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Abstract- Corrosion of reinforced concrete structure causes 
cracks in the concrete, reduces the cross-section area of the 
reinforcement hence reduces the service life performances of 
the structures. The major cause of corrosion is a porous zone at 
the interface of rebar and concrete which is due to poor 
compaction, high porosity and high bleeding at the Interfacial 
Transition Zone (ITZ) of reinforcement and Concrete. The 
compaction of concrete via reinforcement i.e., Rebar shaking 
has proved to improve the compaction and to reduce porosity 
at ITZ because it increases bond and adhesion of rebar and 
concrete. In this technique of compaction the rebar is 
enveloped by fine particles i.e., it creates what can be 
characterized as Cement Paste Ring (CPR) around rebar. The 
concrete with CPR is being studied to see its suitability in 
protecting reinforcement from corrosion in Reinforced 
Concrete Structure. Cracks mechanism and behavior of 
concrete samples with CPR are compared with normal 
vibrated concrete samples (samples without CPR). A Pull-out 
test and a Hydraulic Concrete cracking machine were used to 
test the samples of different strengths and ages. Maturity Pull 
out tests show that cracks on the samples with CPR are less 
wide and the cracks pattern are disconnected as compared to 
normal vibrated samples of which its cracks are wider, and 
well-connected. The pull-out force is higher in samples with 
CPR than in normal vibrated samples. In the Hydraulic 
machine the samples with CPR showed more resistance in 
lateral pressure as compared to normal vibrated samples. 
Inner layer of samples with CPR formed a single continuous 
cracks which are vertically inside but diagonally outside. The 
normal vibrated samples displayed multiple vertical cracks 
inside and outside the samples. Micro-cracks were not visible 
(except by magnifiers) in samples with CPR but were clearly 
visible in normal vibrated samples. The cracks patterns, sizes, 
spacing as well as the bond strengths between rebar and 
concrete at ITZ have significance effect on the corrosion and 
crack mechanisms. From the experiments and analysis, the 
samples with CPR are promising to reduce corrosion on the 
reinforcement structure as compared to normal vibrated 
samples.   
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I. INTRODUCTION 
Corrosion of reinforcing steel in concrete results in the 
formation of corrosion products at the surface of the 
reinforcing bar which leads to cracking and spalling of 
concrete cover. Corrosion reduces the cross-section area of 
the reinforcement hence decreases its tensile capacity and 
services life performances of the structure. Corrosion 
cracking and its related pressure have widely been studied 
by (Wang and Liu 2008, Ahmad, 2003, Yuan and Ji 2009, 
Zheng et al. 2005, Tamer and Khaled 2007, Chang et al. 

2010). The expansion of corrosion products impose an 
internal radial pressure to radial surrounding concrete which 
leads to cracks at the point where exerted tensile forces is 
greater than the tensile strength of concrete. 

A number of experimental studies, field and theoretical 
investigations have been conducted on radial expansion of 
corroded reinforcement, concrete cracking and bond 
interaction. The studies also tried to explain the mechanism 
of corrosion cracking (Bazant 1979, Andrade and Alonso 
1996, Atimatay & Ferguson 1973, Beeby 1983). The 
cracking mechanism due to the corrosion effect on structural 
serviceability are still ongoing (e.g. Bhargava et al. 2005) 

Studies about cracking mechanisms have been carried out 
through visual observation, using finite element models, 
accelerated corrosion tests, simulated corrosion tests and 
current studies are focusing on using fracture mechanisms 
(Du et al. 2005, Bohner and Brohl 2010). 

A. Background 
Poor compaction, high porosity and bleeding at Interfacial 
Transition Zone (ITZ) of steel and concrete are the major 
factors for accelerating corrosion. Therefore good 
compaction at ITZ reduce porosity and bleeding. The Rebar 
shaker is proposed to enhance good bond between rebar and 
concrete. Rebar Shaking is a process of turning rebar into a 
vibrator (Bennet et al. 2003). This practice leaves steel bars 
enveloped by cement paste which is regarded as a cement 
paste ring (CPR). The ongoing studies have shown that CPR 
reduces porosity at ITZ, and at the interface of cement paste 
and bulk concrete, it eliminates bleeding, and from pull-out 
tests results the bond strength between the rebar and CPR is 
significantly improved. Thus CPR is potential for 
controlling corrosion  

