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  الملخص العربى
ناء والتي تم معيبة نتيجة حمل اإلنحيھدف ھذا البحث إلى دراسة السلوك اإلنشائي لكمرات خرسانية مسلحة 

وليتحقق ذلك . ف الزجاج والمحتوي على بودرة الدولوميت كمادئة مالئةإصالحھا باستخدام البوليستر المسلح بأليا
كا يتم مقارنة السلوك اإلنشائي لتلك الكمرات بكمرات خرسانية مسلحة أخرى ثم استخدام خبث الحديد وغبار السيل

  .زجاج كمادة إصالحكمادة مالئة للبوليستر المسلح بألياف ال
ٌ كمرة خرسانية مسلحة، أخذت الكمرة األولى كعينة مرجعية ١١ولذلك تم جراء البرنامج العملي على عدد 

للمقارنة، أما الكمرة الثانية فقد تم تقويتھا باستخدام البوليستر المسلح بألياف الزجاج، أما الكمرات من الثالثة 
ل اإلنحناء حتى الوصول إلى حد التشرخ ثم تم اإلصالح بعد ذلك على وحتى الحادية عشرة فقد تم تحميلھا بحم

  :النحو التالي
تم إصالحھا باستخدام البوليستر المسلح بألياف الزجاج المحتوي على بودرة : الكمرات من الثالثة إلى الخامسة-١

  % .٣٠، و %٢٠، %١٠ بنسب الدولوميت
ث با باستخدام البوليستر المسلح بألياف الزجاج المحتوي على ختم إصالحھ: الكمرات من السادسة إلى الثامنة -٢

  % .٣٠، و %٢٠، %١٠الحديد بنسب 
تم إصالحھا باستخدام البوليستر المسلح بألياف الزجاج المحتوي : الكمرات من التاسعة إلى الحادية عشرة -٣

  % .٣٠، و %٢٠، %١٠على غبار السيليكا بنسب 
 على الكمرات الخرسانية المرجعية والتي تم إصالحھا، وتم دراسة السلوك اإلنشائي وقد تم إجراء اختبار اإلنحناء

لجميع الكمرات المختبرة عن طريق تحديد حمل الكسر وسھم اإلنحناء والكزازة والمقاومة للصدم وطبيعة 
  .اإلنھيار

إصالحھا نتيجة استخدام َولقد أظھرت نتائج ھذا البحث حدوث تحسن فى السلوك اإلنشائي للكمرات المعيبة بعد 
  إذا ما قورنت ببودرة خبث الحديد البوليستر المسلح بألياف الزجاج المحتوي على بودرة الدولوميت كمادة مالئة

ًتلك الكمرات انھيارا مماثال حيث زادت قدرة تحمل الكمرات والكزازة والمقاومة ألحمال الصدم، كما أبدت  ً
بدت الكمرة الخرسانية المسلحة والمقواة باستخدام البوليستر المسلح بألياف للكمرة الخرسانية المرجعية بينما أ

ًالزجاج فقط إنھيارا قصفا مفاجئا، وأدي استخدام خبث الحديد ً  كمادئة مالئة للبوليستر المسلح بألياف الزجاج إلى ً
  .لئةًنتائج أقل نسبيا إذا ما قورنت باستخدام بودرة الدولوميت وغبار السيليكا كمادة ما

 
ABSTRACT 
The experimental program was implemented on (11) reinforced concrete beams. Two 
concrete beams were taken as reference. All the concrete beams were of the same mix 
and reinforcement. The first one was made of normal concrete while the second beam 
was strengthened using GFRP strip. The remained nine beams were firstly distressed 
by loading them up to cracking. Then after, they were repaired using GFRP strips. 
The polyester contained one of three different fillers (dolomite powder, slag, or silica 
fume) with three different concentrations (10%, 20%, and 30%). The concrete beams 
were tested using two points load. The load was applied as a static load. The load was 
monitored using a combination of load cell on the beam and digital pressure gauge. 
The displacement of the concrete beams was monitored using linear voltage 
displacement transducers (LVDT's).  
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All instruments were connected to a high-speed data acquisition system that made it 
possible to monitor the response of the tested beams through the investigation. 
 
