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The water structures are difficult engineering structures and very 

sensitive to cracks inside or out side the body of it furthermore all its 

components need continuous check. 

The new one needs big amount of budget if be built, at the same time the 

keeping on the existing structure can serve a lot of money and many 

benefits at the construction time. 

The most important components for the water structures are the raft and 

the piers, and all can be repaired by injection. 

The principal aim to fill of the voids that leads to improve the strength of 

the structure body and permeability especially for water structures. 

The water structure is important structures need continuous check for all 

members to be at good efficiency to do the demand job which required. 

There are two important variables effect on the condition of the water 

structure with high quality, the structure stability and permeability, to 

keep all the elements of structure at the high quality mean repair and 

strengthening all of them continuously.      

The injection method in present time became very important method 

especially for treatment permeability for water structures. 

In laboratory nine models with 1/8 percentage from the piers of barrages 

which was concerned in this study, with three grades from concrete 

(fcu=150-200-250 kg/cm
2
). 

Two cases of loading for the models, before loading and after loading. 

The study concluded the effect of injection on the two variables which 

were studied the compressive strength and void ratio of the model 

concrete. 

In compressive strength the best material is the French cement the 

conclusion was: 

1-The ordinary cement (O.C), used as injected materials the compressive 

strength of the models concrete after injection increased by (70.79%-

103.01%-77.43%) than the average compressive strength before injection 

respectively to the grade of concrete (fcu). 

2- The French cement (F.C) (Vicalps type D) used as injected material: 

the compressive strength increased by (137.02%-120.53%-67.43%) than 

the average compressive strength before injection respectively to the 

grade of concrete. 
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3- The Epoxy Conbextra (PE .L.V) used as injected material: the 

compressive strength increased by (70.3%-104.47%-80.76%) than the 

average compressive strength before injection respectively to the grade of 

concrete.  

In void ratio, porosity and density: the best material for treating this state 

is Epoxy material. 

 

1- INTRODUCTION 

This study concerns on the repair and strengthening of the laboratory piers models to 

reach the best injected type of materials for every variable in water structures, by 

taking the simulation in laboratory. The piers models of water structures with scale 

equal to 1/8 from the artificial structures to make simulation. 

From three concrete grades (fcu) of the piers models were made with (150-

200-250 kg/cm
2
) and by using three injected type of materials .The effect of injection 

type of materials from {Ordinary cement (O.C) - French cement(F.C) (Vicalps type D)  

– Epoxy Conbextra (PE .L.V)} on concrete piers models was studied by comparing 

between compressive strength (fcu) without injection and with injection by different 

types of materials. Also the effect of injection by different types of materials on 

grading of concrete piers models was studied by comparing between the void ratio, 

porosity and density before and after injection by different type of materials. Also the 

comparison of all parameters was studied before and after loading on piers models. 

 

2-EXPERIMENTAL WORK 

The experimental works included two items:                                                                      

2-1-The first item:    

2-1-1-The concrete mix design for piers models: 

The piers models from plain concrete have three grades of concrete strength (fcu) as 

shown in table (1) 

 

Table (1) Concrete mix design 
 

Type of Concrete grades 

Characteristic 

strength 

(fcu) kg/cm
2
 

Cement 

kg/m
3
 

Gravel 

kg/m
3
 

Sand    

kg/m
3
 

Water 

liter/m
3
 

Weak concrete    (W.C) 150 200 1344 677 130 

Medium concrete(M.C) 200 250 1284 642 150 

Normal strength concrete      

(N.C) 
250 300 1232 616 165 

 

In this study the above three grades from concrete were used and also using 

three types of injected materials {Ordinary cement (O.C), French cement (F.C) 

(Vicalps type D) and Epoxy Conbextra (EP .LV).}.The core samples were taken from 

the concrete piers models without and with injection materials. 
 

http://www.tfhrc.gov/structur/hpc/hpc2/chap5.htm#5.1
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2-1-2 The drilling and injection works: 

The samples were taken from Piers Models by smaller drilling machine as shown in 

Fig. (1). The injection of the sampler by the injection machine as shown in Fig. (2) 
 

                        
 

Fig. (1) Drill machine for core samples                         Fig. (2) Injection machine 

 

2-2-The second item:   

The second item concern on the tests which were performed on the piers models 

samples before loading and after loading as follows:   
                                   

2-2-1Compression test: 

For the two cases of loading, every case of loading contains:  

 Samples without injection. 

 Samples with injection by different types of materials. 
 

2-2-1-1 Before loading: 

Tables (2) & (3) contains the results of compression test {ultimate load (Pu) and the 

deformation (ΔL)} for the samples of piers models before loading without injection 

and with injection by different types of material 
 

2-2-1-1-a   Samples before loading without injection:  

The results of compression test which were performed on the piers models samples 

were shown in table (2).  
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Table (2) The samples from the Piers Models before loading without injection 
 

No sample Ultimate load (Pu) kg 
Deformation (ΔL) 

mm 

Grade of concrete     

(fcu)       kg/cm
2
 

1 IIB 2200  1.03     

Weak concrete (W.C) 

fcu=150kg/cm
2
 

2 IID1 2650  1.10     

3 IIIB1 2300  1.1       

4 IVB3 3200  0.985   
Medium concrete 

(M.C) fcu=200kg/cm
2
 

5 IVB2 3190   0.985   

6 VID1 3100  1.9      

7 VII D2 4000  0.9       
Normal strength concrete 

(N.C) fcu=250kg/cm
2
 

8 VIID1 4350  2.02     

9 IXD 4000  2.03     

 

The load-deformation curves for samples of the piers models were plotted in 

Figs. (3-4&5):  
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Fig. (3) p-ΔL for samples (II B) -   (II D1)   & (III B1) from piers models of weak 

concrete (W.C) fcu = 150 kg/cm
2
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load-deformation curve IV  B3
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Fig. (4) p-ΔL for samples (IV B3) - (IV B2) & (VI D1) from piers models of medium 

concrete (M.C) fcu = 200 kg/cm
2 
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Fig. (5) p-ΔL for samples (VII D2) - (VII D1) & (IX D) from piers models of normal 

strength concrete (N.C) fcu=250 kg/cm
2 
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2-2-1-1-b- Samples before loading with injection by different types 
of materials:  
The results of compression tests which were performed on the piers models samples 

before loading with injection by different types of materials were shown in Table (3). 

 

Table (3) The samples from the Piers Models before loading with injection by 

different types of materials 
 

No Sample 
Ultimate 

load (Pu) kg 

Deformation (ΔL)   

mm 

Type of Injected 

Material 

Grade of 

concrete 

(fcu)     

kg/cm
2
 

1 I   A1 2250 1.18 
Ordinary cement 

(O.C) 

W
ea

k
 c

o
n

cr
et

e 
  

  
(W

.C
) 

fc
u

=
1

5
0

 k
g

/c
m

2
 2 I   C1 2750 1.32 

3 I  C2 2650 2.3 

4 II A1 3050 1.25 
French cement 

(F.C) 
5 II C2 2550 1.21 

6 II E2 2750 1.33 

7 III A1 2150 1.50 
Epoxy 

(PE L.V.) 
8 III  C 2750 1.60 

9 III C1 2800 1.11 

10 V  A1 3150 1.1 
Ordinary cement 

(O.C) 

M
ed

iu
m

 c
o

n
cr

et
e 

(M
.C

) 
fc

u
=

 2
0

0
  
k

g
/c

m
2
 

11 V   A2 3300 1.1 

12 V  C2 3650 1.21 

13 IV  A2 3500 1.7 
French cement 

(F.C) 
14 IV  C1 3750 1.3 

15 IV  E2 3550 2.0 

16 VI  A1 3500 1.16 

Epoxy (PE L.V.) 17 VI   E 3500 1.3 

18 VI C2 3600 1.21 

19 1X C1 4070 1.7 
Ordinary cement 

(O.C) 

N
o

rm
al

 s
tr

en
g

th
 c

o
n

cr
et

e 

N
C

) 
fc

u
=

2
5

0
 k

g
/c

m
2
 

20 1X  E 4150 1.5 

21 1X A2 4200 1.3 

22 VIIIA2 4250 2.4 
French cement 

(F.C) 
23 VIII  C 4250 1.8 

24 VIII  E 4150 1.3 

25 VI1 A1 4200 1.22 

Epoxy (PE L.V.) 26 VI1  C 4000 1.17 

27 VI1  E1 4000 1.4 

 
The Load-deformation curves for the samples of the piers models was plotted 

to get the effect of the injection by different types of materials were plotted in Figs. 

(6 to 14):   
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Fig. (6) p-ΔL for samples (I A1)-I C1) & (I C2) for piers models from weak concrete 

(W.C) fcu= 150 kg/cm
2
 injected by ordinary cement (O.C). 
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Fig. (7) p-ΔL for samples (II A1)-(II C2) & (II E2) for piers models from weak 

concrete (W.C) fcu= 150 kg/cm
2
 injected by French cement 

(F.C) 
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Fig. (8) p-ΔL for samples (III A1) - (III C) & (III C1) for piers models from weak 

concrete (W.C) fcu =150 kg/cm
2
 Injected by epoxy 

(PE L.V.) 
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Fig. (9) p-ΔL for samples (V A1)-(V A2) & (V C2) for piers models from Medium 

concrete (M.C) fcu= 200 kg/cm
2
 injected by ordinary cement (O.C). 
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Fig. (10) p-ΔL for samples (IV A2)-(IV C1) & (IV E2) for piers models from Medium 

concrete (M.C) fcu=200 kg/cm
2
 injected by French cement (F.C) 
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Fig. (11) p-ΔL (VI A1) - (VI E) & (VI C2) for piers models from medium concrete 

(M.C) fcu= 200 kg/cm
2
 injected by epoxy (PE L.V.) 
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Fig. (12) p-ΔL for samples (IX C1) - (IX E) & (IX A2) for piers models from normal 

strength concrete (N.C) fcu= 250 kg/cm
2
 injected   by ordinary cement (O.C). 
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Fig. (13) p-ΔL for samples (VIII A2) - (VIII C) & (VIII E) for piers models from 

normal strength concrete (N.C) (fcu) =250 kg/cm
2
 with type of injected material by 

French cement (F.C). 
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Fig. (14) p-ΔL for samples (VII A1) - (VII C) & (VII E1) for piers models 

from normal strength concrete (N.C) fcu = 250 kg/cm
2
 with type of injected 

material by epoxy (PE L.V.) 

