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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
(feu=150-200-250 kg/cm?®).

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:

I-The ordinary cement (0.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®) 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

Characteristic Cement Gravel Sand Water
Type of Concrete grades strength , ke/m’ ke/m’ ke/m’ liter/m’
(fcu) kg/cm
Weak concrete (W.C) 150 200 1344 677 130
Medium concrete(M.C) 200 250 1284 642 150
1(\11\1().rcrr)1a1 strength concrete 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.
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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:
e Samples without injection.
e 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 (AL)} 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

. Deformation (AL) Grade of concrete
No sample Ultimate load (Pu) kg mm (feu) ke/cm?

1 11B 2200 1.03
2 1ID1 2650 1.10 Weak concrete (W.C)
3 1B 2300 1.1 feu=150kg/cm’
4 IVB3 3200 0.985 Medium concrete
5 IVB2 3190 0.985 (M.C) feu=200kg/cm’
6 VID1 3100 1.9
! VI DD 4000 0.9 Normal strength concrete
8 VIID1 4350 2.02 (N.C) feu=250kg/cm’
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-AL for samples (I B) - (I D1) & (III B1) from piers models of weak
concrete (W.C) fcu = 150 kg/cm2
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Fig. (4) p-AL for samples (IV B3) - (IV B2) & (VI D1) from piers models of medium
concrete (M.C) fcu
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Fig. (5) p-AL for samples (VII D2) - (VII D1) & (IX D) from piers models of normal
strength concrete (N.C) fcu
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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

Grade of
Ultimate Deformation (AL) Type of Injected concrete
No Sample load (Pu) kg mm prateriJal (fcu)
kg/cm’
1 1 Al 2250 1.18 ‘ o
2 1 Cl 2750 1.32 %dé‘;ary cement =
3 1C2 2650 23 ' ~ 8
4 Al 3050 1.25 Fronch 2 2
5 1C2 2550 121 (lﬁeg;: cement 2
6 1 E2 2750 1.33 ' g T
7 I Al 2150 1.50 Enox s
8 I C 2750 1.60 (IE’E Ly V) 2
9 11 Cl 2800 1.11 o
10 vV Al 3150 1.1 Ordi =
11 vV A2 3300 1.1 réinary cement o9
(0.C) T o
12 vV C2 3650 121 5~
13 IV A2 3500 1.7 Fronch cement 58
14 IV Cl 3750 13 FO) £ 1
15 IV E2 3550 2.0 ' 23
16 VI Al 3500 1.16 <9
17 VI E 3500 13 Epoxy (PEL.V.) S
18 VI C2 3600 121 ~
19 1Xcl 4070 L7 Ordinary cement % o
20 1X E 4150 1.5 0.0) 25
21 1X A2 4200 1.3 ' S &
22 VIIIA2 4250 2.4 Fronch coment €2
23 VI C 4250 1.8 FO) 5 4
24 VI E 4150 13 ' 23
25 VI Al 4200 1.22 25
26 VIl C 4000 1.17 Epoxy (PEL.V.) £ Z
27 VIl El 4000 1.4 Z

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-AL for samples (I A1)-1 C1) & (I C2) for piers models from weak concrete
(W.C) fcu= 150 kg/cm’ injected by ordinary cement (O.C).
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Fig. (8) p-AL for samples (III A1) - (IIl C) & (III C1) for piers models from weak
concrete (W.C) fcu =150 kg/cm” Injected by epoxy
(PEL.V.)
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Fig. (9) p-AL for samples (V A1)-(V A2) & (V C2) for piers models from Medium
concrete (M.C) fcu= 200 kg/cm’ injected by ordinary cement (O.C).
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Fig. (10) p-AL for samples (IV A2)-(IV C1) & (IV E2) for piers models from Medium
concrete (M.C) fcu=200 kg/cm2 injected by French cement (F.C)
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Fig. (11) p-AL (VI A1) - (VI E) & (VI C2) for piers models from medium concrete
(M.C) fcu= 200 kg/cm” injected by epoxy (PE L.V.)
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Fig. (14) p-AL for samples (VI A1) - (VII C) & (VII E1) for piers models
from normal strength concrete (N.C) fcu = 250 kg/cm® with type of injected
material by epoxy (PE L.V.)

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
fcu _ 2

No Grade of concrete (ke Jem?) fc=1/3 fcu (kg/cm”) Load (kg)

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

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

Normal strength concrete
3 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 (AL) 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.