The results showed the enhancement of the load carrying capacity, the stiffness, the 
toughness, and the ductility of the repaired concrete beams due to the use of the GFRP 
containing the dolomite powder. The use of the dolomite powder as filler to the 
polyester resin led to ductile failure when compared with the case of using the GFRP 
only. The use of the dolomite powder or silica fume as filler showed relatively higher 
mechanical properties and better structural behaviour when compared with the case of 
using the slag as filler. 
 
KEYWORDS 
Glass Fiber Reinforced Polyester (GFRP), Load carrying capacity (Pult), Stiffness, 
Toughness, Ductility (∆ult), Dolomite powder, Slag (S), Silica Fume (SF).   
 
1-INTRODUCTION 
Reinforced concrete is generally considered a good durable material, when compared 
to other competing construction materials [1]. Nevertheless, a large number of 
concrete structures deteriorate due to inadequacy of design, overloading due to change 
in use, chloride attack, corrosion, exposure to elevated temperatures, bombardment, 
etc [2, 3]. In the European Union about 84,000 reinforced and prestressed concrete 
bridges need to be maintained, repaired and strengthened at an annual cost of £215 M, 
while in the USA, about 27% of highway bridges require repair or replacement [4]. 
Due to the high cost associated with reconstruction of the damaged elements, repair 
and strengthening techniques have become a priority in the recent years due to its 
much lower cost. Traditional techniques using steel plates have been used in the past 
to improve flexural and shear capacities of damaged concrete beams [5-7]. However, 
high installation cost and corrosion of the plates focused the attention on using fiber-
reinforced polymers, suitable in terms of low costs and fast in execution, as new 
repair materials. Carbon  fibre  reinforced  polymer  sheets  have  been  successfully  
used  to  repair  and strengthen reinforced concrete structures. The success may be 
attributed to their high strength-to-weight ratio, high stiffness, and ease in installation 
and corrosion resistance of the material [8, 9]. A large number of researchers 
concluded that using bonded CFRP sheets can enhance the flexural capacities of the 
repair/strengthened beams in addition to reducing their deflections [8, 10, 11, 12]. On 
the other hand, some researchers stated that strengthening by means of CFRP turn the 
ductile behavior of the original beams into brittle one due to debonding between 
concrete and CFRP sheets [10, 13]. The load carrying capacity and structural 
behaviour are mainly dependent of the bonding condition, i.e. the polymer mechanical 
and physical characteristics. So, many research works have been focused on the 
enhancement of the polymer characteristics to improve the bond at the interface. The 
objective of this research is to investigate the structural behaviour of distressed RC 
beams repaired using GFRP containing dolomite powder as filler of different 
percentage. For only the purpose of comparison slag and silica fume were also used 
individually as filler.     
 
2- MATERIALS USED 
Materials used are: aggregate, cement, water, additives, reinforcing steel, glass fiber 
reinforced polyester GFRP. Natural siliceous sand with a round particle shape and 
smooth texture with fineness modulus of (2.75) were used. The grading curve lies 



between the upper and the lower limits of BS 1377, BS 812 requirements. The coarse 
aggregate used for concrete mixes was natural dolomite of nominal maximum size 10 
mm for aggregate size 1 and 20 mm for aggregate size 2. They were mixed together to 
obtain coarse aggregate with 20 mm nominal maximum size which was used in the 
concrete mixes. Cement type CEM I 42.5 N (El-Suez Cement Company) meeting the 
requirements of ES 4756-1/2009 was used in preparing the concrete mix. Two types 
of reinforcing steel obtained from El-Dekhiela factory were used in this work: 
-Type I:    Normal mild steel 24/35 (plain bars). 
-Type II:   High grade steel 36/52 (deformed bars). 
 
Specifications of these types of steel were complied with ES 262/97. Tap water has 
been used for mixing and curing procedures. The concrete mix used in this research 
work is given in Table 1. Silica fume is a by-product brought out of the manufacture 
of ferrous alloys. It was in a powder form with a light-grey colour. Silica fume gives 
black slurry when mixed with water. The chemical composition and physical 
properties of silica fume are as provided by the manufacturer. The super-plasticizer 
used was ADDICRETE BVF, which is a product of chemical for Modern Building 
Company. Glass fibre fabrics used in this work were wrapRHex – 230c. The roll 
width of the GFRP fabrics was 300 mm. The GF mechanical characteristics are as 
given in Table 3. The characteristics of the used polyester are shown in Table 4. 
Polyester adhesives allow bonding structural parts and elements economically and 
without changing the outward appearance of the structure. 
  