 

2-2-1-2. Samples after loading in laboratory  

By acting loads to produced cracks inside the piers models body before the failure 

condition assuming the crack load equal to 1/3 the max load depending on the Table 

(4). 

 

Table (4) The cracks load 
 

No Grade of concrete 
fcu 

(kg/cm
2
) 

fc=1/3 fcu (kg/cm
2
) Load (kg) 

1 Weak concrete strength (W.C) 150 50 6875 

2 Medium concrete strength (M.C) 200 67 92125 

3 
Normal strength concrete 

Strength (N.C) 
250 83 114125 

 

The loading operation occurred by put the piers models under the applied 

machine to produced cracked load in order to produced internal cracks to allow the 

injection by different types of materials to penetrate through these internal crakes and 

voids to finish the injection operation successfully, Figs. (15) and (16) show the loading 

operation 
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Fig. (15) Sketch of resist pier model 

 

 
 

Fig. (16) The piers model loading 

 
 

2-2-1-2-1. Samples after loading without injection by materials: 

The results of compression test which was performed on the samples from the piers 

models ultimate load (Pu) and the deformation (ΔL) as shown in Table (5). 

The load-deformation curves for the samples which their results were shown in 

Figs. (17 to 25).   
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Table (5) The samples from the Piers Models after loading without injection. 

No Sample 
Ultimate load  

(Pu) kg 
Ultimate strength 

(Su)B  kg/cm
2
 

Deformation   
(ΔL)     mm 

Grade of concrete 
(fcu) kg/cm

2
 

1 I -1 1100.0 69.18 2.1 

W
ea

k
 c

o
n

cr
et

e 
  

  

(W
.C

) 
fc

u
=

1
5

0
 

k
g

/c
m

2
 

2 I -2 1200.0 75.47 1.27 
3 I-3 1150.0 72.33 1.27 
4 II-1 1250.0 78.62 1.47 
5 II-2 1150.0 72.33 1.47 
6 II-3 1050.0 66.04 1.27 
7 III-1 1200.0 75.47 1.38 
8 III-2 1300.0 81.78 1.48 
9 III-3 1275.0 70.19 1.5 
10 V-1 1750.0 110.06 1.55 

M
ed

iu
m

 

co
n

cr
et

e 

(M
.C

) 
fc

u
=

2
0
0

 

k
g

/c
m

2
 

11 V-2 1600.0 100.63 1.25 
12 V-3 1700.0 106.92 2.18 
13 IV-1 1700.0 106.92 0.98 
14 IV-2 1750.0 110.06 1.35 
15 IV-3 1600.0 100.63 1.25 
16 VI-1 1750.0 110.06 2.02 
17 VI-2 1750.0 110.06 2.15 
18 VI-3 1800.0 113.21 2.15 
19 IX-1 2150.0 135.22 1.8 

N
o

rm
al

 s
tr

en
g

th
 

co
n

cr
et

e 
  

  
(N

.C
) 

fc
u

=
2

5
0

 k
g

/c
m

2
 20 IX-2 2050.0 128.93 1.6 

21 IX-3 2100.0 132.08 1.65 
22 VIII-1  2000.0 125.79 1.75 
23 VIII-2  2000.0 125.79 1.6 
24 VIII-3 2000.0 125.79 1.7 
25 VII-1 1950.0 122.64 3.15 
26 VII-2 2150.0 135.22 2.45 
27 VII-3 2250.0 141.51 2.89 
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Fig. (17) p-ΔL for samples (I-1) - (I-2) & (I-3) for piers models from weak concrete 

(W.C) fcu =150 kg/cm
2
 



Aly  Abdel- Zaher Elsayed et al. 582 
Load-deformation curve II-1
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Fig. (18) p-ΔL for samples (II-1) - (II-2) & (II-3) for piers models from weak concrete 

(W.C) fcu= 150 kg/cm
2. 
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Fig. (19) p-ΔL for samples (III-1) – (II-2) & (III-3) for piers models from weak 

concrete (W.C) fcu= 150 kg/cm
2
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Fig. (20) p-ΔL for samples (V-1) - (V-2) & (V-3) for piers models from medium 

concrete ( M.C) (fcu) = 200 kg/cm
2
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Fig. (21) p-ΔL for samples (IV-1) - Fig. (55) & (IV-3) for piers models from medium 

concrete (M.C) fcu= 200 kg/cm
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Fig. (22) p-ΔL for samples (VI-1) - (VI-2) & (VI-3) for piers models from medium 

concrete (M.C) fcu= 200 kg/cm
2 
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Fig. (23) p-ΔL for samples (IX-1) -IX-2) & (IX-3) for piers models from normal 

strength concrete (N.C) fcu=  250 kg/cm
2
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Fig. (24) p-ΔL (VIII-1)- (VIII-2) & (VIII-3) for piers models from normal strength 

concrete (N.C) fcu=  250 kg/cm
2
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Fig. (25) p-ΔL for samples (VII-1)-(VII-2) & (VII-3) for piers models from normal 

strength concrete (N.C) fcu= 250 kg/cm
2
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2-2-1-2-2.-Samples after loading with injection by different types of 
materials: 
 

The compression test results which were performed on the samples from the piers 

models after loading with injection by different types of materials are shown in Table 

(6).  

 

Table (6) The samples from the Piers Models after loading with injection by 

different types of materials 

No Sample 
Ultimate 
load (Pu)   

kg 

Ultimate 
strength  (Su) 

kg/cm
2
 

Deformation 
(ΔL)     mm 

Type of Injected 
Material 

Grade of 
concrete(

fcu)       
kg/cm

2
 

1 I-1 2250.0  0.85 
Ordinary cement 

(O.C) 

W
ea

k
 c

o
n

cr
et

e 
  

  
 (

W
.C

) 
fc

u
=

1
5

0
 

k
g

/c
m

2
 

2 I-2 2500.0  0.75 
3 I-3 2500.0  0.59 
4 II-1 2750.0  0.49 French cement 

(F.C) 
 

5 II-2 2500.0  0.45 
6 II-3 2550.0  0.55 
7 III-1 2350.0  0.40 

Epoxy (PE L.V.) 8 III-2 2050.0  0.38 
9 III-3 2950.0  0.44 

10 V-1 3750.0  1.23 
Ordinary cement 

(O.C) 

M
ed

iu
m

 c
o

n
cr

et
e 

(M
.C

) 
fc

u
=

2
0
0

 
k

g
/c

m
2
  
 11 V-2 4160.0  1.44 

12 V-3 4050.0  0.88 
13 IV-1 4300.0  1.8 French 

cement(F.C) 
 

14 IV-2 4160.0  1.5 
15 IV-3 4750.0  2.3 
16 VI-1 3260.0  0.66 

Epoxy (PE L.V.) 17 VI-2 4260.0  0.85 
18 VI-3 4250.0  0.77 
19 IX-1 4250.0  0.39 

Ordinary cement 
(O.C) 

N
o

rm
al

 s
tr

en
g

th
 

co
n

cr
et

e 
  

  
 (

N
.C

) 
fc

u
=

 2
5
0

 k
g

/c
m

2
  
 

20 IX-2 4250.0  0.44 
21 IX-3 5280.0  0.82 
22 VIII-1 5250.0  0.99 

French cement 
(F.C) 

23 VIII-2 4950.0  0.88 
24 VIII-3 4350.0  0.69 
25 VII-1 4800.0  0.98 

Epoxy (PE L.V.) 26 VII-2 4100.0  0.43 
27 VII-3 4250.0  0.89 

 

The load-deformation curves for the samples of the piers models was plotted to 

get the effect of the injection by different types of materials were plotted in Figs. (26 to 

34):   
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Fig. (26) p-ΔL for samples (I-1) - (I-2) & (I-3) for piers models from weak concrete 

(W.C) fcu= 150 kg/cm
2
 injected by Ordinary cement (O.C). 
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LOAD-DEFORMATION CURVE (II-3) After loading -after injection
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Fig. (27) p-ΔL for samples (II-1) - II-2) & (II-3) ) for piers models from weak concrete 

(W.C) fcu= 150 kg/cm
2
 injected by French cement (F.C) 
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Fig. (28) p-ΔL for samples (III-1) - p-ΔL (III-2) & (III-3)) for piers models from weak 

concrete (W.C) fcu= 150 kg/cm
2
 injected by epoxy (PE L.V.) 
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Fig. (29) p-ΔL for samples (V-1) - (V-2& (V-3)) for piers models from medium 

concrete (M.C) (fcu) 200 kg/cm
2
 injected by ordinary cement (O.C). 
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Fig. (30) p-ΔL for samples (IV-1)- (IV-2)Y& (VI-1) for piers models from medium 

concrete (M.C) fcu=  200 kg/cm
2
 injected by French cement (F.C) 
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Fig. (31) p-ΔL for samples (VI-1) - (VI-2) & (VI-3) for piers models from medium 

concrete (M.C) fcu=  200 kg/cm
2
 injected by epoxy (PE L.V.) 
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Fig. (32) p-ΔL for samples (IX-1) - (IX-2) & (IX-3) for piers models from normal 

strength concrete (N.C) fcu= 250 kg/cm
2
 injected   by ordinary cement (O.C). 

0 0
.
0

5

0
.
1

2

0
.
1

3

0
.
1

4

0
.
1

5

0
.
1

6

0
.
1

7

0
.
1

8

0
.
1

9

0
.
2

0
.
2

1

0
.
2

2

0
.
2

3

0
.
2

4

0
.
2

5

0
.
3

0
.
3

5

0
.
4

0
.
4

5

0
.
5

5

0
.
6

5

0
.
7

7

0
.
8

0
.
8

5

0
.
9

0
.
9

5

0
.
9

9

deformation    mm

0

1

2

3

4

5

6

lo
a

d
 
 
 
T

h
o

u
s
a

n
d

s
 
k
g

    

0 0
.
0

5

0
.
1

2

0
.
1

3

0
.
1

4

0
.
1

5

0
.
1

6

0
.
1

7

0
.
1

8

0
.
1

9

0
.
2

0
.
2

1

0
.
2

2

0
.
2

3

0
.
2

4

0
.
2

5

0
.
3

0
.
3

5

0
.
4

0
.
4

5

0
.
5

5

0
.
6

5

0
.
7

7

0
.
8

0
.
8

2

0
.
8

5

0
.
8

8

deformation    mm

0

1

2

3

4

5

6

lo
a

d
 
 
 
T

h
o

u
s
a

n
d

s
 
k
g

    

0 0
.
0

5

0
.
1

2

0
.
1

3

0
.
1

4

0
.
1

5

0
.
1

6

0
.
1

7

0
.
1

8

0
.
1

9

0
.
2

0
.
2

1

0
.
2

2

0
.
2

3

0
.
2

4

0
.
2

5

0
.
3

0
.
3

5

0
.
4

0
.
4

5

0
.
5

5

0
.
5

9

0
.
6

1

0
.
6

5

0
.
6

9

deformation    mm

0

1

2

3

4

5

lo
a

d
 
 
 
T

h
o

u
s
a

n
d

s
 
k
g

 
Fig. (33) p-ΔL for samples (VIII-1) - (VIII-2) & (VIII-3) for piers models from normal 

strength concrete (N.C) fcu= 250 kg/cm
2
 injected by French cement (F.C) 
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Fig. (34) p-ΔL for samples (VII-1) - (VII-2) & (VII-3) for piers models from normal 

strength concrete (N.C) fcu= 250 kg/cm
2
 injected by epoxy (PE L.V.) 

