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ABSTRACT  
 
 Concrete is characterized by its high compressive strength, yet its brittle mode of failure and its poor impact 
characteristics are considered a drawback. The aim of this study was to investigate the effect of incorporation of 
wax in concrete mix with steel whiskers. The purpose of wax was to add to the ductility. Mean while the 
purpose of the steel whiskers was to overcome the reduction in strength achieved from addition of wax.  The 
parameters investigated in this study were the length of the steel whiskers,  percentage of steel whiskers and 
percentage of wax shreds. In order to achieve this goal standard cubes and beams were used to in this testing 
program. Introduction of wax proved to be very successful in improving impact resistance of concrete, with 
minimum loss of strength.  
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Introduction 
 
 Brittle behavior of concrete is considered a drawback in its mechanical characteristics. It is evident that it 
severely affects the impact resistance of concrete. In order to deal with this problem several research studies 
have dealt with this problem through investigation of the physical and mechanical properties of the components 
of the concrete matrix (Bing Chen, 2001; Zhou, F.P., 1995; Djaknoun, S., 2009; Canan Tasdemir, 1999). Other 
research studies have focused on investigation of the effect of  concrete geometry on the ductility and toughness 
of concrete. Meanwhile further investigations have focused on the effect of composite section and reinforcement 
on the ductility of concrete (Tsutomu Usami and Hanbin ge, 1994; Sherif El_Tawil, 1999; Surenda P. Shah, 
1970; Beeby, A., 2004). While others have focused on the effect of type of loading on the mechanical properties 
of concrete (Guoqiang li, 1998; Karihaloo, B.L., 2003; Sidney Mindess, 2003). Recent investigations have 
considered the use of wax as a coating to concrete or in road construction projects but most of these studies have 
focused on investigation of the durability of concrete when coated with a protection layer and the impact of use 
of wax on bitumen and asphalt concrete mixture performance. (Khan, F.M., 2002; Edwards ylva, 2009).  
 In this study we focused on investigation of the effect of using variable percentages of wax shreds on the 
physical and mechanical properties of concrete. Our aim also focused on improvement of the impact resistance 
of the concrete matrix. By adding wax concrete strength was reduced so in order to overcome this problem steel 
whiskers were used. Also the use of steel whiskers will help in resisting tension and control of crack propagation 
in concrete. Furthermore variation in the length of the steel shreds was also considered in this study. 
 
2. Objectives: 
 
 The objective of the testing program was to study the effect of adding variable percentages of wax (0%, 3% 
and 5%) and steel whiskers with variable length (1,2,3cm) and variable percentage on concrete workability and 
physical & mechanical properties of concrete. Results were compared to reference specimens without steel 
whiskers or wax. 
 
3. Experimental Program:  
 
 The testing program consists of three groups :The first group was classified into  two phases. The first 
phase consists of 3% wax, and the second phase consists of 5%wax by weight of cement. Steel whiskers (1cm) 
in length, with (2%, 4%, and 6%) of cement content by weight, and water/cement ratio 0.6 were used. The 
results of this group were compared to reference specimens with 0% wax. The second  group consist of two 
phases. The first phase consists of 3%wax, and the second phase with 5%wax, with steel whiskers length is 
(2cm), with percentages (2%,4%,6%) of cement content by weight and water cement ratio 0.6. The third  group 
also consists of two phases with different percentages of wax. The first phase consist of 3%wax, and the second 
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Table 1: Test

Group1 Ph

G11-0-0 
G11-3-0 
G11-3-2 
G11-3-4 
G11-3-6 
Phase 2 
G12-5-0 
G12-5-2 
G12-5-4 
G12-5-6 
Group2  Ph
G21-3-2 
G21-3-4 
G21-3-6 
Phase 2 
G22-5-2 
G22-5-4 
G22-5-6 
Group3 Ph
G31-3-2 
G31-3-4 
G31-3-6 
Phase 2 
G32-5-2 
G32-5-4 
G32-5-6 

 

 
Fig. 1: Soa
 
Results an
 
4.1 Analys
 
 The ge
reference s
reduces wo
in the slum
percentage
continuous
values alth
concrete co
compared 
decreased. 
resulted in 