Corrosion products are expansive and have greater volume 

than the initial steel. This induces corrosion cracking when 

the resulting tensile stress in the surrounding concrete 

reaches the tensile strength limit of concrete. Cracking 

occurs once the maximum hoop tensile stress exceeds the 

tensile strength of concrete. The cracking begins at the steel 

– concrete interface and propagates outwards and eventually 

result in the cracking of the cover concrete and this would 

indicate the loss of life for the corrosion affected structures 
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(Bhargava et al., 2006, Capozucca 1995). The adequate 

prediction of the crack mechanisms, crack propagation and 

failure mechanism need to be investigated. The study used 

hydraulic machine to simulate corrosion pressure that induce 

cracks in order to study the cracking mechanisms of at ITZ 

of CPR and rebar together with the bulk concrete 

 

II.  EXPERIMENTS AND RESULTS  
Two different types of concrete samples were used; one 
vibrated normally denoted as VIB and the other vibrated 
using a Rebar Shaker that produced a CPR layer, denoted as 
RS. A Pull-out test and a Hydraulic Concrete cracking 
machine were used to test the samples 

A. pull out test 
The tests were performed on both the reinforced concrete 
cylinder (RCC) samples shown in Figure I to determine their 
behavior. The sample details are shown on Table I. 

Table I: SAMPLE DETAILS 

Dimension

s

Average 

Gross 

weight.

Bar 

Diameter

Average 

vibration 

time

H*D (kg) (mm) (s)

(mm)

Sample 

Type and 

Notation.

13.799
14 days 

at 20C
30

13.802
14 days 

at 20C
30

No. of 

Samples

Curing 

history

Vibrated 

with 

REBAR 

SHAKER 

MACHINE 

(RS).
Vibrated 

Normally 

(VIB).

3

3

300*150

300*150

16

16

 

I.  Sample Testing and Results Compilation. 

After 14 days of curing, the samples were tested using Pull 

out test machine and the results and observations are as 

shown in Tables II (a, b) 

 

 

 

Figure 1: Concrete cylindrical samples (RS and VIB) after 14 days of 

curing. 

TABLE II (a): PULL OUT TEST RESULTS 

Type of 

samples  

Sample 

notation 

Applied 
max. 

force 

Failure type 

Number of 
visible 

cracks 

(KN) 

(as viewed 

from the top 
of the 

sample 

only) 

R
S

 s
am

p
le

s 

S0 135 
Steel Rebar 

failure/broken 
5 

S1 131 
Steel Rebar 

failure 
4 

S2 129 
Steel Rebar 

failure/deforme

d 

3 

  
 V

IB
 s

am
p

le
s 

S0 122 

Rebar pulled 

out + sample 

failure/splits 

5 

S1 101 

Rebar pulled 

out + sample 
splits in two. 

3 

S2 115 

Rebar pulled 

out + sample 

failure 

3 

 

From Table II (a) failure behavior revealed some interesting 
crack patterns. The samples were studied closely, 
observations were recorded in Table II (b). 

 

 

 

 

 

RS Samples 

VIB Samples 
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TABLE II (b): CRACK OBSERVATIONS 

Crack 

Width

(mm)

C1=0.14

C2=0.18

C3=0.04

N1 =0.08

N2 =0.04

C1=0.08

C2=0.18

N1=0.1

N2=0.28

C1=0.06

C2=0.1

N=0.02

From 

concrete 

cover 

towards the

rebar.

Short and

shallow

Radially 

around 

concrete 

cover/perpe

ndicular to

the rebar.

C1=1.8 3
Cut though

the sample.

Deep through

the sample.

Perpendicul

ar to the

rebar.

C2=0.2

C3=0.1

C1=2.2

C2=0.2

C3=0.7

C4=0.06

C5=0.08

C2=0.8

C3=1.2

NB: C = Stands for cracks originating from the rebar, N = Stands for

cracks originating from the concrete cover.

S2

C1= 

through

3

Total 

sample 

failure/samp

le split.

Cut though

the sample.

Perpendicul

ar to the

rebar.

From Rebar

to the rest

of the

concrete

Short and

shallow.

Randomly 

distributed, 

some 

diagonal.

