTRIBUTION OF CFRP  

TO SHEAR CAPACITY 

Many empirical models have been proposed to estimate the contribution of 

bonded FRP-U strips to the shear capacity of strengthened RC beams [1,12, 14, 

15, 16 and 19].  Among these models, the ACI code guidelines [14] and the 
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recent published model by the author [1] were chosen to evaluate the shear 

capacity of the present strengthened beams.  These two models can briefly 

presented as follows: 

ACI code equations [14]: 

Vf  =   Af ffe (df / Sf)       (1) 

Where   Af  =  2 n tf  Wf        (2) 

ffe  =  fe Ef          (3) 

fe  =  kv . fu   <   0.04       (for U-wraps)    (4) 

Kv  =  k1 k2 Le / 11900  fu   <   0.75     (5) 

Le  =  23300 / (ntf Ef)
0.58

        (6) 

K1  =  (f'c / 27)
2/3

           (7) 

K2  =  (df – Le) / df          (for U-wraps)    (8) 

  is the strength reduction factor  =  0.85 

All length and force units are in mm and Newton.   

In calculations, all code limitions are ignored, and all safety factors are 

taken equal to 1.0.  It has to be mentioned that, the equations of the Egyptian 

code [19] are imilar to these mentioned above. 

Author's model [1]: 

Vf  =  Af . ffe . (df / sf)       (9) 

Where  Af  =  2 n tf Wf        (10) 

ffe  =  R . ffu            (11) 

R  =                                                            (12) 

 

0.5         

fu 58.0)f t(

3/2)cu(f 2k 4.0


fnE
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k  =                            (13) 

 

Le  =                                    (14) 

 

All length and force units are in mm and Newton. 

A comparison between the experimental values of Vf.exp. to those derived 

from the above equations Vf.pre. is given in Table (3). Results in this table 

showed that, ACI code equations, generally underestimated the contribution of 

CFRP-U strips to the shear capacity of beams with no stirrups and with stirrups 

of 300 mm spacing, while overestimated those with stirrups of 150 mm 

spacing.  This is in agreement with the observations reported by others [1, 4 

and 10].  However, the equations of the author model [1] estimated properly 

the contribution of the U-strips for beams in series 1 and 2, with no stirrups or 

and stirrups of 300 mm spacing, but overestimated those with stirrups of 150 

mm spacing in all series  This may be due to the fact that, the influence of both 

transverse and longitudinal steel reinforcement and a/d ratio on the contribution 

of FRP-strips to the shear capacities is not reflected in the equations of ACI 

code and author's model, although this influence is clearly demonstrated by the 

present tests and those carried out by others [4,10 and 12].  In addition to that, 

the equations of author's model are based on experimental results of members 

made of normal strength concrete.  Therefore a trial, using statistical analysis 

of the experimental results of the tested specimens, has been made to modify 

the equations of the author model to take into account the influence of the 

above parameters.  This modification is done in the value of effective stress, ffe, 

because this is the only unknown in equation (9) to be determine for 

completing the analysis of CFRP contribution to shear capacity, as follows: 
 

ffe  =  R                                            Ss/d  <  1.0   (15) 

Where: 

R  =         (16) 

 

K, Le and Vf as given above in equations of the author model. 
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Table 3: Comparison between experimental and analytical results 

Resea-
rcher 

Beam 
No. 

Failure 
load 
(KN) 

f.max. 
(%) 

Vf.exp. 
(KN) 

Vf.pre. (KN) Failure 
mode ACI 

code[14] 
Author 

model[1] 
Modf. 
Eqns. 

P
re

s
e

n
t 

w
o

rk
 

BN–1  92.0 - - - - - Shear 
BNF–1 177.5 0.405 42.75 25.93 37.42 45.14 Shear 
BN–2 122.0 - - - - - Shear 
BNF–2 221.0 0.392 49.5 25.37 36.47 44.0 Shear 
BN–3 160.5 - - - - - Shear 
BNF–3 190.5 0.400 15.0 24.80 35.49 16.72 Shear 

BH–1 115.0 - - - - - Shear 
BHF–1 245.0 0.410 65.0 45.96 59.04 71.23 Shear 
BH–2 183.0 - - - - - Shear 
BHF–2 252.5 0.010 34.75 45.22 59.04 71.23 Flexure 
BH–3 212.5 - - - - - Shear 
BHF–3 260.0 0.455 23.75 44.58 59.04 27.82 Flexure 
BH–4 144.0 - - - - - Shear 
BHF–4 344.0 0.764 100.0 46.42 59.04 74.39 Shear 
BH–5 205.0 - - - - - Shear 
BHF–5 390.0 0.550 92.5 45.96 59.04 74.39 Shear 
BH–6 265.0 - - - - - Shear 
BHF–6 358.0 0.560 46.5 45.035 59.04 29.1 Shear 