 Res., 8(1): 78-8

h 5%wax, with
cylinders (100 
e.1). Shreds of 
d in length (1-
ere divided int

t Program for grou

ase1 
Wa
% 
0%
3%
3%
3%
3%
 
5%
5%
5%
5%

hase1  
3%
3%
3%
 
5%
5%
5%

ase1  
3%
3%
3%
 
5%
5%
5%

ap samples bef

nd Discussion 

es of slump tes

eneral trend am
specimens. (Se
orkability. It w

mp value in all 
e of steel whisk
s decrease in s
hough more wa
omponents. Fo
to G1.It was 
For G3 the in
further decrea

83, 2012 

h steel whiske
mm x 300 mm
wax varied in 
 3) cm. A Gro

to the three ma

ups 1, 2 and 3 with
ax Shreds 

% 
% 0% 
% 0% 
% 2% 
% 4% 
% 6% 

 
% 0% 
% 2% 
% 4% 
% 6% 

 
% 2% 
% 4% 
% 6% 

 
% 2% 
% 4% 
% 6% 

 
% 2% 
% 4% 
% 6% 

 
% 2% 
% 4% 
% 6% 

fore shredding,

 

st results:  

mong all group
ee Fig. 2). Thi

was also noted t
groups. For G
kers increased
slump values. 
ater was availa
or G2 existence
also noted tha

ncrease in the p
ase in the slump

ers 3 cm in le
m) and standard

size (3-6)mm i
oup of 63 stand
in groups men

h Steel whiskers 1.
Water 
Kg/m3 
210 
210 
210 
210 
210 
 
210 
210 
210 
210 
 
210 
210 
210 
 
210 
210 
210 
 
210 
210 
210 
 
210 
210 
210 

 after shreddin

ps indicates tha
is was attribut
that increasing 

G1, when using
d, from 2%  fo
Also for 6% s

able in the conc
e of wax and 2
at as the perce
percentage of w
p value levels.

ength, and (2%
d beams (100 x
in length, (0.5-
dard cylinders 
tioned above.

.0-2.0 and 3.0 cm, 
Cement 
Kg/m3 

S
K

350 6
350 6
350 6
350 6
350 6
  
350 6
350 6
350 6
350 6
  
350 6
350 6
350 6
  
350 6
350 6
350 6
  
350 6
350 6
350 6
  
350 6
350 6
350 6

ng, during mixi

at, the highest l
ted to the fact 
the percentage

g 3% wax, it wa
r G11-3-2 to 4

specimens G11
crete mix, due 
2 cm steel whis
entage of shre
wax and increa

%, 4%, 6%) o
x 100 x 500) f
-1) mm in diam
and 63 standar

3% wax and 5% w
and 

Kg/m3 
Gravel
Kg/m3

50 1250 
50 1250 
50 1250 
50 1250 
50 1250 

 
50 1250 
50 1250 
50 1250 
50 1250 

 
50 1250 
50 1250 
50 1250 

 
50 1250 
50 1250 
50 1250 

 
50 1250 
50 1250 
50 1250 

 
50 1250 
50 1250 
50 1250 

ing. 

evels of worka
that, introduc

e of wax from 
as noted that s
4% for G11-3-
1-3-6, showed 
to replacemen

skers, further r
eds increased f
ase in the lengt

of cement con
for the beam m
meter. See (Fig
rd beams were

wax. 
l 
3 

Wax 
Kg/m3 
0 
10.5 
10.5 
10.5 
10.5 
 
17.5 
17.5 
17.5 
17.5 
 
10.5 
10.5 
10.5 
 
17.5 
17.5 
17.5 
 
10.5 
10.5 
10.5 
 
17.5 
17.5 
17.5 

ability achieved
ction of wax o
3% to 5%, resu

slump values d
-4 concrete spe
further decrea

nt of wire whis
reduced the slu
from 2% to 6
th of the steel w

7

ntent by weigh
molds were use
g.1). Whiskers 
e cast, this set 

Steel Shreds 
Kg/m3 
0 
0 
7 
14 
21 
 
0 
7 
14 
21 
 
7 
14 
21 
 
7 
14 
21 
 
7 
14 
21 
 
7 
14 
21 

d was that of th
or steel whiske
ulted in decrea
ecreased. As th
ecimens showe
ase in the slum
skers and wax 
ump value leve
6%, slump valu
whiskers to 3c

79 

ht. 
ed. 
of 
of 

he 
ers 
ase 
he 
ed 

mp 
to 

els 
ue 

cm  



80 
J. Appl. Sci. Res., 8(1): 78-83, 2012 

 

 

 
 
Fig. 2: Slump Value for various groups. 
 
