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ABSTRACT 

Ferrocement is one of the recent methods for repair and strengthening of reinforced concrete members.  It can be 

described as a type of thin composite material made of cement mortar reinforced with wire meshes. The wire 

meshes are uniformly distributed in continuous layers with relatively small diameters.  

In this research, an experimental test program consists of eleven RC slab specimens repaired and strengthened 

by ferrocement layers reinforced by traditional steel reinforcement and steel wire meshes as well as 

manufactured glass and carbon fiber reinforced polymer meshes. The tested slabs classified in three groups. The 

first group consists of three specimens as reference slabs. The second group for repaired slabs consists of four 

specimens. They were loaded first by 80% of the ultimate loads and then cracks were repaired and then 

additional ferrocement layers with different wire meshes were added. The third group for strengthened slabs 

consists of four specimens. They were strengthened with additional ferrocement layers with different wire 

meshes without preloading. 

Slab specimens were tested under two-point loading and subjected to incremental loads till failure. Performance 

of the tested slabs such as deflections, cracking and ultimate loads as well as crack patterns were investigated, 

analyzed and discussed in this research. The test results confirm that repair and strengthening technique using 

ferrocement layers gives good results. Intertwined manufactured carbon fiber wire mesh gave best results for 

increasing the flexural capacity of RC slabs. 

 ملخص البحث:
ًةٕا  يٍ انطسق انغدٚزت فٙ أعًال انخسيٛى ٔالإصلاط طسٚمت انخدعٛى باسخخداو طبماث فٛسٔسًُٛخّٛ يٍ يَٕةت اسةًُخٛت يحةهغت ب ةب  يةٍ انوةهل أٔ ان

بغدٚةد انخحةهٛظ  الأخسٖ ٔفٙ ْرا انبغذ حى  زاست ٔيمازَت طسق الإصلاط ٔانخدعٛى نهبلاطاث انخسساَٛت انًحةهغت بمًةم طبمةاث فٛسٔسةًُٛخٛت يحةهغت

 انخمهٛد٘ ٔكرن  ب ب  يٍ انوهل ٔشب  يٍ الأنٛاف انبٕنًٛسٚت انزصاصٛت ٔانكسبَٕٛت انًوُمت يمًهٛاً.

ٔلد حًج اندزاست بمًم بسَايش عًهٙ ٚ ًم اخخباز أعد ع س بلاطةت خسسةاَٛت يحةهغت حةى حمحةًٛٓا لانةٗ رةلاد يضًٕعةاث. انًضًٕعةت الأٔنةٙ حغخةٕ٘ 

% يٍ عًةم الآَٛةاز 08حى حغًٛهٓا عخٗ الآَٛاز ٔانًضًٕعت انزاَٛت حغخٕ٘ أزبع عُٛاث حى حغًٛهٓا بغًم يحبك لدزِ ت يخخهفرلاد بلاطاث يسصمٛت 

دٌٔ رى حى علاس ان سٔػ بٓا ٔلاضافت طبمت لاضافٛت يٍ انفٛسٔسًُٛج انًحهغت بطسق يخخهفت. ٔانًضًٕعت انسابمت حغخةٕ٘ أزبمةت عُٛةاث حةى حةدعًٛٓا بة

بأعًال يخزاٚدة ٔححةضٛم لةٛى عًةم انخ ةسػ ٔعًةم  يٍ انفٛسٔسًُٛج انًحهغت بطسق يخخهفت. ٔلد حى حغًٛم ًَاذس انبلاطاث عًم يحبك بإضافت طبمت

ٔأخٛةساً حةى  الآَٛاز ٔانخسخٛى ٔشكم ان ةسٔػ نهًُةاذس انًخخهفةت أرُةات انخغًٛةم ٔيمازَخٓةا لبةم ٔبمةد انخةدعٛى باسةخخداو انسسةٕياث انبٛاَٛةت انخٕضةٛغٛت.

ٔانخٕصةٛاث ٔلةد اح ةظ يةٍ انبغةذ يةدٖ كفةاتة الإصةلاط ٔانخةدعٛى بإضةافت طبمةت يةٍ انفٛسٔسةًُٛج انًحةهغت بطةسق يخخهفةت ٔأعطةٗ عسض انُخائش 

 انخحهٛظ ب بكت يٍ الأنٛاف انكسبَٕٛت أف م انُخائش.