Ultimate load Ultimate strength Deformation Grade of concrete
No | Sample (Pu) ke (SWB kel (AL) mm (fcu) kg/em
1 I-1 1100.0 69.18 2.1
2 1-2 1200.0 75.47 1.27 oo
3 I-3 1150.0 72.33 1.27 s
4 -1 1250.0 78.62 1.47 g Lo
5 -2 1150.0 72.33 1.47 S& s
6 11-3 1050.0 66.04 1.27 ~o 2
7 II-1 1200.0 75.47 1.38 =B
8 11-2 1300.0 81.78 1.48 ~
9 I11-3 1275.0 70.19 1.5
10 V-1 1750.0 110.06 1.55
11 V-2 1600.0 100.63 1.25 -
12 V-3 1700.0 106.92 2.18 S
13 IV-1 1700.0 106.92 0.98 g o I
14 V-2 1750.0 110.06 1.35 ER-ES
15 V-3 1600.0 100.63 1.25 S2o02
16 VI-1 1750.0 110.06 2.02 =SS
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
20 IX-2 2050.0 128.93 1.6 = O
21 IX-3 2100.0 132.08 1.65 B g
22 | VII-1 2000.0 125.79 1.75 g~ =
23 | VII-2 2000.0 125.79 1.6 A=
24 | VIII-3 2000.0 125.79 1.7 £ 5 §
25 VII-1 1950.0 122.64 3.15 =
26 VII-2 2150.0 135.22 245 Z g =
27 VII-3 2250.0 141.51 2.89
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Fig. (17) p-AL for samples (I-1) - (I-2) & (I-3) for piers models from weak concrete
(W.C) fcu =150 kg/cm®
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Fig. (20) p-AL for samples (V-1) - (V-2) & (V-3) for piers models from medium
concrete ( M.C) (fcu) = 200 kg/cm2



REPAIR AND STRENGTHENING OF THE PIERS MODEL 583

200 2000 2000
1500 1500 1500
? ? ?
5 1000 1000 . 1000
7
H / § / H yd
50 50 500
0 0 0
0000000000000 0 0000000000« 2 = < © 0000000000 =
000 =Nhw>MDODO OO oM@ xbooNDOoO =R Y 0 4 MO MDD ONDOO N
N DR OO AND 0N GO 00000000 eaaa Ga a0 a0aa0aadaa
Defomation mm Defomation mm Defomation mm

Fig. (21) p-AL for samples (IV-1) - Fig. (55) & (IV-3) for piers models from medium
concrete (M.C) fcu= 200 kg/cm2
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Fig. (22) p-AL for samples (VI-1) - (VI-2) & (VI-3) for piers models from medium
concrete (M.C) fcu= 200 kg/cm2
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Fig. (25) p-AL for samples (VII-1)-(VII-2) & (VII-3) for piers models from normal

strength concrete (N.C) fcu= 250 kg/cm’
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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

; . Grade of
Ultimate Ultimate . .
No | Sample load (Pu) | strength gSu) ]()gff))rmartﬁ(r)l? Typi,ﬁlft g?fgﬁaed corflglrle):te(
kg kg/cm kg/cm?

I I-1 2250.0 0.85 .

2 12 25000 0.75 Ordingty gement | 22

3 -3 2500.0 0.59 ' 5 T

4 11 2750.0 0.49 French cement | 53 §

5 -2 2500.0 0.45 (F.C) =%

6 11-3 2550.0 0.55 g2~

7 | LI 2350.0 0.40 =z

8 12 2050.0 0.38 Epoxy (PEL.V.)

9 11-3 2950.0 0.44

10 [ V-1 3750.0 1.23 Ordi e

11 V2 4160.0 1.44 r m&r)ygfme“ 53

2 V-3 4050.0 0.88 : 2 Gl

13 IV-I 4300.0 1.8 French S3ZE
4 IV2 4160.0 1.5 cement(F.C) %
5] IV3 4750.0 2.3 29~
16 [ VI 3260.0 0.66 S

17 VI2 4260.0 0.85 Epoxy (PEL.V.) | =

18| VI3 4250.0 0.77

19 IX-1 4250.0 0.39 Ordi - -
20| IX2 4250.0 0.44 r mf‘(r)yg)emem %
21 | IX3 5280.0 0.82 - So &
22 [ VII-1 5250.0 0.99 220~
23 | VII-2 4950.0 0.88 Fre“‘g{; Cce)mem S 227
24 | VI3 4350.0 0.69 ~ EST,
25 | VIE-I 4800.0 0.98 S 3
26 | VII2 4100.0 0.43 Epoxy (PEL.V.) =
27 | VI3 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. (27) p-AL for samples (II-1) - [I-2) & (II-3) ) for piers models from weak concrete
(W.C) fcu= 150 kg/cm2 injected by French cement (F.C)
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Fig. (28) p-AL for samples (III-1) - p-AL (IlI-2) & (I1I-3)) for piers models from weak
concrete (W.C) fcu= 150 kg/cm” injected by epoxy (PE L.V.)
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Fig. (29) p-AL for samples (V-1) - (V-2& (V-3)) for piers models from medium
concrete (M.C) (fcu) 200 kg/cm2 injected by ordinary cement (O.C).
5 5 kil
~ k)
4 '
’/ // w
i / 2 ; / ,
’ g / ; 0
t 2
9
” /’ JIIE y
1 ’ 1 ’ ”
”/ L /7 ] /
’f’ f’ /
0 ’ 0 ” 0 ’
defometion mm Gefomation mm deomeon mn

Fig. (30) p-AL for samples (IV-1)- (IV-2)Y& (VI-1) for piers models from medium
concrete (M.C) fcu= 200 kg/cm” injected by French cement (F.C)
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Fig. (31) p-AL for samples (VI-1) - (VI-2) & (VI-3) for piers models from medium
concrete (M.C) fcu= 200 kg/cm? injected by epoxy (PE L.V.)
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Fig. (32) p-AL for samples (IX-1) - (IX-2) & (IX-3) for piers models from normal
strength concrete (N.C) fcu= 250 kg/cm” injected by ordinary cement (O.C).
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Fig. (33) p-AL for samples (VIII-1) - (VIII-2) & (VIII-3) for piers models from normal
strength concrete (N.C) fcu= 250 kg/cm” injected by French cement (F.C)