                                                                                                                           
2-2-2-Void ratio, Porosity and Density:  

For the two cases of loading, every case of loading contains: 

 Samples without injection: 

 Samples after injection by different types of materials. 

The results of void ratio , porosity and density for the samples from the piers 

models for the two states before loading and after loading are given in tables (7) 

to(10)., every state without injection by materials and with injection by different types 

of materials. 
   

2-2-2-1- Samples before loading: 

Thirty six samples were taken from the piers models before loading state without  

injection and with injection by different types of materials and the results are given in 

table(7) &(8).  

 

2-2-2-1-a- Samples before loading without injection: 

The results for the samples of piers models before loading without injection are shown 

in table (7). 
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Table (7) Samples from the Piers models before loading without injection : 
 

No Sample H (mm) D (mm) Wet wt (gm) Dry wt (gm) 
Grade of concrete(fcu)      

kg/cm
2
 

1 II    B   42 45 139.2 128.7 Weak concrete     (W.C) 

fcu= 150 kg/cm
2
 2 II    D1 49 45 153.1 141.4 

3 III   B1 85 45 294.8 271.5 

4 IV   B3 65 45 219.4 201.5 Medium concrete 

(M.C) fcu= 200 kg/cm
2
   5 IV   B2 44 45 140.0 127.4 

6 VI  D1 82 45 217.5 250.4 

7 VII D2 43 45 139.5 130.9 Normal strength concrete     

(N.C) fcu= 250 kg/cm
2
   8 VII D1 35 45 121.0 112.8 

 IX  D 90 45 302.0 277.0 
 

2-2-1-b- Samples before loading with injection by different types of 
materials: 
 

Table (8) Samples from the Piers models before loading with injection by 

different types of materials 
 

No Sample H ( mm) D (mm) 
Wet wt 

(gm) 

Dry wt 

(gm) 

Type of Injected 

Material l 

Grade of 

concrete 

(fcu) kg/cm
2
 

1 I      A1 67 45 230.3 219.0 
Ordinary cement 

(O.C) 

W
ea

k
 c

o
n

cr
et

e 
  

  
(W

.C
) 

 f
cu

=
 1

5
0

 k
g

/c
m

2
 2 I       C1 59 45 202.2 189.8 

3 I      C2 103 45 348.1 323.6 

4 II     A 80 45 280.2 264.5 
French cement 

(F.C) 
5 II    C2  56 45 193.6 182.6 

6 II    E2 44 45 146.6 138.0 

7 III   A1 70 45 254.0 237.2 
Epoxy 

(PELV) 
8 III   C 70 45 235.9 217.5 

9 III  C1 56 45 189.5 174.4 

10 V   A1    70 45 271.5 250.4 
Ordinary cement 

(O.C) 

M
ed

iu
m

 c
o

n
cr

et
e 

(M
.C

) 
fc

u
=

 2
0

0
 k

g
/c

m
2
  

11 V   C1 56 45 202.5 189.8 

12 V   E1 67 45 348.1 323.6 

13 IV   E1    82 45 271.5 250.4 
French cement 

(F.C) 
14 IV   A1 59 45 202.5 189.8 

15 IV   C2 103 45 348.1 323.6 

16 VI   A 47 45 150.6 142.4 Epoxy (PELV) 

17 VI  A1 58 45 205.8 19208 

18 VI   A2 43 45 157.0 147.0 

19 IX  C1 65 45 189.5 174.4 Ordinary cement 

(O.C) 

N
o

rm
al

 s
tr

en
g

th
 c

o
n

cr
et

e 
  

(N
.C

) 
 

fc
u

=
 2

5
0

 k
g

/c
m

2
  
 

20 IX  E 65 45 219.4 201.5 

21 IX  A2 67 45 139.5 131.7 

22 VIII A2 103 45 361.6 337.5 French cement 

(F.C) 23 VIII C2 70 45 137.5 130.7 

24 VIII  E2 47 45 157.0 147.0 

25 VII  A1 70 45 254.5 234.7 Epoxy    (PE 

L.V.) 26 VII  C1 88 45 305.3 275.3 

27 VII  E1 80 45 284.2 266.3 
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2-2-2-2- Samples after loading: 
Fifty four samples were taken from the piers models after loading state without 

injection and with injection by different types of materials and the results are given in 

tables(9) &(10). 

 

2-2-2-2-a- Samples after loading without injection: 
The results of the tests void ratio , porosity and density for the samples of Piers Models 

after loading without injection are shown in table(9)  
 

Table (9) Samples from Piers models after loading without injection 
 

No Sample H (mm) D (mm) Vt  (cm
3
) 

Wet wt  

(gm) 

Dry wt  

(gm) 

Grade of 

concrete 

(fcu)       

(kg/cm
2)

 

1 I-1 48 45 76.32 168.3 159.8 

W
ea

k
 c

o
n

cr
et

e 
  

  

 (
W

.C
) 

fc
u

=
1

5
0

 k
g

/c
m

2
 

2 I-2 58 45 92.22 218.4 196.3 

3 I-3 50 45 79.48 170.1 157.8 

4 II-1 45 45 71.55 150.3 137.4 

5 II-2 50 45 79.48 175.6 163.7 

6 II-3 47 45 74.73 162.9 153.1 

7 III-1 54 45 85.86 191.3 176.6 

8 III-2 49 45 77.91 175.8 162.8 

9 III-3 50 45 79.48 178.7 165.8 

10 IV-1 48 45 76.32 166.7 158.2 

M
ed

iu
m

 c
o

n
cr

et
e 

(M
.C

) 
fc

u
=

 2
0

0
 k

g
/c

m
2
  

11 IV-2 45 45 71.55 151.8 141.8 

12 IV-3 60 45 95.4 217.2 206.2 

13 V-1 50 45 79.48 170.1 157.8 

14 V-2 50 45 79.48 175.4 164.7 

15 V-3 60 45 95.4 211.8 201.4 

16 VI-1 49 45 77.91 170.1 160.4 

17 VI-2 45 45 71.55 153.2 142.3 

18 VI-3 59 45 93.81 203.4 189.7 

19 VII-1 46 45 73.14 169.2 154.8 

N
o

rm
al

 s
tr

en
g

th
 

co
n

cr
et

e 
  

  
 

(N
.C

) 
fc

u
=

2
5
0

 k
g

/c
m

2
  

20 VII-2 50 45 79.48 178.6 166.3 

21 VII-3 58 45 92.22 206.7 190.8 

22 VIII-1 60 45 95.4 211.8 201.3 

23 VIII-2 50 45 79.48 179.5 165.7 

24 VIII-3 50 45 79.48 173.8 162.6 

25 IX-1 43 45 68.37 152.8 142.6 

26 IX-2 44 45 69.96 153.5 142.2 

27 IX-3 60 45 95.4 218.7 204.2 

 

2-2-2-2-b- Samples after loading with injection by different types of 
materials: 
The results of the tests void ratio, porosity and density for the samples of  Piers Models 

after loading with injection by different types of materials are shown in   table (10)     
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Table( 10) Piers Models samples after loading with injection by different types of 

materials 

No Sample H (mm) D  (mm) 
Wet wt  

(gm) 

Dry wt   

(gm) 

Type of 

Injected 

Material 

Grade of 

concrete 

(fcu)   kg/cm
2
 

1 I-1 49 45 188.4 181.2 Ordinary ce     

ment(O.C) 

W
ea

k
 c

o
n

cr
et

e 
  

  

(W
.C

) 
fc

u
=

1
5

0
 k

g
/c

m
2
 

2 I-2 50 45 189.8 180.4 

3 I-3 48 45 185.4 179.3 

4 II-1 49 45 187.8 180.8 French 

cement(F.C) 5 II-2 50 45 189.3 183.7 

6 II-3 58 45 210.4 201.2 

7 III-1 125 134 4217.7 4186.0 Epoxy (PE L.V.) 

8 III-2 53 45 215.6 211.7 

7 III-3 125 134 4238.5 4204.9 

10 V-1 47 45 181.3 174.6 Ordinary  cement 

 

M
ed

iu
m

 c
o

n
cr

et
e 

(M
.C

) 
fc

u
=

2
0
0

 k
g

/c
m

2
  

11 V-2 50 45 172.8 165.3 

12 V-3 57 45 211.3 208.3 

13 IV-1 65 45 209.2 201.2 French cement 

(F.C) 14 IV-2 52 45 188.3 183.0 

15 IV-3 80 45 211.4 204.2 

16 VI-1 58 45 213.2 210.1 Epoxy  

(PE L.V.) 17 VI-2 55 45 209.4 206.3 

18 VI-3 115 134 4264.2 4224.1 

19 IX-1 46 45 183.2 176.4 Ordinary cement 

(O.C) 

N
o

rm
al

 s
tr

en
g

th
 

co
n

cr
et

e 
  

  
 

(N
.C

) 

 f
cu

=
2

5
0

 k
g

/c
m

2
  20 IX-2 115 45 4040.0 3996.0 

21 IX-3 125 134 4102.1 4071.0 

22 VIII-1 55 45 207.3 198.7 French 

cement(F.C) 

 
23 VIII-2 48 45 189.6 182.3 

24 VIII-3 80 134 2878.6 2832.3 

25 VII-1 54 45 212.6 206.5 Epoxy (PE L.V.) 

26 VII-2 52 45 208.6 203.2 

27 VII-3 115 134 4230.9 4201.6 

 

3- DISCUSSION 

 The two cases which the piers models samples were taken explained as follow: 
 

 3-1-  Samples before loading: 

This case before acting load on the piers models to produced internal cracks allow to 

the injected material to penetrate through these cracks and renew the desponding action 

between the aggregate fine or coarse and cement, for this the injection fit back the loss 

desponding . 
 