3-EXPERIMENTAL PROGRAM 
3.1 REINFORCED CONCRETE BEAMS 
Chart [1] shows the considered variables in the presented experimental work which 
are the type and percentage of the filler. Three types of filler which are the dolomite 
powder, slag, or silica fume are used as filler of the polyester adhesive. The filler was 
used with 10%, 20%, and 30% concentration of the weight of the polyester. Chart [2] 
and Table 5 indicate the notifications of (11) tested RC beams. Beams B1 and B2 are 
concrete beams with and without GFRP strip and they are taken as reference. The 
concrete beams from B3 to B11 were distressed, repaired and then tested up to failure. 
Concrete dimension and reinforcement are shown in Figures [1] and [2], while Photos 
[1], [2] and [3] show preparation of the RC beams for testing. 
 
4-RESULTS AND ANALYSIS  
The influence of using three types of filler (dolomite powder, slag, silica fume) with 
different concentrations (10%, 20% and 30%) on the structural behaviour of repaired 
RC beams are investigated. The structural behaviour is expressed in terms of ultimate 
load, stiffness, toughness, ductility, and the mode of failure. Figures from [3] to [5] 
show the load-displacement curves obtained for the tested repaired RC beams. 
 
4.1 REINFORCED CONCRETE BEAMS 
4.1.1 COMPRESSIVE STRENGTH OF CONCRETE MIXES 
Table 1 and Table 2 show the compressive and tensile strength of the concrete and 
polyester mixes. The compressive and tensile strength of the concrete mix from were 
38.76 N/mm2 and 4.65 N/mm2 respectively. In case of the polyester mixes the 
polyester compressive strength ranged from 55.34 N/mm2 to 83.29 N/mm2 depending 
on the type and percentage of the filler. The polyester tensile strength ranged from 
47.53 N/mm2 to 74.56 N/mm2. 



 Table 2 shows that compressive and tensile strength increase with the increase of the 
percentage of filler. For the case of dolomite powder, increasing the percentage of 
dolomite powder from 10% to 30% led to increase compressive and tensile strength 
from 58.23 N/mm2 to 65.55 N/mm2 and from 48.36 N/mm2 to 55.24 N/mm2 

respectively. Similar trends were shown for the case of slag and silica fume powders. 
It should be noted that using dolomite powder and silica fume led to relatively higher 
compressive and tensile strength when compared with using the slag as filler.  
 
4.2 ULTIMATE LOAD 
4.2.1 REPAIRING TECHNIQUE 
Table 6 shows the ultimate loads of the control and repaired beams. The ultimate load 
of control beams B1 and B2 are 105.00 KN and 155.00KN respectively. The repaired 
beams from B3 to B11 had undergone relatively higher ultimate loads. The ultimate 
loads of the repaired beams ranged from 114.00KN to 128.90 KN. It is clear that the 
repairing technique led to increase the ultimate load of the defected beams. Table 7 
summarizes the relative ultimate loads of the repaired beams. The relative ultimate 
load ranged from 108.57% to 122.76% depending on the percentage and type of filler. 
Using the silica fume with 30% led to the highest relative strength value while using 
the slag with 10% led to the lowest relative ultimate load. Using the dolomite powder 
as filler led to increase of the ultimate load of the defected beams B3, B4, and B5 by 
9.52%, 11.43%, and 15.24% respectively. Using the slag as filler led to increase of the 
ultimate load of the defected beams B6, B7, and B8 by 8.57%, 10.48%, and 12.38% 
respectively. Using the silica fume as filler led to increase of the ultimate load of the 
defected beams B9, B10, and B11 by 16.19%, 18.38%, and 22.76% respectively. 
The increase of the load carrying capacity of the repaired beams when compared with 
the control beam B1 is mainly due to the action of the multi-layers system and filling 
and sealing of formed cracks with the polyester adhesive.  
 