REPAIR AND STRENGTHENING OF THE PIERS MODEL 589

§ §

0000000000000 000000000000000
TR RN LY T A A 0
ShedaaNee Smd § aa iR EER

Someen Gimeion mn domion mm

Fig. (34) p-AL for samples (VII-1) - (VII-2) & (VII-3) for piers models from normal
strength concrete (N.C) fcu= 250 kg/cm” 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:
e Samples without injection:
e 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 olt;;/(lrrlggete(fcu)
1 II B 42 45 139.2 128.7 Weak concrete  (W.C)
2 | 1 DI 49 45 153.1 1414 feu=150 kg/cm
3 III B1 85 45 294.8 271.5
4 IV B3 65 45 2194 201.5 Medium concrete
5 IV B2 44 45 140.0 127.4 (M.C) fcu= 200 kg/cm2
6 VI D1 82 45 217.5 250.4
7 VII D2 43 45 139.5 130.9 Normal strength concrete
8 VII D1 35 45 121.0 112.8 (N.C) fcu= 250 kg/cm2

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

. Grade of

No Sample H ( mm) D (mm) Wet wt Dry wt Type of I?J ected concrete
(gm) (gm) Material 1 (fu) ke Jom?

1 I Al 67 45 230.3 219.0 Ordinary cement S
2 I CI 59 45 202.2 189.8 0.0) =
3 I C2 103 45 348.1 323.6 : v§
4 I A 80 45 280.2 264.5 o 2
5 I C2 56 45 193.6 182.6 Frencg éemem g3
6 I E2 44 45 146.6 138.0 (F.C) £,
7 I Al 70 45 254.0 237.2 Enox s B
8 m C 70 45 235.9 2175 (PEL\}V) §
9 III Cl1 56 45 189.5 174.4
10 V Al 70 45 271.5 250.4 . “
11 vV Cl 56 45 202.5 189.8 Ordmaéygemem 2 5
12 V El 67 45 348.1 323.6 ©.0) g_ab
13 IV El 82 45 271.5 250.4 French cement £ §
14 IV Al 59 45 202.5 189.8 (EC) ‘E’ )
15 IV C2 103 45 348.1 323.6 ' 23
16 VI A 47 45 150.6 142.4 Epoxy (PELV) 3 )
17 VI Al 58 45 205.8 19208 = S
18 VI A2 43 45 157.0 147.0 ~
19 IX C1 65 45 189.5 174.4 Ordinary cement Q
20 IX E 65 45 219.4 201.5 (0.0 5
21 IX A2 67 45 139.5 131.7 § E
22 VIII A2 103 45 361.6 337.5 French cement g ~ ED
23 VIII C2 70 45 137.5 130.7 (E.C) ?; S
24 | VI E2 47 45 157.0 147.0 g=q
25 VII Al 70 45 254.5 234.7 Epoxy (PE Té 2
26 VII Cl 88 45 305.3 275.3 L.V.) g
27 VII El 80 45 284.2 266.3 Z
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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

Grade of
3 Wet wt Dry wt concrete
No Sample H (mm) D (mm) Vt (cm’) (gm) (gm) (feu)
(kg/cm?
1 1-1 48 45 76.32 168.3 159.8 ~
2 1-2 58 45 92.22 218.4 196.3 g
3 1-3 50 45 79.48 170.1 157.8 % 2
4 1I-1 45 45 71.55 150.3 1374 § R
5 11-2 50 45 79.48 175.6 163.7 S
6 11-3 47 45 74.73 162.9 153.1 "gs §
7 1I1-1 54 45 85.86 191.3 176.6 =0
8 111-2 49 45 77.91 175.8 162.8 B
9 I11-3 50 45 79.48 178.7 165.8 -
10 1V-1 48 45 76.32 166.7 158.2 ~
11 1v-2 45 45 71.55 151.8 141.8 E
12 1V-3 60 45 954 217.2 206.2 % 2
13 V-1 50 45 79.48 170.1 157.8 58
14 V-2 50 45 79.48 175.4 164.7 § T
15 V-3 60 45 954 211.8 201.4 g §
16 VI-1 49 45 77.91 170.1 160.4 .5 o
17 VI-2 45 45 71.55 153.2 142.3 g s
18 VI-3 59 45 93.81 203.4 189.7 ~
19 VII-1 46 45 73.14 169.2 154.8 o
20 VII-2 50 45 79.48 178.6 166.3 = g
21 VII-3 58 45 92.22 206.7 190.8 E” ED
22 VIII-1 60 45 954 211.8 201.3 2 % =
23 VIII-2 50 45 79.48 179.5 165.7 Tt g 9
24 VIII-3 50 45 79.48 173.8 162.6 g S f‘_)
25 1X-1 43 45 68.37 152.8 142.6 :‘ZJ )
26 1X-2 44 45 69.96 153.5 142.2 Z.
27 1X-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
Type of Grade of
No Sample H (mm) D (mm) Wet wt Dry wt In?gcted concrete
(gm) (gm) Material (fcu) kg/cm2