L
i 

[1
1

] PU–1 - - 32.5 29.53 42.31 30.3 Shear 
PU–2 - - 20.0 23.62 33.84 24.27 Shear 

T
a

e
rw

e
 

[1
7

] 

PS–2 - - 41.2 24.18 36.93 44.17 Shear 
BS–5 - - 33.4 12.52 18.46 22.10 Shear 
PS–6 - - 30.0 8.18 11.20 14.72 Shear  

 

Table (3) and Fig. (8) show a comparison between the computed values 

of Vf.pre. using the above modification and the experimental  Vf.exp. values for 

strengthened beams collected from present research and these conducted by 

others [11 and 17] in comparison with those calculate using ACI code [14]. 

The comparison indicates that the modified equations, gives acceptable 

accuracy and sometimes conservative, while ACI code equations failed to 

capture the influence of the studied parameters.  It has to be mentioned that, 

due to the complex interaction exists between concrete, internal steel 

reinforcement, and CFRP shear reinforcement, as indicated by the results of the 

present research and those conducted by others [4,10 and 12], it is difficult to 

predict the contribution of the CFRP strips to the shear capacity of beams 

accurately until more experiments are available. 
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Fig.8:  Comparison between experimental and predicted values of Vf. 
 

CONCLUSIONS 

Based on the analysis and discussion of the experimental and analytical results 

given above, the following conclusions can be drawn: 

1. The contribution of the CFRP-U strips to the shear capacity of RC beams 

depends not only on the dimensions and spacing of strips [1] but also on 

the amount of internal shear reinforcement (stirrups), amount of 

longitudinal steel reinforcement, and concrete compressive strength. 

 – The gain in shear capacity increases as the amount of internal shear 

reinforcement decreases, i.e. CFRP strips are less effective when beams 

are heavily reinforced with internal shear reinforcement. 

 – Increasing amount of longitudinal steel increased the net increase in 

ultimate shear load, specially for beams without stirrups. 

 – As the compressive strength of concrete increased, the CFRP strips 

contribution to the shear capacity increased. 

2. Failure of strengthened beams were more sudden and explosive as concrete 

strength and/or amount of longitudinal reinforcement increased, especially 

for beams without stirrups. 

3. The maximum CFRP strains measured just before failure were higher in 

specimens made of high strength concrete compared to those made of 

normal strength concrete, and also increased as amount of longitudinal 

steel increased. 

4. The CFRP strains are uniformly distributed among the strips crossing the 
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path of the concrete shear crack. 

5. Comparison between experimental and calculated values of Vf indicates 

that the modified equations, developed to predict the contribution of 

CFRP-U strips to the shear capacity of RC beam, gives acceptable and 

sometimes conservative estimates, while the guidelines of ACI code fail to 

capture the influence of the studied parameters. 
 

Recommendations for Future Work: 

– Interaction between the contribution of external CFRP and internal shear 

reinforcement (stirrups) still needs to be investigated.  This investigation 

has to consider the following parameters: main steel ratio, a/d ratio, 

concrete strength, type of fibers, and scale effect. 

– The proposed equations needs to be expanded to include the effect of the 

above parameters to enhances its accuracy. 
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تأثير  اƂƃانات  ومقاومة  اƃخرسانة  على  سلوك  اƂƃمرات  اƃخرسانية  اƃمقواة  خارجياً  في منطقة  

 اƃقص  بشرائح  نسيج أƃياف  اƂƃربون
 

صلللل   ةناصللللر  (CFRP)إن تقنيلللل  اسللللتيدام بللللوƅيمرات نƅيللللاف اƄƅربللللون اƅمقللللو    للللج ةمحيلللل  تللللدةيم وا 
اأƅيللاف مللن مميلليات Ƅجيللرة بتانللف سلل وƅ  تنفيللذ ا ةمحي للا.  اƅمنشلل ت اƅيرسللاني  نصللبةت شللاله  ƅمللا ƅ للذ 

وطبقللا  ƅحمهحومللات اƅمتاةلل ،  للدن اƅهديللد مللن اƅمتؤيللرات اƅتللج تللاجر ةحللا سللحوم اƄƅمللرات اƅيرسللاني  اƅمقللوا  
ب للذ  اƅتقنيلل  واƅمهرحلل  أةمللاي مللر ƅللم يللتم دراسللت ا، ƅللذا  للدن اƅؤللرة مللن  للذا اƅبةلل   للو دراسلل  تلل جير 

