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ABSTRACT

Waterproofing of concrete structures is one of the most important problems
facing Civil engineers. Most failures in water retaining structures are due to water
seeping through their walls and floors, causing some troubles.

The most common method used in Iraq for waterproofing of walls and floors
subjected to water flow is by covering (coating ) these walls and floors with
bituminous materials. Some of these bituminous materials are mixed with sulfate
resisting cement and fine sand before they are used for coating.

This method proved to be vulnerable with time as water starts seeping through
walls and floors after certain period. This study was thus conducted to examine the
feasibility of using some waterproofing agents as an admixture in mortar after mixing
with sulfate resisting cement and fine sand and evaluate the effect of materials on the
other properties of mortar.

Bentonite, Limestone dust, and silica fume are used in this study as a
waterproofing agents .Therefore, this investigation focused on the evaluation of
mortar by using the permeability, compressive strength, modulus of rupture, density
and ultrasonic pulse velocity tests. The properties of the fresh mixes are investigated
by measuring their flow values.

The results are indicated to noticeable reductions in the recorded flow values as
the percent of the materials used in this study raised progressively. Depending on the
recorded water permeabilities , it can be said that increasing the percentages of
bentonite addition leads to decrease the quantity of penetrated water through mortar .
Up to (%) of bentonite addition, the quantity of penetrated water reaches about
(417) of the water permeation quantity of the control mix.

On the other hand , the results indicate that there is an optimum percentage of

limestone dust for both series of mortar mixes , for lesser water permeability



accompanying, which is about (Y.©%Z) of the weight of cement, the quantity of
penetrated water through mortar at this level is about (YA.Y%) and (£V.A%) of the water
permeation quantity of the control mix of rich and lean mixes respectively. While for
silica fume, shows trends similar to that observed for bentonite. At (Y.2%) of silica
fume addition, the quantity of penetrated water is about (¢-:7) of the water
permeation quantity of the control mix. The analysis of the test results also shows that
the materials used in this study lead to slight increase in the density of mortar
specimens. There is no specific correlation between the recorded values of water
permeabilities and corresponding density of mortar samples .

Depending on the results of compressive strength investigation, it can be said
that, the presence of bentonite increases the compressive strength, especially at early
ages. The addition of (Y¥%) of bentonite results in an improvement in compressive
strength by about (Y°.YZ%). The results also indicate that the presence of limestone
dust as an admixture in mortar increases the compressive strength of rich mixes ,
especially at later ages , while adversely affects the strength of relatively lean mixes .
The addition of (V.°%) of limestone dust in rich mixes results in an improvement in
compressive strength by about (°).A%). While for silica fume, it can be said that ,
increasing the percentages of silica fume addition in mortar leads to increase the
compressive strength . At (Y.o% ) of silica fume addition, the rate of increase in the
strength of mortar at early ages(Ydays) is about (VY.Y7) .

Other mortar properties including modulus of rupture and ultrasonic pulse
velosity, show trends similar to that observed in compressive strength for all

materials used in this study.
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INTRODUCTION

).) General

One of the most important problems in the construction of underground
structures such as basements and underground stores is the leakage of the
underground water to the structure. The designer of such structures, therefore, must
give this problem proper attention. He must inspect the soil investigation results of
the site and examine the water table fluctuations. Furthermore, he must examine the

quality of under-ground water, such as the chemical properties and the depth below
natural ground level [V].

Some concrete dams, retaining walls, tanks and other structures show evidence
of leakage, it is usually the result of faulty production and placement of concrete.
When properly proportioned concrete mixtures are used and placed with high-quality

workmanship under qualified inspection, the concrete in a structure should be
virtually impermeable, although leakage may still occur through cracks [Y]. From

other point, cured concrete for a suitable period of time can be regarded as watertight
because of cutting of the continuity of the capillary pores and difficulty in the passage
of water and moisture through it. In spite of, present concrete structures often allow
passage of water under different conditions not only through joints and discontinuous
parts but also through concrete mass itself [Y].

No concrete structure will be perfectly watertight. Some loss of water will occur
at incidental defects, joints, and fittings. The amount of leakage depends upon the

water pressure at these locations. The leakage will be reduced by the presence of a

waterproofing coating or lining [£].
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In the production of waterproof concrete two separate and distinct functions
may be achieved. The concrete may be impervious to water pressure or it may merely
resist the absorption of water. It is doubtful whether there is any really effective
additive which will make concrete impervious to water under pressure under
circumstances in which it would not otherwise be impervious. Concrete of proper mix
design and low water cement ratio and good sound aggregate is impervious without
additives and in general it is better to expend the extra cost involved by incorporating
an additive, on increasing the richness of the mix and there by reducing the water /
cement ratio. It is possible, however, by the use of additives , to improve the
resistance of concrete to absorption of water [°].

Waterproofing is very important because it is used to protect the under-ground
structures which are subjected to the under - ground water or to protect some
buildings which are constructed above the ground such as water tanks.

Waterproofing underground structures is very important in Iraq especially in the
middle and southern regions. Many leakage failures have happened in such buildings
where water seeped into them. The problem is complicated because of the salty

under-ground water in Irag especially in the middle and southern regions. On the

other hand, not enough attention is given to the problem during construction [].

1.2 Aim of the Study

The compressive strength of concrete is regarded as a principal indicator to
determine the quality of concrete . But in other practical circumstances, other
properties of concrete like durability and impermeability may be more important than
strength. The concrete can be deteriorated as a result of its influence by external
conditions like the movement of liquids and gases that carry the harmful agents
which pass through its constituents.

The subject of waterproofing is an important subject in concrete technology.

Watertightness of concrete is desirable in order to increase the durability of

concrete or is necessary in order that it may be used to hold water.
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Concrete is often used when it is necessary to hold the water either inside as in
reserviors of water or outside the structure as in basements or shelters and similar
structures, in which the flow of water through the concrete must be prevented.

In this research, fast and simple way was used for the laboratory assessment of

cement mortar permeability and by using specimen of cement mortar as a cylinder
with Y€+ mm diameter * €+ mm height , and the specimen can be examined several

times, and this is very important to determine how the cement mortar can be affected
by external conditions and a sign of its durability. Also, in this research, the effect of
bentonite , limestone dust, and silica fume on the permeability were studied by using
various percentages of these materials as an additional ingredient by weight of
sulfate-resisting Portland cement without altering the relative proportions of other
ingredients. However, the effect of these materials on the other properties of cement
mortar such as density, compressive strength, modulus of rupture and ultrasonic pulse
velocity are also included in this research.

Furthermore , this research is distinguishable from others works were used and
represent a new one in the site of using some finely divided materials such as
bentonite,limestone dust , and silica fume as a permeability — reducing admixtures in
the structures subjected to the flow of water through its .

1.3 Research Layout

The work presented in this thesis is given through five chapters. Chapter one
represents the introduction. Chapter two is a review of durability, permeability and
absorption, waterproofing admixtures and the previous works on the use of finely divided
mineral admixtures in concrete; the properties and applications of bentonite, limestone dust ,
and silica fume are also included in this chapter. Chapter three includes the experimental
program. The results of the experimental tests are presented and discussed in chapter four.
Chapter five consists of the conclusions, which can be drawn from the results of this

research and recommendations for future work.
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CHAPTER TWO

REVIEW OF LITERATURE

2.1 Durability of Concrete

The durability of concrete is one of its most important properties because it is
essential that concrete should be capable of withstanding the conditions for which it
has been designed throughout the life of a structure[].

Lack of durability can be due either to external factors or to internal causes
within the concrete itself. The various actions can be physical, chemical, or
mechanical. Mechanical damage is caused by impact, abrasion, erosion or cavitation.
Physical causes of deterioration include the effects of high temperature or of the
differences in thermal expansion of aggregate and of the hardened cement paste. The
chemical causes include the alkali - silica and alkali - carbonate reactions.

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, which induce electro - chemical corrosion of steel reinforcement.
Since this attack takes place within the concrete mass, the attacking agent must be
able to penetrate throughout the concrete, which therefore has to be permeable.
Permeability is, therefore, of critical interest. The attack is aided by the internal

transport of agents by diffusion due to internal gradients of moisture and temperature

and by osmosis [1,V,A].
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2.2 Permeability and Absorption

The permeability of a mortar or concrete is a measure of the rate at which a
liquid will pass through it, while the absorption is a measure of the pore space in the
material. The two are not necessarily related and the values obtained from them vary
considerably with the conditions of measurement [1]. Low permeability is an

important requirement for hydraulic structures and in some cases watertightness of
concrete may be considered to be more significant than strength , although other
conditions being equal, concrete of low permeability will also be strong and durable.
A concrete which readily absorbs water is susceptible to deterioration [ *]. Because
of the existence of pores of different kinds, some of which contribute to permeability
and some of which do not do so, it is important to distinguish between porosity and
permeability. Porosity is a measure of the proportion of the total volume of concrete
occupied by pores, and is usually expressed in percent. If the porosity is high and the
pores are interconnected, they contribute to the transport of fluids through concrete so
that its permeability is also high. On the other hand, if the pores are discontinuous or

otherwise ineffective with respect to transport, then the permeability of the concrete

is low, even if its porosity is high [Y]. Although the porosity of the cement gel is YA

percent, its permeability is very low (V* ) ~‘”) m/s because of the extremely fine

texture of the gel and the very small size of the gel pores. The permeability of
hydrated cement paste as a whole is greater because of the presence of larger
capillary pores, and, in fact, its permeability is generally a function of capillary
porosity. Since capillary porosity is governed by the water/cement ratio and by the
degree of hydration, the permeability of cement paste is also mainly dependent on
those parameters. The large influence of segmenting of capillaries on permeability
illustrates the fact that permeability is not a simple function of porosity. In fact, only
one large passage connecting capillary pores will result in a large permeability, while

the porosity will remain virtually unchanged [1]. Concrete is inherently a porous

material. This arises from the use of water in excess of that required for the purpose
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of hydration in order to make the mix sufficiently workable and the difficulty of
completely removing all the air from the concrete during compaction. Concrete of
low permeability can be obtained by suitable selection of its constituent materials and
their proportions followed by careful placing, compaction and curing. In general , for
a fully compacted concrete, the permeability decreases with decreasing water -
cement ratio. Permeability is affected by both the fineness and the chemical
composition of cement. Coarse cements tend to produce pastes with relatively high
porosity. Aggregates of low porosity are preferable when concrete with a low

permeability is required. Segregation of the constituent materials during placing can

adversely affect the impermeability of concrete [V *].

2.2.1 Structure of Hydrated Cement

Fresh cement paste is a plastic network of particles of cement in water , but
once the paste has set ,its apparent or gross volume remains approximately constant .

At any stage of hydration ,the hardened paste consists of very poorly
crystallized hydrates of the various compounds , referred to collectively as gel,
crystals of Ca(OH)y some minor components , unhydrated cement , and the residue of
the water-filled spaces in the fresh paste .These voids are called capillary pores , but
within the gel itself , there exist interstitial voids , called gel pores .The capillary
pores represent that part of the gross volume which has not been filled by the
products of hydration. Because these products occupy more than twice the volume of

the original solid phase(i.e. cement ) alone , the volume of the capillary system is
reduced with the progress of hydration [Y] . Capillary pores are much larger than gel

pores , although , in fact , there is a whole range of pore sizes throughout the
hardened cement paste. When only partly hydrated , the paste contains an
interconnected system of capillary pores . The effect of this is a lower strength , and
through increased permeability , a higher vulnerability to freezing and thawing and to
chemical attack . This vulnerability depends also on the water/cement ratio. These

problems are avoided if the degree of hydration is sufficiently high for the capillary

YA



pore system to become segmented through partial blocking by newly developed
cement gel .When this is the case ,the capillary pores are interconnected only by

much smaller gel pores , which are impermeable [1] . The gel pores occupy about

Y Apercent of the total volume of gel , the material left after drying in a standard

manner being considered as solids . The actual value is characteristic for a given
cement but is largely independent of the water/cement ratio of the mix and of the
progress of hydration . This would indicate that gel of similar properties is formed at
all stages and that continued hydration does not affect the products already in
existence. Thus, as the total volume of gel increases with the progress of hydration,

the total volume of gel pores also increases while the volume of capillary pores

decreases [V].