 

Keywords: RC slab, Strengthening, Ferrocement, Steel reinforcement, Carbon fibers, Glass fibers.   

1. INTRODUCTION 

 Structural members are usually designed to sustain 

required loading, however they may require 

upgrading or strengthening due to a variety of 

reasons including, human error, structural design 

and/or construction, amendments in practicing 

design standards/codes, structural deterioration due 

to ageing and environmental exposure, abusive use 

of buildings in the form of change in the utility of the 

structure resulting in an increase in the live load and 

stress concentration in structural members. The term 

“Strengthening” is, therefore, not only associated 

with existing structures but also newly built 

structures. Hence strengthening of structures is an 

essential domain for the researchers. 

Nowadays, a large number of flat slabs may be 

considered structurally deficient by today’s 

standards [1] as a result of introducing new methods 

and factors in the design procedure or need of 

structural upgrading to meet new seismic design 

requirements [2-5]. The rehabilitation and strength-

ening of structural members with composite 

materials, such as carbon, glass, kevlar, and aramid 

fiber-reinforced polymers (FRP), have recently 

received great attention [6]. Labor savings inherent 

with its lightweight and comparatively simple 

installation, its high tensile strength,  
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and immunity to corrosion have made FRP an 

attractive alternative to traditional retrofitting 

techniques. Field applications over the last years 

have shown excellent performance of FRP retrofitted 

structures. Nowadays, carbon and glass fiber strips, 

rods and wraps woven in one or multi-directions are 

widely used as strengthening materials.  

Many researchers have used FRP for strengthening 

the flexure strength of slabs [7-10]. Several studies 

have investigated the use of externally bonded FRP 

composites or near surface mounted (NSM) rein-

forcement to improve the strength and stiffness of 

RC slabs, but most have addressed flexural strength, 

not punching shear.  

This paper reports on a series of tests conducted to 

assess and compare the ability and efficiency of 

traditional materials represented by steel bars as well 

as advanced composite materials (ACM) represented 

by glass and carbon reinforced polymers (GFRP and 

CFRP) woven wraps for repair and strengthening 

slabs.  

After its first use by Joseph Louis Lambot in 1948, 

ferrocement was utilised in a number of practical 

applications such as repair of shear damaged 

reinforced concrete beams, beams and slab with 

excessive deflection, joints, repair/strengthening of 

brick masonry columns [11] as well as plain concrete 

column [12,13]; it has been found that use of 

ferrocement is advantageous in terms of 

enhancement of load carrying capacity [14-17], 

better cracking behavior, ductility, energy absorption 

properties [15,17],  stiffness [18,19] and flexural 

capacity [18]. It may even lead to failure of RC 

section in a ductile manner, if a beam is designed for 

steel above the balanced reinforcement percent-

age [19].  

Although the strengthening of RC slabs and beams in 

flexure has been successfully practiced using tensile 

overlay [20], steel plate [21,22], external post 

tensioned prestressing [23,24], fiber composites [25], 

external unbonded reinforcement [26], carbon fiber 

reinforced polymer (CFRP) [27] and other newer 

techniques, strengthening with ferrocement is 

gaining respect as well.  The versatility of 

ferrocement technique is its low cost, readily 

available materials, simplicity in const-ruction, 

reasonable quality control along with good strength 

and cracking resistance, which makes ferrocement 

especially suitable for rural areas of the developing 

world. Concrete is used frequently in rural areas 

nowadays and the cement and sand is easily 

accessible. Even the wire-meshes are also readily 

available due to its use in many other household 

works. Ferrocement is also known to be a forgiving 

material and can, therefore, sustain varying 

atmospheric conditions satisfactorily [28]. 

Ferrocement can also sustain abuses due to lesser 

skill of rural workers in comparison to other 

construction techniques.  

The present investigation focuses mainly on flexural 

strengthening of RC slab by varying the 

reinforcement of Ferro-mesh layers. 