4.2.2 THE TYPE OF FILLER 
Table [6] and Figures from [6] to [8] show the influence of the filler type on the 
ultimate load. It is clear from the results that using the slag as filler led to the lowest 
ultimate load if it is compared to the use of dolomite powder or silica fume. In case of 
10% filler, the ultimate load of repaired beams B3, B6, and B9 were 115.00KN and 
114.00KN, and 122.00KN respectively. When the percentage of the filler was to 20%, 
the ultimate of the repaired beams B4, B7, and B10 were 117.00KN, 116.00KN, and 
124.30KN respectively. For the case of 30% filler, the ultimate loads of the repaired 
beams B5, B8, and B11 were 121.00KN, 118.00KN, and 128.90KN respectively. 
 
4.2.3 THE PERCENTAGE OF FILLER 
Concerning the influence of the percentage of the filler on the ultimate load, Table [6] 
and Figures [9] indicate that increasing the percentage of the filler from 10% to 30% 
led to the increase of the ultimate load. This observation was noted for the three types 
of filler. The only difference was related to the absolute values. In case of filler as a 
dolomite powder, the ultimate load recorded for beams B3, B4, and B5 were 
115.00KN, 117.00KN, and 121.00KN respectively. In case of filler as a slag powder, 
the ultimate load recorded for beams B6, B7, and B8, were 114.00KN,   116.00KN, 
and 118.00KN respectively. In case of using the silica fume as filler, the ultimate load 
recorded for beams B9, B10, and B11, were 122.00KN, 124.30KN, and 128.90KN 
respectively. 
 



4.3 STIFFNESS 
The ability of the reinforced concrete beam to resist cracking can be expressed in 
terms of its stiffness. Table 6 shows the computed stiffness of the control and repaired 
beams. It is calculated as the slope of the straight line of the load-displacement curve. 
Figures from [3] to [5] were used to compute the stiffness of the tested RC beams. It 
was required to evaluate the elastic behavior of the RC beams subjected to cracking 
after repairing them. It was believed that monitoring the cracking load after repairing 
the distressed beams might not be the accurate way to evaluate such behavior. The 
following paragraphs discuss the influence of filler percentage and type on the 
stiffness of the repaired beams. 
 
Table 7 summarizes the relative stiffness of the repaired beams. The relative stiffness 
ranged from 26.04% to 60.78% depending on the percentage and type of filler. Using 
the dolomite powder with 30% led to the less low in relative stiffness value while 
using the slag with 10% led to the lowest relative stiffness. Using the dolomite 
powder as filler led to decrease in the stiffness of the defected beams B3, B4, and B5 
by 56.24%, 54.41%, and 39.22% respectively. Using the slag as filler led to decrease 
in the stiffness of the defected beams B6, B7, and B8 by 73.96%, 54.41%, and 
51.37% respectively. Using the silica fume as filler led to decrease in the stiffness of 
the defected beams B9, B10, and B11 by 56.24%, 54.41%, and 51.37% respectively. 
 
4.3.1 PERCENTAGE OF FILLER 
Table 6 presented the computed stiffness of the control and repaired beams. Using 
10%, 20%, and 30% dolomite powder as filler as given in Beams B3, B4, and B5 led 
to stiffness values 24.00KN/mm, 25.00KN/mm, and 33.33KN/mm respectively. The 
percentage of decrease in the stiffness of the repaired beams was 43.76%, 45.59%, 
and 60.78% respectively. For the case of using the slag as filler, the stiffness of 
repaired beams B6, B7, and B8 were 14.28KN/mm, 25.00KN/mm, 26.67KN/mm 
respectively. The percentage of decrease of the stiffness was 26.04%, 45.59%, and 
48.63% respectively. Using the silica fume as filler led to stiffness values 
24.00KN/mm, 25.00KN/mm, 26.67KN/mm for beams B9, B10, and B11 respectively. 
The percentage of decrease of the stiffness was 43.76%, 45.59%, and 48.63% 
respectively. 
 