2.2.2 Pore Structure of Concrefte

Concrete is inherently porous , as not all the space between the aggregate
particles becomes filled with a solid cementing material .To obtain workable mixes it
IS necessary to use much more water in concrete than is required for hydration of the
cement .Furthermore , the absolute volume of the cement and water gradually
decreases as chemical combination proceeds , and this makes it impossible for a
cement paste of any water-cement ratio to continue to occupy completely the space
originally required by the fresh paste ; consequently ,the hardened paste develops
some voids .In addition , during the mixing of concrete some air is always entrapped
in the mass. As the water and air voids in concrete are generally interconnected ,

concrete is inherently pervious to water .This is evidenced by its absorption of water
by capillary action and by the passage of water under pressure through it [} ].

Aggregate can also contain pores , but these are usually discontinuous.
Moreover , aggregate particles are enveloped by the cement paste so that the pores in
aggregate do not contribute to the permeability of concrete . The same applies to

discrete air voids , such as entrained-air bubbles .In addition , the concrete as a whole
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contains voids caused by incomplete compaction or by trapped bleed water .These

voids may occupy between a fraction of one percent and ) * percent of the volume of

the concrete[V].

2.2.3 Significance of Permeability

The use of concrete in many kinds of hydraulic structures as well as in other
construction fields has impressed upon engineers that in some cases watertightness of
concrete may be of greater importance than strength .In general , other conditions

being the same , low permeability is associated with high strength and high resistance

to weathering. Permeability tests of concrete are of value :- (1) to determine the rate

of leakage through the walls of a structure such as concrete pipe , (V) to determine the
effects of variations in the cement and aggregate or the effects of various operation in

mixing ,placing ,and curing ,(¥) to estimate the relative durability and life of concrete

as affected by the corrosive action of percolating waters ,(¢) to determine basic

information on the internal pore structure of concrete , which is related directly to

such items as absorption , capillarity, resistance to freezing and thawing ,shrinkage ,

uplift , etc ... and (°) to compare the efficiencies of waterproofing materials [ V] .

2.2.4 Previous Researchers Works

A large number of permeability tests and surface absorption tests have been
developed , and there is a considerable amount of literature on laboratory
investigations . These various tests require the application of high pressure , so that
the necessary equipment is expensive and tests must be conducted by skilled
technicians . The permeability of a mortar or concrete to the flow of water may be

determined under a small or large head . In many cases a fairly high water pressure ,

up to ).YA MPa or more , is used , and the rate at which water passes through the

specimen is determined [, VY, VY] . Tests of permeability at high pressures are most



commonly made on concrete cylinders of circular slabs in an apparatus in which
permits of water under the pressure required being fed to the upper side of the
specimen and the water percolating through being collected from the underside and
measured . Alternatively , the rate of inflow of water may be measured . The
specimens are usually sealed into metal containers with suitable watertight caps . The
rate of flow is more rapid at the start , but decreases to a steady value after one or

several days depending on the dimensions of the specimen and other factors . Tests
may also be carried out under small pressures such as a Y *-cm head of water or less .

This form of test is often used in testing surface films of waterproofers which may be
intended for use under conditions where a mortar or concrete will only be subject to
small water pressures . It is also useful for testing thin concrete products ; the results

in general run parallel with those obtained by a high-pressure test . A test of the

permeability under a Y *-cm head of water is included in the British standard for

concrete roofing tiles ( BS YAAY:Y Y+ ) The British standards test methods

measure the surface absorption and not the permeability of the concrete mass, and

typically the absorption of the outer surface layer is different from that of the bulk of
the concrete [1,V Y ].

Various studies are made to reach a simple and predictable way for measuring
the permeability of concrete . Figg (Y3VY) [) €] measured the permeability of
concrete for air and water using different concrete mixes .He made the investigation
on prisms () + +*Y + +*®« )mm by making a hole with a depth of ¥+ mm and ©.°
mm diameter at the end of each prism using masonry drill , after that the hole was

cleaned and a piece of Polly ether with a diameter of Y.© mm and Ymm thickness

was put in the hole and was compressed inside by a rubber material at a distance Y *

mm from the external face of specimen , after that a hypodermic needle was inserted ,
then the hole was filled with rubbery silicon and this needle attached to a rubbery

tube, that this tube attached from other side by three way stop cock and the latter

attached to vacum pump and mercury manometer as in Fig. (Y-)).
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The apparatus that measures the permeability of concrete to water.
Fig. (Y-V): The apparatus that was used by Figg ['¢] to investigate the

permeability of concrete to air and water.

During evaluation in the laboratory , it was determined that a modified "Figg
test” suffered several drawbacks , the most important of which were lack of control of
moisture content and the uncertainly regarding the actual volume of concrete
involved in the test (i.e., the extent to which water flows through the concrete under
the conditions of the test). There are additional problems regarding the presence of air
bubbles in the system , effective sealing , and the calculation of the coefficient of

permeability .After trying various modifications , an entirely new approach was

taken, as described by Ludirdja et al. (Y3A%) [YY].The apparatus was used to
determine permeability is shown in Fig.(Y-Y). The specimen is contained between
two polypropylene funnels Y imm in diameter .The top funnel is joined to a )+ ml
serological pipet . About Y© *mm of vinyl tubing is connected to the side of the upper
funnel using a Ymm "poly flo" union connector . The other end of the vinyl tubing is

connected through a one-way stopcock to a Y *-ml syringe . The funnels specimen
arrangement is clamped between two pieces of wood by means of four threaded bars .
Specimens were cut from concrete castas Y * Y*Y + £ mm cylinders, Y Y.® mm thick
disks were cut from the center of the cylinders using a diamond saw with water as a
coolant . Further development of this apparatus is shown in Fig. (Y-Y) . The specimen
is glued to a plexiglass ring ) * Ammin diameter ,°mm thick , and Y© mm long by
means of fast-cured embedding resin . The ring is placed on a cell in -between

plexiglass tubings ) *A mm in diameter and Ymm thick and clamped by four

threaded bars. An appropriate size of serological pipet is glued to a . mm nylon
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plug with a hole in the center . The pipet and nylon plug are connected to the center

top of a } Y.© mm plexiglass plate .This apparatus has some advantages, such as:
) - Eliminating unnecessary drying that may cause cracking ;
Y- Ability to change the pipet size at any time during an experiment; and

Y- Eliminating absorption effects during the test .
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The major problems that are generally encountered in performing laboratory

permeability tests on concrete specimens include [ Y]:

Y- The great amount of time required for each test;

Y- The possible leakage of water through the apparatus and/or the sides of
the specimen; and

Y- The extremely low water-flow rate , which makes an accurate

measurement difficult to obtain.



- Pippette

W W Wooden
\v Block

"'r ..‘\ /

Vinyl
Upper Tubing

Funnel

\ /Y
Tie Rod

~. Lower

. Funnel =

= Syringe

HiRiS

= e=r

Fig. (Y-Y): Schematic view of Apparatus A [ Y].

fl

Pippette

/

" Nylon Plug With Hole

s On Center For Pippette
v NPT Plu
/ \ g %" x " x <" Acrylic Plate

" i E ‘\ Epoxy
E /HOng E + ¥" O.D. Acrylic Tubing
e T — — —Coneree fpeamen_ _ M [ Acrylic Ring
I
E @: Epoxy
Stainless Steel E i e———— Threaded Bar
Tubing ! :

| \ Elbow;_\ /A" Plug TJ

Fig. (Y-¥): Schematic view of Apparatus B [} Y].

Y1



Powers et al. (Y 92 ¢) [Y°] studied the effect of permeability on the fresh paste
and hardened paste . They used in this study four types of Portland cement with
different percentages of compounds and a specific surface of YA« cm*/gm (by
method of Wagner ) that the w/c ratio was *.V-+.Y .The researchers concluded the
following :-

V- The coefficient of permeability in fresh paste is (o*)+= -Ax) .~
cm/sec) when w/c ratio is *.° , the coefficient of permeability is (Y*) v
cm/sec) when w/c ratio is *.V and for the same type of cement .

Y- The cement paste made from coarse-ground-cements is not more
permeable than the paste that is made from fine -ground-cements when the
porosity is equal , the porosity for the coarse paste is more in case when wi/c

ratio is equal .

Y- The coefficient of permeability in hardened cement paste is (©Y*) » Y
VY +*) 'Y emisec ) when the wic ratio is *.Y - +.Y respectively .
¢- Gradual drying increases permeability , that the drying in relative
humidity Y©7 increases permeability about Y * times .
Abdul-Rehda() 1YVY) [V] described an attempt to make the concrete itself as

watertight material . Two main factors affecting the quality of concrete were
considered in this work while keeping all other factors constant as much as possible .

These two factors are w/c ratio and concrete mix proportions. Two types of concrete
mix proportion were used Y:Y:€ and Y:))/Y:Y by weight .Five different w/c ratios
were used *+.&, «. €0 «© « 00 T |t was found that concrete mix proportion

Y2V YV/Y:Y and wic ratio *. ¢ were the best values making the concrete watertight .

The quantity of penetrating water was found to be less with time . This is due to the
impurities in the water which cause the constriction of the voids and passages within

the concrete . Also , it was found that the age of the concrete is another factor
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affecting the formation of the voids within the concrete . This is due to the continuity
of the hydration process of the cement particles .

Harvey (YA +) [Y1] studied the permeability of sea water to concrete and

found that the permeability of concrete subjected to sea water has a different behavior
If compared with concrete subjected to pure water , the rates of flow of the concrete
subjected to sea water decreases with time and he explained this as micro-organisms
In sea water close the voids, also , the chemical reaction between ions in sea water
and products of cement hydration leads to a sedimentation of products and this leads

to a reduction in permeability (i.e. closure of voids in concrete ).
Waston and Oyeka (Y 3AY) [ V] studied the permeability of oil for hardened
cement paste and concrete by using two types of cement (ordinary Portland cement

and sulfate - resisting cement ); the cement contents of the concrete specimens (Y Y© -
1Yo kg/mv), the results were as follows :-

Y-The flow of fluid is correlated with the size of capillary pores more than that

with total porosity , and as a result of that , it is impossible to find a correlation

between porosity and permeability .

Y-The coefficient of permeability for the concrete samples reduces with an
increase in cement contentup to ©* ¢ kg/m‘~ ,and with cement content more than this
level does not lead to a sensible change in coefficient of permeability ;i.e. when the
wi/c ratio *. the typical cement content YA+ kg/m‘~ and the aggregate /cement ratio
(£.Y-£V).

Y-The coefficient of permeability is affected by fine aggregate /coarse

aggregate ratio , and to decrease the coefficient of permeability the two researchers

concluded that the typical percentage of the fine aggregate from the total aggregate

should be (¢ + - ©© )% when wi/c ratio is *.7 .
¢-The coefficient of permeability increases with an increase in oil pressure

applied to the specimen, and an increase in pressure from *.YAT N/mm" to +.AYY
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N/mm’ increases the coefficient of permeability from Y.AY - ¥.VY¥ times and this
depends on the porosity of concrete .

©-The coefficient of permeability reduces with time and this reduction is large
during the first Y £ hours , and this is usually constant after 1Y+ hours; i.e. the

reduction in the coefficient of permeability after Y « hours continues in the concrete
that contains superplasticizer .

1-Ordinary Portland cement gives a non permeable concrete more than sulfate -

resisting Portland cement . The addition of ¢/ of superplasticizer changes the
permeability for the two types of cement .

V-The surface absorption of the sulfate - resisting cement paste is more than the

surface absorption of the ordinary Portland cement paste by (Y1 - YY)% with the
sane w/c ratio ,but the concrete with sulfate - resisting cement had a surface

absorption more than the concrete with ordinary Portland cement by (V-3 V)%.

A-The use of superplasticizer gives concrete a surface absorption less than the
ordinary concrete.

Arnold and Littleton (Y AY) [YA] studied the permeability of concrete to water
and by using concrete mixtures of coarse aggregate with different absorption to water
(+.77 - A7), constant wic ratio and similar workability .1t is not important that the

permeability increases with increase in absorption of aggregate when comparable

with w/c ratio although this factor controls the permeability of concrete .
Brian and Malhotra() A €) [Y 4] made different experimental investigations on

the permeability of concrete to water and concluded that these investigations were
not of constant results. The explanation is that as water passes through samples this
leads to internal reaction of cement which decreases permeability during test in

progress .
Nyame () 9A2) [Y +] made a study about the permeability to water through a

normal mortar and a light weight mortar . He concluded the followings :-
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Y- Increase in aggregate volume concentration leads to an increase in

permeability , while the absorption of water by the aggregate leads to a decrease the

mortar permeability .