اƅمسللا   بللين اƄƅانللات ل نسللب  ةديللد اƅتسللحيم اƅرليسللج ل مقاوملل  اƅيرسللان  ةحللا سللحوم اƅمتؤيللرات ايتيلل   
من نƅياف نسيج نƅياف  UاƄƅمرات اƅيرساني  اƅمسحة  واƅمقواة  ج منطق  اƅقر بشرالم ةحا  يل  ةرف 

 اƄƅربون . 
ييم ل ا نفهللاي ومللد شللمحت اƅدراسلل  تلل جير تحللم اƅمتؤيللرات ةلللحا شللƄي اƅشللرو  وننمللاط ا ن يللار ل ملليم اƅتللر 

لا تلم  لج  لذ  اƅدراسل  مقارنل  مقاومل   اƅةاد  بشرالم اƅتقوي  ل مقاوم  اƅقلر اƅقصلو  ƅ لذ  اƄƅملرات. نيح 
واƅتللج تلم اƅةصللوي ةحي للا مهمحي لا ƅ للذ  اƄƅملرات بتحللم اƅمةسللوب  اƅتلج تسللا م ب للا اأƅيلاف اƅقلر اƅقصللو  

وƄلللذƅم بتحلللم اƅمةسلللوب  طبق لللا ƅحمهلللاد ت  طبق للا ƅحمهلللاد ت اƅمهطلللاة بواسلللط  اƄƅلللود اأمريƄلللج  اƅمصللري 
اƅسللابا اسلللتنباط ا بواسلللط  اƅماƅللف. وملللد تلللم ملللن يلل ي  لللذا اƅبةللل  اƅةصلللوي ةحللا اƄƅجيلللر ملللن اƅنتلللالج 

 اƅمهمحي  اƅتج تفيد اƅباةجين واƅقالمين بهمحيات تدةيم اƅمنش ت اƅيرساني . نذƄر من تحم اƅنتالج 
اƅمتؤيرات اƅتج تلم دراسلت ا تلاجر تل جير ا مباشلر ا ةحلا ملد  مسلا م  شلرالم اƄƅربلون  لج ييلادة مقاومل   ـ

اƅقلللر اƅقصلللو  وممطوƅيللل  تحلللم اƄƅملللرات..  هحلللا سلللبيي اƅمجلللاي  ةمحيللل  اƅتقويللل  باسلللتيدام شلللرالم 
CFRP  ملللراتƄƅجلللر  اةحيللل   لللج اƄلللون نƄانلللات وتƄƅمسلللا   بلللين اƅحملللا يادت اƄ  جلللر  اةحيلللƄلللون نƄت

ƅمصللنوة  مللن يرسللان  ةاƅيلل  اƅمقاوملل  مقارنلل  بتحللم اƅمصللنوة  مللن يرسللان  ةاديلل  اƅمقاوملل  وƄللذا ا
 تيداد  ذ  اƅفاةحي  بييادة نسب  ةديد اƅتسحيم اƅرليسج.

ا نفهلاي اƅمقللاس  لج شللرالم اƅتقويل  مبللي ا ن يللار مباشلرة يƄللون نةحلا  للج ةاƅل  اƄƅمللرات اƅمصللنوة   ـ
لا بييلادة من يرسان  ةاƅي  اƅمقاوم  ةنه   ج تحم اƅمصنوة  من يرسان  ةادي  اƅمقاوم  وييداد نيح 

نسب  ةديد تسحيم اƅشد. Ƅما نن ا نفهاي اƅةاد   ج اƅشرالم اƅتج يمر ب ا شر  اƅقر يƄلون تقريب لا 
 متساوي ا ياص  ةند ا ن يار. 

الم اƅتقويل   لج مقاومل  مهاد ت اƄƅود اأمريƄج  اƅمصري   شحت  ج اƅتنبا باƅقيم اƅتج تسا م ب ا شر  ـ  
اƅقللر اƅقصللو  ƅتحللم اƄƅمللرات وƄƅللن اƅمهللاد ت اƅمهدƅلل  اƅتللج تللم اسللتنباط ا بواسللط  اƅماƅللف تنبلل ت 

. ƅمسا م  بطريق  مقبوƅب ذ  ا 
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 ج ن اي  اƅبة  تم تدوين اƅمتؤيرات اƅتج يتف نن تدرس مستقب  ƅييادة   م  ذ  اƅسحوم واƅت Ƅد من دم  
 ط .نتالج اƅمهاد ت اƅمستنب
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