1 I-1 49 45 188.4 181.2 Ordinary ce «

2 -2 50 45 189.8 180.4 ment(O.C) £

3 13 48 45 185.4 179.3 2%

4 1I-1 49 45 187.8 180.8 French S2

5 112 50 45 189.3 183.7 cement(F.C) S

6 11-3 58 45 210.4 201.2 % 5

7 11-1 125 134 42177 4186.0 | Epoxy (PEL.V.) =29)

8 1I1-2 53 45 215.6 211.7 g

7 111-3 125 134 4238.5 4204.9 ~
10 V-1 47 45 181.3 174.6 Ordinary cement

11 V-2 50 45 172.8 165.3 )

12 V-3 57 45 211.3 208.3 L &
13 V-1 65 45 209.2 201.2 French cement g é
14 | 1v2 52 45 188.3 183.0 (F.0) £

15 Iv-3 80 45 211.4 204.2 ; é

16 VI-1 58 45 213.2 210.1 Epoxy % G
17 VI-2 55 45 209.4 206.3 (PEL.V)) p= %
18 VI-3 115 134 4264.2 4224.1

19 IX-1 46 45 183.2 176.4 Ordinary cement

20 1X-2 115 45 4040.0 3996.0 (0.0) - o
21 1X-3 125 134 4102.1 4071.0 o g
22 | VII-I 55 45 207.3 198.7 French ge
23 | viI2 48 45 189.6 1823 cement(FC) | 2522
24 VIII-3 80 134 2878.6 2832.3 E S =9
25 | VI 54 45 212.6 206.5 | Epoxy (PEL.V)| 2 3
26 VII-2 52 45 208.6 203.2

27 VII-3 115 134 4230.9 4201.6

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

3-1- Samples before loading:

3- DISCUSSION

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 ({ =AL/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

. Average ultimate
Ultimate strength _ Grade of concrete
No | Sample (Su\B ke/em’ strength (Szu/)B {=AL/H (fou)  kefem’
kg/cm
1 IIB 138.36 0.0245
Weak concrete
2 II D1 166.67 149.89 0.022 (W.C) fcu= 150
kg/cm®
111 B1 144.65 0.025
IV B3 201.25 0.028 i
Medium concrete
5| 1vB2 200.63 200.62 0022 | (MO feu=200
kg/cm
6 VIDI 199.97 0.026
7 VII D2 251.57 0.022 Normal strength
8 VIID1 273.58 258.91 0.031 oncrete  (N.C)
9 IX D 251.57 0.023 fecu= 250 kg/cm®

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

. Average Ultimate . Grade of

No | Sample Ejsllzl)n;ate Sﬁrizﬁi g strength (Su/)A {=AL/L Typi/[(;ftgg;cted concrete (fcu)
& kg/cm?® (Su/)A kg/cm®

1 TAl 141.51 0.018 .
2 IC1 172.96 160.38 0.022 Ord‘“aéyccemem N
3 IC2 166.67 0.022 0.0 5 £
4 A1 191.82 0.016 S ~ @
5| 1 16038 175.07 0022 | Frencheement | 5 2o
6 1 E2 173.0 0.023 (F.C) 5=
7 | TIAl 135.22 0.021 Enox z 3
8| mcC 173.0 161.44 0.023 (PEPL \y,)
9 | TICI 176.1 0.020 o
10| VAI 198.11 0.016 . “
1] VA2 207.55 211.74 0.020 | Ordinany cement §
2] veC2 229.56 0.018 ©.0) g 2
13| IVA2 220.13 0021 [ oo 52
14| 1IvVCl 235.85 226.42 0.022 (F.C) S
15 IV E2 223.27 0.018 ) £ 5
16 | VIAI 220.13 0.025 Enox 25
17| VIE 220.13 222.23 0.022 PELYV) S s
18| VIiC2 226.42 0.015 o =
19| IXCI 256.00 0024 | [ -
20| IXE 261.00 260.38 0.027 (ch) . 8
21| IXA2 264.15 0.016 ' T
22 | VIIA2 267.30 0023 | o geg
23| VII C 267.30 265.20 0.02 EO z59
24| VII E 261.00 0.028 ' £ES3
25 | VIIAI 264.15 0.017 S 5
26| VI C 251.60 255.78 0.018 | Epoxy (PEL.V.) >
27 | VIIEI 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.
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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:

Ultimate strength Average ultimate Grade of
No | Sample (Su) ke/em’ strength (Su/)A| (=AL/L concrete Remarks
& kg/cm® (fcu) kg/cm®
1 I-1 69.18 0.024 “
2 1-2 75.17 72.23 0.022 g
3 13 72.33 0.025 L
4 10-1 78.62 0.027 03
5 11-2 7233 72.33 0.029 2
6 11-3 66.04 0.027 £ 3
7 11-1 75.47 0.026 M3
8 111-2 81.78 75.81 0.028 Sz
9 111-3 70.19 0.03 z =
10 V-1 110.06 0.029
11 V-2 100.63 105.87 0.025 .
12| V3 106.92 0.025 | o 8
13 ] 1V 106.92 0.019 £g 3
14 [ 1v2 110.06 105.87 kg/cm2 0.03 55 )
15 V-3 100.63 0.021 .= E
16 | VI-1 110.06 0.029 3= =
17 | Vi2 113.21 108.06 kg/em2 0024 | S =
18 [ VI3 100.92 0.029
19 [ IX-1 135.22 0.026 N
20 | IX-2 128.93 132.08 0.025 - &
21 1X-3 132.08 0.027 n B
22 | VI 125.79 0.029 822
23 VIII-2 125.79 125.79 0.029 Z 39
24 | VI3 125.79 0.025 £33
25 | VI 122.64 0.029 S 0
26 | VI-2 135.22 133.12 0.027 z
27 | VI3 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 strengtkzl Average (Szu/)A (=AL/L Type of InJected corirrictl: z)ff:u)
(SwA  kg/cm kg/cm Material Ke/cm>
g/cm
1 I-1 141.51 0.017 . N
2 12 157.23 151.99 0.015 | Ordinary cement 5
3 1-3 157.23 0.013 06 5 ISy
4 1I-1 172.96 0.010 2R
5 12 157.23 163.52 0009 | F rencll; coment 51
6 | 13 160.38 0.0095 &0 %3
7 11-1 147.80 0.003 20
8 1112 128.93 154.09 0.008 | Epoxy (PEL.V.) =
9 111-3 185.53 0.004 -
10 V-1 235.85 0.026 Ordinary cement
11 V-2 261.6 250.72 0.029 (0.0)
12 V-3 254.7 0.015 ) % -
13 1V-1 270.40 0.028 French cement g g
14 1v-2 261.64 276.93 0.029 (F.C) S G
15 V-3 298.74 0.029 ) g S
16 | VIl 205.03 0.012 =
17 VI-2 267.92 246.84 0.015 Epoxy (PEL.V.) ﬁ
18 VI-3 267.30 0.007
19 I1X-1 267.3 0.008 . a
20| IX2 267.3 288.89 0.004 | Ordinary cement 5
(0.0 < &
21 1X-3 332.08 0.007 B &
22 VIII-1 330.19 0.018 French cement g g ﬁ
23 VIII-2 311.32 305.03 0.018 (F.C) C_t S
24 VIII-3 273.58 0.009 ’ g 8 §
25 VII-1 301.89 0.018 2 8)
26 VII-2 257.86 275.68 0.008 Epoxy (PEL.V.) Z.
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

Average ultimate

No corirri(tlg (Ofiu) strength without Average ul&/ﬁ? te strength 9%Exc. Type of Injected
2 injection (Su)B L / 2 Su)A/ Su")B Material
kg/cm ke/cm’ injection (Su’) kg/cm
Weak 72.23 151.99 Ordinary.C (0.C) 110.04% Ordma(‘g (.:C)ement
1 (\;Ogc)rfgﬁ_ 72.33 163.52 French.C. (F.C) 126.07% Frencé'gfmem
150 kg/cm® 154.09 Epoxy Epoxy
75.81 (PEL.V.) 103.27% (PELV.)
Mediu . Ordinary
m 105.87 250.72 Ordinary.C. (0.C) 136.82% Cement. (0.C)
2 Conecret 105.87 276.93 French .C. (F.C) 161.58% Frenc?lz'%mem'
M.C) fcu= 246.84 Epoxy Epoxy
200 kg/cm? 108.06 (PEL.V.) 128.43% (PEL.V.)
Normal 288.89 Ordinary.Concrete Ordinary .Cement
strength 132.08 (0.0) 118.72% (0.0
concrete 305.03 French.Concrete French .Cement
3 (N.C) 125.79 (F.C) 142.49% (F.C)
fcu=250 275.68 Epoxy Epoxy
kg/cm? 133.12 (PEL.V) 107.09% (PEL.V)

350

300

250

uttimate strength kg

100

50

sample

N T N®— o

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
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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/cm2
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/cm2 concrete Form piers models are shown

in table (15).
Table (15) Samples from weak concrete(W.C) fcu= 150 kg/cm2 Form piers
models
. Average
9 Ultimate ultimate Ultimate Average ultimate]
[ strength . . % (Su) Type of
g . strength strength with strength with .
No g without . .2 S exc. Injected
75 L without injection(Su) | injection (Su/)A .
injection.(Su)A L > 2 Material
ke/cm’ injection , kg/cm kg/cm
(Su/)B kg/cm
1 1-1 69.18 72.23 141.51 151.99 96.0 % Ordinary
2 1-2 75.17 157.23 117.68% | cement (0.C)
3 1-3 72.33 157.23 117.68%
4 1I-1 78.62 72.33 172.96 163.52 139.13% French
5 11-2 72.33 157.23 117.38% | cement (F.C)
6 11-3 66.04 160.38 121.73%
7 111-1 75.47 75.81 147.80 154.09 94.96% Epoxy
8 III-2 81.78 128.93 70.07 % (PEL.V)
9 | I3 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’by different types
of materials c.

1-for ordinary cement (O.C):

The ultimate strength (Su) with injection (Su’) A between (141.51 kg/cm2 )to (157.23
kg/cm®) 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?) to (172.96kg/cm’) 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®) to (185.33kg/cm’) 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® .