3-1-1-comperssion test:                                                                                                                                    

The results of the compression test for the samples that obtained from three types of 

concrete piers models and comparison between the ultimate strength of these samples 

before and after loading without injection and with injection by different types of 

materials are explained as follows: 
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3-1-1-a Samples before loading: 

The compression test results for the samples of models before loading without injection 

and with injection by different types of materials are shown in tables (11) & (12) 
 

3-1-1-a-1- Samples before loading without injection  

The compression test results and the calculations of the average ultimate strength (Su
/
) 

B and relative strain (ζ =ΔL/L ) for the samples from the piers models before loading 

without injection are shown in table (11)  
 

 

Table (11) The samples from Piers models before loading without injection 
 

No Sample 
Ultimate strength  

(Su/)B kg/cm
2
 

Average ultimate 

strength  (Su/)B 

kg/cm
2
 

ζ =ΔL/H 
Grade of concrete 

(fcu)       kg/cm
2
 

1 II  B 138.36 

149.89 

0.0245 
Weak concrete     

(W.C) fcu= 150 

kg/cm
2
 

2 II  D1 166.67 0.022 

3 III B1 144.65 0.025 

4 IV B3 201.25 

200.62 

0.028 
Medium concrete 

(M.C) fcu= 200 

kg/cm
2
 

5 IV B2 200.63 0.022 

6 VI D1 199.97 0.026 

7 VII D2 251.57 

258.91 

0.022 Normal strength 

oncrete     (N.C) 

fcu=  250 kg/cm
2
 

8 VIID1 273.58 0.031 

9 IX  D 251.57 0.023 

 
3-1-1-a-2- Samples before loading with injection by different types 
of materials 

 

The compression test results for the samples of piers models before loading with 

injection by different types of materials are shown in table (12) 
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Table (12) The samples from Piers models before loading with injection by 

different types of materials 

 

No Sample 
Ultimate strength 

(Su)A      kg/cm2 

Average Ultimate 

strength (Su/)A      

kg/cm
2
 (Su/)A 

ζ =ΔL/L 
Type of Injected 

Material 

Grade of 

concrete (fcu)  

kg/cm
2
 

1 IA1 141.51  

160.38 

0.018 
Ordinary cement 

(O.C) 

W
ea

k
 c

o
n

cr
et

e 
  

  

(W
.C

) 

fc
u

=
 1

5
0

 k
g

/c
m

2
 2 IC1 172.96 0.022 

3 IC2 166.67 0.022 

4 IIA1 191.82  

175.07 

0.016 
French cement 

(F.C) 
5 II C2 160.38 0.022 

6 II E2 173.0 0.023 

7 IIIA1 135.22  

161.44 

0.021 
Epoxy  

(PE L.V.) 
8 III  C 173.0 0.023 

9 IIIC1 176.1 0.020 

10 V A1 198.11  

211.74 

0.016 
Ordinary cement 

(O.C) 

M
ed

iu
m

 c
o

n
cr

et
e 

(M
.C

) 
fc

u
=

 2
0

0
 k

g
/c

m
2
 

11 V A2 207.55 0.020 

12 V C2 229.56 0.018 

13 IV A2 220.13  

226.42 

0.021 
French cement 

(F.C) 
14 IV C1 235.85 0.022 

15 IV E2 223.27 0.018 

16 VI A1 220.13  

222.23 

0.025 
Epoxy 

(PE L.V.) 
17 VI  E 220.13 0.022 

18 VI C2 226.42 0.015 

19 IX C1 256.00  

260.38 

0.024 
Ordinary cement 

(O.C) 

N
o

rm
al

 s
tr

en
g

th
 

co
n

cr
et

e 

(N
.C

) 
fc

u
=

 2
5
0

 k
g

/c
m

2
 

20 IX  E 261.00 0.027 

21 IX A2    264.15 0.016 

22 VIII A2 267.30  

265.20 

0.023 
French cement 

(F.C) 
23 VIII  C 267.30 0.02 

24 VIII  E    261.00 0.028 

25 VII A1 264.15  

255.78 

0.017 

Epoxy (PE L.V.) 26 VII  C 251.60 0.018      

27 VII E1    251.60 0.020 
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Fig. (35) The ultimate strengths with the concrete grades without injection: &with 

injection by different types of materials 
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Fig. (36) The ultimate strength (Su) before loading without injection &with injection 

by different types of materials. 

 

From Table (11). For the samples without injection (B and D), (A, C and E), 

Table (12) for the injected samples (A, C and E), Figs (35) & (36) indicated that: 

The difference between the ultimate strength (Su) before loading without 

injection and with injection by different types of materials was very small for the three 

grades of concrete model.  

 

 



Aly  Abdel- Zaher Elsayed et al. 596 

3-1-2-1-a- Samples after loading  

The compression test results for the samples of models after loading without injection 

by materials: and with injection by different types of materials are shown in Tables 

(13)& (14). 
 

 3-1-2-1-a-1 Samples after loading without injection: 

The compression test results for the samples of piers models after loading without 

injection: are shown in table (13) 
 
 

Table (13) The samples of Piers models after loading without injection: 
 

No Sample 
Ultimate strength 

(Su)  kg/cm
2
 

Average ultimate 

strength  (Su/)A 

kg/cm
2
 

ζ=ΔL/L 

Grade of 

concrete 

(fcu)  kg/cm
2
 

Remarks 

1 I-1 69.18  

72.23  

 

0.024 

W
ea

k
 c

o
n

cr
et

e 
  

  

 (
W

.C
) 

fc
u

=
1

5
0

 k
g

/c
m

2
 

     
W

it
h

o
u

t 
in

je
ct

io
n

. 

2 I-2 75.17 0.022 

3 I-3 72.33 0.025 

4 II-1 78.62  

72.33  

0.027 

5 II-2 72.33 0.029 

6 II-3 66.04 0.027 

7 III-1 75.47  

75.81  

0.026 

8 III-2 81.78 0.028 

9 III-3 70.19 0.03 

10 V-1 110.06  

105.87  

0.029 
M

ed
iu

m
 c

o
n

cr
et

e 

(M
.C

) 
2

0
0

  
 

11 V-2 100.63 0.025 

12 V-3 106.92 0.025 

13 IV-1 106.92  

105.87 kg/cm2 

0.019 

14 IV-2 110.06 0.03 

15 IV-3 100.63 0.021 

16 VI-1 110.06  

108.06 kg/cm2 

0.029 

17 VI-2 113.21 0.024 

18 VI-3 100.92 0.029 

19 IX-1 135.22  

132.08  

0.026 

N
o

rm
al

 s
tr

en
g

th
 

co
n

cr
et

e 
  

  

 (
N

.C
) 

fc
u

=
2

5
0

 k
g

/c
m

2
  

20 IX-2 128.93 0.025 

21 IX-3 132.08 0.027 

22 VIII-1 125.79  

125.79  

0.029 

23 VIII-2 125.79 0.029 

24 VIII-3 125.79 0.025 

25 VII-1 122.64  

133.12  

0.029 

26 VII-2 135.22 0.027 

27 VII-3 141.51 0.029 
 

3-1-2-1-a-2 Samples after loading with injection by different types 
of materials 
The compression test results for the samples of piers models after loading with 

injection by different types of materials are shown in Table (14).  
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Table (14).The samples from Piers models after loading with injection by 

different types of materials 
 

No Sample 
Ultimate strength  

(Su)A      kg/cm
2
 

Average (Su/)A 

kg/cm
2
 

ζ=ΔL/L 
Type of Injected 

Material 

Grade of 

concrete (fcu)     

kg/cm
2
 

1 I-1 141.51 

151.99 

0.017 
Ordinary cement 

(O.C) 

W
ea

k
 c

o
n

cr
et

e 
  

  

 (
W

.C
) 

fc
u

=
1

5
0

 k
g

/c
m

2
 

2 I-2 157.23 0.015 

3 I-3 157.23 0.013 

4 II-1 172.96 

163.52 

0.010 
French cement 

(F.C) 
5 II-2 157.23 0.009 

6 II-3 160.38 0.0095 

7 III-1 147.80 

154.09 

0.003 

Epoxy (PE L.V.) 8 III-2 128.93 0.008 

9 III-3 185.53 0.004 

10 V-1 235.85 

250.72 

0.026 
Ordinary cement 

(O.C) 

M
ed

iu
m

 c
o

n
cr

et
e 

(M
.C

) 
2

0
0

  
 

11 V-2 261.6 0.029 

12 V-3 254.7 0.015 

13 IV-1 270.40 

276.93 

0.028 
French cement 

(F.C) 
14 IV-2 261.64 0.029 

15 IV-3 298.74 0.029 

16 VI-1 205.03 

246.84 

0.012 

Epoxy (PE L.V.) 17 VI-2 267.92 0.015 

18 VI-3 267.30 0.007 

19 IX-1 267.3 

288.89 

0.008 
Ordinary cement 

(O.C) 

N
o

rm
al

 s
tr

en
g

th
 

co
n

cr
et

e 
  

  

 (
N

.C
) 

fc
u

=
 2

5
0

 k
g

/c
m

2
  
 

20 IX-2 267.3 0.004 

21 IX-3 332.08 0.007 

22 VIII-1 330.19 

305.03 

0.018 
French cement 

(F.C) 
23 VIII-2 311.32 0.018 

24 VIII-3 273.58 0.009 

25 VII-1 301.89 

275.68 

0.018 

Epoxy (PE L.V.) 26 VII-2 257.86 0.008 

27 VII-3 267.3 0.008 
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Table (15) The Average ultimate strength (Su
/
) for concrete grades and types of 

injected material 
 

No 

Grade of 

concrete (fcu)    

kg/cm
2
 

Average ultimate 

strength without 

injection (Su
/
)B 

kg/cm
2
 

Average ultimate strength 

with 

injection (Su
/
) kg/cm

2
 

%Exc. 

Su
/
)A/ Su

/
)B 

Type of Injected 

Material 

1 

Weak 

concrete     

(W.C) fcu= 

150 kg/cm
2
 

72.23 151.99 Ordinary.C (O.C) 110.04% 
Ordinary .Cement 

(O.C) 

72.33 163.52 French.C. (F.C) 126.07% 
French .Cement 

(F.C) 

75.81 
154.09 Epoxy 

(PE L.V.) 
103.27% 

Epoxy  

(PE L.V.) 