Y-The permeability of mortar increases when porosity decreases in contrast to
what happen in hardened cement pastes .

Y-The permeability of light weight aggregate mortar is about twice that of
natural sand mortar .

Lydon(}3AY) [YVY] concluded that light weight concrete is of lesser

permeability than normal weight concrete and he explained that the use of light
weight aggregate for concrete production gives a better correlation than normal
aggregate and he added that the micro cracking will be less , and the aggregate
distributed in concrete separately .

Theoretically, the intrinsic permeability coefficient of a given concrete should
be the same regardless of whether a gas or a liquid is used in the tests . However |,
gases yield a higher value of the coefficient because of the phenomenon of gas
slippage; this means that, at the flow boundary ,the gas has a finite velocity .The
difference between gas permeability and liquid permeability is larger at lower values

of the intrinsic permeability coefficient , the ratio of the former to the latter ranging
from about 1 to nearly ) * * . The air permeability of concrete is strongly affected by
its moisture content ;a change from near saturation to an oven-dried condition has
been reported to increase the gas permeability coefficient by nearly Y orders of
magnitude [V] .

Al — Khalidy (Y++Y) [YY] evaluated the permeability of concrete containing
different percentages of sulfate by using nitrogen gas .The evaluation process was
carried out on the two different mixes of the gradient proportions of (Y:).2:Y)and
(V:Y:€) containing various sulfate contents of the level (*.Y£,+.2,).+,) %and
Y. )% of the sand weight .One water cement ratio is used of the value (*.°). The
properties of the fresh mixes are investigated by measuring their slump values .The
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results indicated to noticeable reductions in the recorded slump values when the
sulfate content raised progressively .The gas permeability technique which was used
in this investigation was adequate to be dependent on the evaluation procedure.
Depending on the recorded gas permeabilities ,it can be said that , there is an

optimum sulfate content for lesser gas permeability accompanying , which is about
(1.°7) . Also, the increase in sulfate content to the level of about (¥ /) of the weight

of the locally sand led to drastical increases in the recorded permeabilities , but the
higher cement content of the concrete mixes may be beneficial to neutralize this
previous destructive action , especially at later ages .The curing procedure variance
from the moist curing to air curing , also played an important role in the recorded gas

permeability values .

2.2.5 Factors Affecting Watertightness

As shown in Fig. (Y - £) the several factors affecting the permeability of
concrete fall into three groups :-
Y- The influence of the constituent materials
Y- The effect of methods of preparing the concrete .

Y- The influence of subsequent treatment of the concrete .
In general , any factor tending to improve the compressive strength of the

concrete will have a beneficial effect upon the watertightness. Therefore, the better

the quality of constituent materials , the less permeable the concrete [ V].
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Fig. (Y - €): Factors affecting permeability of concrete [ V].

2.3 Waterproofing Admixtures

2.3.7 Introduction

Concrete absorbs water because surface tension in capillary pores in the
hydrated cement paste "pulls in" water by capillary suction . Water- proofing
admixtures aim is to prevent this penetration of water into concrete . Their
performance is very much dependent on whether the applied water pressure is low ,
as in the case of rain (other than driven by wind ) or capillary rise , or whether a
hydrostatic pressure is applied , as in the case of water - retaining structures or

structures such as basements in water logged ground . The term "waterproofing " is
therefore of dubious validity [Y] .Many materials are sold ,usually under proprietary

names , for incorporating in mortars and concretes with the object of making the
concrete less permeable to water . They take the form of clear or cloudy liquids |,
thick liquids , pastes or dry powders and as a class are known as integral

waterproofers .They are added either to the gauging water or direct to the concrete
mix , or sometimes premixed with the cement [%]. Waterproofing admixtures can not

be expected to be as reliable or effective as applying a moisture-barrier system to the
concrete. Waterproofing may reduce the rate of penetration of aggressive chemicals
found in water ; however , it will not stop them .Waterproofing admixtures also may
reduce the penetration of water into concrete , thus delaying the effects of damage
caused by freezing and thawing by reducing the amount or rate of moisture entering

the concrete [Y] .An admixture described as a dampproofer or as a waterproofer may

have a secondary effect on the properties of fresh concrete not directly indicated by
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the name . For example , it may promote entrainment of air ; thus , it may more

properly be considered an air - entraining admixture [Y] .
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2.3.2 Classification of Waterproofing Admixtures
Waterproofing admixtures can be classified into three major groups[¥].

2.3.2.1 Permeability - Reducing Admixtures

Admixtures that fall within this group reduce both permeability and porosity of
concrete and fill concrete pores .

They also can be classified into three groups :-

V- Finely divided mineral admixtures

Finely divided mineral materials can be divided into three Types :-

a-Relatively chemically inert materials

This class includes such materials as ground quartz , ground limestone ,
bentonite ,clays ,hydrated lime or the dust of normal - weight aggregates, chalk, and
talc . These materials are called fillers [1,V,YY].

b-Cementitious materials

The cementitous materials include natural cement , hydraulic limes, slag

cements (mixtures of blast-furnace slag and lime ), and granulated iron blast - furnace
slag [YY].

c-Pozzolans

Pozzolan is defined in ASTM CYY4 (%) as "a siliceous or siliceous and

aluminous material ,which in itself possesses little or no cementitous value but will ,
in finely divided form and in the presence of moisture chemically , react with calcium
hydroxide (liberated by hydrating Portland cement ) at ordinary temperatures to form
compounds possessing cementitous properties " .The pozzolanas can be divided into
two groups , natural and artificial .The natural pozzolanic materials most commonly
met with are : volcanic ash ( the original pozzolana) , pumicite , opline shales and
cherts , calcined diatomaceous earth , and burnt clay .Fly ash , known also as

pulverized - fuel ash , is the most common artificial pozzolana . There exists one



other material ,silica fume , which is formally an artificial pozzolana but its properties
put it into a class of its own [V,3,YY].

Many of the materials so used are powders as fine as or finer than Portland
cement .They therefore serve to influence the physical properties of the fresh paste in
the same manner as does cement and may be used to augment the cement in mixtures
deficient in fine materials .Since the distinction between the fine material in the
cement and that in the aggregates is more or less arbitrary ,such mineral admixtures
may also serve as correctives for deficiencies in aggregate gradation (lacks sufficient
fines).Many concrete mixtures , in order to have the necessary workability and
plasticity , must contain a larger amount of Portland cement than would be required
to develop adequate strength. A portion or all of this additional cement may be
frequently left out when the mixture is proportioned with a suitable mineral
admixture [Y),YY] .Finely divided materials which are either pozzolanic, or
cementitous contribute to the strength development of the concrete , and mixtures in
which they are used usually require considerably less cement to produce a given
strength . The finely divided materials regardless of whether they are chemically
inactive, pozzolanic, or cementitous , when used in concrete , are neither aggregate
nor Portland cement , they are by definition admixtures when they are added to the
concrete batch as separate ingredients , either before or during mixing .Such materials
are , by definition , additions when interground or blended with Portland cement .
There has, therefore, been a tendency to refer to these materials as "replacements” or
"substitutes” for part of the Portland cement . Some concrete mixtures having
characteristics deficient in some respects can be improved by adding a finely divided

mineral admixture as an additional ingredient without altering the relative proportions
of the other ingredients [Y Y] .
Y-Water - reducing and Air - entraining Admixtures

The purpose of using a water - reducing admixture in a concrete mix is to allow

a reduction in the water/cement ratio while retaining the desired workability or ,

alternatively, to improve its workability at a given water/cement ratio [V] .
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When the w/c ratio is reduced, the effect on the hardened concrete is increased
compressive strength and reduction in permeability[ Y] .

The water- reducing admixtures are:-(a) lignosulfonic acids and their salts ,

and (b) hydroxylated carboxylic acids and their salts. These agents have no
consistent effect on drying shrinkage but reduce permeability[V,4].

The entrainment of air does not appear to have very much effect on the
permeability or water absorption of concrete .The greater uniformity of concrete with
entrained air due to its increased workability should reduce its permeability .The air

bubbles are discontinuous and for that reason they would not be expected to make a

concrete more permeable[®] . Many materials , including natural wood resins , fats
,and oils may be used in preparing air -entraining admixtures[Y Y.

Y_-Accelerators

Accelerating admixtures such as calcium chloride increase the average rate of
hydration and there by reduce the length of time required for a concrete mixture to
attain a given fraction of its ultimate degree of impermeability .However, any
advantage attained this way is likely to be temporary since , if condition is such that

water is being transmitted through the concrete , they are also conducive to continued

hydration of cement [Y] .

2.3.2.2 Water - Repellent Admixtures

Such materials reduce the capillary forces by which water is drawn through a
mortar or concrete and thus the rate of absorption is under zero head . This action ,
will also reduce capillary transmission of water , but not diffusion of water vapour ,

through concrete is in contact with the ground. This water -repellent action is not
effective against water pressures in excess of a few centimetres [4].
Water- repellent admixtures include soaps , butyl stearate , and certain

petroleum products [Y] .
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2.3.2.3 Miscellaneous Admixtures

There is a group of miscellaneous materials sometimes advertised as
waterproofing agents. All of these are usually detrimental to concrete strength , and
none are truly waterproofers . These include barium sulfate and calcium and
magnesium silicates, finely divided silica and naphthalene , colloidal silica and

fluosilicate , petroleum jelly and lime , cellulose materials and wax ,silica and

aluminum , coal tar cut with benzene , and sodium silicate [Y] .

2.4 Influence of Finely Divided Mineral Admixtures on

Properties of Concrete

2.4.1 Effect of Fillers on Properties of

Concrete and Specific Uses

A filler is a very finely - ground material , of about the same fineness as
Portland cement , which , owing to its physical properties, has a beneficial effect on
some properties of concrete , such as workability , density , permeability ,capillarity ,
bleeding , or cracking tendency . Fillers are usually chemically inert but there is no
disadvantage if they have some hydraulic properties or if they enter into harmless

reactions with the products of reaction in the hydrated cement paste .Indeed , it has

been found that CaCOy which is a common filler , reacts with C+A and C:AF to

produce YCaO.AlvOr.CaCOr.) YHvo .Fillers can be naturally occurring materials or

processed inorganic mineral materials . What is essential is that they have uniform
properties , and especially fineness.They must not increase the water demand when
used in concrete , unless used with a water - reducing admixture , or adversely affect
the resistance of concrete to weathering or the protection against corrosion which

concrete provides to the reinforcement . Clearly , they must not lead to a long-term
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retrogression of strength of concrete, but such a problem has not been
encountered [V] .

According to Lea (Y 4V +) [], at the same fineness the dilution of cement by
grinding sand with it leads to a reduction in strength in concrete of about )+, Y-
Y+ and £°-2+ percent for substitutions of Y+ , Y+and Y© percent respectively of
sand for cement . When tests are made on mortars of dry consistence (i.g. w/c =0.Y'Y)
the results can be quite misleading , little or no reduction in strength is found for
substitutions up to Y+ percent. The effect of grinding limestone or marl with the
cement clinker is more variable . With certain hard limestones and marls , combined
with certain clinkers, at constant times of grinding , a substitution of ) * percent does
not reduce the strength of concrete at constant slump. A small substitution, Y percent
, In certain cases may increase the strength probably owing to its acting as a grinding
aid .With substitution of Y+ percent the strength is reduced by about the same
percentage . These effects appear to be very specific and the same hard marl has been

found when substituted to the extent of )+ percent with one clinker to reduce the

strength by Y *-) @ percent and with another to leave it more or less unchanged . This
may be due in part to differential grinding actions .
Orchard () 4VYY) [©] stated that the inert materials increase the workability by

increasing the amount of paste in the concrete and hence the cohesiveness , but if
they are used in large quantities , the amount of water has to be increased and there
will be a consequent loss of strength.

