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Abstract

This study was carried out to investigate the effect of adding the paraffin wax as
a waterproof admixture on some properties of concrete like compressive strength,
ultrasonic pulse velocity, dynamic modulus of elasticity, absorption and density.
Ordinary Portland cement was used in this study, replacing partial of its weight by the
paraffin wax in the mix. The results showed that the increase in paraffin wax content
results in decrease in compressive strength, absorption and other properties mentioned
above.
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Introduction

Durability of concrete is the most important property in many structures,
especially those exposed to a risk of the external chemical attack. The external
chemical attack occurs mainly through the action of aggressive ions, such as chlorides,
sulfates, or of carbon dioxide, as well as many natural or industrial liquids and gases
@ Concrete durability depends largely on the ease (or difficulty) with which fluids
(water, carbon dioxide, oxygen) in the form of liquid or gas can migrate through the
hardened concrete mass. Concrete is a porous material, therefore, moisture movement
can occur by flow, diffusion, or sorption®.

Permeability is a measure of the concrete’s ability to resist penetration of water
or other substances, some authors emphasize that the permeability of the water is the
most important factor to esteem the durability under the most diverse conditions of
service of a structure. As the material’s permeability is lowered, the resistance to the
penetration by these aggressive agents is increased. Accordingly, an effective way to
improve concrete durability to ingress of harmful agents is to require low permeability
@) There is a great deal of misunderstanding of the terms water permeability and
waterproof. Water permeability is a most commonly thought of when discussing
“high performance concrete”. Waterproof is a term often used when describing the
ability of a structure to hold in or hold out water. However, the problem of creating
durable structures fit for their designed purpose requires a broader understanding of
what exactly is meant by low permeability concrete and waterproof concrete . The
addition of the admixtures to get low permeable concrete is widely used in practice.
Admixtures are chemical or mineral substances which are added to a concrete mix
during its preparation, they serve to alter one, or a number of the material’s wet and/or
set properties. Water reducers, set retarders and accelerators, air entraining agents, and
super-plasticizers are common type of chemical admixtures. Mineral admixtures are
usually classified as either cementitious materials (i.e. ground-granulated blast furnace
slag and lime), or pozzolans (i.e. Fly ash and silica fume)®. Many researches have
been made about the use of admixtures to enhance the durability and reduce the
permeability of concrete.
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Paraffin wax, results from petroleum industry, is one of the waterproof admixtures, it
was used, in some researches, as emulsion or apart from fine aggregate®. In this study
the paraffin wax, which is considered as a low cost admixture in Iraq, was used as
apart from cement and its effect on some properties of concrete especially the
permeability was investigated.

Experimental Work
Materials and Mix Compositions

Ordinary Portland cement was used in the mix, replacing (10%, 20%, 30%) of
its weight by the paraffin wax, brought from Al-Dora Refinery station, after chopping
it to a very fine particles. Natural sand from Al-ekhedhir deposit and a river gravel
with (19mm) maximum size conformed to IOS(No0.45-1984) grading were used. ACI
method for mix design (ACI200.1-91) was followed to get (20)MPa concrete
compressive strength (cube specimen) with (0.6) W/C. The mix proportions were
(1:2.06:2.64) (cement : sand : gravel) by weight of cement. (150x150x150)mm
concrete cubes were made for all tests. Table (1) shows the constituents of concrete
mixes.

Table (1) Constituents of concrete mixes.

Paraffin wax Cement Coarse Fine Water
addition (%) (kg/m?) aggregate aggregate (kg/m?)
(kg/m®) (kg/m®)
0 400 1056 824 240
40 360 1056 824 216
80 320 1056 824 192
120 280 1056 824 168

Mixing, Casting and Curing

The hand method for mixing was used. The sand and gravel were mixed
together, then the cement with paraffin wax particles were added. The dry materials
were mixed until the mix appears uniform, then the water was added and mixing
continued. The concrete was cast and compacted in the cube moulds. After (24) hrs
the concrete cubes were demoulded and placed in a water tank and tested at three
ages: (7, 28 and 90) days.

Results and Discussion
Compressive Strength Test Results

The results obtained from the compressive strength test show that an increase in
paraffin wax content leads to decrease the compressive strength of concrete Fig.(1).
This is mainly due to the reduction in cement content when replacing it by paraffin
wax and then the W/C increase. These results are in agreement with those obtained by
Al-Nassar in his study on the effect of the waterproof admixtures on the compressive
strength of concrete ). So, as Patrick and McGrath classification ), the addition of
paraffin wax as apart of cement do not produce water permeable concrete.

836



2006 : 5 23all /11 sl fAgusigh o slall / Qb daala Alas

30

<
o 251 — — —7days
é il ---m--- 28days
c N
=3 20 - —&— 90days
c
)
F
& 15 4
S N
§ 10 - BN
1
o
€
o 54
O

0 T

0 5 10 15 20 25 30 35

Paraffin Wax%o

Fig. (1) Relationship between compressive strength of concrete and Paraffin wax
content

Nondestructive Tests Results:

The principle of this test is that the velocity of sound in a solid material, V, is a
function of the square root of the ratio of its dynamic moduluse of elasticity, E, to its
dencity, p ,®:-

2
V:[@j oo ED=pV’®
P

AndV = TE where;

L: pulse length = specimen length.
T: time required to penetrate the specimen by the pulse.