2 

Mediu

m 

concret

e 

(M.C) fcu= 

200 kg/cm
2
 

105.87 250.72 Ordinary.C. (O.C) 136.82% 
Ordinary 

.Cement. (O.C) 

105.87 276.93 French .C. (F.C) 161.58% 
French .Cement. 

(F.C) 

108.06 
246.84 Epoxy 

(PE L.V.) 
128.43% 

Epoxy 

(PE L.V.) 

3 

Normal 

strength 

concrete     

(N.C) 

fcu=250 

kg/cm
2
 

132.08 
288.89 Ordinary.Concrete 

(O.C) 
118.72% 

Ordinary .Cement 

(O.C) 

125.79 
305.03 French.Concrete 

(F.C) 
142.49% 

French .Cement 

(F.C) 

133.12 
275.68 Epoxy 

(PE L.V) 
107.09% 

Epoxy 

(PE L.V.) 
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Fig. (37) Ultimate strengths (Su) without injection and with injection by different types 

of materials after loading. 
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Fig. (38) The ultimate strengths (Su) with the concrete grades without injection & with 

injection by different types of materials 
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Fig. (39) ultimate strength (Su) for injected materials 

        



Aly  Abdel- Zaher Elsayed et al. 600 
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Fig. (40) Ultimate strength (Su) with grades of concrete from tables (13) & (14) and 

Figs. (36) to (40), the analysis according the grade of concrete and according injected 

by different types of materials as follows: 
 

a- Weak concrete (W.C) fcu=  150 kg/cm
2
 

b- The ultimate compressive strength (Su) without injection by materials and with 

injection by different types of materials for the samples which obtained from 

weak Concrete (W.C) fcu= 150 kg/cm
2  

concrete Form piers models are shown 

in table (15).   
 

Table (15) Samples  from weak concrete(W.C) fcu=  150 kg/cm
2
 Form piers 

models 

No 

S
am

p
le

 Ultimate 

strength 

without 

injection.(Su)A 

kg/cm
2
 

Average 

ultimate 

strength 

without 

injection 

(Su/)B kg/cm
2
 

Ultimate 

strength with 

injection(Su) 

kg/cm
2
 

Average ultimate 

strength with 

injection (Su/)A 

kg/cm
2
 

%  (Su) 

exc. 

 

Type of 

Injected 

Material 

1 I-1 69.18 72.23 141.51 151.99 96.0 % Ordinary 

cement (O.C) 2 I-2 75.17 157.23 117.68% 

3 I-3 72.33 157.23 117.68% 

4 II-1 78.62 72.33 172.96 163.52 139.13% French 

cement (F.C) 5 II-2 72.33 157.23 117.38% 

6 II-3 66.04 160.38 121.73% 

7 III-1 75.47 75.81 147.80 154.09 94.96% Epoxy 

(PE L.V.) 8 III-2 81.78 128.93 70.07 % 

9 III-3 70.19 185.53 144.73% 
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Fig. (41)Ultimate strength (Su)with injected by different types of materials for weak 

concrete 
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Fig. (42) (Su)B &(Su)A for weak concrete 
 

From table (15) and Figs.(41&42) the results of ultimate compressive strength 

(Su) with injection (Su)A for  weak concrete(W.C) fcu=150 kg/cm
2
by different types 

of materials c. 
 

1-for ordinary cement (O.C):  

The ultimate strength (Su) with injection (Su
/
) A between (141.51 kg/cm

2  
)to (157.23 

kg/cm
2 

) by percentage exceeded between (96%) to (117.69%), the average percentage 

exceeded (110.45%) .
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2-for French cement (F.C):  

The ultimate strength (Su) between (157.23kg/cm
2
) to (172.96kg/cm

2
) by percentage 

exceeded between (117.38%) to (139.13%), the average percentage exceeded 

(126.08%) 
 

3-for Epoxy (PE.L.V):  

The ultimate strength (Su)between (128.93kg/cm
2
) to (185.33kg/cm

2
) by percentage 

exceeded between (70.07%) to (144.73%), the average percentage exceeded 

(103.25%). 
 

4- The best injected material for weak concrete is the French 
cement (F.C). 
b-Medium concrete (M.C) fcu= 200 kg/cm

2
 . 

The ultimate compressive strength (Su) without injection and with injection by 

different types of materials for the samples which obtained from medium concrete 

piers models are shown in table (16).   

 

Table (16) Piers models Samples of Medium concrete(M.C) 200 kg/cm
2 

 

No 

S
am

p
le

 

Ultimate 

strength 

without 

injection 

(Su)B. 

kg/cm
2
 

Average 

ultimate 

strength 

without 

injection 

(Su/)B kg/cm
2
 

Ultimate strength 

with injection 

(SuA) kg/cm
2
 

Average ultimate 

strength with 

injection (Su/)A 

kg/cm
2
 

%  exc.  (Su)A 

Type of 

Injected 

Material 

1 V-1 110.06 
105.87 

 

235.85 

250.72 

122.77% Ordinary     

cement 

(O.C) 
2 V-2 100.63 261.40 146.91% 

3 V-3 106.92 254.70 140.58% 

4 IV-1 106.92 
105.87 

 

270.40 

276.93 

155.41% French       

cement 

(F.C) 
5 IV-2 100.63 261.64 147.13% 

6 IV-3 110.06 298.74 182.18% 

7 VI-1 110.06 
108.06 

 

205.03 

246.84 

89.74% Epoxy 

(PE L.V.) 8 VI-2 113.21 267.92 147.94% 

9 VI-3 100.92 267.30 147.36% 
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Fig. (43) (Su)B & (Su) A for Medium Concrete (M.C) 200 kg/cm
2 
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Fig. (44) ultimate strength (Su) for the different types of injected material: 
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From table (16) and Figs.(43&44) the results of the ultimate compressive 

strength (Su)A for Medium Concrete(M.C) fcu= 200 kg/cm
2
 with injected by different 

types of materials were indicated that: 
 

1- For ordinary cement (O.C):  

The ultimate strength.(Su)  between (235.85 kg/cm
2  

)to (261.4kg/cm
2 

)by percentage 

exceeded between (122.77%) to (146.91%) the average  percentage exceeding was ( 

136.75%).
 
  

 

2- For French cement (F.C):  
The ultimate strength.(Su) between (268.8kg/cm

2
) to (298.4kg/cm

2
) by percentage 

exceeded between (147.13%) to (182.18%), the average  percentage exceeding was 

(161.57% ) . 
 

3- For Epoxy (PE.L.V):  
The ultimate strength.(Su) between (205.03 kg/cm

2
) to (267.92 kg/cm

2
) by percentage 

exceeded between (89.74%) to (147.94%) the average  percentage exceeding was 

(128.35%  
 

4- The best injected material for medium concrete (M.C) 200 kg/cm2 
is the French cement (F.C). 
 

c- Normal strength concrete (N.C) fcu= 250 kg/cm
2
: 

    The ultimate compressive strength.(Su) without injection and with  injection for the 

samples which obtained from high concrete piers models are shown in table (17). 
 

Table (17) Ultimate strength .(Su)exceeding for Normal strength Concrete 

(H.C)250 kg/cm
2
 for Piers models 
 

No 

S
am

p
le

 Ultimate 

strength 

without 

injection 

(Su)B kg/cm
2
 

Average 

ultimate 

strength without 

injection (Su/)B 

kg/cm
2
 

Ultimate 

strength with 

injection 

(Su)A kg/cm
2
 

Average ultimate 

strength with 

injection (Su/)A 

kg/cm
2
 

% exc. 

(Su) 

 

Type of 

Injected 

Material 

1 IX-1 135.22 
132.08 

 

267.3 

288.89 

102.38% 
Ordinary 

cemen (O.C) 
2 IX-2 128.93 267.3 102.38% 

3 IX-3 132.08 332.08 151.42% 

4 VIII-1 125.79 
125.79 

 

330.19 

35.03 

162.49% French 

cemen (F.C) 

t 

5 VIII-2 125.79 311.32 147.49% 

6 VIII-3 125.79 273.58 117.49% 

7 VII-1 122.64 
133.12 

 

301.89 

275.68 

119.7% 
Epoxy 

(PE L.V.) 
8 VII-2 135.22 257.86 93.7% 

9 VII-3 141.51 267.3 100.8% 
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Fig. (45)Ultimate strength (Su) for injected materials High Concrete (H.C) fcu= 250 

kg/cm
2 
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Fig. (46) Ultimate strength (Su) for High Concrete (H.C) 250 kg/cm

2
  injected by 

different types of materials 
 

From table (17) and Figs.(45&46) indicated that the results of ultimate 

compressive strength (Su) of High Concrete (H.C) fcu=  250 kg/cm
2
  with injected by 

different types of materials as follows: 
 

1-Ordinary cement (O.C) : 

The value of ultimate strength.(Su) between (267.3 kg/cm
2  

)to (332.08 kg/cm
2 

 )by 

percentage exceeded between.(102.38%) to (151.42%) and the average percentage 

exceeded (118.7%) . 
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2- French cement mix.(F.C): 

The ultimate strength (Su) between (277.58kg/cm
2
) to (330.19kg/cm

2
) by percentage 

exceeded between (117.49%) to (162.49%) and the average percentage exceeded 

(142.46%). 
 

3- Epoxy mix.(L.V): 

The value of ultimate strength.(Su) between (257.86kg/cm
2
) to (301.89kg/cm

2
) by 

percentage exceeded between (93.7%) to (119.7%) and the average percentage 

exceeded (104.73%). 

From the above results for three grades of concrete and three types of injected 

materials: the structure ultimate strength (Su) more improved by the French cement 

than others types. 
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Fig. (47) Ultimate strength (Su) for grade of concrete 
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Fig. (48) Ultimate strength (Su) for injected materials 
 



REPAIR AND STRENGTHENING OF THE PIERS MODEL  607 

  From the above results for three grades of concrete and three types of injected 

materials: the  structure ultimate strength more improved by the French cement than 

others types. 
2-The void ratio and density: 

The results of void ratio, porosity and density for samples of piers models before and 

after loading without injection and with injection are given as follows:   
 

2-1 Samples before loading: 
The table.(18) & (19) contains results of the samples from the piers models before 

loading without injection by materials. and with injection by different types of 

materials. 