Randomly 

distributed, 

some 

diagonal.

S1

5

Cut though

the 

sample/cont

inuous to

both sides.

Deep through

the sample.

Perpendicul

ar to the

rebar.

From Rebar

to the rest

of the

concrete

Short and

shallow.

Randomly 

distributed, 

some 

diagonal.

S2 3

From Rebar

to the rest

of the

concrete

Deep C2 and

C1 short

shallow

Formed a

radial 

pattern 

around the

rebar with

minor 

diagonal 

micro 

cracking.

V
IB

 s
a

m
p

le

S0 From Rebar

to the rest

of the

concrete

Short and

shallow.

4

From Rebar

to the rest

of the

concrete.

Deep 

penetration 

for C2 

shallow for

the rest.

Formed a

radial 

pattern 

around the

rebar

From 

concrete 

cover 

towards the

rebar.

All short and

shallow

Radially 

around 

concrete 

cover/perpe

ndicular to

the rebar.

R
S

 s
a

m
p

le

S0 5

From Rebar

to the rest

of the

concrete

Deep 

penetration 

for C1 

shallow for

the rest.

Formed a

radial 

pattern 

around the

rebar

From 

concrete 

cover 

towards the

rebar.

Short and

shallow

Radially 

around 

concrete 

cover/perpe

ndicular to

the rebar.

S1

Sample 

Type

Sample 

Notation

No. 

visible 

cracks

Failure 

Type 

(direction)

Penetration.
Crack 

Patterns.
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Figures 2 and 3 are photos of the concrete samples after the test was 
conducted 

 

Figure 2: RS concrete samples showing visible cracks after the test 

 

Figure 3: VIB concrete samples showing failure patterns and some visible 

cracks 

After detailed observation and study of the tested samples, 
some remarks where reached as follows: 

i. It was observed that cracks formed on the RS 
sample are less wide from Table II (b) and form a 
clearer and disconnected cracks patterns around the 
reinforcement. 

ii. The RS samples form a non-continuous network of 
micro cracks (cracks), unlike normal vibrated 
(VIB) samples as shown in Figure 4 (a and b) 

iii. From Table II (a) above the RS samples resisted 
more pull-out force compared with the normally 
vibrated sample (VIB), and this shows that its bond 
has an increased bonding strength than the normal 
vibrated reinforced concrete bond. 

iv. Crack widths for RS samples are ranging from 0.02 
to 0.28mm and for VIB samples crack widths are 
ranging from 0.08 to 1.8mm. 

 

 
Figure 4: Schematic of the crack pattern in RS sample (a) and VIB sample 

(b) 

 

B. Hydraulic Concrete Cracking Machine 

The machine was used mainly to induce the internal lateral 
pressure to the inner concrete layer that forms the bond with 
the steel rebar, and also to induce stresses in concrete similar 
to effects created by the corrosion around the rebar (lateral 
expansion) hence causing cracks on the cover. The machine 
contains different parts such as the pressure gauge for 
measuring lateral pressure subjected to the concrete samples 
as shown in Figure 5. 

The machine operates under hydraulic laws. Hydraulic fluid 
is pumped into the concrete sample with the aid of the hand 
pump attached to the pressure gauge which records the 
amount of pressure conveyed. The machine contains 
different parts as listed below: 

1. Top plate; 2. Hydraulic hand pump; 3.Vertical bolts; 4. 
Safety case; 5. Hydraulic delivering nozzle; 6. 
Hydraulic pipe; 7. Pressure gauge. 

 

Figure 5: Hydraulic concrete cracking machine 

Following the requirements of the machine, the samples 
were prepared by replacing the steel rebar with the PVC 
pipe which was later pulled out after concrete setting leaving 
the hollow space in the middle of the concrete cylinder and 
exposing the inner layer, as shown in Figure 6 and sample 
details are shown in Table III 

International Journal of Engineering Research & Technology (IJERT)

ISSN: 2278-0181http://www.ijert.org

IJERTV6IS120062

Published by :

www.ijert.org
(This work is licensed under a Creative Commons Attribution 4.0 International License.)

Vol. 6 Issue 12, December - 2017

268



 

Figure 6: Samples with PVC immediately after preparation and without 
PVC pipe after setting. 