According to the results of same studies on the effect of inert or filler materials

on the properties of concrete , Soroka and Stern(} V1) [Y @] studied the effect of two

calcareous fillers (ground limestone and reagent quality CaCOy) on the compressive

strength of Portland cement and compared with the corresponding effect of two

pozzolanic fillers (ground scoria and Rhine trass) and on non - calcareous , non-

hydraulic filler (reagent quality CaFy) . In the first series of tests one non- hydraulic
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calcareous filler (ground limestone )and two hydraulic ones (ground scoria and Rhine

trass) were used to prepare blended cements . The parent cement was ordinary
Portland of which Y+7 , Y«7  Y+/ and ¢/ were substituted by each one of the
three fillers . The amount of water was adjusted to give the mix a constant flow of

YYei0/ . Consequently , the water/blended cement ratio remained virtually
constant ( *+.©Y-+.1Y) in all mixes . The compressive strength of the cements was

determined at the age of Y,V and YA days . It was concluded that all three fillers

improved significantly the compressive strength of the parent cement .However , that

this improvement is time - dependent being more pronounced at earlier rather that at
later age. The fillers studied in the second series of tests were CaCOy and CaFy . The
two fillers were added to a V:Y.Y® ASTM mortar[© £] . The amount added was ) * /.
Yo/ Y/ and £+ 7 of the cement weight replacing a corresponding volume of the
Ottawa sand . Consequently ,the cement content was kept constant in all mixes . As
well as , the water/cement ratio was kept constant at +.V© .

In the second series , it was suggested essentially the same conclusions, namely,

Y- The use of both fillers is associated with an improved compressive

strength being more pronounced at earlier rather than at the later ages of YA
and 4+ days .

Y- The greater improvement in the strength of the CaCOr containing
mortars was evident only at the early ages of ¥ and V days . At the later ages of

YA and 4+ days , however , both fillers effect on strength was virtually the

same irrespective of the difference in their chemical composition and fineness .

It was concluded that fillers affect strength through their accelerating effect on
the cement hydration . This effect was found to be essentially the same for all the
fillers studied irrespective of their specific chemical composition . It was also

concluded that the formation of calcium carboaluminate , if it tookplace when



calcareous fillers were involved , did not necessarily affect the cement compressive
strength .

Soroka and Setter() YY) [Y7] stated that fillers effect on strength is primarily
accelerating on the cement hydration . This improvement in strength can also be
attributed to the increase in the density of the mix due to increasing filler content in
the mix .

Dhir and Jackson() 4AY) [) +] reported that the inert materials may result in
some reduction in concrete strength , although they improve workability, stability and
impermeability of concrete . Neville and Brooks () 4AY) [1] stated that the inert
materials clearly did not contribute to the strength of concrete and are generally used
as workability aids for grouts and masonry mortar .

Chan and Wu (Y + * *) [YV] stated that the durable concrete could be made with

Y © percent of cement replaced with inert materials such as silts and clays .Up to this
level , the compressive strength was slightly lower than that of the control mix . They
also indicated that the inert materials could give more micro - filler effect and

nucleation sites for cement hydration.

2.4.2 Effect of Pozzolanic Materials on

Various Properties of Concrete

Pozzolanas were originally used in Portland cement mortars and concretes on
account of their property of combining with lime and so removing the calcium
hydroxide liberated during the setting of the Portland cement . The calcium
hydroxide, which is readily subject to chemical attack , is thus removed and in its
place a lime -pozzolana compound is formed . The substitution of pozzolana for
Portland cement reduces the strength obtained at the earlier ages though the ultimate
strength attained may be increased . The permeability of concretes at early ages is not
much influenced by the substitution of pozzolana for Portland cement , but at longer

ages under conditions of wet curing it becomes progressively Lower [1].
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The use of pozzolanas such as pulverised fuel ash and blast furnace slag as a

cement replacement material was discussed by several authors. Some researchers
[YA,Y4] observed that the fly ash concretes may have better strength performance

when they are replaced at lower water to binder (w/b) ratios. It can be concluded that
the advances of concrete admixtures technology allow concrete mixtures to be
prepared with lower w/b ratios. It is therefore believed that high strength concrete can
be obtained with large volumes addition of fly ash. However, the optimum cement

replacement to satisfy the strength and durability requirements of fly ash concretes is

about Y+ percent by weight of cement [Y'+, ¥, Y V].

Wilbert et al. (Y A%) [YY] investigated the use of low cement content and high
volumes of ASTM Class F fly ash in concrete. The results showed that the optimum

percentage of fly ash may be in the range of ©© to 1+ percent of the total
cementitious content. However, a very significant strength gain from Y to YA days
and again from YA to 2V days for the mixtures containing high volumes of the fly
ash. Further moist curing of the fly ash concrete from the ages of ) days to Y@

days resulted in additional strength increases ranging from about ¥+ to ¥+ percent.
All fly ash concrete show substantial increases in both flexural and splitting-tensile

strengths from the ages of YA to Y12 days. As a result, the fly ash concretes exhibit
superior flexural and splitting- tensile strengths at the age of ) year. Ravindra and
Ewan() 44Y) [V ] stated that the use of fly ash as a partial replacement for up to ¥+
percent for OPC, or up to Y © percent for RHPC, reduces the permeability of concrete

when mixtures are designed for equal YA day strength. The extent of this influence is
dependent upon design strength, age, curing environment, and fly ash content.
Poon et al. (Y 33V) [Y°] observed that the fly ash concrete is more sensitive to the

curing condition and requires a longer curing time because its hydration rate is slower
than that of plain concrete. Also, the benefits of using fly ash in concretes may be

diminished due to inadequate curing.
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Many studies were carried out to investigate the effect of blast furnace slag on
the properties of concrete. This material is widely being used as a cementitious of

concrete and a valuable cement replacement material that imparts some specific
qualities to the concrete [Y1]. If a part of the Portland cement of concrete is
substituted by slag, the strength gain is changed so that early strength decreases and
later strength is either the same as, or higher than that of Portland cement concrete
MAL!

According to Neville() 242)[VY], there are several possible beneficial effects of
incorporating ground granulated blast furnace slag in the mix. These are: the fresh
concrete has an improved workability; the heat development is slower so that the
peak temperature is lower; a denser microstructure of hydrated cement paste is
achieved and this improves long-term strength and, especially, durability; and the risk
of alkali-silica reaction can be eliminated, regardless of the alkali centent of the

Portland cement or the reactivity of the aggregate.

2.5 Bentonite

Bentonite, which consists essentially of clay minerals of the smectite group, has
a wide range of industrial uses. Depending on the dominant exchangeable present
cations, the clay may be referred to as either calcium bentonite or sodium bentonite,
the two varieties exhibiting markedly different properties and uses. The terms non
swelling bentonite and swelling bentonite are synonymous with calcium bentonite
and sodium bentonite respectively. When mixed with water, swelling bentonites
exhibit a greater degree of dispersion and better plastic and rheological properties
than non swelling bentonites [Y3]. The physical and chemical properties of
bentonites typically vary both within and between deposits due to differences in the
degree of chemical substitution within the smectite structure and the nature of the
exchangeable cations present, and also due to the type and amount of impurities
present. No bentonite is universally acceptable for every application. In this context a

distinction can be made between the grade and quality of the bentonites. The grade is
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defined as the smectite content of the bentonite, whilst its quality is related to the
inherent physico-chemical properties of the caly, either in its natural or modified
form, and is a measure of likey industrial performance. However, there is no

recognised minimum grade or smectite content below which a caly is no longer
considered to be a bentonite. Commercial bentonites rarely contain less than 7«7
smectite and usually more than VY7, associated minerals typically being quartz,

cristobalite, fledspars, zeolites, calcite, volcanic glass, and other clay minerals such as

kaolinite. Amounts and types of associated minerals are related to the origin of the

bentonite [¥4].
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2.5.1 Processing

Bentonite is rarely used in the raw form but undergoes processing essentially to

modify its properties for specific industrial applications rather than to increase its

smectite content. The major product groups are listed below [ 4]:-
) - Ca-bentonite (fine powders and granules).
Y- Na- bentonite and Na-exchanged bentonite.
Y-Acid-activated clays.

¢- Speciality clays (white bentonite and organoclays).
A simplified flow diagram for the processing of Ca-bentonite is given in

Fig.(Y-°)

)
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Fig.(Y-®): Typical processing routes for Ca-bentonite [Y4].




2.5.2 Field Characteristics of Bentonite

Bentonites range in colour from black through to white but most frequently are
bluish-green when fresh, weathering to a yellowish-brown at or near outcrop due to
the oxidation of ferrous iron. Material from near outcrop often exhibits enhanced
swelling properties. Despite their often on characteristic appearance at outcrop, where
they tend to exhibit a ‘frothy’ or ‘popcorn’ texture due to successive wetting and

drying, deposits may be easily overlooked during field mapping, particularly in
tropical areas where this feature may be obscured [Y4].
2.5.3 Industrial Applications

Bentonites have a wide range of industrial applications. Relationships between

the physico-chemical properties of bentonite and commercial applications are

summarised in Table (Y-)).
Table(Y-Y): Commercial applications of bentonite in relation to physico-

chemical properties [Y 9].

Rheological properties

A: Viscosity and suspending powers Drilling fluids
Paints (oil and water-based)

Fertilizer sprays

Bitumen emulsions

Formulation of ceramic glazes

B: Thixotropy Wall support for boreholes
Civil engineering (diaphragm wall construction)

Non-drip paints

Impermeability, coating properties Civil engineering
(grouting, impermeable membrane)

Drilling in permeable strata

Bonding properties Bonding foundry moulding sands
Pelletising iron ore concentrates

Pelletising animal feedstuffs

Plasticity Formulation of mortars, putties,
adhesives, some ceramic bodies
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2.6 Silica Fume as a Waterproof Agent

In recent years, significant attention has been given to the use of the pozzolan,
silica fume, as a partial replacement for Portland cement, when available at almost
the same price as cement, or as an additive when special properties are desired, such
as ease of placement, high strength, low permeability, high durability, etc. It is also
available in some blended cements. Silica fume has also been referred to as silica
dust, condensed silica fume, microsilica, and fumed silica. The most appropriate term
is silica fume. Initial interest in the use of silica fume was mainly caused by the strict
enforcement of air-pollution control measures in various countries to stop release of
the material into the atmosphere. Furthermore, the availability of high-range water-
reducing admixtures (superplasticizers) has opened up new possibilities for the use of
silica fume as part of the cementing material in concrete to produce very high stength,
very high durability, or both [€+,€),€Y].

Silica fume is a by-product of the reduction of high-purity quartz with coal or
coke and wood chips in an electric arc furnace during the production of silicon metal
or ferrosilicon alloys. Silica fume, which condenses from the gases escaping from the

furnaces, has a very high content of amorphous silicon dioxide and consists of very

fine spherical particles [£ +,¢Y].
2.6.1 Physical Properties and Chemical
Composition of Silica Fume

2.6.1.1 Color

Silica fume varies from light to dark gray in color [ £ *].
2.6.1.2 Specific Gravity

The specific gravity of a typical silica fume is about Y.Y as compared to Y.\ for
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2.6.1.3 Bulk Loose Density

The bulk density of silica fume is of the order of Yo+ to Y+« kg/mv as

compared with about ) Y « * kg/mv for normal Portland cement [£ +].

2.6.1.4 Fineness

Silica fume consists of very fine vitreous particles with a surface area on the
order of Y« « mY/kg when measured by nitrogen adsorption techniques [£ *]. The
extreme fineness of silica fume is best illustrated by the following comparison with
other fine materials [£ ] :
Silicafume~ Y« ++» mV/kg (as measured by nitrogen adsorption method)
Fly ash §vvtoYermi/kg(§rr e toY e+ cm'/g) Blaine
Ground granulated YortoTr+m'/kg (YO« to 1+ cm'/g) Blaine
blast-furnace slag
Normal Portland cement Yertofrom/kg (Y to £+ +cm'/g)Blaine

The particle-size distribution of a typical silica fume shows most particles to be

smaller than one micrometer (¥ Mm) with an average diameter of about *.) Mm,

which is approximately ) + * times smaller than the average cement particle [€ +, £ Y].
2.6.1.5 Chemical Composition

The chemical analysis of silica fume is shown in Table (Y-Y) as reported by

some previous studies [¢Y,€ €, €0 €1 ¢V].



Table (Y-Y): Chemical composition of silica fume.