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/cm2

Ultimate Average
© str.ength ultimate Ultimate strength Average ultirpate Type of
No % .W.lth(?ut str.ength with injection | . s.trer}gth with % exc. (Su)A| Injected
3 injection .Wlthqut (SuA) ke/em’ injection (Szu/)A Material
(Su)B. injection kg/cm
kg/em® | (Su/)B kg/cm®
1 V-1 110.06 235.85 122.77% Ordinary
2 | v2 | 100.63 105.87 261.40 250.72 146.91% cement
3 | V3 | 10692 254.70 140.58% 0.0
4 V-1 106.92 105.87 270.40 155.41% French
5 V-2 100.63 ' 261.64 276.93 147.13% cement
6 V-3 110.06 298.74 182.18% (F.O)
7 VI-1 110.06 108.06 205.03 89.74% Epoxy
8 VI-2 113.21 ' 267.92 246.84 147.94% (PEL.V))
9 VI-3 100.92 267.30 147.36%
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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® 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?® )to (261.4kg/cm’® )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?) to (298.4kg/cm”) 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?) to (267.92 kg/cm®) 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/cm?
is the French cement (F.C).

c- Normal strength concrete (N.C) fcu= 250 kg/cm®:
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/cm2 for Piers models

o Ultimate AV? rase Ultimate | Average ultimate
= strength ultimate . . % exc. Type of
& . . strength with |  strength with .
No % without | strength without iniection injection (Su/)A (Su) Injected
n injection | injection (Su/)B (Su)JA Ko/cm? ) Ko/em? Material
(Su)B kg/em’ kg/cm? & &
1 IX-1 135.22 267.3 102.38% .
2 | 1X2 | 12893 132.08 267.3 288.89 102.38% Ceglﬁ:“(gyc
3 1X-3 132.08 332.08 151.42% )
4 | VII-1 125.79 125.79 330.19 162.49% French
5 | VII-2 125.79 ’ 311.32 35.03 147.49% | cemen (F.C)
6 | VII-3 125.79 273.58 117.49% t
7 | VII-1 122.64 133.12 301.89 119.7% B
8 | vi2| 13522 ' 257.86 275.68 93.7% (PEPE"\Y, )
9 | VII-3 141.51 267.3 100.8% o
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Fig. (46) Ultimate strength (Su) for High Concrete (H.C) 250 kg/cm® 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® with injected by
different types of materials as follows:

1-Ordinary cement (O.C) :

The value of ultimate strength.(Su) between (267.3 kg/cm2 )to (332.08 kg/cm2 )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?) to (330.19kg/cm’) 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’®) to (301.89kg/cm®) 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

Wet wt | Dry wt Density | Grade of
No | Sample| Hmm | Dmm | Vtcm3 Vv em3 n e

gm gm gm/cm3 | concrete

1 | OB 42 45 66.78 139.2 | 128.7 | 10.5 | 0.157 | 0.186 1.93 Weak
2 | 1II D1 49 45 77.91 153.1 1414 | 11.7 0.15 | 0.176 1.81 concrete

3 | III Bl 43 45 68.4 139.5 | 130.9 8.6 0.126 | 0.144 1.91 (W.0)
Average (n, e and density without injection Weak .Concrete (W.C) fcu=150

0.144 | 0.169 1.88

fcu=150 kg/cm?2 kg/cm2
4 |1V B3 35 45 55.65 121.0 | 112.8 8.2 0.147 | 0.172 2.03 Medium
5 | IV B2 44 45 69.96 140.0 | 1274 | 132 | 0.189 | 0.233 1.82 concrete

6 | VI DI 82 45 130.4 2715 | 2504 | 21.1 | 0.162 | 0.193 1.92 M.C)
Average (n, e and density without injection Medium .Concrete (M.C) fcu=200

0.166 | 0.199 1.92

fcu= 200 kg/cm2 kg/cm?2

7 | VIID2 85 45 135.2 294.8 | 271.5| 233 | 0.172 | 0.208 2.00 Normal
8 | VIIDI1 65 45 103.4 2194 | 201.5| 179 | 0.173 | 0.209 1.95 strength
9 | IXD 90 45 143.1 302.0 | 297.0 5.0 0.035 | 0.036 | 2.075 concrete

(H.C)

Average (n, e and density without injection by materials for Normal
) 0.127 | 0.151 2.01 fcu=250
strength concrete (H.C) fcu= 250 kg/cm
kg/cm?2