        
Table (18) The samples from Piers models before loading without injection 

 

No Sample H mm D mm Vt cm3 
Wet wt 

gm 

Dry wt 

gm 
Vv cm3 n e 

Density 

gm/cm3 

Grade of 

concrete 

1 II   B 42 45 66.78 139.2 128.7 10.5 0.157 0.186 1.93 Weak 

concrete     

(W.C) 

fcu=150 

kg/cm2 

2 II   D1 49 45 77.91 153.1 141.4 11.7 0.15 0.176 1.81 

3 III  B1 43 45 68.4 139.5 130.9 8.6 0.126 0.144 1.91 

Average (n, e and density without injection Weak .Concrete  (W.C) 

fcu=150 kg/cm2 
0.144 0.169 1.88 

4 IV  B3 35 45 55.65 121.0 112.8 8.2 0.147 0.172 2.03 Medium 

concrete 

(M.C) 

fcu=200 

kg/cm2 

5 IV  B2 44 45 69.96 140.0 127.4 13.2 0.189 0.233 1.82 

6 VI  D1 82 45 130.4 271.5 250.4 21.1 0.162 0.193 1.92 

Average (n, e and density without injection Medium .Concrete  (M.C) 

fcu= 200 kg/cm2 
0.166 0.199 1.92 

7 VII D2 85 45 135.2 294.8 271.5 23.3 0.172 0.208 2.00 Normal 

strength 

concrete     

(H.C) 

fcu=250 

kg/cm2 

8 VII D1 65 45 103.4 219.4 201.5 17.9 0.173 0.209 1.95 

9 IX D 90 45 143.1 302.0 297.0 5.0 0.035 0.036 2.075 

Average (n, e and density without injection by materials for Normal 

strength concrete (H.C) fcu= 250 kg/cm
2
 

0.127 0.151 2.01 

 

- Samples before loading with injection by different type of materials: 

The void ratio, porosity and density for the samples from piers models before loading 

with injection as shown in table (19) 
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Table (19) The samples from Piers models before loading with injection by 

different types of materials. 

No Sample H (mm) D (mm) Vt  (cm
3
) 

Wet wt 

(gm) 

Dry wt 

(gm) 

Vv. 

(cm
3
) 

n e 
Density 

(gm/cm
3
) 

Grade of   

concrete 

1 I    A1 67 45 106.5 230.3 219.0 11.3 0.106 0.119 2.06 

W
ea

k
 c

o
n

cr
et

e 
  

  
(W

.C
) 

fc
u

=
 

1
5

0
 k

g
/c

m
2
 

2 I    C1 59 45 93.81 202.5 189.8 12.7 0.135 0.156 2.02 

3 I    C2 103 45 163.8 348.1 323.6 24.5 0.15 0.176 1.98 

Average void ratio, porosity and density with injection (O.C) 0.130 0.150 2.02 

4 II    A 80 45 127.2 280.2 264.5 15.7 0.123 0.14 2.08 

5 II    C2  56 45 89.04 193.6 182.6 11.0 0.123 0.141 2.05 

6 II    E2 59 45 69.96 146.6 138.0 8.6 0.123 0.14 1.97 

Average void ratio, porosity and density with injection (F.C) 0.123 0.141 2.033 

7 III A1 70 45 111.3 254.0 237.2 16.8 0.151 0.178 2.13 

8 III   C 70 45 111.3 235.9 217.5 18.4 0.165 0.198 1.95 

9 III C1 56 45 89.04 189.5 174.4 15.1 0.169 0.203 1.96 

Average void ratio, porosity and density with injection (E.P) 0.162 0.193 2.013 
10 IV A1    82 45 130.4 271.5 250.4 21.1 0.135 0.156 1.92 

M
ed

iu
m

 c
o

n
cr

et
e 

(M
.C

) 
fc

u
=

 2
0

0
  

. 

11 IV A2 59 45 93.81 202.5 189.8 12.7 0.173 0.209 2.02 

12 IV C2 103 45 163.8 348.1 323.6 24.5 0.189 0.233 1.98 

Average void ratio, porosity and density with injection (O.C) 0.166 0.199 1.973 

13 V   A1 70 45 55.65 121.0 112.8 8.2 0.150 0.176 2.03 

14 V   A2 56 45 89.04 189.5 174.4 15.1 0.111 0.125 1.96 

15 V   C2 67 45 106.5 230.3 219.0 11.3 0.106 0.144 2.06 

Average void ratio, porosity and density with injection (F.C) 0.122 0.148 2.017 

16 VI  A1 47 45 74.73 150.6 142.4 8.2 0.123 0.14 1.91 

17 VI  E1 58 45 92.22 205.8 192.8 13.0 0.147 0.172 2.09 

18 VI  C2 82 45 68.37 157.0 147.0 10.0 0.146 0.224 2.15 

Average void ratio, porosity and density with injection (E.P) 0.139 0.179 2.05 

19 VII A1 70 45 111.3 254.5 234.7 19.8 0.15 0.176 2.11 

N
o

rm
al

 s
tr

en
g

th
 c

o
n

cr
et

e 
  
  

(N
.C

) 
fc

u
=

2
5
0

 k
g

/c
m

2
 

20 VII C1 88 45 139.9 305.3 275.3 30.0 0.146 0.171 1.97 

21 VII E1 80 45 127.2 284.2 266.3 17.9 0.178 0.217 2.09 

Average void ratio, porosity and density with injection (O.C) 0.158 0.188 2.07 

22 VIIIA2 103 45 163.8 361.6 337.5 24.1 0.214 0.272 2.06 

23 VIIIC2 70 45 62.01 137.5 130.7 6.8 0.147 0.172 2.11 

24 VIII E2 47 45 68.37 157.0 147.0 10.0 0.146 0.29 2.15 

Average void ratio, porosity and density with injection (F.C) 0.169 0.245 2.11 

25 IX  C1 65 45 89.04 189.5 174.4 15.1 0.163 0.195 1.96 

26 IX  E 65 45 103.4 219.4 201.5 17.9 0.11 0.124 1.95 

27 IX  A2 67 45 62.01 139.5 131.7 7.8 0.125 0.143 2.12  

Average void ratio, porosity and density with injection (E.P) 0.133 0.144 2.01 

WEAK CONCRETE    (W.C) fcu=150 kg/cm
2
                               

Average void ratio, porosity and density. 

0.13 0.15 2.08 

 

0.123 0.141 2.03 

0.161 0.193 2.01 

MEDIUM CONCRETE   (M.C) fcu= 200 kg/cm
2
                          

   Average void ratio, porosity and density. 

0.166 0.199 1.97 

0.129 0.148 2.02 

0.151 0.179 2.05 

Normal strength CONCRETE   (N.C) fcu=250 kg/cm
2                     

       

    Average void ratio .porosity and density. 

0.158 0.188 2.06 

0.195 0.245 2.11 

0.133 0.154 2.01 
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 Fig. (49) e, n and density for the samples from piers models (without& with) injection 
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Fig. (50) (n, e and density ) before loading without injection and with injection 
 

From Tables (18) & (19) and Figs. (49& (50) the following results were obtained: 

1-The highest density value because the lowest void ratio for the samples without 

injection and with injection. 

2-The highest density value because the lowest porosity value for the sample without 

injection and with injection     

3-For concrete models before loading: the injection effect was not observed. 

4-The difference between (void ratio, porosity and density) of samples without 

injection and with injection was very small. This referred to the paths through the 

concrete models were not observed (not allow to the injected material mix to 

penetrate through them). 

Samples after loading   

The void ratio, porosity and density of the samples of models after loading without and 

with injection are shown in tables (20) & (21).         
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Samples after loading without injection: 

The void ratio, porosity and density of the samples of piers models after loading 

without injection are shown in table (20.)  
 

Table (20) The samples from Piers models after loading without injection 
 

No Sample H mm D mm Vt  cm3 
Wet wt 

gm 

Dry wt 

gm 
Vv cm3 n e 

Density 

gm/cm3 

grade of 

concrete 

(fcu)       

kg/cm2ete 

1 I-1 88 45 79.48 170.1 157.8 12.3 0.155 0.183 1.985 

W
ea

k
 c

o
n

cr
et

e 
  

 f
cu

=
 (

W
.C

) 

1
5

0
co

n
cr

et
e 

2 I-2 58 45 92.22 218.4 196.3 22.1 0.239 0.314 2.129 

3 I-3 50 45 76.32 168.3 159.8 8.5 0.111 0.125 2.094 

Average void ratio, porosity and density without injection 0.168 0.207 2.069 

4 II-1 54 45 71.55 150.3 137.4 12.9 0.180 0.22 1.920 

5 II-2 50 45 79.48 175.6 163.7 11.9 0.150 0.176 2.06 

6 II-3 47 45 74.73 162.9 153.1 9.8 0.131 0.151 2.049 

Average void ratio, porosity and density without injection 0.154 0.182 2.01 

7 III-1 54 45 85.86 191.3 176.6 14.7 0.171 0.206 2.057 

8 III-2 52 45 77.91 175.8 162.8 13.0 0.167 0.200 2.09 

9 III-3 50 45 79.48 178.7 165.8 12.9 0.162 0.193 2.086 

Average void ratio, porosity and density without injection 0.167 0.200 2.078 

10 V-1 54 45 79.48 175.4 164.7 10.7 0.135 0.156 2.072 

M
ed

iu
m

 c
o

n
cr

et
e 

 f
cu

=
  

(M
.C

) 
2

0
0

  
 

11 V-2 60 45 95.4 211.8 201.4 10.4 0.109 0.122 2.111 

12 V-3 80 45 79.48 177.3 168.4 8.9 0.112 0.126 2.119 

Average void ratio, porosity and density without injection  0.119 0.135 2.101 

13 IV-1 48 45 71.55 151.8 141.8 9.9 0.138 0.160 1.982 

14 IV-2 45 45 95.4 217.2 206.2 11 0.125 0.13 2.161 

15 IV-3 60 45 76.32 166.7 158.2 8.5 0.111 0.125 2.073 

Average void ratio, porosity and density without injection 0.121 0.138 2.072 

16 VI-1 69 45 93.81 203.4 189.7 13.7 0.146 0.171 2.022 

17 VI-2 90 45 77.91 170.1 160.4 9.7 0.125 0.143 2.059 

18 VI-3 75 45 71.55 153.2 142.3 10.9 0.152 0.179 1.989 

Average void ratio, porosity and density without injection 0.141 0.164 2.023 

19 IX-1 65 45 73.14 169.2 154.8 14.4 0.197 0.245 2.116 

N
o

rm
al

 s
tr

en
g

th
 

co
n

cr
et

e 
  
fc

u
=

  

(N
.C

) 
2

5
0

 k
g

/c
m

2
 

k
g

/c
m

2
  
 

20 IX-2 60 45 79.48 178.6 166.3 12.3 0.155 0.183 2.092 

21 IX-3 60 45 92.22 206.7 190.8 15.9 0.172 0.208 2.069 

Average void ratio, porosity and density without injection  0.175 0.212 2.092 

22 VIII-1 60 45 79.48 179.5 165.7 13.8 0.174 0.209 2.085 

23 VIII-2 54 45 95.4 211.8 201.3 10.5 0.110 0.123 2.110 

24 VIII-3 70 45 79.48 173.8 162.6 11.2 0.141 0.164 2.046  

Average void ratio, porosity and density without injection 0.142 0.165 2.080 

25 VII-1 110 45 68.37 152.8 142.6 10.2 0.149 0.175 2.086 

26 VII-2 90 45 69.96 153.5 142.2 11.3 0.162 0.200 2.033 

27 VII-3 85 45 95.4 218.7 204.2 14.5 0.152 0.179 2.140 

Average void ratio, porosity and density without injection 0.154 0.185 2.086 
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Samples after loading with injection by different type of materials 

The void ratio, porosity and density for the samples from piers models after loading 

with injection are shown in table (21). 
 