TABLE III:  CONCRETE SAMPLE DETAILS 

 

I. Testing Procedures and Results   
After effective curing, the samples were removed and left to 
dry at room temperature for 72 hours and then put into the 
machine by inserting the hydraulic delivering nozzle in the 
hollow part of the sample. Then, the sample was secured on 
the machine by tightening the bolts and by using the hand 
pipe the hydraulic fluid was pumped into the sample hence 
creating the pressure inside the sample until failure was 
detected as shown in Figure 7. The failure was due to the 
development of cracks on the side(s) of the samples as well 
as the top, as shown in Figure 8  

 

Figure 7: Sample under testing 

 

Figure 8: Cracked sample after testing. 

Following a series of tests of the samples (both 7days and 28 
days old), the initial test results are as shown in Table IV(a) 
and (b) and thorough observations on the failure type of the 
samples were done concentrating much on the cracks 
patterns, width and other parameters. 
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Table IV (a): FAILURE TYPE OF THE SAMPLES (7 

DAYS AGE) 

Sample 

Types 

Sample 

number 

Applied 

lateral 

pressure Failure type 

(Kg/cm2) 

R
S

 s
a

m
p

le
s 

S1 95 

Visible lateral 

side and top side 

cracks – escape 

of fluid from top 

and lateral sides 

of the sample. 

S2 105 

Visible lateral 

side and top 

cracks – escape 

of fluid from top 

and lateral side 

of the sample. 

S3 100 

Visible one 

lateral side and 

top cracks – 

escape of fluid 

from top and 

lateral side of 

the sample. 

V
IB

 s
a

m
p

le
s 

S1 85 

Visible lateral 

side and top 

cracks – escape 

of fluid from 

both lateral sides 

of the sample. 

S2 65 

Visible lateral 

side and top 

cracks – escape 

of fluid on both 

sides of the 

sample. 

S3 75 

Visible lateral 

side and top 

cracks – escape 

of fluid from 

one lateral side 

of the sample. 

 
From Table IV (a) the average applied lateral pressure was 
100 kg/cm2 and 75 kg/cm2 for RS samples and VIB 
samples respectively. The RS samples showed more 
resistance in lateral pressure, this is due to impermeability 
property of the CPR layer in contact with the hydraulic 

pressure. It is advantageous that this layer would resist the 
pressure caused by the formation of rust (corrosion) which 
may increase durability hence life span of the concrete. 

The tests were carried out on 14 days old, RS samples as 
recorded in the following Table IV (b) 

Table IV (b): FAILURE TYPE OF THE SAMPLES (28 

DAYS AGE) ON RS SAMPLES 

Sample Type 
Sample 

number 

Applied 

lateral 

pressure Failure type 

(Kg/cm2) 

R
S

 s
a

m
p

le
s 

S1 145 

Visible one 

lateral side 

and top side 
cracks – 

escape of 

fluid from top 
and side of 

the sample. 

S2 160 

Visible one 

lateral side 
and top 

cracks – 
escape of 

fluid from top 

and side of 
the sample. 

Average 152.5   

 

The Table IV (b) showed an increased pressure for the 28 
days old cured samples with an average pressure of 152.5 
kg/cm2. By using the concrete crack meter (magnifier) as 
seen in the Figure 9 below the cracked samples where 
studied and observed as recorded in the Table V. 

 

Figure 9: Observation of crack widths using crack meter 
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TABLE V: CRACKS OBSERVATIONS FOR THE SAMPLES (7 DAYS 

AGE) 

width
Pattern 

type
width

Pattern 

type

S1= 0.08

S2 = 0.1

Cs/Ce = 

0.14/0.18

Short, less 

straight, non-

continuous 

running 

from the 

center 

towards the 

cover end.

Cs/Ce = 

0.2/0.14
S1=0.04

Cs/Ce = 

0.28/0.18
S2=0.02

Cs/Ce = 

0.18/0.1

C = 0.1

Cs/Ce 

=0.3/0.2
S1=1.4

Cs/Ce= 

0.2/0.18
S2=0.4

C= 0.18

Cs/Ce= 

0.28/0.06
S1=0.2

Cs/Ce = 

0.2/0.08
S2=0.04

Cs/Ce = 

0.2/0.18
S1=0.12

Cs/Ce = 

0.18/0.08
S2=0.8

C = 0.8 S3=0.08

S3

Multiple 

continuous 

cracks from 

center to 

cover end, 

one short 

cracks 

originating 

from the 

cover end.

