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Abstract: This paper presents a proposed method for strengthening and repairing of reinforced 

concrete beams using ferrocement laminates as a viable alternative to steel plates and carbon fibers 

sheets which are directly glued to the cracked tension face of the beam by epoxy resins without shear 

connectors. The results of the experimental investigation to examine the effectiveness of this method 

are reported and discussed including strength, deflection, compressive and tensile strains, ductility 

ratio, Energy absorption properties and cracking characteristics of the strengthening and repairing of 

the reinforced concrete beams. Fifteen reinforced concrete beams were tested under four lines load-

ings until failure over simply supported 900mm span and having the dimensions of 50x100mm in 

cross section. The experimental program comprises three designations series. Series I include beam 1 

control and beam 9 controls which conventional reinforced with steel bars and stirrups without and 

with polypropylene fibers respectively. Series II consists of beams 2-8 which were repaired after 

failure with various types of metallic and nonmetallic reinforcing materials. Series III comprises 

beams 10-15 which were strengthening with various layers of steel meshes while beam 15 was 

strengthening with one layer of tenser mesh. The experimental results of the repaired beams empha-

sized that irrespective of the type of used meshes expanded or welded steel mesh or the repair scheme, 

better cracking behavior for all test specimens could be achieved compared to their original behavior.  

Under short- term loading conditions, all repaired specimens restored more than their original ulti-

mate strengths. The ductility ratio and energy absorption properties also improved by this proposed 

method of strengthening and repairing of beams by ferrocement.  

 

Keywords: Ferro-cement; Beams with openings; Experimental program; Structural behavior; Ana-

lytical mode. 

 الممخص العربى:
يقذو هزا انثذس طشيقح عًهيح يقرشدح نرقىيح واصلاح انكًشاخ انخشسانيح انًسهذح تأسرخذاو سقائق انفيشوسيًند كثذيم لأنىاح  

كًشج خشسانيح يسهذح تالأضافح نعذد  51انصهة وششائخ الأنياف انكشتىنيح انًهصىقح تًىاد ايثىكسيح . وقذ ذى صة واخرثاس عذد 

 Four)يى ذذد ذأشيش دًم الأنذناء )5555يى وتطىل 555يى عشض وتعًق 15كًشاخ يسرطيهح انًقطع وتأتعاد كًشاخ وان 7

lines loadings   يى  ودرً دذوز الأنهياس وقذ ذى ذسجيم الأدًال عنذ انرششر الأول وعنذ دذوز  055وتذش انكًشاخ شاتد

انشذ وانضغظ  ودساب نسثح انًًطىنيح وانطاقح انًخرضنح ودساب   الأنهياس وقياط انرشخيى وقياط الأنفعال في كلا ين ينطقرً

دًم انرشغيم وذذذيذ أشكال انرششخاخ نجًيع انكًشاخ انًخرثشج.وقذ ذى اسرخذاو انشثك انًعذنً انًهذىو وانًجهفن وانشثك انًعذني 

لاح انكًشاخ انخشسانيح وذذهيم اننرائج انًًذد وشثك انرنصاس وشثك انثىنً اشيهين وأنياف انثىنً تشوتهين فً أعًال ذقىيح وأص

% 51و36انعًهيح وعًم انًقاسناخ انلاصيح  وقذ ذىصم انثذس انً صيادج أقصً دًم  نهكًشاخ انًقىاج تانطشيقح انًثركشج تنسثح 
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انً % تالأضافح 526و35وذىصهد نرائج انثذس انً أعهً نسثح صيادج أقصً دًم  تاننسثح نهكًشاخ انرً ذى اصلادها تذىانً 

صيادج نسثح انًًطىنيح وانطاقح انًخرضنح نجًيع انكًشاخ انخشسانيح راخ فائذج كثيشج في ذذًم الأدًال انذيناييكيح وانضلاصل. 

وذطثيقي يفيذ انعايهين في يجال انهنذسح الأنشائيح وانرشييذ وتىفش اقرصادي كثيش نهذول انناييح وانًرقذيح عهً هً وانثذس عً

 انسىاء.  

 

1. Introduction 

Irons introduced laminated ferrocement as a new production technique of ferrocement. This tech-

nique has been used successfully for a wide variety of structural repairs and has proven to be impact 

and corrosion resistant. Water tanks and swimming pools could be renovated using an un-bounded 

ferrocement laminate on the interior surface while pressure vessels and tanks were reinforced by 

interior and external laminates containing high tensile wires between mesh layers Anwares et [1]. 