Table (21) The samples from Piers models after loading with injection by 

different types of materials 
 

No  Sample  H mm D mm V t cm
3
 Wet wt gm Dry wt gm Vv cm3 n  E Density 

gm/cm
3
 

Grade  of 

concrete 

1 I-1 49 45 77.91 188.4 181.2 7.2 0.09 0.099 2.326 

W
ea

k
 c

o
n

cr
et

e 
  

 

(W
.C

) 
1

5
0

o
n

cr
et

e 

2 I-2 50 45 79.48 189.8 180.4 9.4 0.12 0.136 2.27 

3 I-3 48 45 76.32 185.4 179.3 6.1 0.08 0.087 2.35 

Average void ratio, porosity and density with injection(O.C) 0.10 0.107 2.315 

4 II-1 49 45 77.91 187.8 180.8 7.0 0.09 0.099 2.321 

5 II-2 50 45 79.48 189.3 183.7 5.6 0.07 0.075 2.311 

6 II-3 58 45 92.22 210.4 201.2 9.2 0.10 0.111 2.182 

Average void ratio, porosity and density with injection(F.C) 0.087 0.095 2.271 

7 III-1 55 45 87.45 214.4 209.3 5.1 0.06 0.064 2.393 

8 III-2 53 45 84.27 215.6 211.7 3.9 0.05 0.053 2.512 

9 III-3 125 134 1761.9 4217.7 4186. 31.8 0.02 0.020 2.38 

Average void ratio, porosity and density with injection(E.P) 0.043 0.046 2.428 

10 V-1 47 45 74.73 181.3 174.6 6.7 0.09 0.099 2.339 

M
ed

iu
m

 c
o

n
cr

et
e 

(M
.C

) 
2

0
0

  
0

co
n

cr
et

e 

11 V-2 50 45 71.55 172.8 165.3 8.5 0.10 0.12 2.31 

12 V-3 57 45 89.04 211.3 208.3 3.1 0.03 0.032 2.3 

Average void ratio, porosity and density with injection(O.C) 0.076 0.084 2.316 

13 IV-1 65 45 89.04 209.2 201.2 8.0 0.09 0.099 2.26 

14 IV-2 52 45 77.91 188.3 183.0 5.3 0.07 0.075 2.35 

15 IV-3 80 45 89.04 211.4 204.2 7.2 0.08 0.087 2.293 

Average void ratio, porosity and density with injection(F.C) 0.08 0.087 2.301 

16 VI-1 58 45 92.22 213.2 210.1 3.1 0.03 0.031 2.278 

17 VI-2 55 45 87.45 209.4 206.3 6.1 0.07 0.075 2.359 

18 VI-3 115 134 1620.9 4264.2 4224.1 40.1 0.03 0.031 2.606 

Average void ratio, porosity and density with injection(E.P) 0.043 0.046 2.414 

19 IX-1 46 45 73.14 183.2 176.4 6.8 0.09 0.099 2.412 
N

o
rm

al
 s

tr
en

g
th

 c
o

n
cr

et
e 

  
  
 

(N
.C

) 
2

5
0

  
 

20 IX-2 115 134 1620.9 4040.0 3996.0 44 0.03 0.031 2.47 

21 IX-3 125 134 1761.9 4102.1 4071.0 31.1 0.02 0.020 2.310 

Average void ratio, porosity and density with injection(O.C) 0.047 0.050 2.397 

22 VIII-1 55 45 87.45 207.3 198.7 8.6 0.10 0.111 2.272 

23 VIII-2 52 45 82.68 208.6 203.2 5.4 0.07 0.075 2.46 

24 VIII-3 48 45 76.32 189.6 182.3 7.3 0.10 0.111 2.39 

Average void ratio, porosity and density with injection(F.C) 0.09 0.099 2.374 

25 VII-1 54 45 85.86 212.6 206.5 6.2 0.07 0.075 2.41 

26 VII-2 115 134 1620.9 4230.9 4201.6 29.3 0.02 0.020 2.60 

27 VII-3 80 134 1127.6 2878.6 2832.3 46.3 0.04 0.042 2.512 

Average void ratio, porosity and density with injection(E.P) 0.043 0.046 2.507 

 
The comparison between the three injected materials and their effects on the void ratio, 

porosity and density with the discussion as shown in table (21) and the comparison 
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between without injection samples and with injection samples by different types of 

materials as plotted in Fig. (51). 
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Fig. (51) e, n and density after loading without and with injection 
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Fig. (52) After loading (n, e and density) 
 

From tables { (20)& (21),} and Figs(51) & (52) indicated that: 

1-The density was not high value because of the lowest void ratio and porosity for the 

piers models samples without injection by materials and with injection by different 

types of materials. 

a-Weak concrete fcu = 150kg/cm
2
  : 
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Table (22) Weak concrete analyses. 
 

No 
Type of Injected 

Material 
Without injection With injection % exc. 

n e Density n e density n e density 
1 

Ordinary 
cement(O.C) 

0.155 0.183 1.985 0.09 0.099 2.326 

40% 48% 11% 
2 0.239 0.314 2.129 0.12 0.136 2.27 
3 0.111 0.125 2.094 0.08 0.087 2.35 

Avarage 0.168 0.207 2.069 0.10 0.107 2.315 
4 

French 
cement(F.C) 

0.180 0.22 1.920 0.09 0.099 2.321 

40.5% 48% 13% 
5 0.150 0.176 2.06 0.07 0.075 2.311 
6 0.131 0.151 2.049 0.10 0.111 2.182 

Avarage 0.154 0.182 2.01 0.087 0.095 2.271 
7 

Epoxy (PE L.V.) 

0.171 0.206 2.057 0.06 0.064 2.393 
 

74% 
 

 
77% 

 
17% 

8 0.167 0.200 2.09 0.05 0.053 2.512 
9 0.162 0.193 2.086 0.02 0.020 2.38 

Avarage 0.167 0.200 2.078 0.043 0.046 2.428 

 

From table (22) indicated that: 

-The average void ratio with injection by different types of materials (e
/
)A= 0.074) was 

improved by percentage 58% less than the void ratio without injection by materials 

{average void ratio(e
/
)B=0.178}.            

-The average porosity with injection by different types of materials {(n
/
)A = 0.07} was 

improved by percentage 53% less than the porosity without injection by materials 

{average porosity (n
/
)B = 0.15}. 

-The average density with injection by different types of materials 

(γ/
)A=2.344gm/cm

3
} was improved by percentage 14 % more than the average density 

without injection (γ/
)B=2.052 gm/cm

3
} 

b-Medium concrete fcu=  200 kg/cm
2
  : 

 

Table (23) Medium concrete analysis 
 

No  Without injection With injection  % Exceeding   Injected material 

n e Density  n e Density  N e Density  

1 0.135 0.156 1.982 0.09 0.099 2.339 

36% 38% 10% 
Ordinary 

cement(O.C) 

2 0.109 0.122 2.161 0.10 0.12 2.31 

3 0.112 0.126 2.073 0.03 0.032 2.3 

Avarage 0.119 0.135 2.101 0.076 0.084 2.316 

4 0.138 0.160 2.072 0.09 0.099 2.26 

34% 37% 11% 

French 

cement(F.C) 

 

5 0.115 0.13 2.111 0.07 0.075 2.35 

6 0.111 0.125 2.119 0.08 0.087 2.293 

Avarage 0.121 0.138 2.072 0.08 0.087 2.301 

7 0.146 0.171 2.022 0.03 0.031 2.278 

69% 72% 19% Epoxy (PE L.V.) 
8 0.125 0.143 2.059 0.07 0.075 2.359 

9 0.152 0.179 1.989 0.03 0.031 2.606 

Avarage 0.141 0.164 2.023 0.043 0.046 2.414 

 

-The average void ratio with injection by different types of materials {(e
/
)A= 0.069} 

was improved by percentage 54% less than the average void ratio without injection by 

materials {(e
/
)B=0.15}. 
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-The average porosity with injection by different types of materials {(n
/
)A = 0.06} was 

improved by percentage 54% less than the porosity without injection by materials 

{average porosity (n
/
)B = 0.13}. 

 -The average density with injection by different types of materials {(γ/
)A=2.36 

gm/cm
3
} was improved by percentage 15 % more than the average density without 

injection by materials {(γ/
)B=2.053 gm/cm

3
} 

 
c- Normal strength concrete (N.C) fcu= 250 kg/cm

2
   

       
Table (24) Normal strength concrete analysis 

 

No 
Without injection With injection % exceeding  Injected material 

n e Density  n e Density  N e Density   

1 0.197 0.245 2.116 0.072 0.075 2.41 

75% 78% 
 

20% 

 

Ordinary 

cement(O.C) 

2 0.155 0.183 2.092 0.018 0.020 2.60 

3 0.172 0.208 2.069 0.041 0.042 2.512 

Avarage 0.175 0.212 2.092 0.044 0.046 2.507 

4 0.174 0.209 2.085 0.10 0.111 2.272 

37% 40% 
 

14% 

 

French 

cement(F.C) 

 

5 0.110 0.123 2.110 0.07 0.075 2.46 

6 0.141 0.164 2.046 0.10 0.111 2.39 

Avarage 0.142 0.165 2.080 0.09 0.099 2.374 

7 0.149 0.175 2.086 0.09 0.099 2.412 

69% 73% 15% Epoxy (PE L.V.) 
8 0.162 0.200 2.033 0.03 0.031 2.47 

9 0.152 0.179 2.140 0.02 0.020 2.310 

Avarage 0.154 0.185 2.086 0.047 0.050 2.397 
 

 

From table (24) indicated that: 

-The average void ratio with injection by different types of materials {(e
/
)A= 0.061)} 

was improved by percentage 52% less than the average void ratio without injection by 

materials {(e
/
)B=0.127}. 