2. RESEARCH OBJECTIVES  

The main objectives of the research are to determine 

and compare the improvement of the flexural 

strength of RC slabs using innovative methods. This 

research investigates advanced techniques for repair 

and strengthening RC slabs. The first method is 

executed by applying an additional ferrocement layer 

reinforced with glass fiber reinforced polymer GFRP 

mesh manufactured from intertwined GFRP roving 

wraps and epoxy resin. The second method of 

strengthening was done by adding an additional 

bonded layer of ferrocement reinforced by carbon 

fiber reinforced polymer CFRP mesh manufactured 

from intertwined GFRP roving wraps and epoxy 

resin. The third method of strengthening was done 

by adding additional bonded ferrocement layer 

reinforced by welded steel mesh. The results of the 

previous methods were compared with the traditional 

method of strengthening by applying an additional 

layer of concrete reinforced with steel bars. The 

comparative study was done to identify and compare 

the effectiveness of each method of strengthening. 

3. EXPERIMENTAL TEST PROGRAM 

An experimental test program was carried out to 

study the potentiality of using different methods and 

materials in the repair and strengthening of RC slabs 

failed by flexural stresses. The test specimens were 

designed to be simply supported along two edges and 

were tested under two concentrated loads up to 

failure. This test arrangement is convenient to 

simulate the actual boundary conditions in the 

prototype. The slabs were designed according to the 

ECP-203 [2] to fail in flexure, so that the 

strengthening laminates could be measured.  

The experimental program consists of eleven 

specimens of simply supported slabs that have 

constant cross section with dimensions of 400 

×1100 mm, and effective span 1000 mm. Nine slabs 

of thickness 7 cm and has a lower longitudinal 

reinforcement 46 mm of mild steel as a main 

flexural reinforcement in the long direction and 

46 mm of mild steel as a secondary reinforcement 

in the short direction as shown in Fig. 1. Additional 

two RC slabs as control slabs of thickness 9 cm and 

reinforced by reinforcement 46 mm of mild steel in 

both directions with effective depth 6 cm and 

additional reinforcement of mesh 4×4 cm made from 

manufactured intertwined glass or carbon rods of 

diameter 2 mm with effective depth 8 cm. 

The dimensions of repair and strengthening layers 

were 400×1100×20 mm. Four types of reinforcement 

were used for the additional ferrocement layers;  
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(a) longitudinal reinforcement 44 mm of mild steel 

as a main flexural reinforcement in the long 

direction and 64 mm of mild steel as a 

secondary reinforcement in the short direction, 

(b) welded steel mesh with opening dimension 

40×40 mm and diameter of the mesh bars 2 mm 

as shown in Fig. 2, 

(c) mesh 40×40 mm made from manufactured 

intertwined glass fiber GFRP rods of diameter 

2 mm as shown in Fig. 2, 

(d) mesh 40×40 mm made from manufactured 

intertwined carbon fiber CFRP rods of diameter 

2 mm as shown in Fig. 2. 

Specimens were and classified in three groups as 

shown in Table 1. 

 

Table 1: Experimental test program 

Group No. 
Slab 

Code 

Pre- 

Loading 

(% of Pu) 

Conditions Description of ferrocement layer  

Group 1 

S0 - Control 
Solid slab 7 cm thickness reinforced by 46 in each 

direction with effective depth 6 cm. Loaded up to failure 

without strengthening (Fig. 1). 

G0 - Control 

Solid slab 9 cm thickness, reinforced by 46 in each 

direction and lower mesh 40×40 mm made from 

manufactured intertwined glass fiber rods of diameter 

2mm loaded up to failure.  

C0 - Control 

Solid slab 9 cm thickness, reinforced by 46 in each 

direction and lower mesh 40×40 mm made from 

manufactured intertwined carbon fiber rods of diameter 

2mm loaded up to failure.  

Group 2 

RS 80% Repair 

Solid slab S0 loaded first till cracking stage and then 

repaired by cracking injection and additional layer 

reinforced by steel bars 44 in longitudinal direction and 

64 in the short direction. 

RSM 80% Repair 

Solid slab S0 loaded first till cracking stage and then 

repaired by cracking injection and strengthened by 

additional ferrocement layer reinforced by steel welded 

mesh 40×40 mm of diameter 2mm. 

RG 80% Repair 

Solid slab S0 loaded first till cracking stage and then 

repaired by cracking injection and strengthened by 

additional mesh 40×40 mm made from manufactured 

intertwined glass fiber rods of diameter 2 mm. 