4.3.2 TYPE OF FILLER  
Plotting the load-displacement curves of beams B1, B3, B6, and B9 as given in Figure 
[3] led to evaluate the stiffness of such beams which were 53.84KN/mm, 
24.00KN/mm, 14.28KN/mm, and 24.00KN/mm respectively. The results indicated 
that using the dolomite powder and the silica fume with 10% concentration led to 
significantly higher stiffness when compared to the stiffness of the case of using the 
slag filler with the same concentration. The percentage of decrease in the stiffness of 
the repaired beams was 43.76%, 45.59%, and 60.78% respectively. 
Plotting the load-displacement curves of beams B1, B4, B7, and B10 as given in 
Figure [4] led to evaluate the stiffness of such beams which were 53.84KN/mm, 
25.00KN/mm, 25.00KN/mm, and 25.00KN/mm respectively. The results indicated 
that using the dolomite powder and the silica fume with 20% concentration led to 
significantly higher stiffness when compared to the stiffness of the case of using the 
slag filler with the same concentration. The percentage of decrease in the stiffness of 
the repaired beams was 26.04%, 45.59%, and 48.63% respectively. 



Plotting the load-displacement curves of beams B1, B5, B8, and B11 as given in 
Figure [5] led to evaluate the stiffness of such beams which were 53.84KN/mm, 
33.33KN/mm, 26.67KN/mm, and 26.67KN/mm respectively. The results indicated 
that using the dolomite powder and the silica fume with 30% concentration led to 
significantly higher stiffness when compared to the stiffness of the case of using the 
slag filler with the same concentration. The percentage of decrease in the stiffness of 
the repaired beams was 43.76%, 45.59%, and 48.63% respectively. 
4.4 TOUGHNESS 
The load-displacement curves of the tested beams were used to calculate the 
toughness and the results were given in Table 6. The toughness of the repaired beams 
was significantly higher than that calculated for the control beam B1. The toughness 
of the repaired beams ranged from 2303.90N.mm to 3372.1N.mm while the toughness 
of the control beam was 1632.6N.mm. Table 7 indicated that the relative toughness of 
the repaired beams ranged from 141.12% to 206.55%. It is clear from the results that 
significant enhancement to impact or energy absorption was occurred due to the 
repairing technique. 
 
4.4.1 PERCENTAGE OF FILLER 
The results in Table 6 discuss the influence of increasing the percentage of filler on 
the toughness of the beams. It is clear that increasing the percentage of the filler from 
10% to 30% led to increase the toughness. The toughness of repaired beams B3, B4, 
and B5 was 2328.8N.mm, 2688.3N.mm, and 3001.2N.mm. In case of the repaired 
beams B6, B7, and B8, the toughness was 2303.9N.mm, 2610.8N.mm, and 
2951.3N.mm respectively. The toughness of the repaired beams B9, B10, and B11 
was 3005.5N.mm, 3135.1N.mm, and 3372.1N.mm respectively. 
 
4.4.2 TYPE OF FILLER  
The influence of the filler type on the toughness was presented in Table 6 where the 
toughness of the repaired beams B3, B6, and B9 was 2328.8N.mm, 2303.9N.mm, and 
3005.5N.mm respectively. In case of repaired beams B4, B7, and B10, the toughness 
was 2688.3N.mm, 2610.8N.mm, and 3135.1N.mm. The toughness of the repaired 
beams B5, B8, and B11 was 3001.2N.mm, 2951.3N.mm, and 3372.1N.mm. 
 
4.5 DUCTILITY 
The ductility of a beam can be defined as its ability to sustain inelastic deformation 
without loss in load carrying capacity, prior to failure. Under-reinforced concrete 
beams are used so that failure is initiated by yielding of the steel reinforcement after 
considerable deformation at no substantial loss of load carrying capacity.  This mode 
of failure is ductile. Failure is precipitated by FRP de-bonding, rupturing, or concrete 
crushing. All of these modes of failure are brittle, i.e., load capacity is reached with 
little inelastic deformation. Due to the low modulus of elasticity of the FRP materials, 
the FRP-repaired beams usually experience large deformations. These large 
deformations do not mean ductile behavior. Therefore, monitoring the load-
displacement curve and mechanism of failure upon testing is of interest. 
Table 6 shows the recorded ultimate displacement of the tested beams. The ultimate 
displacement of the control beam B1 was 16.50mm. The recorded ultimate 
displacement of beam B2 was 4.00mm which was slightly lower than that of the 
control beam B1. The recorded displacements of the repaired beams from B3 to B11 
were significantly higher than that of the control beam B1. Table 7 shows that the 
percentage of increase of the displacement of the repaired beams ranged from 24.24% 



to 58.79% regardless the concentration and type of filler. However, the maximum 
ultimate displacement was recorded for the repaired beam B11 which had 30% silica 
fume as filler. The repaired beam B6 having 10% slag as filler recorded the minimum 
ultimate displacement. 
 