All presented a rehabilitation technique for reinforced concrete structural beam elements using fer-

rocement. This technique involved strengthening of reinforced concrete beams by the application of 

hexagonal chicken wire mesh and skeletal steel combined with ordinary plastering. Another study 

on using ferrocement as a structural repair material was presented by Paramasivan. Ong and Lim 

investigated the flexural behavior of reinforced concrete beams repaired with epoxy resin injection 

and strengthened using thin ferrocement laminates attached to the tension face of the damaged 

beams, [2, 3, 4, 5]. Ezzat Fahmy, Yousry Shaheen and Yasser Korany,[6,7,8] presented the results of 

both experimental and analytical investigation on the use of laminated ferrocement for strengthen-

ing and repairing damaged reinforced concrete beams due to overloading. The results showed that 

the repaired specimens reached the ultimate load which was more than that of the control specimens. 

Specimens loaded to collapse could be repaired with enhanced strength and reduced deflections. 

Yousry Shaheen et.al,[9] presented experimental results of strengthening and repairing of reinforced 

concrete beams with openings previously damaged by flexural loadings. The results emphasized 

superior strength gain with high ductility and energy absorption properties which are very useful for 

dynamic applications. 

This paper presents the results of the experimental investigation to examine the effectiveness of 

this method are reported and discussed including strength, deflection, compressive and tensile 

strains, ductility ratio, Energy absorption properties and cracking characteristics of the strengthen-

ing and repairing of the reinforced concrete beams. Fifteen reinforced concrete beams were tested 

under four lines loadings until failure over simply supported 900mm span and having the dimen-

sions of 50x100mm in cross section. The experimental program comprises three designations series. 

Series I include beam 1 control and beam 9 controls which conventional reinforced with steel bars 

and stirrups without and with polypropylene fibers respectively. Series II consists of beams 2-8 

which were repaired after failure with various types of metallic and nonmetallic reinforcing materi-

als. Series III comprises beams 10-15 which were strengthening with various layers of steel meshes 

while beam 15 was strengthening with one layer of tenser mesh. The experimental results of the re-

paired beams emphasized that irrespective of the type of used meshes expanded or welded steel 

mesh or the repair scheme, better cracking behavior for all test specimens could be achieved com-

pared to their original behavior.  Under short-term loading conditions, all repaired specimens re-

stored more than their original ultimate strengths. The ductility ratio and energy absorption proper-

ties also improved by this proposed method of strengthening and repairing of beams by ferroce-

ment. 

 

 

2. Experimental Program and properties of used materials  
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The experimental program of this research was designed to investigate the feasibility and ef-

fectiveness of strengthening and repairing reinforced concrete beams. The type and number of the 

reinforcing steel mesh layers in the ferrocement laminate were investigated. To investigate the 

effect of these test parameters on the strength, stiffness, cracking behavior, ductility, and energy 

absorption properties of the tested strengthening and repairing beams. Two types of steel mesh 

reinforcement were employed. These types are welded galvanized wire mesh and expanded steel 

mesh. Single, double, three and four layers of each type were used. The experimental program 

comprised casting and testing of four series. Series I consists of two conventionally reinforced 

control beams 1 without fibers and beam 9 with fibers to study the effect of fibers on the structural 

behavior of reinforced concrete beams. All tested beams having the dimensions of 50mm width, 

100mm depth and 1000mm length and all beams were tested under four lines loadings along span 

equal 900mm until failure.  Series II comprises of test specimens 2, 3, 4, 5, 6, 7 and 8. Series III 

consists of test specimens 10, 11, 12, 13, 14 and 15. Series IV comprises repairing of beams 

2,3,4,5,6,7,8. The details of the test specimens are given in Table 1 and the cross sections of the 

different designations are shown in Figures 1, 2, 3 and 4. 

 

 

Reinforcement of beam 1 control 

 

Reinforcement of beam b9 control + polypropylene fibers 

Fig. 1 Series I Control. 

 

Reinforcement of beam b2-b8 

Fig. 2 Series II 
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Reinforcement of beam b10 strengthened with 4 layers welded steel mesh 

 

 

Reinforcement of beam b11 strengthened with 2 layers expanded steel mesh 

 

Reinforcement of beam b12 strengthened with one-layer tenser mesh. 