RC| 80% Repair 

Solid slab S0 loaded first till cracking stage and then 

repaired by cracking injection and strengthened by 

additional mesh 40×40 mm made from manufactured 

intertwined carbon fiber rods of diameter 2 mm. 

Group 3 

SS - Strengthening 

Solid slab S0 strengthened by additional layer reinforced 

by steel bars 44 in longitudinal direction and 64 in the 

short direction (Fig. 2). 

SSM - Strengthening 

Solid slab S0 strengthened by additional ferrocement 

layer reinforced by steel welded mesh 40×40 mm of 

diameter 2 mm. 

SG - Strengthening 

Solid slab S0 strengthened by additional mesh 40×40 

mm made from manufactured intertwined glass fiber 

rods of diameter 2 mm (Fig. 2). 

SC - Strengthening 

Solid slab S0 strengthened by additional mesh 40×40 

mm made from manufactured intertwined carbon fiber 

rods of diameter 2 mm (Fig. 2). 
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Test Set-up and Instrumentation 

Slabs were tested under two concentrated loads up to 

failure. A steel frame of 40-ton capacity was used for 

testing slabs in Banha lab. Loads were applied in 

increments using a hydraulic jack of 20-ton 

maximum capacity as shown in Fig. 3. four dial 

gauges of 0.01 mm accuracy and a total capacity of 

25 mm were installed to measure the deflection at 

mid-span, and under distances of 100 mm from the 

two supports as shown. Demec points were arranged 

and fixed on the painted side of each tested slab near 

top and bottom surfaces in two rows at the center of 

span. Concrete strains were measured by mechanical 

strain gauges of 300 mm gauge length and 0.001 mm 

accuracy. A magnifying lens was used to observe the 

crack propagation clearly. Cracks were traced and 

marked at each load increment. Figure 3 shows the 

arrangement of dial gauges and demec points and 

Fig. 4 shows tests specimen S0 during test.  

 

Fig. 1: Details of Specimen S0  
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46 4
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Fig. 2: Details of strengthening for specimens SSM, SG and SC 
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Materials Properties and Design Mix  

The specimens were cast using a normal density 

concrete. The concrete was produced in the Banha 

laboratory using Ordinary Portland cement complied 

with E.S.S.373/91 requirements, clean sand, crushed 

dolomite of maximum nominal size 14 mm as coarse 

aggregate and potable water.  

Silica fume: product resulting from the industry of 

ferrosilicon alloys, the product is a rich silicon 

dioxide powder where the average size is a round 0.1 

micrometers. It is used for ferrocement mortar. 

Addicrete (BVF): The super-plasticizer used in this 

experimental to reduce the water content and 

increase the workability and strength. This product is 

from Chemicals for Modern Building [29]. 

Steel reinforcement: mild steel. 

Steel mesh: welded steel mesh is used with property 

given in Table 3.  

Testes were carried out according to ECP-203-12 [2] 

to define the properties for both concrete and steel. 

Table 2 summarizes the concrete mix properties used 

for casting the models while the properties of the 

used steel are given in Table 3. Table 4 gives the 

mechanical properties of the GFRP WR and CFRP 

wraps used in this work.  

 

Table 2: Mix proportions for one cubic meter of concrete 

Mix Proportions, N / m
3

 Unit 

weight, 

kN/m
3

 

W/C 

 

Compressive Strength, MPa 

Cement Water F.A. C.A. 7 days 28 days 

3500 1750 6020 12040 23 0.5 19.5 25.0 

Where F.A.: sand as fine aggregate, and C.A.: gravel as coarse aggregate. 

Table 3: Properties of steel 

Steel Type Yield Strength, MPa Tensile Strength, MPa Elongation, % Young's Modulus, MPa 

Mild steel 260 387 23.21 2.1x10
5

 

High tensile Welded 

Steel mesh 
737 834 16 2.0 x10

5
 

 

Fig. 4:  Control slab S0 during test 

Fig. 3: Test setup and instrumentation 
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Table 4: Physical and mechanical properties of used glass and carbon fiber 

Property Glass Fiber Woven Roving Wraps (WR) CFRP (SikaWrap Hex-230C) 

Fabric thickness, cm 0.17   0.12  

Tensile strength, MPa 284 
 

4020  

Modulus of elasticity, MPa 13000  
 

225000  

Elongation % 2.0   1.7  

 

Mix Proportions for Ferrocement Mortar 

The ferrocement mortar consisted of sand, ordinary 

Portland cement, and silica fume. 15 % of the cement 

by weight was replaced with silica fume. Sand to 

cement/silica fume ratio of 2 was used in the present 

research. Water to cement/silica fume ratio of 0.40 

was used. Super plasticizer with ratio of 1.5 % by 

weight of cement/silica fume was used to improve 

workability of the mixtures. 