Vertical, 

deep, 

continuous 

running 

longitudinall

y from top 

to bottom 

of the 

sample.

R
S

 s
a

m
p

le
s

V
IB

 s
a

m
p

le
s

Sample 

Type

S1

Multiple 

continuous 

cracks, 

running 

from the 

center 

towards the 

cover end.

Vertical, 

continuous 

running 

longitudinall

y from the 

top to 

bottom of 

the sample.

S2

Two 

continuous, 

straight 

cracks

Vertical, 

continuous 

running 

longitudinall

y from the 

top to 

S2

Short, less 

straight, non-

continuous 

running 

from the 

center 

towards the 

cover end

Series of 

short and 

Diagonal 

pattern 

running 

from top of 

the sample 

up to the 

middle.

S3

Short, less 

straight, non-

continuous 

running 

from the 

center 

towards the 

cover end

S= 0.2

Short and 

Diagonal 

pattern 

running 

from top of 

the sample 

up to the 

middle.

Sample 

ID

Top side Lateral sides

S1

Cs/Ce = 

0.16/0.11

From the 

concrete 

center 

towards the 

concrete 

cover by 

forming 

tributaries 

like shape at 

the start.

Short and 

Diagonal 

pattern 

running 

from top of 

the sample 

up to the 

middle. 
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TABLE VI: CRACKS OBSERVATIONS FOR RS 

SAMPLES (28 DAYS AGE) 

 

width
Pattern 

type
width

Pattern 

type

Cs/Ce = 

0.3/0.2
S1=0.8

Cs/Ce = 

0.2/0.04
S2=0.1

S3=0.06

Cs/Ce = 

0.38/0.8
S1=0.6

Cs/Ce = 

0.3/0.08
S2=0.04

2

Vertical 

short cracks 

running 

from top to 

half the 

height of 

the sample.

S
a
m

p
le

 T
y
p

e
R

S
 S

a
m

p
le

s

S/N

Top side Lateral sides

1

One 

continuous, 

zigzag, from 

center to 

the end 

cover. Other 

short and 

non-

continuous.

Vertical 

short cracks 

running 

from top to 

half the 

height of 

the sample.

 

NB: CS/Ce signifies crack width at the start and end of the 
crack and Sn signifies with of side cracks where by n stands 
for number of cracks. 

Cracks observations for the samples shown in Figure 10 

were done at the top, side surfaces and in the inner surfaces 

as shown in Figure 11 

 

 

 

Figure 10: RS samples  in (a) and VIB samples in (b) 

showing top surfaces and side cracks 
 

Cracks observations were done; visually and micro cracks 
were observed using crack meter magnifier.  It was observed 
that:  

i. Inner layer of the RS samples formed a single 
continuous cracks as shown in Figure 11(a), some 
short some long running vertically, to the outer 
sides (diagonally) cracks as seen in Fig 10(a) 

ii. The inner layer of the VIB samples displayed 
multiple vertical cracks extending the whole depth 
of the sample shown in Figure 11(b), which  are 
straight on the outside with some branches of 
continuous cracks 

iii. Typical Micro-cracks patterns of RS sample in 
Figure 12(a) and VIB sample in Figure 12(b). The 
continuous longitudinal crack is visible 

 

Figure 11: RS sample general pattern for both 7&28 days and VIB inner 
layer cracks 

a 

b 
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              (a)                                           (b)                   
Figure 12: Micro-cracks patterns of inner surface walls of the RS sample on 

the left and VIB sample on the right 

 
The visible inner cracks in the RS samples had widths from 

0.1 to 0.22 mm and with micro crack meter cracks of 0.005 

to 0.01mm were observed, lengths of localized 

interconnected cracks varied from 0.5 to 30mm, the longest 

inner longitudinal crack (which was 90mm long) had widths 

varying from 0.22 to 0.4mm. The VIB samples had widths 

varying from 0.28 to 0.5mm and micro crack meter 

observed cracks of 0.009 to 0.05mm, the length of localized 

interconnected cracks varied from 0.9 to 40mm, the longest 

inner longitudinal crack had width of 0.7mm. Unlike the RS, 

the VIB internal crack had a similar shape with the outside. 