 

Reinforcement of beam b13 strengthened with one layer expanded steel mesh. 

 

Reinforcement of beam b14 strengthened with two layers welded steel mesh. 

 

Reinforcement of beam b15 strengthened with one layer polyethylene mesh. 

Fig. 3 Series III 
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Repairing of beam b2 by one layer expanded steel mesh at tension. 

 

Repairing of beam b3 by two layers welded steel mesh at tension 

 

Repairing of beam b4 by one layer U shape expanded steel mesh. 

 

Repairing of beam b5 by four layers U shape welded steel mesh 

 

Repairing of beam b6 by two layers U shape expanded steel mesh. 

 

Repairing of beam b7 by two layers U shape welded steel mesh. 

 

Repairing of beam b8 by one-layer U shape tenser mesh. 

Fig. 4 Series IV Repairing of beams b2-b8 

 

Table 1: Details of the Test Specimens 
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Group No. Design. No. of 

Beams  

Reinforcing Mesh 
Reinforcing Steel Bars  

  Type No. of 

layers 

Volume 

Frac-

tion % 

Tens. Comp.  

Stirrups 

 

 

   I cont. 

b1 ---- ------ ------ 
2ø10 2ø8 

6 ø6/m 

b9+fibers ---- ------ ------- 
2ø10 2ø8 

6 ø6/m 

 

 

 

II 

b3 ---- ---- ----- 
2ø10 2ø8 

6 ø6/m 

b4 ---- ----- ------- 
2ø10 2ø8 

6 ø6/m 

b5 ----- ----- ------ 
2ø10 2ø8 

6 ø6/m 

b6 ----- ----- ------ 
2ø10 2ø8 

6 ø6/m 

b7 ----- ----- ----- 
2ø10 2ø8 

6 ø6/m 

b8 ----- ----- ------ 
2ø10 2ø8 

6 ø6/m 

 

 

 

III 

Strength. 

b10 Welded U 4 1.096 
2ø10 2ø8 

6 ø6/m 

b11 expan. U 2 1.191 
2ø10 2ø8 

6 ø6/m 

b12 Tensar U 1 0.8 
2ø10 2ø8 

6 ø6/m 

b13 expan. U. 1 0.955 
2ø10 2ø8 

6 ø6/m 

b14 Welded U 2 0.548 
2ø10 2ø8 

6 ø6/m 

b15 Polyeth.. U 1 2.9 
2ø10 2ø8 

6 ø6/m 

 

 

IV 

repairing 

b2 expanded     1 0.191 
2ø10 2ø8 

6 ø6/m 

b3 welded     2 0.11 
2ø10 2ø8 

6 ø6/m 

b4 Exp. U     1 0.955 
2ø10 2ø8 

6 ø6/m 

b5 welded U     4 1.096 
2ø10 2ø8 

6 ø6/m 

b6 Exp. U     2 1.191 
2ø10 2ø8 

6 ø6/m 

b7 welded U     2 0.548 
2ø10 2ø8 

6 ø6/m 

b8 tensar U 1 0.8 
2ø10 2ø8 

6 ø6/m 

 

2.1 Types of steel meshes used 

Two types of steel meshes were used to reinforce the ferrocement beams. These types are ex-

panded steel mesh and WSM welded steel mesh, Figure 5. The details of the geometric properties of 

these two types are given in Table 2. 
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        a) Welded wire mesh  

 

 

 

 

 

 

                  c) Tenser mesh 

 

 

             b) Expanded wire mesh 

 

 

 

 

 

 

 

             d) Polyethylene  mesh 

 

e)  Polypropylene Fibers PP 300-e3 

Types of Meshes and Fibers used. 

Figure 5: Types of materials used. 

Mesh type Proof  Stress 

(N/mm2) 

Proof 

Strain x 10-3 

Ultimate 

Strength 

(N/mm2) 

Ultimate Strain x 10-3 
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 Table 2: Mechanical properties of steel meshes\ 
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Figure 6: Stress-strain relationship for the welded wire mesh 
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Figure 7: Stress-strain relationship for the expanded steel mesh 

 

2.2 Concrete and Mortar Mixes 

2.2.1 Concrete Mix 

Concrete was used for the control specimens and for the core of the beams of the designations 

with conventional concrete core. For the concrete used throughout this research, the cement content 

used was 330 kg/m
3
. Water-cement ratio was kept constant at value of 0.4; this value was chosen 

after many trial- mixes based on ACI 211.1-81 for cube strength, fcu, of 35 MPa.  