Oxide % Hooton Detwiler Cong Bayasi Ozyildirim
(43) (44) (45) (46) (47)

SiOx Y. A4 .. 90« 1.0 av.y
Fe+Or LYY L R o Y
AlyOr N4 N 'Y e )
CaO Y ) AR ). ¢ \
MgO A v Y VY v Y VY
SOy v YA § - - )
NarO . Vs ') e *Y COA
KO < AY '8 v 1) vt YA
L.O.I Y VY V.Y Y 81 - Y A

2.6.2 Applications of Silica Fume

The ACI Committee YY ¢ [£Y] described the use of silica fume, primarily in

concrete. Other applications in grout or mortar are also mentioned. Many different
types of projects that have been accomplished since silica fume has been
commercially available are included. Among the applications are abrasion resistance,
alkali - silica reaction mitigation, chemical attack resistance, corrosion resistance,
high-early strength concrete, high-strength concrete, offshore and marine placements,

overlays and pavements, and shotcrete.
Cong et al. (Y33Y) [£°] explained the contradictory evidence and established

the role played by silica fume in controlling the strength of concrete and its

constituent materials. These goals were accomplished using cement pastes, mortars,

and concretes with water-cementitious material ratios ranging from +.V to +.V4 .

Mixes incorporate ) no admixtures, Y) a superplasticizer only, or Y) silica fume

and a superplasticizer. This research demonstrated that replacement of cement by
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silica fume and the addition of a superplasticizer increase the strength of cement
paste. It also demonstrated that cement paste specimens, with or without silica fume,
can exhibit reduced strength compared to other specimens with the same water-
cementitious material ratio if the material segregates during fabrication. The
segregation of cement paste is caused by high superplasticizer dosages that do not
cause segregation of concrete with the same water-cementitious material ratio.
Concrete containing silica fume as a partial replacement for cement exhibited an
increased compressive strength in large part because of the improved strength of its

cement paste constituent.
Bayasi and Zhou () 34Y) [£7] studied the various properties of silica fume

concrete. These properties, including slump, air-content, compressive strength,
flexural strength, permeability and permeable void volume, were investigated, and
the effect of the silica fume replacement ratio of cement was described.

The results showed that increasing the silica fume content of concrete decreases
permeability dramatically, improves compressive strength significantly, and
decreases air content slightly. Decreasing aggregate content will increase the
permeability of silica fume concrete significantly. Superplasticizer may cause an
increase of silica fume concrete permeability. However, this effect of superplasticizer
seems to diminish with a high silica fume content.

Ozyildirim and Halstead()1%¢) [£V] tested the Portland cement concretes and
concretes with various combinations of cement (type Il,111), fly ash (class F), and
silica fume for strength and chloride permeability. The effects of different curing
temperatures and different durations of moist-curing were also determined. In
general, the results showed that in the temperature range of YY to YA°C, concretes at a
water-cement ratio of +.¢ to -.¢° with satisfactory YA day strengths and good
resistance to chloride-ion penetration at YA days can be obtained with either type of
cement and various combinations of fly ash and silica fume. Similar specimens cured
at 1°C generally did not develop an adequate early strength, and the chloride
permeability was high. Combinations of the pozzolans with type 11 cement yielded a

higher strength and lower chloride permeability than did similar combinations with
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type Il cement.

CHAPTER THRIEIE

EXPERIMENTAL WORK

3.7 Introduction

In this chapter, the details of the experimental program of the study are
presented. These include the materials used, specimens preparation and the tests

carried out.

3.2 Materials

3.2.1 Cement

Sulfate-resisting Portland cement type V manufactured by AL-Muthanna

factory was used throughout this study conforming to Iragi specification (10S
©:14A 5)(M) . To avoid any differences between different batches, the whole guantity
of cement was brought to the laboratory and stored in a dry place. The physical and
chemical properties of this cement are give in Tables (A-)) and (A-Y).

3.2.2 Fine Aggregate (Sand)

The graded standard sand used in this study was brought from AL-Nawafith
Co.LTD for sand and gravel filters in Najaf. Table (A-Y) shows the grading of this

sand. The table also includes the limits specified by ASTM C YYACY

3.2.3 Bentonite

Bentonite used throughout the research was brought from General Company of
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Geological Survey and Mining in Baghdad (local materials from el-sufra in western

desert ) . This bentonite is yellowish-brown in colour . It was mixed with gauging
water for a period of time ranging between (©-V) days for the absorption of the
sufficient quantity of water and then added to the cement mortar mixture as a thick
liquid. The physical and chemical analysis of bentonite are shown in Table (A-£).

3.2.4 Limestone Dust

Limestone dust used in the experimental work was supplied by Cement Plant of

Kufa. The dust was stored in a dry place and added to the cement mortar mixture as a

dry powder. The physical and chemical analysis of this dust are given in Table (A-°).

3.2.5 Silica Fume

Silica fume used throughout the research was brought from the commercial

market. The fume was stored in a dry place and added to the cement mortar mixture

as a dry powder. The chemical analysis of this fume is given in Table (A-1).

3.2.6 Water

Ordinary drinking water was used throughout this work for both making and

curing the specimens.
3.2.7 Superplasticizer

A commercially marketed superplasticizer liquid Iragi admixture was used;

chemically is a modified condensation product of melamine and formaldehyde (type

F according to ASTM C£ 4 £)©"_ The best known being Melment LY * . It was added
at the end of the mixing operation with Y-Y minutes additional mixing. Table (A-

V)(M) shows its technical description.

3.3 Outline of the Experimental Program

The experimental program of this study was conducted on specimens of cement

mortar. Cement mortar sperimens were prepared for permeability, density,
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compressive strength, modulus of rupture and ultrasonic pulse velocity. Different
percentages of bentonite, limestone dust, and silica fume were used to investigate

these properties.

3.4 Details of Mixes

3.4.1 Bentonite Mixes

Bentonite was used as an admixture to sulfate-resisting Portland cement mortar.

Four percentages of bentonite were used: Y,Y,Y and ¢ percent by weight of cement.

3.4.2 Limestone Dust Mixes

Limestone dust was used as an admixture to sulfate-resisting Portland cement
mortar. Six percentages of this dust were used: Y.©,0,Y.© Y+« VY © and ) ° percent

by weight of cement.
3.4.3 Silica Fume Mixes
Silica fume was used as an additional ingredient to sulfate-resisting Portland

cement mortar. Five percentages of silica fume were used: Y.2,©,7.Y and A percent

by weight of cement.

3.5 Specimens Preparation

3.5.1 Mixing

The materials were mixed by using an electrically driven mechanical batch
mixer. The interior surface of the mixer was cleaned and moistened before it was
used.

Bentonite was added in the following order, the sand and cement were first

mixed dry for 1+ sec., then the thick liquid of bentonite was added and mixed
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between ¥ and © min. to get homogeneous fresh mortar mixes.
Limestone dust or silica fume was mixed dry with sand and cement for 1+ sec.,

then the water was added and mixed between Y to © min. to achieve adequate
dispersion of limestone dust or silica fume in mortar mixes. In the silica fume mixes,
the dosage of superplasticizer was then added. After that, mixing was continued for ¥

minutes to guarantee uniform distribution within the mixture.
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3.5.2 Casting and Compaction

After mixing, the cement mortar was poured into the moulds and compacted by
using a tamper. The excess mortar was cut and removed with a trowel from the top of

the specimens.
3.5.3 Curing

The moulds of cement mortar specimens were covered with nylon bags to
prevent water from evaporation, and left in the laboratory for Y¢ hours. The

specimens were then demoulded carefully and stored in water tanks until testing. The

water in the tank was changed every two or three weeks.

3.6 Testing procedures

3.6.1 Flow Table Test

The flow table test of fresh cement mortar mixes was determined according to
ASTM CYY €0,

This test was carried out for giving a general indication about the effect of
percentages of the materials used in this research on consistency.

3.6.2 Permeability Test

This test was carried out to obtain a clear idea about the formation of voids
within the cement mortar containing various percentages of the materials used in this
research. This apparatus is designed for water permeability test of mortar, using air
pressure generated by electric driven air compressor as pressure source. Ratio and

guantity of water permeated through mortar test specimens are measured by this

apparatus. The test was carried out according to MIC-YY©-YH [o¥] .
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Note: See Figs. (3-1) , (3-2) , (3-3) , (3-4) , (3-5) and (3-6)

3.6.2.1 Permeability Test Method

1- Test specimens.

a- Six test specimens are required for a single test. ¥ test specimens of the 1
shall contain water penetration preventive agent, and other ¥ specimens shall not
contain any agent. It is required to obtain averaged value of the test results of each Y.

b- Cement/sand ratio of the mortar to be tested shall be Y:¥. Immediately after

mixing the cement, sand and adequate quantity of water to obtain the mortar to be

tested, the mortar shall be filled into specimen moulds and shall be tamped with a
tamping bar A+ times for each moulding. Concerning mortar which contains the

water penetration preventive agent, the mortar shall be prepared in the same way as
mentioned above, but the agent shall be mixed together with other materials during
mixing to prepare the test specimens in the same manner to the other kinds of

specimens.

c- The mortar shall be left in the moulds for €A hours, and shall be released
from the moulds after that. The test specimens released from the moulds shall be
cured in water for Y4 days. After curing, the test specimens shall be washed well
using clean water, and shall be brushed on both sides to remove skin out from central

area having more than © cm dia. They shall be dried to constant weights, and shall be
kept at room temperature for ) day before testing.

2- Setting test specimens in water permeation containers.

a- Unscrew to loosen setting shaft of the container, and fold frame of the
containers to rear side. Remove lid of the container to set the test specimen inside.
b- place a sheet of rubber packing on base of the container, and place the test

specimen on the rubber packing. Place another rubber packing on the test specimen.
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Both rubber packings have holes of ©cm diameter in the centre.

c- place lid of the container on the rubber packing, and screw down the setting
shaft to fix everything assembled. Care shall be taken to make everything meets each
other centre to centre.

Y- Air driving out from pipings.

Air shall be driven a way out from pipings before setting test specimens in the

water permeation containers.
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Methods to be employed for low pressure system () ~g/cmv) which is

equipped to test mortar and for high pressure system (ng/cmv) which is equipped to

test concrete are different from each other.
a- For low-pressure system.
Remove lid of Mariotte flask, and supply water in the flask.There is another

method to supply water into the Mariotte flask, i.e. after filling water into pressure

reserving water tank first, open valves (£), (°) and (1), and apply approx. *.°
kg/cmY pressure air to the pressure reserving water tank. Either method can be

employed. After filling water to the Mariotte flask (it is enough to fill about Y/2 part
of the capacity of the flask), start to supply water to the water permeation containers
through valves (°),(1),(Y) and (V). If there remains air in plastic tube underneath the

the Mariotte flask, the water does not flow. In such a case, repeat pinching/releasing
actions by fingers to the plastic tube to make the tube be filled with water. This
pinching/releasing shall be continued until no bubble remains in the water. According

to water flow, water comes out from centres of the water permeation containers.
Confirming water flow out from the water permeation containers, close the valve (°).

b- For high-pressure system.

Open water supply inlet of pressure reserving water tank, and supply water
there in to fill the tank up to about ¢/© of its capacity. Close the water supply inlet

and all valves as well. To close pressure control valve, turn it counter-clockwise to
make it loosen. Then start to drive air compressor. Open valve of compressor through

which pressured air is supplied to the apparatus via rubber hose. After opening valves
(M),(M) (V) and (£), open the pressure control valve a little just to make slow water

flow to the water permeation containers. Do not open the pressure control valve too
much, otherwise the water will flash out from the water permeation containers. After

the water is observed coming out from the water permeation containers, close the

valve ().
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4. Pressure giving.

a- For low pressure system.

The apparatus is designed to make the height of the Mariotte flask from the

bottom of test specimens be ) meter so that Y * * g/ch pressure may be applied to the

test specimens. For the test, valves (1),(Y) ,(¥) and (©) shall be opened for Y hour
(applying the pressure).
b- For high-pressure system.

Confirm the valve (°) is closed for the first. And then, open valves (1),(Y),(¥)

and (¢). Open the pressure control valve turning it clockwise carefully up to specified
pressure which is indicated in the gauge. If the pressure is raised more than that

specified, loosen air exhaust valve (V) and close the pressure control valve turning it

counter - clock - wise. Specified pressure shall be applied to the test specimens for )
hour.
5. Pressure releasing
a- For low-pressure system.
Close the valve (°), and open the valve (¢). Disassemble the water permeation

container, and the water comes back to pressure reserving water tank. (In case when
the tank is full of water already, remove the excess water by some adequate means).

b- For high-pressure system.
Close the pressure control valve, and open the air exhausting valve (V).