4.5.1 THE PERCENTAGE OF FILLER 
It is clear from Table 6 the influence of increasing the percentage of the filler on the 
ultimate displacement of the control and repaired beams. Using dolomite powder of 
percentage 10%, 20%, and 30% as indicated in beams B3, B4, and B5 led to ultimate 
displacement values 20.90mm, 21.70mm, and 23.50mm respectively. The relative 
ultimate displacement of the repaired beams B3, B4, and Beam5 were 126.67%, 
131.52%, and 142.42% as shown in Table 7. In case of using the slag filler as 
indicated in the repaired beams B6, B7, and B8, the ultimate displacements values 
were 20.50mm, 21.00mm, and 24.50mm respectively. The relative ultimate 
displacements of the same beams were 124.24%, 127.27%, and 148.48%. Using the 
silica fume as filler as indicated in beams B9, B10, and B11 led to ultimate 
displacements of values 24.10mm, 24.94mm, and 26.20mm respectively. The values 
of the relative displacements of the repaired beams B9, B10, and B11 were 146.06%, 
151.15%, and 158.79% respectively. 
The results of Tables 6 and 7 show that increasing the percentage of the filler from 
10% to 30% led to increase the ultimate displacement. For the used types of filler, the 
rate of increase of the displacement from 10% to 20% was lower when compared to 
the rate of increase of the displacement from 20% to 30%. 
 
4.5.2 THE TYPE OF FILLER 
Table 6 discuss the influence of the type of filler on the recorded ultimate 
displacement. At 10% percentage of filler, the recorded ultimate displacements of the 
repaired beams B3, B6, and B9 were 20.90mm, 20.50mm, and 24.10mm respectively. 
The three repaired beams exhibited higher displacements when they compared with 
the displacement of the control beam B1 (16.50mm). At 20% percentage of filler, the 
recorded ultimate displacements of the repaired beams B4, B7, and B10 were 
21.70mm, 21.00mm, and 24.93mm respectively. The three repaired beams also 
exhibited higher displacements with respect to the control beam B1.  At 30% 
percentage of filler, tee recorded ultimate displacements of the repaired beams B5, 
B8, and B11 were 23.50mm, 24.50mm, and 26.20mm respectively. The three repaired 
beams exhibited higher displacements when they compared with the displacement of 
the control beam B1. 
 
4.6 MODE OF FAILURE 
Figures from [3] to [5] show the load-displacement curves of the control B1, B2, and 
repaired beams from B3 to B11. Also photos from [4] to [6] show the crack patterns 
obtained during implementing the flexure test of the concrete beams. Figure [4] 
indicated that the control beam B1 exhibited a ductile mode of failure. The cracks 
were initiated in the tension zone in the middle third of the beam and extended 
upward to the compression zone. 
Figure [3] and Photo [5] exhibited a brittle mode of failure, for beam B2. De-bonding 
of glass fiber reinforced polyester was firstly occurred. The cracks were started to 
initiate at compression and tension zones. Then, the failure occurred suddenly 
occurred. This may be attributed to the additional reinforcement due to the glass fiber 
reinforced polyester which altered the beam to over-reinforced beam. It is also may be 



attributed to high tensile strength of the glass fiber reinforced polyester with respect to 
steel reinforcement which consequently led to the yield of the steel reinforcement at 
first.  
Figures [3] to [5] and Photo [6] showed that the repaired beams exhibited a ductile 
mode of failure. It should be noted that the repaired beams were firstly distressed by 
loading the beams up to 60% of its ultimate load. This case of loading prior to 
repairing procedure led to induce stresses and strains in the steel reinforcement. Bond 
strength at the interface at bottom surface was higher than the tensile and compressive 
stresses induced in steel and concrete. 
  The mode of failure of the repaired beams could be explained as follow: 
1- Failure starts at compression zone. 
2- Followed by propagation of the cracks in the tension zone. 
3- Excessive deformation was happened before debonding of the GFRP and this was 
indicated by propagation of the cracks in the tension zone. 
4- Finally, rupture of GFRP was occurred. 
 