 

 

Welded 737 1.17 834 58.8 

Expanded 199 9.7 320 59.2 
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3. Preparation of Test Specimens 

A wooden mold has been utilized to cast ferrocement rectangular sections shaped forms. The 

wooden mold consists of three events to produce three beams having the dimensions of 50mm with, 

100 height and 1000mm long at the same time as shown in Figure 8. 

 

Fig. 8 Wooden mold for casting beams. 

3.1 Test setup 

After 28 days, the specimens were painted with white paint for better crack detection and 

marking during the testing process. A set of three dial gauges were placed under the test specimen 

to measure the deflections at three locations. All test specimens were tested on the universal testing 

machine. The test was conducted under four line loadings as shown in Figure 9. The specimen was 

centered on the testing machine, where the span between the two supports was kept at 1400mm. A 

dial gauge was placed under the center of the specimen to measure the deflection versus load. The 

load was applied at 5 KN increments, by a hydraulic jack, on. Cracks were traced and marked 

throughout the side of the specimen. The first crack-load of each specimen, crack propagation, and 

failure mode was recorded. The load was increased until the failure of the specimen. 

 

 

 

 

 

 

Fig. 9 Test set up 

 

 

 

4. Experimental Results and Discussions 
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4.1 Introduction 

The experimental results of the test program and the discussions are presented in this chapter. 

Comparisons are conducted between the results of the different test groups to examine the effect of 

type of steel reinforcement, the volume fraction of provided steel reinforcement. The effects of these 

parameters on the structural responses of the proposed beams in terms of failure load, mode of failure, 

first crack load, serviceability load, ductility ratio, and energy absorption were studied. 

The results of all test specimens are listed in Table 3. Figures 10-24 Show the load central deflection 

curves for all test specimens measured at the center and of all beams, while Figs. 16-22 show the 

central deflections for all the tested repaired beams, B2, B3, B4, B5, B6, B7 and B8 respectively. 

Table 3 shows the obtained experimental results for each specimen. The table shows the obtained 

results for the first crack load, serviceability load, ultimate load, deflection at ultimate load, ductility 

ratio, and energy absorption. Ultimate load and deflection at ultimate load were measured and ob-

tained during the test, while the first crack load, service load, ductility ratio and energy absorption 

were determined from the load-deflection diagram for each specimen. The first crack load was de-

termined from the load-deflection curve at the point at which the load-deflection curve started to 

deviate from the linear relationship. The Service load, or flexural serviceability load, is defined in this 

investigation as the load corresponding to deflection equal Span/250. 

4.2 Behavior of the Test Specimens   

The Behavior of the conventional reinforced concrete and that reinforced with closely spaced wire 

steel mesh differs because of the uniformity of reinforcement distribution along the section, geometry 

of reinforcement, type of reinforcement, specific surface area, a volume fraction of reinforcement, 

and mortar cover. These parameters have effects on the serviceability load and deflection control, 

cracking behavior, ultimate strength, ductility ratio, and energy absorption properties. 

4.2.1 Deformation Characteristics 

The plotted central deflections of the test specimens against the applied load are shown in Figures 

10-24 and Figs. 25-31. It can be seen from these Figures that the load-deflection relationship of the 

test specimens can be divided into three stages as follows: 

a) Elastic behavior until the first cracking. The load-deflection relationship in this stage is linear. 

The slope of the load-deflection curve in this stage varies with different types of the test 

specimens. The end of this stage is marked by the deviation from linearity. The extent of this 

stage vary with the type and number of layers of the steel meshes. 

b) In the second stage, the slope of the load-deflection curve changes gradually due to the ex-

pected reduction in the specimens’ stiffness as the result of multiple cracking. The gradient of 

the load-deflection curve increases with the increase of the volume fraction of the rein-

forcement. 

c)  In the third stage, large plastic deformation occurred as the result of yielding of the rein-

forcing bars and the steel meshes in the ferrocement beams. The load-deflection relationship 

for the control specimens was linear up to a first crack load after which the relation became 

nonlinear. 
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Fig. 10 Load deflection curves of beam B1 

 

 