Disassemble the water permeation containers, and the water comes back to the

pressure reserving water tank.

3.6.3 Density Test

This test was carried out in order to get informations about the variation of

void contents due to the difference in percentages of the materials used in this
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research. It was carried out on the same specimens which are used in the permeability
test. The specimens were weighted to the nearest (*.*© gm) and the average of the

three specimens was taken .

3.6.4 Compressive Strength Test

Compressive strength of cement mortar specimens was conducted on (© * mm)
cubes according to the ASTM C) + 19 by using Y * * KN capacity testing machine.
The compressive strength of the mortar specimens was tested at the ages V,YA and

4+ days. The average of three specimens in each age was taken.

3.6.5 Modulus of Rupture Test

The center point loading method was used in making flexure tests on the prism

specimens. This test was performed according to ASTM CYeAC) using
(€ +*&«*Y1+« mm) prism specimens with a span of )+ *mm. The average of three
prism specimens was adopted and the specimens were tested at the ages of V,YA and
1+ days.
3.6.6 Ultrasonic Pulse Velocity Test
The velocity of the ultrasonic pulse of the cement mortar specimens was
determined before finding the crushing compressive strength. This test was carried

out according to ASTM CoaYCY, Portable ultrasonic concrete tester known as

(PUNDIT) was used for this purpose.

Calibration of the concrete tester was done before testing to check the
accuracy of the transit time measurements. This was achieved by a calibration bar or
reference bar. A thin layer of grease was applied to act as a couplant and to increase
the transmitted energy. The pulse travelling path length was measured accurately and

the time of its travelling was recorded to the order of *.) Msec. The cement mortar

cubes at each age were tested immediately after removing them from curing water.
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The pulse velocity was determined as follows:

Where:

V= ultrasonic pulse velocity, Km/sec.
L= path length, Km.

T= transit time, Sec.

|

Fig. (¥-Y) : Permeability apparatus (unloaded).
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CHAPTER FOUR

RESULTS AND DISCUSSION

4.1 Introduction

In this chapter, the results of the tests described in chapter three are presented
and discussed. Tests were carried out under laboratory conditions. To condense the

date, only the average values are provided in the tables and figures.
4.2 Workability Test Results

The flow table test was adopted for measuring the workability of the cement
mortar mixes containing various percentages of bentonite , limestone dust, and silica

fume.
4.2.1 Workability Test Results of Bentonite Mixes

The flow and W/C ratio for all bentonite mixes are shown in Table (£-)).

Table (£-Y): Flow test results of bentonite mixes.

Bentonite by weight of
Mix no. W/C ratio | Flow %
cement %

M) . « EAO VYo

Vi
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4.2.2 Workability Test Results of Limestone Dust Mixes

Two series of limestone dust mixes were tried. The W/C ratio was kept

constant in the first series. In the second series, the W/C ratios were adjusted to

maintain a flow of (Y ++ ) +) percent. The flow and W/C ratios for all mixes are

shown in Tables (¢-Y) and (¢-Y).

Table (£-Y): Flow Test results of limestone dust mixes.

MY Yo 7Y 0
MY o v EAO q.
VE: V.o v EAO Ao
Mo Yo < EAO A
M VY o v A0 vo
MY Yo v EAO Y

Table (£-¥): Variations in the W/C ratios of limestone dust mixes.
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4.2.3 Workability Test Results of Silica Fume Mixes

The flow, W/C ratio and superplasticizer percent for all silica fume mixes are

shown in Table (£-¢).

Table (£-£): Flow test results of silica fume mixes.

Silica fume by Superplasticizer
Mix no. | weight of cement | W/C ratio by weight of Flow %
% cement %
M) . v EAO . VY.
MY Yo v EAO \l 9.
MY o NETY- ¥ A
M ¢ ! « EAO Y Vo
MO Y v EAO ¥ V.
M A Y- v o

From Tables (£-)) , and (£-Y) it can be seen that the workability of mortar

mixes containing bentonite, limestone dust is slightly affected when these materials

are used as an admixture to cement mortar. Generally, this reduction in the

workability for a given water content is due to the higher specific surface of these

admixtures.

From Table (£-Y), the results indicate also that when limestone dust is used as

an admixture to the mortar, the water demand to produce the same workability is a

function of the percentage of limestone dust used and increases with the increase in

limestone dust content. This increase could be due to the increase in the proportion of

the fine particles in the modified mixes. However, excessive quantities of fine dust

cause an increase in the surface area of the particles that will result in an increase in




the amount of water required to wet the particles [*].

From Table (£-£), it can be noticed that the workability of mortar mixes is

greatly affected when silica fume is used as an additional ingredient to cement
mortar. The results show that the water demand of mortars incorporating silica fume
increases with increasing amounts of silica fume. This increase in water demand is
due to the very large surface area of the particles of silica fume, which have to be
wetted. Therefore, the use of superplasticizer assists in this respect. Silica fume
should always be used together with water-reducing or high-range water-reducing
admixtures (HRWR, or superplasticizer) to maintain the required workability with no

change in the water-to-cement ratio. The dosage of the HRWR will depend upon the

percentage of silica fume and the type of HRWR used [£ *].

4.3 Permeability Test Results

The water permeation quantity and water permeation ratio of cement mortar
containing different percentages of bentonite, limestone dust, and silica fume are

discussed in the following sections.

4.3.1 Effect of Bentonite on the Permeability of

Cement Mortar

Table (£-°) and Fig.(¢-)) show the effect of bentonite on the water

permeation quantity of cement mortar. The results show that the presence of
bentonite as an admixture in cement mortar leads to a reduction in the quantity of

penetrated water and this reduction increases with the increase of bentonite
percentage. At )/ of bentonite as an admixture, the decrease in the water permeation
ratio is about A.4 percent as compared with control mix. This reduction could

be attributed to an increase in the quantities of fine materials because of the addition

of a mineral powder of bentonite which may fill the pores of the hardened mortar.
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Table (£-°): Permeability test results of bentonite containing mortar

Bentonite by weight of Water permeation Water permeation
cement% quantity (gm) ratio
. YY Yo AR
\ Yo Yo A
Y 9.4 ALY
\l V.o ¥ N
¢ T.AY SRR

Note : Method of calculation of permeability test results is shown in appendix B .
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4.3.2 Effect of Limestone Dust on the Permeability

of Cement Mortar

The influence of limestone dust as an admixture to cement on the water

permeation quantity of cement mortar has been studied using two series of mixes.

Details of the results are shown in Table (€-1), Figs. (£¢-Y) and (£-Y).

Table (£-1): Influence of limestone dust on the cement mortar permeability.

Mix Limestone dust by Water permeation
Water permeation ratio
Series | weight of cement % quantity (gm)
N \\YO \.~ D
Yo L C VAY
o Y. AA « Yo
First
V.0 Y.ve LYYY
Series
Yo ¢YYy « Yyl
\Y. o o oY 29
Vo V.Y « Yo
N \\.YD \.h .
Y.0 o.YA « VA
o Y oY A
Second
Yo A QY AN
Series
A ‘\J\" ~_/\~V
YY. 0 Yo VY « A414
Yo Vo0 < AYY

AY




Water permeation quantity (gm)

Limestone dust %

Fig.(¢-Y):Influence of limestone dust on the water permeation quantity

of cement mortar (First series).
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Fig (£-Y) : Influence of limestone dust on the water permeation

guantity of cement mortar (Second series).




The water permeation quantity of the first series is shown in Fig.(¢-Y). The
results have shown that the presence of limestone dust in the cement mortar leads to a
reduction in the quantity of penetrated water. Generally, beyond Y.®7. of limestone
dust, the quantity of penetrated water started to increase. However, the minimum

water permeation quantity has been achieved at Y./ of limestone dust. At this level,
the reduction in the water permeation ratio is AY.A/ less than that of the control mix.

For the second series, Fig. (£-Y) shows that the presence of limestone dust in
the cement mortar has shown a reduction in the quantity of penetrated water,
especially at low values of addition. Generally, beyond Y.®7 of limestone dust, the
quantity of penetrated water started to increase. The minimum water permeation

quantity has been achieved at Y.©7 of limestone dust. At this level, the decrease in

the water permeation ratio is ©Y.Y percent less than that of the control mix.

For the first series having the same W/C ratio and decreasing workability
tends to impair the compaction of the mix beyond v.z resulting in an increase in
voids . While in the second series the water content in the mix was increased to
maintain the workability and that requires excessive water to cover the surface area of

the stone resulting in an additional voids after drying .

4.3.3 Effect of Silica Fume and Superplasticizer on

the Permeability of Cement Mortar
The influence of addition of silica fume on the permeability of cement mortar
is presented in Table (£-Y) and plotted in Fig. (£-£). It can be noticed that the

addition of silica fume and superplasticizer to cement mortar reduces the quantity of

penetrated water and this reduction increases with the increase of silica fume content.
At ©7. of silica fume as an admixture to cement mortar, the decrease in the water
permeation ratio is about 1. ¢ percent less than that of the control mix. Beyond ©7.

the decrease in water permeation is very small .



Table (£-Y): Influence of silica fume on the cement mortar permeability.

Silica fume by Water permeation | Water permeation

weight of cement % quantity (gm) ratio
. Yy Yo Y oo
Yo ¢ ¢

° ¥ VA  YYR

1 A  YY

Y Y EA AR

A YY  YVYY

Silica fume %

Fig.(£-%): Effect of silica fume on the water permeation quantity of

cement mortar.
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Lower permeability of silica fume concrete compared to plain cement concrete
IS attributed to the increase in the denseness of such concrete from addition of silica

fume, resulting in the transformation of large pores into fine pores and there by
causing pore refinement. Pore refinement occurs due to the conversion of Ca (OH)v

by pozzolanic silica into a secondary calcium silicate hydrate (C-S-H) gel, which
effectively fills up large voids in hydrated silica fume-Porland cement concretes. The
calcium silicate hydrate that is formed by the reaction of silica fume may be slightly
different from that formed by hydration of the calcium silicate phases in Portland
cement. The density of the hydrate is somewhat lower than that of the hydrate

normally formed with hydration of Portland cement; in spite of the lower density the
new hydrate has very low permeability [ ¢ +,27]. Some investigators suggest that the

decrease in permeability of pozzolanic cement concretes is due to the effect of these
pozzolans on the transition zone between the cement paste and aggregate. In plain

cement concrete, the transition zone is generally less dense than the bulk paste, and

contains a large amount of plate-like crystals of Ca(OH)y.The thickness of the
transition zone, which is about Y to ¥ pm in plain cement concrete, is decreased with

the addition of such pozzolanic materials [°V].

4.4 Density Test Results

The influence of bentonite, limestone dust, and silica fume on the density of

cement mortar mixes is presented in the following sections.

4.4.1 Influence of Bentonite on the Density of

Cement Mortar
Fig.(£-°) shows that the presence of bentonite as an admixture in cement

mortar has shown slight increase in the density. Except for ¢ percent of bentonite, the

results show that the density of mixes increases with the increase in the percentage of

bentonite.
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Density (Kg/m°)

2 3

Bentonite %

Hg . (4-5) : Effect of bentonite on the cement
mortar density.

Note : Method of calculation of the density is shown in appendix B .

4.4.2 Influence of Limestone Dust on the Density

of Cement Mortar
The effect of limestone dust as an admixture to cement mortar on the density

for both series of mixes is plotted in Figs.(¢-1) and (£-V).
In the first series of mixes, Fig.(£-1) shows that the presence of limestone dust

as an admixture in mortar mixes leads to an increase in the density. In general,

beyond Y.©7 of limestone dust, the rate of increase in the density of cement mortar
mixes started to decrease. The maximum density has been achieved at Y.°7 of

limestone dust. At this level, the increase in the density is about Y percent more
than that of the control mix.
For the second series, the results have shown that the presence of limestone

dust as an admixture in mortar mixes gives an increase in the density, see Fig. (£-VY).
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However, beyond Y.®7 of limestone dust, the rate of increase in the density of
cement mortar mixes started to decrease. The maximum density has been achieved at
Y .07 of limestone dust. At this level, the increase in the density is about ¢.Y percent.