One part of longitudinal crack in the VIB sample, other two 

or three radial cracks with length of about 40mm and 

inclined between 40 to 80 degrees to the main crack were 

formed. For RS samples inside cracks were vertically 

straight but externally the cracks were inclined from top to 

bottom. The crack widths conformed   to the results of 

various researches that have been done in corrosion induced 

crack widths (Otieno et al., (2006), Katrien et al., 2009, 

Schiessl and Raupach (1997), Berke et al., (1993), Moreno 

and Rourke (2008)).  
 

III. DISCUSSION OF RESULTS 
The pullout tests results in Table II (b) show that crack 
widths formed in the RS samples are smaller as compared to 
VIB samples; the cracks are straight due to the existence of 
well compacted particles which increase the confined stress 
thus increasing bond strength. The RS samples form a non-
continuous network of micro cracks, unlike normal vibrated 
(VIB) samples which is beneficial in combating corrosion. 
This is brought about by the existence of different properties 
between the CPR layer and the concrete cover as shown in 
Figure 3. The bond between CPR and rebar is higher and 
well improved as compared to normally vibrated samples. 
The increased bond has an impact on the mechanism of 
cracking as compared to the normal vibrated samples. 
Furthermore, in Figure 4, it is seen that the crack from rebar 
to the cover is not continuous in RS samples but they are 

continuous in VIB samples. Thus ingress of harmful 
chemicals is easy in VIB samples but they are intervallic in 
RS samples. Crack widths for RS samples range from 0.02 
to 1.2mm and for VIB samples are range from 0.08 to 
1.8mm.The crack propagation and widths is influenced by 
the bond strengths and type of materials at the interfacial 
transition zone between reinforcement and concrete and size 
of reinforcement. The cracks spacing are closer and shorter 
in RS samples as compared to the VIB samples (Ghali et al. 
2002) 

When using the hydraulic cracking machine, the average 
applied radial pressure was higher for RS samples by 25% 
more than for VIB samples. The RS samples showed more 
resistance in lateral pressure, due to compatibility and 
impermeability properties of the CPR layer in contact with 
the hydraulic pressure. Inner layer of the RS samples formed 
a single continuous crack, some short some long running 
vertically, contrary to the outer sides (diagonally) cracks, 
this is due to the consistency, and existence of well 
compacted CPR hence increased resistance for cracking. 
The inner layer of the VIB samples displayed multiple 
vertical cracks running the whole depth of the sample as 
shown in Figure 12. 

The hydraulic pressure exerts an outward pressure on the 
concrete similar to corrosion products. After cracking 
initiation at the interface of rebar and CPR, the crack in the 
concrete cylinder propagates along a radial direction and 
held at the interface between CPR and bulk concrete. The 
CPR is considered as a cracked zone and bulk concrete 
considered as un-cracked, because of the differences of 
moduli between CPR and bulk concrete, modulus and 
stiffness of CPR are lower compared to the bulk concrete. 
The initiated and propagated cracks which have stuck at the 
interface of CPR and bulk concrete tend to join up and 
initiate other new cracks on the bulk concrete. The random 
nature of cracks occurrence which occur simultaneously at 
the inner part of the cylinder and for a short period of time, 
the similar nature of cracks was also explained by (Li et al. 
2005) 

It is obvious that the cracking of concrete cover is the direct 
consequence of an increasing radial expansion of corroded 
reinforcement. Internal cracking is always initiated at the 
location of the maximum expansion and external cracking 
always initiated where the cover is a minimum (Du et al. 
2006). Cracks occur first on the internal surface of the 
concrete cover at the point where the maximum radial 
expansion is experienced, because of the strong bond of 
CPR on the rebar, the point of maximum tensile stress 
cannot be at one point at various points, which explain why 
initiation of cracks occur at higher stresses compared to the 
propagations of cracks. It should also be noted that the 
failure of bulk concrete (cover) depends on strength of the 
paste, coarse aggregate, and the paste-aggregate interface. 
This interface is normally the weakest region of concrete 
and is where failure occurs before its occurrence on the 
aggregate or the paste (Vervuurt 1995). The ITZ between 
CPR and bulk concrete is well compacted and is another 
hardest layer to get cracked compared to the ITZ between 
rebar and CPR.  
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As the radial expansion increases, more cracks occur on the 
internal surface of the cylinder and then propagate outwards. 
Before these cracks penetrate the cylinder, the first cracks 
appear on the external surface of the cylinder at the location 
where the micro cracks are concentrated more than any 
other points on the cylinder. First cracking that appear on 
the external side of the cylinder is referred to as external 
cracking. Once external crack appears, the internal stresses 
relax, which stops the propagation of other internal cracks 
(Nguyen et al. 2006). This is also the time for corrosion 
products to fill these cracks, hence to limit production of 
more corrosion products.  