Fig. 11 Load deflection curves of beam B2 

 

 

 

 

Fig. 12 Load deflection curves of beam B3 

 

 

 

Fig. 13 Load deflection curves of beam B4 

 

 

Fig. 14 Load deflection curves of beam B5 

 

 

Fig. 15 Load deflection curves of beam B6 

 

Fig. 16 Load deflection curves of beam B7 

 

Fig. 17Load deflection curves of beam B8 
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Fig. 18 Load deflection curves of beam B9 

 

  

Fig. 19 Load deflection curves of beam B10 

 

 
Fig. 20 Load deflection curves of beam B11 

 

 

 
Fig. 21 Load deflection curves of beam B12 

 

 

Fig. 22 Load deflection curves of beam B13 

 

 
 

Fig. 23 Load deflection curves of beam B14 

 

 

Fig. 24  Load deflection curves of beam B15 

 

 

Fig. 25  Load deflection curves of beam B2      

repaired 
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Fig. 26 Load deflection curves of beam B3      

repaired 

 

Fig. 27 Load deflection curves of beam B4           

repaired 

 

 

Fig. 28 Load deflection curves of beam B5           

repaired 

 

 

Fig. 29 Load deflection curves of beam B6             

repaired 

 

 
 

Fig. 30 Load deflection curves of beam B7          

repaired 

 

 

 

 

Fig. 31 Load deflection curves of beam B8          

repaired 
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Fig. 32 Load strain curves of beam B1. 

 

 

Fig. 33 Load strain curves of beam B2. 

 

 

Fig. 34 Load strain curves of beam B3 

 

 

 
Fig. 35 Load strain curves of beam B4 

 

 

 

Fig. 36 Load strain curves of beam B5 

 

 

 
Fig. 37 Load strain curves of beam B6 

 

 

     Fig. 38 Load strain curves of beam B7 

 

 

 

Fig. 39 Load strain curves of beam B8 
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Fig. 40 Load strain curves of beam B9 

 

 

Fig. 41 Load strain curves of beam B10 

 

 

Fig. 42 Load strain curves of beam B11 

 

 

 

Fig. 43 Load strain curves of beam B12 

 

 

Fig. 44Load strain curves of beam B13 

 

 

 

Fig. 45 Load strain curves of beam B14 

 

 

Fig. 46 Load strain curves of beam B15 

 

 

Fig. 47 Load strain curves of beam B2  

repaired 
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Fig. 48 Load strain curves of beam B3 repaired 

 

 

 

Fig.49 Load strain curves of beam B4 repaired 

 

 

 

Fig.50 Load strain curves of beam B5 repaired 

 

 

 

Fig.51 Load strain curves of beam B6 repaired 

 

 

 

Fig.52 Load strain curves of beam B7 repaired 

 

 

 

Fig.53 Load strain curves of beam B8 repaired 

 

 

.2.2 Concrete strains4 

Figs. 32- 46 show load tensile and compressive strains curves of all the tested beams respectively. 

Table 3 presented maximum tensile and compressive strains of all the tested beams. Figs. 47-54 

show load tensile and compressive strains curves of all repaired beams B2-B8 respectively. 
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Table 3: Maximum tensile and compressive strains of all tested beams. 

 

Table 4 Maximum tensile and compressive strains of all repaired tested beams. 

Compressive strain Tensile strain Maximum  

.Load, KN 

Beam  designation 

0.000016195 0.00001856 15.6 B2 

0.00001817 0.00002054 19.5 B3 

0.00004574 0.000049375 28.5 B4 

0.000033255 0.000035155 34.0 B5 

0.0000274 0.000028756 23.8 B6 

0.00003318 0.00003534 25.9 B7 

0.00003002 0.000003239 21.2 B8 

Compressive strain Tensile strain Maximum  

.Load, KN 

Beam  designation 

0.0000431 0.0000416 20.4 B1 

0.00022575 0.00002939 18.5 B2 

0.0000454 0.00004266 20.8 B3 

0.000035755 0.00003397 18.0 B4 

0.00002488 0.00002449 15.2 B5 

0.00003278 0.00003239 18.1 B6 

0.00001414 0.000009875 17.5 B7 

0.0001414 0.0000184 16.7 B8 

0.000003995 .000022915 16.4 B9 

0.0000395 0.0000288 29.7 B10 

0.00003278 0.00004345 B11 B11 

0.00001659 0.00003713 22.9 B12 

0.00002528 0.0000395 25.1 B13 

0.00003397 0.00004108 25.7 B14 

0.00002212 0.000043053 19.9 B15 
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Fig. 54 Cracking pattern of beam 1C. 