  -The average porosity with injection by different types of materials {(n
/
)A = 0.06} 

was improved by percentage .49% less than the average porosity without injection by 

materials { (n
/
)B = 0.118}.                      

 -The average density with injection by different types of materials 

{(γ/
)A=2.44gm/cm

3
} was improved by percentage (17%) more than the average 

density without injection by materials (γ/
)B=2.084 gm/cm

3
}  

 
1- Ordinary cement mix.(O.C) the average porosity (0.072), average void ratio(0.068) 

and average density (2.342). 
 
  

2- French cement.(F.C) the average porosity (0.079), average void ratio(0.086) and 

average density (2.352).  

 

4- CONCULTION 

1-The injection way for repairing the structures is very effective ways . 
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2-The using of the injection way by different type of materials in new bodies is not 

effective way due to the body is not permeable and the depression of the grouting mix 

through the body is not enough. 

3-For successfully injection operation by different type of materials its required to 

following the suitable system and must design suitable program with successive study 

steps. 

4-The injection by different types of materials through the new concrete ( in some 

requirements) needs check from all the variables of injection like the path of injection 

mixture, the pressure used, viscosity of mixture…7 And so on7     
5-From the results for the three grades of concrete and the three types of injected by 

different types of materials the French cement is consider the best injected material 

used in repair to increase the structure ultimate strength. 

6-The Epoxy mix(L.V) is the best type (from the three types of injection by different 

types of materials which, were used)  to improve the porosity, void ratio and density. 
                                                                                                                                                                                           

5- REFRENCES 

1. 1969Strengthening the foundation of hydraulic structures. High dam authority, 

Aswan. 

2. 1974 Concrete technology- reinforcement concrete materials and its fabricate 

3. Dr: Ahmed Ali Elarian – Dr : Abd el kareem Mohamed Atta. 

4. 1980C.CARON, D Sc, THOMAS F. HERBST, Ph.D. & P. CATTIN, 

M.S.C.E.Foundation Engineering Handbook- INJECTIONS 

5. 1985 GEOTECHNICAL INVESTIGATION Part 1:   boring-permeability-

grouting, Dr: Saad El-Khwalka, Dr: Sherif  H. Soliman and Dr: Amin A. Awad 

-  Naga-hammadi barrage, Second stage. 

6. 1987 Strengthening of Assuit barrage-stage two. Ministry of  water resources 

and irrigation. Grand barrage sector ,Cairo. 

7. 1987 Strengthening of Naga Hammadi barrage- Third stage. Ministry of  water 

resources and irrigation, Grand barrage sector, Cairo. 

8. 1989 L.J. Malvar ACI STRUCTURAL JOURNAL no 89-554: Punching Shear 

Failure of a Reinforced Concrete Pier Deck Model. 

9. 1991 W.L.Snow, Sr(Concrete International): Santee Cooper Shotcrete Repair 

in Moncks Corner 

10. 1991 Brock E Hoskins and B.P.McCullough (ACI) Crack Repairs to Concrete    

Pavement 

11. 1991William .F.Perenchlo, Irwin Kaufman, and Robert J.Krause :Concrete 

Repair in a Desert Environment 

12. 1991Fu-Kuei Chang and Edward Cohen : Concrete Deck Renews Delaware 

Aqueduct Bridge 

13. 1991 Silansu S. Sinha and Gajanan M.Sabnis: Air Vent Shaft Repair in New 

York City Subway 

14. 1992Walter H.Gerstle, Partha P.Dey.N.N.V.Prasad, Pakal Rahulkumar, and 

Ming Xie: Crack Growth in Flexural Members – A Fracture Mechanics 

Approach 



Aly  Abdel- Zaher Elsayed et al. 616 

15. 1992 Randall W. Poston, Danlol J. McCarthy and Morris Sohupack: Tests of 

Reinforced Concrete Continuous Beams Repaired With and Without Fibro-

Ferrocrete 

16. 1992 Randal W. Poston, Daniel J.Mc Carthy, and Morris Schupack: Repair of 

Wire-Wound Prestressed Concrete Tanks 

17. 1992Kamal Henri Khayat: In-situ Properties of Concrete Piles Repaired Under 

Water     
18. 1993Syed Ehtesham Hussain and Rasheeduzzafar: Corrosion Resistance 

Performance of Fly Ash Blended Cement Concrete 

19. 1993 Arvind V. Shroff & Dhananjay L. Shah GROUTING TECHNOLOGY  

AA.BALKEMA/ROTTERDAM/BROOKFIELD 

20. 1997 Kamal Hassan Repair & strengthening of structures using advanced 

composite materials  December, 1997. 

21. 1997 M.K.El Samny, H.H.Abbas& A.M.El sebai: STRENGTHENING OF 

EXISTING BUILDING ELEMENTS 

22. 1997 Khaled F.Hassan, Joe G. Cabrera & Syed A. Ahmed : Assessment of the 

Effectiveness Of Repair Materials to Protect Deteriorated Concrete Structures 

23. 1997A.G. Razaqpur. D.T Lau, J.L. Humar, A.O.A.Halim: DAMAGE 

DETECTION MONITORING AND EVALUATION IN CONCRETE 

STRUCTURES. 

24. 1997 YANG Xinbao & YUAN Wancheng, FAN Lichu : Repair and 

strengthening of reinforced concrete bridge piers for enhanced seismic 

perform. 

25. 1997Ahmad A. Hamid, Tarek El –Sayed & Amr Salama: RETROFITTING 

OF HISTORIC STONE MASONRY BUILDING IN EGYPT. 

26. 1998Alan S. Hoback, Sc.D., P.E and Alaa I. Hermiz: Case Studies in 

Structural Repair of Pretensioned Concrete Products 

27. 1999Tim Huffman and John Ciulis, PE: Brick- Faced Precast Concrete Panels 

Help Rehabilitate Allen Theatre. 

28. 2000Sidney Freedman: Stone Veneer-Faced Precast Concrete Panels 

29. 2000 M.Saiid Saiidi, Ph.D., PE, Yolanda Labia, Ph.D., PE & Bruce Douglas, 

Ph.D., P.E: Repair and Performance of a Full-Scale Pretensioned Concret 

 باستخدام أنواع مختلفة من مواد الحقن بغالوتقوية نماذج الترميم 
 

المنشات المائية ذات حساسة عاليه  أبه شروخ او فجووات وو و  انييوارات و لوو فةيةوة جوخا خامو  جسو  
المارجي. اأمور الوذ  يسوىخعا خائموا الىأنوخ مو  سوصمه عناخورف الممنلةوه.   وذا و   المنشأ ووعلي محيفة

قخ قامت وزارف الموارخ المائية و الور  بىورمي  و ىيويوه جميوق الينافرالنائنوه علوا النيو  وذلوغ بحيو  ب وا  و 
ييا  بأعما  فروشات  ذف الينافر والىي ىأنخت م  مص   ذف اأعما  فعاليه و جخوى  ذف اأعما .  ولل

المنشات فا  فرييه الحي   ي الفريية المناسوبة لملو   وذف اأعموا   فالىرمي  و الىيوية  أحخ عناخر  ذ
.  لذا فيخ ى  خب و ىخنيق عخخ هوالعامص  الميما  اعما  الىيوية  ما لبات المنشأ و النةاذ ي الخقيية. 

وذلووغ موو   هموو  المنشووات وا خوولي 1/8وبمييووا   ىسووعه نموواذس مرسووانية لمحانووات المنشووات المائيووة النائنووة
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(.   ووووذا و قوووووخ 0نج/سوووو  051-011 -151لصلووووة رىووووب ممىلةووووة موووو  المرسوووووانة ذات مياومووووة لل وووو ف  
المووووواخت  -اأسووووومنت الةرنسوووووي -اسوووووىمخمت لصلوووووة ونووووووا  مووووو  موووووواخ الحيووووو  الممىلةوووووة  اأسووووومنت العووووواخ 

ذس المرسوووانية الىوووي ىووو  ىجييز وووا لصمىبوووارات اايبونسووويه(  والىوووي ىووو  حينيوووا وىسوووجي  ىألير وووا علوووا النموووا
 المعملية.    

و قخ ىمت الخراسة ىحت حالىي  للىحمي  :الحالة اأولي و  ي ىمل  المنشأ بخوورىه العاخيوة بوخو  ىحميو  
والحالووه اللانيووة و ووي حالووه المنشووأ ىحووت الىحميوو  لحووخاا شووروخ خامليووه ىسوواعخ علووا انىشووار موواخت الحيوو  

 ل ما  نةاءف وعما  الىرمي  و الىيوية.
                                                                                                                             و قخ وظيرت الخراسة النىائج ااىيه:

اأسوومنت الةرنسووي  ووو الموواخت اأحسوو  موو  المووواخ الوولصا الىووي اسووىمخمت فووي وعمووا  الحيوو  اعمووا  -1
                                                                                                         ىيويه مياومة ال  ف.                         

-101750 -10.710زاخت مياوموة ال و ف فوا العينوات المسووىمخ  فييوا ااسومنت الةرنسوا بنسووبه  -ا
 نه.      ( ع  مياومة ال  ف قب  الحي  ويرجق ذلغ حسب رىبه المرسانه المحيو 3.770 

- 110711- 17.7.زاخت مياومة ال  ف فا العينات المسىمخ  فييا ااسمنت العاخى بنسوبه - -ب
  ( ع  مياومة ال  ف قب  الحي .                 770..

- .11777- 170.زاخت مياومووة ال وو ف فووا العينووات المسووىمخ  فيياالموواخف اايبونسوويه بنسووب --س 
 الحي .                              (  ع  مياومة ال  ف قب 817.3

الماخت اايبونسيه  ي الماخت اأحس  م  الموواخ الولصا المسوىمخمة فوي وعموا  الحيو  اعموا  ىيليو  - 0 
 نسبه الةراغات وىيلي  المسامية و زياخت النلافة للمنشأ.              

     ات قب  الحي قلت مىوسف نسبه الةراغات بنسب محسوسه ع  مىوسف نسبه الةراغ-ا

                              قلت المسامية بيي  عاليه ع  مىوسف المسامية قب  الحي .                                                                         -ب 
                زاخت نلافة المنشأ بنسبه عاليه ع  مىوسف النلافة قب  الحي . -س
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