5-CONCLUSIONS AND RECOMMENDATIONS 
The research work presented in this paper led to the following conclusions: 
1-Increasing the percentage of dolomite powder, slag, and silica fume led to the 
increase of the ultimate load, stiffness, and toughness of the repaired beams. In fact 
this result could be attributed to the action of "the layered system" and filling the 
initiated cracks with the polyester adhesive. 
2-All the tested repaired beams showed relatively higher ultimate load and toughness 
when they were compared to the control beam B1 which reflected the potential of the 
repairing technique. 
3-The result of the repaired beams showed that using the slag as a filler led to the 
lowest values of load carrying capacity, stiffness, and toughness when they were 
compared to those contained dolomite powder and silica fume as a filler. 
4- The control beam B1 and the tested repaired beams exhibited a ductile mode of 
failure while the strengthened beam B2 exhibited a brittle mode of failure. In fact this 
could be attributed to the use of the dolomite powder, slag, and silica fume as filler to 
the polyester adhesive. 
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Table [1]: Normal concrete mix and polyester mixes  

Adhesive 

Mix. 
Type 

Filler 

type 

Filler 

% 
Polyester resin 

% 

Hardener 

% 

Accelerator 

% 

1 

N
o 

fi
ll

er
 

0 99.240  0.375 0.385 

10 89.316 0.375 0.385 

20 79.392 0.375 0.385 2 

D
ol

om
it

e 
 

p
ow

d
er

 

30 69.468 0.375 0.385 

10 89.316 0.375 0.385 

20 79.392 0.375 0.385 3 

S
la

g 

30 69.468 0.375 0.385 

10 89.316 0.375 0.385 

20 79.392 0.375 0.385 4 

S
il

ic
a 

F
u

m
e 

30 69.468 0.375 0.385 

 

N.C mix  

Contents 

Aggregate Mix
No. 

W/C Cement 
(kg/m3) 

water 
(litre/m3) Coarse aggregate 

(kg/m3)  
Fine aggregate 

(kg/m3) 

σc 
(N/mm2) 

at (28day) 

σt 

(N/mm2)

1 0.45 350 157.50 1185 790 38.76 4.65 

Polyester mixes 



Table [2]: Properties of used polyester mixes 

 
Table [3]: Properties of glass fiber used to reinforce the polyester adhesive 
 

Property Symbol Units E-glass 

Density  Kg/m3 2540 

Tensile Young’s modulus Et MPa 72390 

Poisson’s ratio f - 0.22 

Tensile strength f MPa 2276 

Elongation to break tensile Elong. % 4 

 

 

 

Mix. 
Type 

Specimen 
Dimensions 

(mm) 

Filler 

type 

Filler 

% 

E 

 (N/mm2) 

σt 

(N/mm2) 

σc (N/mm2)

Age (28day) 

 

1 50x50x50 
N

o 
fi

ll
er

 
0 40155.87 74.56 83.29 

10 33575.78 48.36 58.23 

20 34087.93 50.89 60.02 2 50x50x50 

D
ol

om
it

e 
 

p
ow

d
er

 

30 35623.70 55.24 65.55 

10 32731.98 47.53 55.34 

20 33862.85 49.46 59.23 3 50x50x50 

S
la

g 

30 34393.26 52.66 61.10 

10 35775.54 54.17 66.11 

20 36157.72 57.06 67.53 4 50x50x50 

S
il

ic
a 

F
u

m
e 

30 38059.36 62.03 74.82 



Table [4]: Properties of polyester adhesive 

Property Symbol Units Polyester resin 

Density m Kg/m3 2004 

Tensile Young’s modulus Et Mpa 2244 

Poisson’s ratio  - 0.37 

Tensile strength t Mpa 71.82 

Compressive strength c Mpa 69.88 

Elongation to break tensile t % 3.2 

Hardness H Barcol 40 

 
Table [5]: Description of tested of RC beams  

Notation Description 

B1 A beam tested in the flexural test facility at ambient temperature and taken 
as reference (Control specimen). 

B2 A beam repaired with polyester reinforced with bidirectional glass fiber 
without filler (One layer). 

B3 A beam repaired with polyester reinforced with bidirectional glass fiber with 
10% dolomite powder (One layer). 