For the first series having the same W/C ratio , decreasing workability tends to
Impair the compaction of the mix beyond ..z resulting in an increase in voids .
While in the second series the water content in the mix was increased to maintain the

workability and that requires excessive water to cover the surface area of the stone

resulting in an additional voids after drying .

Density (Kg/m")

Ve

Limestone dust %

Fig.(f-"):Effect of limestone dust on the cement mortar density

(First series)

Density (Kg/m')

Limestone dust %

Fig .(£-V):Effect of limestone dust on the cement mortar density

(Second series).




4.4.3 Influence of Silica Fume on the Density of Cement

Mortar

Fig.(£-A) shows that the presence of silica fume as an admixture in cement

mortar has shown slight increase in the density. The results show that the rate of

increase in the density of mixes decreases with the increase in the percentage of silica

fume over Y.©7. The maximum density has been achieved at Y.©7 of silica fume.
The density at this level is Y. Y percent more than that of the control mix.

The slight reduction in the density of mixes above Y.®7 of silica fume is due
to that the density of the calcium silicate hydrate that is formed by the reaction of

silica fume with Ca(OH)y is somewhat lower than that of the hydrates normally

formed with hydration of Portland cement [ € +].

Density (Kg/m 3)

Silica fume %

Fig. (¢-A) : Effect of silica fume on the cement mortar

densityv.




4.5 Compressive Strength Test Results

The compressive strength of cement mortar containing various percentages of
bentonite, limestone dust, and silica fume as an admixture to cement mortar is

discussed in the following sections.

4.5.1. Influence of Bentonite on the Compressive

Strength of Cement Mortar
The results of the compressive strength up to an age of 4+ days for bentonite

containing mortar are presented in Table (£-A) and Fig.(£-9).

Table (£-A): Effect of bentonite on the cement mortar compressive strength.

Bentonite by weight of Compressive strength (MPa)
cement % 7 days 28 days 90 days
. Y1 9¥ Y \AARE
\ V4 ¢ Yy Yo
Y Yo¢ YY A Y¢ Vo
e YV Y YY VY Y vy
¢ YooY YY.Y YEuY

Fig. (£-9) shows that the presence of bentonite as an admixture in cement

mortar leads to an increase in compressive strength. The best strength has been
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achieved at Y days for Y7 of bentonite. The compressive strength at this level is

Y .Y/ more than that of the control mix. At YA and 9+ days less enhancement in

strength is observed. The increase in compressive strength is probably due to the

filling effect of fine materials in bentonite .
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Fig.(¢-%): Influence of bentonite on the compressive strength of

cement mortar.

The influence of curing time on the compressive strength up to 4+ days is

shown in Fig.(¢-3). It can be stated that the compressive strength develops with

curing time for all hardened samples. This development may be due to the presence
of some cementitious compounds in bentonite which leads to the formation and

accumulation of hydration products with age.
4.5.2 Influence of Limestone Dust on the

Compressive Strength of Cement Mortar

The effect of limestone dust as an admixture to cement mortar on the

compressive strength has been studied using two series of mixes. Details of the

results are shown in Table (£-1) and plotted in Figs. (£-) *) and (¢-))Y).
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Table (£-9): Compressive strength test results of limestone dust containing mortar.

First Vo Y. oy Y4,V Yo iy
Series
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Yo YV Y Yo ¥ Ya Yy

~ AL s Y) YYoYY

Yo Yo .V Yo Yo VY

Second o VUYY V1.0 AR

Series v.e Y1.¢ VY YY VY

Y VY oV Ve ay V4 00
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In the first series, Fig. (£-) +) shows that the presence of limestone dust as an
admixture in cement mortar leads to an increase in the compressive strength
especially at the ages of YA and 9+ days. Generally, beyond V.27 of limestone dust,
the rate of increase in the compressive strength at all ages started to decrease.

However, the best strength has been achieved at V.©7. of limestone dust. At this level,
the increase in the compressive strength is YA.€ and ©).A percent for YA and 2

days respectively. At earlier ages (Y days) less enhancement in strength is observed.

The contribution to the strength increase can be attributed to the increase in the
guantities of fine particles because of the addition of a mineral powder of limestone

dust which may fill the pores of the mortar mixes.

For the second series, Fig. (¢-Y)) shows that the compressive strength
decreases with the increase in limestone dust content. In general, the strength started
decreasing rapidly above the level of V.®7 of limestone dust. The reduction in
compressive strength is due to the presence of the fine material of limestone dust
which causes a consequent increase in the water demand. Also, the increase in the
total water content results in a decrease in the density , and finally a decrease in
strength. From Table (£-Y), when limestone dust is used as an admixture to cement
mortar, the water demand to maintain the same workability has increased rapidly.
However, fine dust should not be presented in excessive quantities because, owing to
their fineness and therefore large surface area, fine dust increases the amount of water
necessary to wet all the particles in the mix , and then a reduction in strength will
result [1].

The influence of curing time on the compressive strength for both series of
limestone dust is shown in Figs. (£-) *) and (£-) V). It is clear from these figures that
the compressive strength develops with curing time for all specimens. This
development may be due to the presence of cementitious materials in limestone dust
composition which leads to the formation and accumulation of hydration products

with age.
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Fig. (-1 *) : Influence of limestone dust on the compressive strength of

cement mortar(First series).
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Fig.(£-YY):Influence of limestone dust on the compressive strength of

cement mortar (Second series).




4.5.3. Influence of Silica Fume and Superplasticizer

on the Compressive Strength of Cement Mortar

Table (€-)+) and Fig.(¢-)Y) show the effect of silica fume on the

compressive strength of cement mortar. The results show that the compressive

strength of the mixes increases with the increase in the percentage of silica fume. At

Y.o/ of silica fume as an admixture to cement mortar, the increase in the

compressive strength is Y Y.Y and YV.7 percent for ¥ and YA days respectively.

Table (£-Y *): Compressive strength test results of silica fume containing mortar.

Silica fume by weight of Compressive strength (MPa)
cement % 7 days 28 days 90 days
. y1.4Y ¥ Yy yy
Y o )4 YA Y4V
5 Y4y YV .Y YY.A
1 YV Ya.Y Yy 4y
v Y4 vy ry.ov Ysov
A Y.o YAV VY

N
o

—e— 7 days
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Silica fume %

ig. (£-YY): Influence of silica fume on the compressive strength of

cement mortar.




This increase in compressive strength can be attributed to the pozzolanic effect
of silica fume. However, in the presence of hydrating Portland cement, silica fume
will react as any finely divided amorphous silica rich constituent in the presence of

calcium hydroxide- the calcium ion combines with the silica to form a calcium

silicate hydrate through the pozzolanic reaction [£Y].
The influence of curing time on the compressive strength up to 4+ days is

shown in Fig. (£-)Y). It can be observed that the compressive strength develops with

curing time for all hardened samples. This is due to the pozzolanic properties of silica
fume. The pozzolanic reaction is slower than normal cement hydration, but continues

over time. As more calcium hydroxide is converted to calcium silicate hydrate, the

strength of the material will continue to increase [ € °].

4.6 Modulus of Rupture Test Results

The modulus of rupture of cement mortar containing various percentages of

bentonite, limestone dust, and silica fume as an admixture to cement mortar was
determined after Y,YA and 9+ days of moist curing and discussed in the following

sections.

4.6.1 Effect of Bentonite on the Modulus of Rupture

of Cement Mortar

Table (£¢-YY) and Fig. (£-)Y) show the influence of bentonite on the modulus
of rupture of cement mortar. The influence of bentonite on the modulus of rupture is
found to be somewnhat similar to that of compressive strength. Fig.(¢-)Y) shows that

the presence of bentonite as an admixture in cement mortar has shown an increase in
the modulus of rupture up to a certain percentage, and then the modulus of rupture

reduces as bentonite percentage increases.The best modulus of rupture has been

achieved at Y days for Y7/ of bentonite .The modulus of rupture at this level is YA.Y

more than that of the control mix. At YA and 2+ days less enhancement in the

v



modulus of rupture is observed.
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Table (£-YY): Modulus of rupture of cement mortar when bentonite is used as

an admixture to cement mortar.

Bentonite by Modulus of rupture (MPa)
weight of cement % 7 days 28 days 90 days
. EAA 1.0 A oY
) oY V.ot 4 ¥A
Y 1.Y¢ T.A4 AYE
Al T.\vY T.AY Y. oA
¢ 1Yo n0¢ AR
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ig. (¢-1Y): Effect of bentonite on the modulus of rupture of cement

mortar.
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4.6.2 Effect of Limestone Dust on the Modulus of

Rupture of Cement Mortar

The effect of limestone dust on the modulus of rupture of cement mortar for
both series of mixes is shown in Table (¢-)Y) and plotted in Figs. (¢-) ¢) and (¢-
) o).

For the first series, Fig. (£-) £) shows that the presence of limestone dust as an
admixture in cement mortar has shown an increase in the modulus of rupture except
for YY.© and ) © percent at the age of Y days. In general, beyond Y.®7 of limestone
dust, the rate of increase in the modulus of rupture at all ages started to decrease.
However, the best modulus of rupture has been achieved at YA and 9 + days for Y.o%
of limestone dust. The modulus of rupture at this level is about 13.Y and V.Y
percent more than that of the control mix. At V days less enhancement in strength is
observed. This reduction in the rate of increase in the modulus of rupture beyond
Y .o7. of limestone dust may be due to the use of a constant W/C ratio for all levels of

addition which results in a decrease in density and strength .

In the second series, the effect of limestone dust is found to be somewhat

similar to that of first series, see Fig.(¢-)©).



Table (£-Y Y): Influence of limestone dust on the modulus of rupture of cement mortar.
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Fig. (§-) ) : Effect of limestone dust on the modulus of rupture of cement

mortar (First series).
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Fig. (£-)9) :Effect of limestone dust on the modulus of rupture of cement

mortar (Second series).




4.6.3 Effect of Silica Fume and Superplasticizer on

the Modulus of Rupture of Cement Mortar

Table (£-YY) and Fig.(¢-)1) show the influence of silica fume on the

modulus of rupture of cement mortar. The influence of silica fume and

superplasticizer on the modulus of rupture is similar to that of compressive strength.

Fig.(£-) 1) shows an improvement in the modulus of rupture as the silica fume
percentage is increased. At Y.°7 of silica fume as an admixture to cement mortar,

the increase in the modulus of rupture is about ¥+ and YA percent for ¥V and YA days

respectively.

Table (£-Y¥): Influence of silica fume on the modulus of rupture of cement mortar.

Silica fume by weight of Modulus of rupture (MPa)

cement % 7 days 28 days 90 days
. ¢ AA 1.0 A oY
Y o R q .1 Y ¥R
o Y.¥YY Yo VY YY VY
1 q Y Yo AY V¥
v qVY AR V¢ oY
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Fig. (¢-1 1) : Effect of silica fume on the modulus of rupture of cement mortar.

4.7 Ultrasonic Pulse Velocity Test Results

The ultrasonic pulse velocity of cement mortar specimens was determined

before finding the compressive strength by the destructive method.This technique is
now widely used for assessing the quality of concrete in structures [©A]. The

measured pulse velocity of cement mortar can be affected by many factors, including

smoothness of contact surface, temperature of specimen, moisture conditions, age of
the specimen and presence of reinforcing steel [©4]. Generally, high pulse velocity
readings are indications of good quality concrete. The ranges of pulse velocity of

different concrete qualities are shown in Table (£-) €).



Table (£-) £): Pulse velocity ranges of concrete [ *].

Pulse velocity (Km/sec.)

Concrete quality

Above £€.0A
¥ g oA
Yo T
YAEY 0

Below Y.\ ¢

Excellent
Good
Questionable
Poor

Very poor

4.7.1 Influence of Bentonite on the Ultrasonic Pulse

Velocity of Cement Mortar

Table (£-)©) and Fig.(£-) V) show the Influence of bentonite on the ultrasonic

pulse velocity of cement mortar. It is found that the presence of bentonite as an

admixture in cement mortar mixes shows an increase in pulse velocity, see Fig.

(£-YV). This increase in pulse velocity reflects the increase in compressive strength

and tensile strength of mortar mixes.

Table (£-Y9): Ultrasonic pulse velocity of bentonite containing mortar.