4.2 Analyses of  compressive strength results:  
 When  using 3% wax: The results for G11 specimens indicate that the general trend general shows a high 
strength of 26.2(N/mm2) for the reference specimen (0%wax & 0% shreds) followed by a sudden drop in the 
compressive strength by 24.97(N/mm2) for concrete cylinder with (0% steel shreds & 3% wax). A notable 
decrease in the compressive strength was registered by a drop of 4.4%. This was attributed to introduction of 
wax which practically replaced cement with its binding characteristics resulting in this drop in strength. For 
G11-3-2, introduction of 2% steel shreds resulted in increase in the compressive strength by 3.4% compared to 
the specimen of G11-3-0 (0% steel shreds & 3% wax). This was attributed to the confining & binding effect as 
well as high strength & crack control characteristics of the steel shreds. For 4% and 6% specimens as the 
percentage of steel shreds increased, the compressive strength increased by 4.2% and 6.5% compared to the 
specimen of G11-3-0. (See Fig. 3).  
 For G21 specimens as the percentage of wax increased from 2% for G21-3-2 to 6% for G21-3-6, the 
compressive strength increased by 10.9%. Yet care must be taken that proper compaction and handling of the 
concrete during casting is necessary due to tendency of this group to show low workability. It should be also 
noted that specimens of this group showed a decrease in the compressive strength compared to specimen G11-3-
0.   
 For G31 (3cm steel shreds & 3% wax) it was noted that as percentage of steel increases from 2% for G31-3-
2 to 6% for G31-3-6, the compressive strength decreased by 6.2%. This was attributed to the length of steel 
fibers in this group which reached a maximum of 3cm shreds resulting in very low workability. This was 
compiled with the effect of increase in percentage of steel whiskers from 2% to 6%. When using 5% wax: The 
results for G12 specimens with 1cm length steel fibers  show  that  as the percentage of wire whiskers increases 
from 2% for G12-5-0 to 6% for G12-5-6, the compressive strength increases from 17% to 33.% compared to  
the reference specimen G12-5-0 (5%wax & 0% whiskers). This was attributed to the fact that the existence of 
wire in this group enhances the performance of the concrete cylinders. It was also noted that the increase in the 
wax content to up-to 5% for G12-5-0, resulted in a severe decrease in the compressive strength by 69.3% 
compared to G11-3-0.  
 For G22 specimens (2cm steel & 5% wax) the same trend observed for G1 was also registered in G2. As the 
percentage of wire whiskers increased from 2% for G22-5-2 to 6% for G22-5-6, the compressive strength 
increased from 7.3% to 27.3% when compared to G12-5-0. (See Fig.3). For G32 specimens (3cm steel whiskers 
&5% wax) it was noted that the  existence 3cm steel whiskers resulted in decrease in the compressive strength 
decreased by 16.2 % as the percentage of steel whiskers increased from 2% for G32-5-2 to 6% for G32-5-6 
.This was attributed to the fact that the longer the steel whiskers the lower workability and strength. The general 
trend indicates that the performance of 3% wax specimens was higher than that of the corresponding 
5%concrete specimens, regarding the compressive strength. 
 
4.3 Analyses of  Schmidt hammer Results: 
 
 4.3.1 Effect of length of steel shreds: The general trend among all groups indicates compatibility in the 
schmmidt hammer results with the compressive strength results in most of the tested concrete cylinders. The 
general trend among all groups indicates that several specimens in group G1(G11-3-4,G11-3-6), G2(G21-3-
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2),G22-5-6) and G3 (G32-5-2,G32-5-4) exceeded the reference specimen G11-0-0. Specimens with wax and no 
steel fibers showed lowest strength results. See Fig(4). 

 
 
Fig. 3: Compressive strength Results For Various groups. 
 