 

Fig. 55 Cracking pattern of beam 2. 

 

Fig. 56 Cracking pattern of beam 3. 

 

Fig. 57 Cracking pattern of beam 4. 

 

Fig. 58 Cracking pattern of beam 5. 

 

Fig. 59 Cracking pattern of beam 6. 
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Fig. 60 Cracking pattern of beam 7. 

 

Fig. 61 Cracking pattern of beam 8. 

 

Fig. 62 Cracking pattern of beam 9. 

 

Fig. 63 Cracking pattern of beam 10. 

 

Fig. 64 Cracking pattern of beam 11. 

 

Fig. 65 Cracking pattern of beam 12. 

 

Fig. 66 Cracking pattern of beam 13 

 

Fig. 67 Cracking pattern of beam 14 
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Fig. 68 Cracking pattern of beam 15. 

 

Fig. 69 Cracking pattern of beam 2 Repaired. 

 

Fig. 70 Cracking pattern of beam 3 Repaired. 

 

Fig. 71 Cracking pattern of beam 4 Repaired. 

 

Fig. 72 Cracking pattern of beam 5 Repaired. 

 

Fig. 73 Cracking pattern of beam 6 Repaired. 

 

Fig. 74 Cracking pattern of beam 7 Repaired. 
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Fig. 75 Cracking pattern of beam 8 Repaired. 

 

Table 5: First crack, ultimate, serviceability loads, and ductility ratio and energy absorption properties for tested beams. 

Beam designation F.C.,KN P.serv. 

KN 

P.ult., KN def.F.C., 

mm 

max.def, 

mm 

Ductility ratio Energy ab-

sorption 

KN/mm 

B1 12 12.3 20.4 2.6 3.35 1.29 64.42 

B2 11 13 15.5 2.15 3.3 1.53 53.375 

B3 14 16.5 20.8 2.5 6.2 2.48 84.37 

B4 14 17 18 2.55 5.4 2.12 65.37 

B5 13 12 15.2 2.2 3.4 1.55 31.23 

B6 15 17 18.1 2.35 3.5 1.49 37.31 

B7 14 16 17.5 2.4 3.95 1.65 41.7 

B8 13 15 16.7 2.1 5.7 2.72 69.21 

B9 13 16 16.4 1.8 4.6 2.56 53.8 

B10 18 19 29.7 3.45 7.6 2.20 132.21 

B11 20 17 30.6 4.4 8.9 2.02 166.65 

B12 15 17 22.9 3.15 7.3 2.326 101.35 

B13 19 17 25.1 4.2 7.35 1.75 97.9 

B14 19 15 25.7 4.5 8.1 1.8 126.55 

B15 13 13 19.9 3.6 7.2 2 81.83 
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Fig.82 Percentage increase in ultimate loads of Beams B10-b15 
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Fig.84 Percentage increase in ultimate loads of Beams B2-B8. 

4.3 Cracking Behavior 

Cracking is one of the most important phenomena that help to assess the behavior of concrete 

elements, failure mechanism, and mechanical properties. In this section crack pattern and failure 

modes are described and discussed. In general, no shear failure occurred in any of groups. It is clear 

that the existence of the ferrocement forms had a major effect on the cracking patterns and failure 

mechanisms. It is worth mentioning that no sound of mesh fracture was heard at failure of all the 

test specimens.  

For the control specimens, 1C, cracks started at the mid-span at the bottom edge of the beam. 

Upon increasing the load, the cracks propagated rapidly upwards and increased in number along 

with the span. The length and width of the cracks increased with the increase of the applied load. 

Moreover, diagonal or inclined cracks developed at both ends of the specimen. It is worth men-

tioning that before failure, spalling of the concrete cover was observed. Failure of the control 

specimens occurred due to the crushing of the concrete surface as shown in Figure 54  

Figures 55-68 show the cracking patterns for test B2-B15 respectively. While Figures 69- 75 

show cracking patterns of repaired beams B2- B8 respectively. It is interesting to note that speci-

mens of the group repaired with various layers of Welded steel mesh exercise better-cracking 

patterns. The first crack for this group occurred nearly at mid-span. As the load increased, it was 

noticed that new cracks were developed at both sides of the first crack, while the first crack prop-

agated vertically. With the additional increase of the load, new parallel cracks were developed 

while the previously developed cracks propagated nearly vertically. This pattern of cracks devel-

opment continued till failure of beams. There is no spalling of concrete cover this is predominant. 