Bentonite by weight of Ultrasonic pulse velocity (Km/sec.)
cement % 7 days 28 days 90 days
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Fig. (£-1V): Ultrasonic pulse velocity of cement mortar versus additions of

different percentages of bentonite as an admixture to cement

mortar.

4.7.2 Influence of limestone Dust on the Ultrasonic

Pulse Velocity of Cement Mortar

The effect of limestone dust on the pulse velocity of cement mortar for two
series of mixes is shown in Table (¢-) 7).

In the first series, it is noticed that the presence of limestone dust in mixes
leads to an increase in pulse velocity, see Fig.(¢-YA). This increase in pulse velocity
reflects the increase in compressive strength and tensile strength of the mixes.

In the second series, Fig. (£-) %) shows that the presence of limestone dust in

cement mortar mixes leads to a decrease in pulse velocity. The decrease in pulse

velocity reflects the reduction in compressive strength of the mixes.



Table (£-11): Ultrasonic pulse velocity of limestone dust containing mortar.

Mix Limestone dust by Ultrasonic pulse velocity (Km/sec)
Series | weight of cement % 7 days 28 days 90 days
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ig. (¢£-YA): Ultrasonic pulse velocity of cement mortar versus

additions of different percentages of limestone dust

as an admixtire to cement mortar (First Series).
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Fig. (£-1%): Ultrasonic pulse velocity of cement mortar versus additions of

different pecentages of limestone dust as an admixture to cement

mortar (Second Series).

4.7.3 Influence of Silica Fume on the Ultrasonic

Pulse Velocity of Cement Mortar
The effect of silica fume on the pulse velocity of cement mortar is shown in
Table (£-YV) and plotted in Fig .(¢-Y *).This figure shows an improvement in pulse

velocity and this improvement increases with the increase in the silica fume
percentage. This increase in pulse velocity reflects the increase in compressive

strength and tensile strength for all mixes.



Table (£-YV): Ultrasonic pulse velocity of silica fume containing mortar.

Silica fume by weight of Ultrasonic pulse velocity (Km/sec.)
cement % 7 days 28 days 90 days
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Fig. (¢£-Y *): Ultrasonic pulse velocity of cement mortar versus additions of

different percentages of silica fume as an admixture to cement

+




4.7.4 Relationship between the Ultrasonic Pulse

Velocity and the Compressive Strength
Fig.(¢-Y)) shows the relationship between compressive strength of cement

mortar and pulse velocity for ages from Y to 4+ days for all materials used in this

research. However, an empirical formula can be suggested for this work:

Y=YV Ya4ix YY1 YY

Y= compressive strength of © * mm mortar cube, Mpa.

X= ultrasonic pulse velocity of mortar, Km/Sec.

Y = rryan X —avary
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Fig.(£-Y)): Realationship between the ultrasonic pulse velocity and

compressive strength of cement mortar for different ages and

percentages of the materials used as an admixture to cement

martar




CHAPTER FIVE

CONCLUSIONS

AND RECOMMENDATIONS

5.7 Conclusions

Based on the results of the experimental work of this study, the following

conclusions can be drawn.

5.1.1 Workability

Y- The workability of mortar mixes containing bentonite, and limestone dust is

slightly affected when these materials are used as an admixture to cement

mortar.
Y- For the limestone dust as an admixture to cement mortar, the water demand to

produce the same workability increases with the increase in limestone dust

content,
Y- The workability of mortar mixes containing silica fume is greatly affected when

silica fume is used as an additional ingredient to cement mortar. However, silica
fume should always be used together with a water-reducing or high-range water-
reducing (HRWR, or superplastizcizer) to maintain the required workability with

no change in the water- to-cement ratio.

5.1.2 Permeability

Y- The presence of bentonite as an admixture in cement mortar leads to a reduction

in the quantity of penetrated water through mortar and this reduction is more



pronounced when the amount of addition is increased . It was found that the
minimum water permeation quantity has been achieved at Y7 of bentonite . At
this level , the reduction in the water permeation ratio is about YV.7 percent .

Y- The addition of limestone dust to cement mortar has resulted in decreasing the

quantity of penetrated water for both series of mixes. It was found that the

minimum water permeation quantity for both series of mortar mixes has been
achieved at Y.©7 of limestone dust. At this level, the reduction in the water
permeation ratio is AY.A and ©Y.Y percent for the first and second series of
mixes respectively.

¥ -The addition of silica fume to cement mortar reduces the quantity of penetrated
water of mortar and this reduction increases with the increase in the percentage of

silica fume. The reduction in water permeation ratio is about ** percent when

Y.o7 of silica fume is used as an admixture to cement mortar.
5.1.3 Density

Y- The density of mortar mixes containing bentonite as an admixture to cement
mortar is slightly increased with the increase in the percentage of bentonite. The
maximum density has been achieved at Y% of bentonite . The density at this level
is about Y7 more than that of the control mix .

Y- The addition of limestone dust to cement mortar leads to an increase in the density
of mortar mixes for both series of mixes. It was found that the maximum density
for both series of mortar mixes has been achieved with Y.©7 of limestone dust.
At this level, the increase in the density is about Y ) and £.Y percent for first and
second series of mixes respectively.

Y- The presence of silica fume as an admixture in cement mortar has shown slight
increase in the density. The maximum density has been achieved at ¥.°7 of silica

fume. At this level, the density at this level is Y. Y7 more than that of the control



mix.

5.1.4 Compressive Strength

Y- The presence of bentonite as an admixture in cement mortar showed an increase in
the compressive strength. The best strength has been achieved at V days for Y7 of
bentonite. The compressive strength at this level is Y©.Y/ more than that of the
control mix.

Y- The addition of limestone dust to the cement mortar in the first series of mortar
mixes leads to an increase in the compressive strength especially at the ages of
YA and 4+ days. It was found that the best strength has been achieved with Y.°7.
of limestone dust. The increase in the compressive strength at this level is about
YA. ¢ and ©).A percent for YA and 4 + days respectively. In the second series of
mortar mixes, the addition of limestone dust to the cement mortar has shown a
reduction in the compressive strength. Above the level of V.27 of limestone dust,
the strength started to decrease rapidly.

Y- The addition of silica fume to the cement mortar has resulted in increasing the
compressive strength of the mortar. At Y.©/ of silica fume as an admixture, the
magnitude of strength increase at Y and YA days is about Y Y.Y and YV. percent
respectively.

>».c Tensile Strength

Y- The presence of bentonite as an admixture in cement mortar leads to an increase in
tensile strength up to a certain percentage, and then the strength reduces as

bentonite percentage increases. The best tensile strength has been achieved at Y
days for Y/ of bentonite. At this level, the increase in strength is YA,V percent.

Y- The addition of limestone dust to the cement mortar in both series of mortar mixes

has resulted in increasing the tensile strength of mortar. The best tensile strength

AR
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for both series of mortar mixes has been achieved at Y.27. of limestone dust. At YA

days, the increase in the tensile strength at this level is about 14.Y and YY.V
percent for first and second series of mortar mixes.

Y- The tensile strength of mortar is higher than that of the control mix when silica
fume is used as an admixture in cement mortar. At Y.°7 of silica fume, the

increase in the strength is about Y+ and YA percent for Y and YA days

respectively.

5.1.6 Ultrasonic Pulse Velocity

Y- The presence of bentonite as an admixture in cement mortar has resulted in

increasing the ultrasonic pulse velocity of the mortar samples, reflecting the

increase in compressive strength and tensile strength of the specimens.

Y- The presence of limestone dust in the first series of mortar mixes shows an

increase in the pulse velocity for mortar samples. Generally, beyond V.7 of

limestone dust, the pulse velocity started to decrease. In the second series of

mortar mixes, the addition of limestone dust to the cement mortar has shown a
reduction in the pulse velocity. Above the level of V.7 of limestone dust, the

ultrasonic pulse velocity started to decrease rapidly. This reduction in pulse

velocity reflects the decrease in compressive strength of the mixes.
Y- The addition of silica fume to the cement mortar leads to an increase in the pulse

velocity, reflecting the increase in compressive strength and tensile strength of the

mortar specimens.



5.2 Recommendations for Future Works

As there are limited data available for usage of bentonite, limestone dust, and
silica fume in mortar, further investigations in the following fields are

suggested.

) - The effect of these materials on the permeability of concrete mixes.

Y- The effect of these materials on the other properties of concrete mixes
such as compressive , flexural , and splitting tensile strengths , ... etc.
Y-The effect of partial replacement of these materials by weight of

cement.
¢- The effect of these materials on the properties of concrete and mortar
mixes using different curing conditions.

©- Studying the cost of production of concrete with these materials.

- Studying the possibility of using of superplasticizers as a waterproof
agent.

V- Investigating the properties of concrete containing these materials with
and without superplasticizer .

A- Further studies are needed to evaluate the effect of fineness of

bentonite , and limestone dust on the properties of concrete and mortar

mixes .
1-The effect of using different dosages of superplasticizer and different

aggregate content on the properties of concrete containing these

AR



materials .
Y+-Data are needed to investigate the same problem using
superplasticizers when bentonite, and limestone dust is used as an

admixture in cement mortar.
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APPENDIX A

Table (A-Y): Physical properties of the cement

Physical Properties

Test Results

10S °:YV4A£CY Limits

. . Y
Fineness, Blaine, cm /gm

\RRR:

ZYO..




Setting time, Vicat’s method

Initial hrs:min. Yy > 0080

Final hrs:min. $-V

\~°~~
.

IA

Compressive strength of

V+.¥Ymm cube, MPa
Ydays Yo A >0

¥ days Voo >YY




| Comemmicompention || % | reewtenanumes |

CyS
C+S
C+A

C:AF
L.S.F

Table (A-Y): Chemical composition of the cements

SiOy YY.¥Y
AlyOs 2.0y
FexOr ey
CaO 1y €)
MgO Y EA
SOr Y AT
Free lime . AV
L.O.l .14

I.R.
Y

$Y V¢
¥y o£d
¥ ¥
Yo oA

v AA

VY Y




Table (A-Y): Grading of the standard sand

No.) 1().Y Amm) None None
No.Y+(T+ +Mm) k VY
No.£*(£YS Mm) YV Yego
No.®+(Y+ +Mm) ve veto
No.) + + (Yo +Mm) v AN+ Y

Table (A-£): Chemical and physical properties of bentonite

SiOy Va4 AA
AlxOy YY. YA
FeyOr 1Ay
CaO Yo V1
Mgo -L. « 0
SOy Yy V¢
LO| YA 1
Physical properties
Fineness , Blaine, ch/gm Yvay




Table (A-°): Chemical and physical properties of limestone dust

Chemical compound

Percent of total weight

SiOx v.e

AlyOy AR

FexOr AR

CaO oY. ¥

MgO Y Yo

SOr v AT
L0 €Y.y

Physical properties

Fineness , Blaine, cm‘/gm YVt

Table (A-1): Chemical analysis of silica fume

Chemical compound

Percent of total weight

SiOy
AlxOr
FeyOr

CaOo

MgO

SOx

KyO

NayO

AN
v Y
C Y
C Y
. Yo

C oY

~.\~

\Y

A-¢







Table (A-V): Technical description of superplasicizer (Melment L) +)

Main action

Subsidiary effect
Appearance

Solids in aqueous solution
Density

Chloride content

Sugar content

Handling

PH value

Frost resistance

Storage life

Concrete super-plasticizer
Hardening accelerator
Clear to slightly milky
Approx. Y+ 7.
V) glem’
less than *.+ + ©/
None

No special precautions
V-4

Melment LY+ withstands any number of
frost cycles. It should be thoroughly
thawed before use. At least two years. It
should not, however, be exposed to

excessive heating
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APPENDIX B

Methods of Calculations

Permeability

The permeability of cement mortar was calculated from the following

formulas

Water permeation quantity (g) = Wy — W,

Where:

W, = weight (g) after drying followed by Y hour keeping in room air.

Wy = weight (g) immediately after applying water pressure of ) « * g/ch for

\ hour.

Water permeation quantity of A(q)

Water permeation ratio =
Water permeation quantity of B(g)

A= test specimen containing water penetration preventive agent.

B= test specimen not containing any agent.

Density

The density of cement mortar was calculated from the following formula
D =WV

Where:

D = hardened mortar density , (Kg/mv).

W = oven dry weight of the specimen, Kg.

. A
V = volume of the specimen, m .
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