 When using 3% wax: The performance of 1cm whiskers shared an overall average performance higher than 
2cm and 3 cm steel fibers. This was attributed to two reasons. The first is that the surface area is higher in1 cm 
whiskers and also the distribution of steel fiberss within the concrete matrix was more uniform in 1 cm shreds 
which provides higher bond and better workability. The General trend indicates among all groups indicates that 
as the percentage of steel fibers increases the rebound increases, except for group G31 and G32 specimens were 
it was noted  that as the percentage of steel shreds increases the compressive strength decreases. This was in 
agreement with the results of the compressive strength 
 

 
 
Fig. 4: Schmmidt hammer Test Results for all Groups. 
 
 When using 5% wax: The general trend indicates that for 1cm fibers, as the percentage of steel whiskers 
increases, the rebound number increases which was the same trend observed in 3% concrete specimens. See Fig 
(4). For 2cm steel fibers it was noted that the rebound number for all concrete specimens was rather stable. 
Meanwhile for 3cm concrete specimens, it was noted that as the percentage of steel whiskers increases, the 
rebound number decreases, which was also observed in corresponding 3% wax specimens. It was also noted that 
the rebound number for 3% specimens, was  higher than that of 5% specimens. 
 
4.4   Analyses Of Ultrasonic Pulse Velocity Results: 
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Fig. 5: Ultrasonic pulse velocity test results for all groups. 
 
 The general trend for 3% & 5% indicates that the ultrasonic time increases as the percentage of wax 
increases from 0% to (3% & 5%). This is due to the fact that the existence of wax reduces workability and 
rationally obstructs the signal.  
 For 3% wax : For all specimens it was noted that the increase in the percentage of wax from 2% to 6% does 
not have a significant impact on the results of the ultrasonic pulse velocity, which may be attributed to the fact 
that although the existence of wire shreds tends to promote the ultrasonic pulse velocity, yet on the other hand 
the existence of wax shreds tends to decrease the ultrasonic pulse velocity. See Fig (5).  
 For  5% wax : For all 5% specimens with wax, it was noted that the effect of low workability of the long 
steel fibers still dominates and results in the conclusion that as the percentage of steel whiskers increases lower 
workability is achieved resulting in a slower signal and larger time of travel. Existence of wax enhances this 
phenomena.  
 

 
 
Fig. 6: Effect Of Wax On Ultrasonic Pulse Velocity Results. 
 
4.4.1 Analyses of  Impact test results for all samples: 
 
 Test for impact of concrete: This test is done by using an iron ball weighting 400gm. As the weight drops 
freely at a height of one meter using plastic pipe lubricated with a film of oil from the inside to prevent friction 
between the iron ball and plastic pipe, this impact generates internal cracks in the concrete beam 100*100*500 
mm. The amount of cracks was monitored by the ultrasonic test .The results of ultrasonic time difference 
between the specimen before and after impact is shown in Fig (6). Existence of wax in concrete results in sever 
drop in the damage and minor cracks as evident from ultrasonic pulse velocity results. It was  also that although 
the existence of steel fibers in concrete enhances the ultimate load capacity, but it doesn’t play effective role on 
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impact test results. On Results Of Impact Test At 3% Wax. It was also noted that increase in the percentage of 
wax from 3% to 5% results in an overall minor increase in the ultrasonic pulse velocity readings. This  indicates 
that, above 3%, wax the ability of the wax in concrete to absorb the energy resulting from the impact does not 
improve with the increase in the percentage wax above 3%. 
 
5.  Conclusion: 
 
 In what follows a summary of conclusions reached from the experimental program are reported 
1. The general indicates that as the percentage of wax increases from 3% to 5%, the compressive strength 

decreases compared to the reference specimen with no wax. 
2. It was noted that increase in the length of steel whiskers from 1cm to 3cm results into decrease in 

workability, which has a direct effect on the compressive strength results and the schmmidt hammer results.  
3. Ultra sonic Proved to be Successful in monitoring  the effect of wax in concrete mixed with steel shreds.  
4. Impact test using ultrasonic pulse velocity proved to be very successful in monitoring the effect of impact 

on concrete performance .The existence of wax severely reduce the damage caused by impact loads. 
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