- 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 (crn3 V\(/;tn\;/t D(Zn‘;/t ((\:mvé) n e (];rf]r/ls;tl}a/) S(figree?;
1 I Al 67 45 106.5 230.3 219.0 11.3 | 0.106 | 0.119 2.06
2 I Cl1 59 45 93.81 202.5 189.8 12.7 ] 0.135 | 0.156 2.02 L\
3 I C2 103 45 163.8 348.1 323.6 24.5 0.15 | 0.176 1.98 “E
Average void ratio, porosity and density with injection (O.C) 0.130 | 0.150 2.02 O
4 I A 80 45 127.2 280.2 264.5 157 1 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 |11 E2 59 45 69.96 146.6 138.0 8.6 0.123 | 0.14 1.97 2 é
Average void ratio, porosity and density with injection (F.C) 0.123 | 0.141 2.033 § b
7 I Al 70 45 111.3 254.0 237.2 16.8 | 0.151 | 0.178 2.13 ot
8 I C 70 45 111.3 235.9 217.5 184 | 0.165 | 0.198 1.95 "gs
9 I C1 56 45 89.04 189.5 174.4 15.1 | 0.169 | 0.203 1.96 S
Average void ratio, porosity and density with injection (E.P) 0.162 | 0.193 2.013
10 [IV Al 82 45 130.4 271.5 250.4 21.1 | 0.135 | 0.156 1.92
11 | IV A2 59 45 93.81 202.5 189.8 12.7 | 0.173 | 0.209 2.02
12 | IVC2 103 45 163.8 348.1 323.6 245 | 0.189 | 0.233 1.98
Average void ratio, porosity and density with injection (O.C) 0.166 | 0.199 1.973 o
13 | V Al 70 45 55.65 121.0 112.8 8.2 0.150 | 0.176 2.03 S o
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 ; ::s_l)
Average void ratio, porosity and density with injection (F.C) 0.122 | 0.148 2.017 2=
16 | VI Al 47 45 74.73 150.6 142.4 8.2 0.123 | 0.14 1.91 B <
17 | VI El 58 45 92.22 205.8 192.8 13.0 | 0.147 | 0.172 2.09 =2
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 Al 70 45 111.3 254.5 234.7 19.8 0.15 | 0.176 2.11
20 | VIICI 88 45 139.9 305.3 275.3 30.0 | 0.146 | 0.171 1.97
21 | VIIEI 80 45 127.2 284.2 266.3 179 | 0.178 | 0.217 2.09 2o
Average void ratio, porosity and density with injection (0.C) 0.158 | 0.188 2.07 § g
22 | VIIIA2 103 45 163.8 361.6 337.5 24.1 | 0.214 | 0.272 2.06 g2
23 | VIIC2 70 45 62.01 137.5 130.7 6.8 0.147 | 0.172 2.11 a R
24 | VIII E2 47 45 68.37 157.0 147.0 10.0 | 0.146 | 0.29 2.15 § (I;I]
Average void ratio, porosity and density with injection (F.C) 0.169 | 0.245 2.11 _?73 S
25 | IX C1 65 45 89.04 189.5 174.4 15.1 | 0.163 | 0.195 1.96 g &)
26 | IX E 65 45 103.4 219.4 201.5 17.9 0.11 | 0.124 1.95 gz
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” 013 | 0.15 2.08
Average void ratio, porosity and density. 0.123 1 0.141 2.03
’ 0.161 | 0.193 2.01
MEDIUM CONCRETE (M.C) fcu= 200 kg/cm® 0.166 | 0.199 197
Average void ratio, porosity and density. 0.129 ] 0.148 2.02
’ 0.151 | 0.179 2.05
Normal strength CONCRETE  (N.C) fcu=250 kg/cm? 8:32 8;4812 ;??
Average void ratio .porosity and density. 0133 10.154 .01
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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

grade of
No | Sample | Hmm | Dmm | Vt cm3 Wet wt| Dry wt Vv cm3 n e Density | concrete
gm gm gm/cm3 (fcu)
kg/cm2ete
1 I-1 88 45 79.48 170.1 | 157.8 12.3 0.155 | 0.183 1.985
2 1-2 58 45 92.22 2184 | 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 n
4 ] 11 | 54 | 45 | 7155 | 1503 | 1374 | 129 | 0.180| 022 | 1.920 28
5 11-2 50 45 79.48 175.6 | 163.7 11.9 0.150 | 0.176 2.06 o %
6 11-3 47 45 74.73 1629 | 153.1 9.8 0.131 | 0.151 2.049 58
Average void ratio, porosity and density without injection 0.154 | 0.182 2.01 % ]
7 111-1 54 45 85.86 1913 | 176.6 14.7 0.171 | 0.206 2.057 2
8 111-2 52 45 7791 175.8 | 162.8 13.0 0.167 | 0.200 2.09 S
9 111-3 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 1754 | 164.7 10.7 0.135 | 0.156 2.072
11 V-2 60 45 95.4 211.8 | 2014 10.4 0.109 | 0.122 2.111
12 V-3 80 45 79.48 1773 | 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 E’ =
14 | 1V-2 45 45 95.4 217.2 | 206.2 11 0.125 | 0.13 2.161 gL
15 ] IV3 60 45 76.32 166.7 | 158.2 8.5 0.111 | 0.125 2.073 g < LE)
Average void ratio, porosity and density without injection 0.121 | 0.138 2.072 "qa) S
16 | VI-1 69 45 93.81 203.4 | 189.7 13.7 0.146 | 0.171 2.022 p>
17 | VI2 90 45 7791 170.1 | 160.4 9.7 0.125 | 0.143 2.059
18 | VI3 75 45 71.55 1532 | 1423 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 éﬁ I %
20 | IX-2 60 45 79.48 178.6 | 166.3 12.3 0.155 | 0.183 2092 | 58 &
21 1X-3 60 45 92.22 206.7 | 190.8 15.9 0.172 | 0.208 2069 | 2 é g
Average void ratio, porosity and density without injection 0.175 | 0.212 2.092 TEv g & ED
22 | VIII-1 60 45 79.48 179.5 | 165.7 13.8 0.174 | 0.209 2.085 580
23 | VIII-2 54 45 95.4 211.8 | 201.3 10.5 0.110 | 0.123 2110 |~ ° Z
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 | 1422 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] Hmm | Dmm | Vtcm’ [Wet wt gn{Dry wt gm| Vv cm3 n E Density | Grade of
gm/cm® | concrete
1 I-1 49 45 7791 188.4 181.2 7.2 0.09 | 0.099 2.326
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 1854 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 o g
4 1I-1 49 45 7791 187.8 180.8 7.0 0.09 | 0.099 2.321 g 2
5 11-2 50 45 79.48 189.3 183.7 5.6 0.07 | 0.075 2.311 g l’oci
6 11-3 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 § O
7 11-1 55 45 87.45| 2144 209.3 5.1 0.06 | 0.064 2.393 %
8 111-2 53 45 84.27| 215.6 211.7 3.9 0.05 | 0.053 2.512
9 111-3 125 134 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
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 Q
Average void ratio, porosity and density with injection(O.C 0.076 | 0.084 2.316 8 %
13 | IV-1 65 45 89.04 209.2 201.2 8.0 0.09 | 0.099 2.26 g §
14 | 1IV-2 52 45 7791 188.3 183.0 5.3 0.07 | 0.075 2.35 8
15 | 1V-3 80 45 89.04 2114 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 g %)
16 | VI-1 58 45 92.22| 2132 210.1 3.1 0.03 | 0.031 2.278 = s
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 2412
20 | IX-2 115 134 1620.9] 4040.0 | 3996.0 44 0.03 | 0.031 2.47 o
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 | VII-1 55 45 87.45| 2073 198.7 8.6 0.10 | 0.111 2.272 2R
23 | VII-2 52 45 82.68| 208.6 203.2 5.4 0.07 | 0.075 2.46 ‘go o
24 | VII-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 Tt &
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] 42309 | 4201.6 29.3 0.02 | 0.020 2.60 :2
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. (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’ :
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Table (22) Weak concrete analyses.