Zhang et al. 2009 depicts that at the initiation of corrosion 

cracking, the corrosion cracks are always short and very 

narrow, which limits the access of aggressive agents to the 

steel bars. In the secondary stage of corrosion development, 

the longitudinal corrosion cracks interconnect and grow 

wider. This leads to further steel–concrete interface to be 

exposed. In CPR, observations are a bit different; the steel-

concrete interface is not exposed as the micro cracks 

accommodate corrosion products  but also the CPR is of fine 

particles which gives room for fine particles to detach and 

become isolated thus increase protection in the 

reinforcement. External cracking is a results of 

interconnected longitudinal cracks, which tend to be wider 

than inside hence causing spalling.   

 
Unlike other studies e.g., Bhargav et al. (2005) which 
indicated the presence of porous zone at the ITZ of steel and 
the concrete, the presence of CPR assumes that the porous 
zone is non-existence. Furthermore, the gradual filling of 
porous zone with the corrosion products does not pose 
pressure to the concrete until the porous zone is completely 
filled. The crack at CPR together with filled corrosion 
products both get stuck at the ITZ of CPR and bulk 
concrete, increase of rust materials creates more cracks at 
the CPR zone. When all micro-cracks are filled another 
considerable amount of cracks and corrosion products are 
needed to create new cracks on the bulk concrete. This 
phenomenon decrease corrosion rates and restrict increase of 
rust materials   hence beneficial in combating corrosion. 
Ghali (2002) depicted that crack width depends mainly on 
the stress in steel after cracking, bond properties of the bars, 
properties of concrete and the shape of strain distribution 
which are applicable in RS samples which have CPR. 

The maximum time from applying hydraulic pressure to the 
RS sample which has CPR until the occurrence of external 
crack is between 80 seconds to 120 seconds. Typical graph 
of Crack width versus Time is shown in Figure 13. It takes 
approximately 10 second for pressure to build-up until the 
first crack to appear. This nature of graphs is conforming to 
the results of Crack width versus Time that was done by 
Dimitri et al. (2009) 
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 Figure 13: Crack widths vs. Time for RS samples 

 

IV. CONCLUSIONS 

  From the study carried out, the following are the 

conclusions. 

i. The Pressure needed to cause crack in the concrete 

samples that have Cement Paste Ring ( CPR) as a result 

of Rebar shaked is higher than in the normal vibrated 

concrete samples 

ii. Crack widths are thinner and shorter in CPR samples 

than in the normal vibrated samples. Also cracks 

spacing are closer and shorter in CPR samples as 

compared to the normal vibrated samples.  

iii. The CPR is considered as a cracked zone and bulk 

concrete considered as un-cracked because of the 

differences of moduli between CPR and bulk concrete. 

Modulus  and stiffness of CPR are lower compared to 

the bulk concrete and CPR experience more pressure as 

compared to the rest of the concrete 

iv. The cracks in the CPR samples are not continuous from 

inner to the outer of the samples as compared to the 

normal vibrated samples which are continuous.  

v. A great number of cracks formed in the inner surfaces 

of CPR do not align with the outer cracks showing no 

continuation of cracks which is due to the existence of 

the hardest layer at ITZ between CPR and bulk 

concrete, the stress is building up at this zone hence 

starts new pattern of crack in bulk concrete. 

vi. The bond between CPR and rebar is higher as compared 

to the normal vibrated samples, and this has an 

influence on crack widths and pattern 
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V. RECOMMENDATIONS 
In order to have more knowledge of cracks and CPR zone, 
the strain behavior of the samples in relation to the pressure 
caused need to be studied further.  
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