Table(2) shows the results obtained from ultrasonic pulse velocity test and Fig.(2)
shows the relationship between the ultrasonic pulse velocity (UPV) with the paraffin
wax content. It is clearly that there is a significant reduction in UPV with increasing
the paraffin wax content, this reduction confirmed the results obtained from
compressive strength test. UPV of concrete without paraffin wax can be classified as
excellent, UPV of concrete with addition of paraffin wax can be classified as good or
satisfactory, Table(3) ©.

Table (2) UPV Test Results.

paraffin content % UPV (km/sec)
0 4.84
10 4.37
20 3.96
30 3.09
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Fig. (2) Relationship between UPV and Paraffin wax content

Table (3) . Jones classification for concrete related to UPV results ©

Concrete Quality Velocity (km/sec)
Excellent >4.58

Good 4.57-3.66

Satisfy or Suspicion 3.66-3.05

Weak 3.00-2.14

Very Weak <2.14

From the same test results, the dynamic modulus of elasticity can be calculated.
As mentioned earlier there is a direct relationship between dynamic modulus of
elasticity and square of the pulse velocity, so it expects that the addition of paraffin
wax has the same effect on the dynamic modulus of elasticity i.e. reversal relationship
between dynamic modulus of elasticity and paraffin wax content Fig. (3).
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Fig. (3) Relationship between dynamic modulus of elasticity and Paraffin wax
content
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Absorption and Density Tests Results

Because of the impossibility to do the permeability test, the absorption and
density tests adopted to be a measure for waterproofing of concrete. In these tests, the
specimens have been weighted after drying it, in oven, at 110°C and then weighted
after immersing it in water for further (24) hrs @. The results obtained from these
tests show that the addition of paraffin wax results in a decrease in water absorption of
concrete Fig. (4)., generally increasing of paraffin wax content leads to decrease the
density of concrete Fig. (5). It can be observed that the decrease in density for the
drying specimens is more than for the wet specimens. This means that some water has
penetrated the concrete, but the deference between the two methods, decreases when
paraffin wax content increases. As discussed earlier the paraffin wax can be used to
get waterproof concrete .
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Fig. (4) Relationship between absorption and Paraffin wax content
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Fig. (5) Relationship between density of concrete and Paraffin wax content
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Conclusion

According to the results obtained in this study, it can be concluded that the
increase in paraffin wax content, added as apart of cement, results in decrease the
compressive strength, absorption, density, UPV and dynamic modulus of elasticity.
Paraffin wax can be used as a low cost admixture to get waterproof concrete rather
than water permeable concrete,

References

1- Neville, A.M. "Properties of Concrete”. 4™ and Final Edition 2000, 844pp.

2-CONCRETE PERMEABILITY

3- Udegbunam, O. Et al., “Developing A Rapid Measure of Concrete Permeability for
Use in  QA/QC Specifications”, Transport Research Board, Washington, D.C.,
USA, 1999.

4- Patrick F. McGrath, Ph.D.” Water Permeability vs Waterproof”’, ASCE Met
Section Construction Group, Cooper Union Student Chapter, May 25, 2000.

5- American Concrete Pavement Association “Fundamental Concrete Material
Basics”. ACPA, Washington, USA.

http://www.pavement.com/PavTech/Tech/Fundamentals/fundmatl.html Accessed
October 2003.

Aaalall | aladl Gandly Mol ailal 85055 " Al Al Clilias ' 2 clin ,Chusy g (G5 e il —6
inin 368 ,1991, Jeagall dnals dasdae i ghiSall

7-Al-Nassar, W.A. "Effect Of Some Admixture On The Shrinkage Of Concrete", MSc.
Thesis, Baghdad University, 2002.

8- Neville, A.M. and Brook J.J.,”Concrete Technology”, John Wiley & Sons, Inc,
New York, 1987.

9- Jones, R. and Gatfield, E. "Testing Concrete by Ultrasonic Pulse Technique" ,
London, Her Majesty's Stationary Office, 1963, pp15-16.

10- BS 1881: pare 122 “Method for Determination of Water Absorption”, 1983.

-

duadal)
lpall palsd (e e Loghall Zaile alaS bl ll wad Ailia) a8 Ly Gandl 1aa Jylun
BNy Galaaia), Sl Lyl Jslea , Aigaall (358 LA deyas, Taliadl) daglie Jiie
Ciaw) O)g e e dae bl ped Phal aing dahall oda (& (galie V) (saD)sll crian) aadial
Llial) daglie & gl A (5352 Gl aad (g5ima 50 o) il oy glal 28y A dalal) &
kel 35Sl (A Galsilly (alaaia¥), diluyall

840


http://www.pavement.com/PavTech/Tech/Fundamentals/fundmatl.html