Repair and Strengthening Schemes 

Control specimens in Group 1; SO, SG and SC were 

loaded by incremental loads of 200 kg until failure.  

Repaired specimens  

Specimen in Group 2; RS, RSM, RG and RC were 

loaded first by 80% of the ultimate load of control 

specimen. Cracks were then repaired and strength-

ened by adding additional layer of ferrocement 

reinforced by different methods. Table 1 summarizes 

and describes the method of repair.  

Strengthened specimens 

Specimens in Group 3; SS, SSM, SG and SC were 

strengthened before loading by additional ferro-

cement layers to enhance the strength of slabs. 

Table 1 summarizes and describes the method of 

strengthening. 

After repair and strengthening, specimens were 

loaded under two concentrated loads till failure.  

Figure 5 shows the different FRP used for repair and 

strengthening slabs and Figs. 6 and 7 shows the 

manufacture GFRP intertwined roving in nails on 

loom. Figure 8 shows the specimen SG strengthened 

by an additional ferrocement layer reinforced by 

GFRP mesh. Casting concrete for strengthening 

layer is shown in Fig.9. 

Figure 10 shows the test machine for determining the 

tensile strength for the manufactured intertwined 

GFRP rod.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5: Different FRP used for strengthening slabs 

(a) GFRP woven 

roving wraps  

 

(c) Sika Wrap 

Hex -230C 

(b) E-Glass-

roving 

Fig.6:  Fixing GFRP roving in nails on loom  

Fig.8:  Strengthening slab by an 

additional ferrocement layer reinforced 

by GFRP mesh, SG 

Fig.7:  Intertwined GFRP roving submerged in epoxy  
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4. ANALYSIS OF THE TEST RESULTS 

slabs in different groups were tested under incre-

mental load up to failure. The results were analyzed 

and compared in different stages of loadings. The 

load-deflection curves were plotted, the first cracking 

and failure loads were recorded and compared. 

Finally, the crack propagations were marked after 

each load increment and photographed at failure. 

Deflection 

Figure 11 compares the load deflection curves at 

mid-span for the control slabs S0, G0 and C0 in 

Group 1. At the ultimate failure load of the control 

slab S0, deflections of control slabs G0 and C0 were 

about 23% and 13% of the maximum deflection of 

S0 respectively. This may be attributed to increasing 

the thickness by 2 cm as well as using additional 

mesh reinforcement of intertwined rods of GFRP 

and CFRP. Figure 12 shows the load deflection 

curves for control slabs G0, S0 and strengthened 

slab SG, SC. It is shown that the results of each 

strengthened slabs match the results of the 

corresponding control slabs except before failure. 

This may be due to de-bonding of the strengthening 

layer before failure. 

Figure 13 compares the load deflection curves at 

mid-span for the repaired slabs RS, RSM, RG and 

RC in Group 2. It is shown from the figure that slab 

repaired using ferrocement layer reinforced by 

carbon fiber mesh, RC gave the least deflection at 

the same loading as well as gave the maximum 

capacity with respect to the other specimens.  It is 

noticed also that using steel wire mesh as 

reinforcement for repairing ferrocement layer gave 

better results than using traditional steel 

reinforcement.    