No Type of Injected Without injection | With injection % exc.
Material n e Density n e density n e density

T 0.155 | 0.183 | 1.985 | 0.00 | 0.099 | 2.326

2 Ordinary 0230 [ 0314 | 2.120 | 0.12 | 0.136 | 227

3 cement(O.C) [ O.11T | 0.125 | 2.004 | 0.08 | 0.087 | 235 | 0% | 48% | 11%

Avarage 0.168 | 0.207 | 2.069 | 0.10 | 0.107 | 2.315

i 0.180 | 022 | 1.920 | 0.00 | 0.000 | 2.321

5 French 0.150 | 0.176 | 2.06 | 007 | 0.075 | 2311

6 cement(F.C) | 0.131 | 0.151 | 2.049 | 0.10 | 0.111 | 2.182 | 40-5% | 48% | 13%

Avarage 0.154 [ 0.182 | 2.01 | 0.087 | 0.005 | 2271

7 0.171 [ 0.206 | 2.057 | 0.06 | 0.064 | 2.393

8 0.167 [ 0.200 | 2.00 | 0.05 | 0.053 | 2.512

9 Epoxy (PEL.V.)—5 1651 0.193 | 2.086 | 0.02 | 0020 | 238 | /4% | 77% | 1%

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 (¢')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
(vY)A=2.344gm/cm’} was improved by percentage 14 % more than the average density
without injection (y)B=2.052 gm/cm’}

b-Medium concrete fcu= 200 kg/cm” :

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
2 0.109] 0.122 | 2.161 0.10 0.12 2.31 Ordinary
3 0.112] 0.126 | 2.073 0.03 0.032 2.3 36% | 38% 10% cement(0.C)

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
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

French
34% | 37% 11% cement(F.C)

7 0.146| 0.171 2.022 0.03 0.031 2.278
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 2414

69% | 72% 19% |Epoxy (PEL.V.)

-The average void ratio with injection by different types of materials {(¢)A= 0.069}
was improved by percentage 54% less than the average void ratio without injection by
materials {(¢/)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 {(y)A=2.36
gm/cm’} was improved by percentage 15 % more than the average density without
injection by materials {(y)B=2.053 gm/cm’}

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

Table (24) Normal strength concrete analysis

Without injection With injection % exceeding Injected material
No - - -
n e Density n e Density N e Density
1 | 0197 0245| 2116 | 0072 ] 0.075 | 2.41
2 | 0.155] 0.183 | 2.092 | 0.018 | 0.020 | 2.60 .
3 [ 0172] 0208 2069 | 0.041] 0042 2512 | 7| 8% 204 Ordl?(a(;yc)
Avarage| 0.175 | 0212 | 2.092 | 0.044 | 0.046 | 2.507 cementin.
4 | 0174 0209| 2085 | 0.10 | 0.111| 2272
5[ 0010023 2110 | 007 | 0.075 | 246 | 40| o0 French
6 | 0.141 | 0.164 | 2046 | 010 | 0.111] 239 14% cement(F.C)
Avarage| 0.142 | 0.165 | 2.080 | 0.09 | 0.099 | 2374
7 0149 0.175| 2086 | 0.09 | 0.099 | 2412
8 |0.162] 0200 2033 | 003 | 0031 | 247
o [ 0152] 0179 2.140 | 0.02 | 0.020] 2310 | % | 73%| 15% | Epoxy PEL.V.)
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 {(¢/)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
{(Y)A=2.44gm/cm’} was improved by percentage (17%) more than the average
density without injection by materials (y)B=2.084 gm/cm’}

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.... And so on.

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.
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