The crack patterns of test specimens of the group repaired with various layers of expanded steel 

mesh were similar to those of the previous group reinforced with welded layers of steel mesh. The 

first crack occurred nearly at mid-span. As the load increased, it was noticed that new parallel 

cracks were developed at both sides of the first crack, while the first crack propagated vertically. 

With the additional increase of the load new vertical cracks were developed, while the previously 

developed cracks propagated upwards. There are no signs of shear failure were observed for this 

group as shown in Figs. 69-75. 

4.4 Structural behavior 

4.4.1 First crack load 

Fig 76 shows the comparison of the first crack loads of all the tested beams. It is interesting to note 
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that beam B11 emphasizes the heights first crack load reached 20 KN.  

4.4.2 Serviceability load 

Fig. 77 shows the comparison of the serviceability loads of all the tested beams. It is interesting to 

note that beam B10 emphasizes the heights serviceability load reached 19 KN. 

4.4.3 Ultimate load 

Fig. 78 shows the comparison of the ultimate loads of all the tested beams. It is interesting to note 

that beam B11 emphasizes the heights ultimate  load reached 30.6 KN.  

4.4.4 Ductility ratio 

Ductility ratio is defined here as the ratio of the deflection at ultimate load to that at first crack load. 

Fig. 79 shows the comparison of the ductility ratios of all the tested beams. It is interesting to note that 

beam B8 emphasizes the heights ductility ratio reached to 2.72.  

4.4.5 Energy absorption  

Energy absorption is defined here as the total area under load-deflection curves of all the test 

specimens.  Fig. 80 shows the comparison of energy absorption of all the tested beams. It is inter-

esting to note that beam B11 emphasizes the heights energy absorption reached to 166.65 KN.mm. 

The obtained values of both ductility ratios and energy absorption are very useful for dynamic ap-

plications. 

4.4.6 Comparison of Ult. Load before and after Strengthening  

Fig. 81 shows the comparison of ultimate loads of beams B10-B15 before and after strengthening 

of all the tested beams. It is interesting to note that beam B10 emphasizes the heights ultimate load 

reached 29.7 KN. Fig. 82 shows the comparison of percentage increase of ultimate load reached 

85.63% that is great.  

4.4.7 Comparison of Ult. Load before and after repairing 

Fig. 83 shows the comparison of ultimate loads of beams B2-B8 before and after repairing of all 

the tested beams. It is interesting to note that beam B5 emphasizes the heights ultimate load reached 

34 KN. Fig. 84 shows the comparison of percentage increase of ultimate load reached 123.68 % that 

is so great.  

 

5.2   Conclusions 

Based on the results and observations of the experimental investigation presented regarding the 

effectiveness of laminated ferrocement in repairing reinforced concrete beams, the following con-

clusions could be drawn as follows: 

1. Under short time loading conditions, reinforced concrete beams failed due to overloading can be 

restored with enhanced strength and performance using laminates, provided that they are suitably 

repaired and shear connectors are adequately spaced to ensure composite action until failure. 

2. After repairing all test specimens emphasized large deflection at ultimate load, a significant in-

crease in ductility ratio, and a considerable increase in the energy absorption as well. High duc-

tility and energy absorption properties are very important characteristics, especially for dynamic 

loading applications. 
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3. Irrespective of the type of mesh used, repairing concrete beams with a U-shaped layer around the 

beam cross-section increased the gain in the ultimate moment about three times that obtained 

when only one laminate attached to the tension face was employed. Also, the U-shaped layer 

resulted in about double the increase in the energy absorption obtained using one layer, yet it gave 

a relatively lower increase in the ductility ratio. 

4. The steel ratio used in the repair layer has a great influence on the amount of gain in a resisting 

moment (Mu), the ductility ratio, and energy absorption. The higher; the steel ratio; the higher 

gain in (Mu) and energy absorption, conversely, the ductility ratio was found to be decreased with 

the increase in the volume fraction percentage of reinforcing materials. 
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