B4 A beam repaired with polyester reinforced with bidirectional glass fiber with 
20% dolomite powder (One layer). 

B5 A beam repaired with polyester reinforced with bidirectional glass fiber with 
30% dolomite powder (One layer). 

B6 A beam repaired with polyester reinforced with bidirectional glass fiber with 
10% Slag (One layer). 

B7 A beam repaired with polyester reinforced with bidirectional glass fiber with 
20% Slag (One layer). 

B8 A beam repaired with polyester reinforced with bidirectional glass fiber with 
30% Slag (One layer). 

B9 A beam repaired with polyester reinforced with bidirectional glass fiber with 
10% Silica fume (One layer). 

B10 A beam repaired with polyester reinforced with bidirectional glass fiber with 
20% Silica fume (One layer). 

B11 A beam repaired with polyester reinforced with bidirectional glass fiber with 
30% Silica fume (One layer). 

 



Table [6]: Flexural strength test results of repaired RC beams   

 
 
Table [7]: Relative values of flexural strength test results of repaired RC beams   

Beam ID 
P ultimate  

(KN) 
∆ ultimate 

(mm) 
Stiffness 
(KN/mm) 

Toughness 
(N.mm) 

B1 105.00 16.50 54.84 1632.6 

B2 155.00 04.00 53.62 1001.4 

B3 115.00 20.90 24.00 2328.8 

B4 117.00 21.70 25.00 2684.3 

B5 121.00 23.50 33.33 3001.2 

B6 114.00 20.50 14.28 2303.9 

B7 116.00 21.00 25.00 2610.8 

B8 118.00 24.50 26.67 2951.3 

B9 122.00 24.10 24.00 3005.5 

B10 124.30 24.94 25.00 3135.1 

B11 128.90 26.20 26.67 3372.1 

Beam ID 
Pult/ 

Pult.ref. 
(%) 

∆ult/ 
∆ult. ref. 

(%) 

Stiffness/  
Stiffness ref. 

(%) 

Toughness/ 
Toughness ref. 

(%) 

B1 100.00 100.00 100.00 100.00 

B2 147.62 24.24 97.78 61.34 

B3 109.52 126.67 43.76 142.64 

B4 111.43 131.52 45.59 164.42 

B5 115.24 142.42 60.78 183.83 

B6 108.57 124.24 26.04 141.12 

B7 110.48 127.27 45.59 171.31 

B8 112.38 148.48 48.63 180.77 

B9 116.19 146.06 43.76 184.09 

B10 118.38 151.15 45.59 192.03 

B11 122.76 158.79 48.63 206.55 



Chart [1]: Elements of research program of beams 

Chart [2]: Details of tested beams 

 



 

 

 

 

 

 

 

Figure [1]: Concrete dimensions and reinforcement of the tested RC beams 

 

 

 

Figure [2]: Repair scheme of distressed RC beam using GFRP strip containing 
different fillers 

 

 
 



 
 

Figure [3]: Load-displacement curves of repaired RC beams B3, B6, and B9  
(10% filler) 

 

 
   

Figure [4]: Load-displacement curves of repaired RC beams B4, B7, and B10  
(20% filler) 

 

 

 



 

Figure [5]: Load-displacement curves of repaired RC beams B5, B8, and B11  
(30% filler) 

 

 

  Figure [6]: Effect of filler type on the ultimate load of repaired RC beams 
(10% filler) 

 



 

Figure [7]: Effect of filler type on the ultimate load of repaired RC beams 
(20% filler) 

 

 

  Figure [8]: Effect of filler type on the ultimate load of repaired RC beams 
(30% filler)  

 



 

Figure [9]: Effect of the percentage of filler on the ultimate load of repaired RC 
beams 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

Photo [1]: Wooden form of smooth surface were used to pour the concrete 

 

 

 

 

 

 

 

 

 

 

Photo [2]: RC beams after casting 

 



 
Photo [3]: Flexural test setup 

  

 

 

 

Photo [4]: Crack pattern of control beam (B1) under flexural load 
 

 



 

 

Photo [5]: The mode of failure of the repaired beam (B2) exerted upon by 
flexural load 

 

 

 

Table [6]: The mode of failure of the repaired beam (B3) exerted upon by 
flexural load  

 