Figure 14 compares the load deflection curves at 

mid-span for the repaired slabs SS, SSM, SG and SC 

in Group 3. It is shown from the figure that slab 

strengthened using ferrocement layer reinforced by 

carbon fiber mesh, RC gave the least deflection at 

the same loading as well as gave the max. capacity 

with respect to the other specimens.  It is noticed 

also that using steel wire mesh as reinforcement for 

strengthening ferrocement layer gave better results 

than using traditional steel reinforcement. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.9: Casting concrete for strengthening layer  Fig. 10: Testing intertwined GFRP rods 

Fig.12: Load-deflection curves at mid-span for 

control slabs GO, SO and strengthened slabs 

SG and SC 
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Fig.11: Load-deflection curves at mid- 

span for control slabs   
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Cracking and Ultimate Loads 

First cracking and ultimate failure loads were 

recorded for all tested slabs. Figure 15 compares 

both cracking and failure loads for all tested 

specimen in the different groups. It is noted that the 

slabs strengthened by carbon fiber mesh showed the 

highest cracking and ultimate failure loads. The 

failure loads of slabs repaired by ferrocement layers 

RS, RSM, RG and RC increased by about 46%, 

67%, 88% and 129%, with respect to slab S0, while 

for strengthened slabs SS, SSM, SG and SC the 

failure loads increased by about 67%, 108%, 129% 

and 170%, respectively. 

It is observed that repaired or strengthened slabs with 

carbon fiber mesh, showed a distinct gain in the load 

carrying capacity compared to the corresponding 

reference slabs. The increase in the capacity was 

about 30% with respect to the slab strengthened by 

ferrocement layer reinforced with welded steel wire 

mesh. This confirms the efficiency of utilizing the 

carbon fiber mesh as reinforcement for ferrocement 

layers. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Cracking Patterns 

Figures 16 show the crack patterns at failure for 
control specimens CO and GO while Fig. 17 shows 
the crack patterns for repaired slabs in Group 2. 
Figure 18 shows the crack patterns for strengthened 
slabs in Group 3. Cracks starts at the middle of the 
slabs normal to the long direction. When load 

increases cracks propagate adjacent to the middle of 
the slab in both directions. It is noticed that repair 
and strengthening with ferrocement layers reinforced 
by manufactured carbon fibers showed the maximum 
cracking loads and minimum cracking width with 
respect to the other repaired and strengthened slabs. 

Fig.14:  Load-deflection curves at mid- 

span for strengthened slabs (Group 3) 

Fig.13: Load-deflection curves at mid- 

span for repaired slabs (Group 2) 

Fig.15: Comparison between cracking and ultimate loads  
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Ductility 

Ductility of slab is defined as the ratio between the 

maximum deflection at the ultimate load and the 

maximum deflection at the first cracking load. The 

Ductility of slabs RS, RSM, RG and RC increased 

by about 105%, 44%, 107% and 63% in comparison 

to slab S0, while slabs SS, SSM, SG and SC 

decreased by about 15%, 29%, 8% and 3%, 

respectively. It is noticed that slab repaired by adding 

ferrocement layer reinforced by mesh of 

manufactured glass fibers improves the ductility 

more than other reinforcement. 

Fig.16: Crack patterns for control slabs (Group 1)   

Fig.17: Crack patterns for repaired slabs (Group 2)   

Fig.18: Crack patterns for strengthened slabs (Group 3)   
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5. CONCLUSIONS 

From the experimental investigation reported in this 

research, the following conclusions could be drawn. 

1- Repaired or strengthening slabs with ferrocement 

layers showed distinct gains in loads carrying 

capacity compared to the corresponding reference 

slabs as well as reasonable reduction in 

deflections. 

2- The failure loads of slabs repaired by ferrocement 

layers RS, RSM, RG and RC were increased by 

about 46%, 67%, 88% and 129%, respectively in 

comparison to slab SO. The increase in the 

capacity for slab repaired by ferrocement layer 

reinforced by manufactured carbon fiber mesh 

was about 38% with respect to the slab 

strengthened by same ferrocement layer but 

reinforced with welded steel wire mesh. 

3- The failure loads of slabs strengthened by 

ferrocement layers SS, SSM, SG and SC the 

failure loads were increased by about 67%, 

108%, 129% and 170%, respectively in 

comparison to slab SO. The increase in the 

capacity was about 30% with respect to the slab 

strengthened by same ferrocement layer but 

reinforced with welded steel wire mesh. 

4- Using ferrocement layers reinforced by 

manufactured intertwined carbon fiber mesh for 

repair and strengthening improved the cracking 

behavior by increasing the cracking loads and 

decreasing the crack widths. 

5- Ductility was increased for repaired slabs. Using 

manufactured glass fiber mesh as reinforcement 

for wire mesh increase the ductility by about 

107%. 
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