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Abstract

High performance mortar can be produced by using ultrafine particles and superplasticizer
admixtures which reduce water — cement ratio (less than 0.3). In this investigation an attempt
was made to examine the possibility of replacing a part of weight of sand (10 and 20%) or a
part of weight of cement (11.5, 17 and 23%) by low cost locally feldspar powder (FP) without
impairing the high strength characteristic of the mortar. The experimental work includes the
preparation of the feldspar material as one type of pozzolana, and selection of high
performance mortar mix. Finally the properties of the selected mortar (compressive strength,
modulus of rupture, density, pulse velocity, static and dynamic moduli of elasticity) at room
temperature at 3, 7, 14, 28, 60, 90 and 180 days and after exposure to high temperatures in the
range from 150 to 900°C at age 60 days were investigated.

The results show that the incorporation of 17% of feldspar powder as a partial replacement of
cement and 4% of superplasticizer by weight of cement to 1:1 cement to sand mortar mix
enabled the production of high performance mortar with compressive strength of about 80
N/mm” at 28 days. This mix shows significant drop in compressive strength and modulus of
rupture of about 45 and 60% respectively, while the reduction in static and dynamic moduli
was about 66 and 86% respectively after exposure to 600°C.
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1. Introduction

In mortar, the cement paste matrix is the
most important constituent, and the most
expensive of all the ingredients. If low cost
construction is to be achieved, then it is

possible and reduce the overall cost whether
it is for housing, buildings or other
infrastructure construction. So in this
investigation it is vital to consider the use of
local cement replacement materials, such as

essential to save as much as cement as feldspar powder to produce high

1036
https://doi.org/10.30684/ ¢t].26.8.14
University of Technology-Iraq, Baghdad, Iraq/2412-0758
This is an open access article under the CC BY 4.0 license http://creativecommons.org/licenses/by/4.0



https://orcid.org/0000-0002-3264-7701
https://doi.org/10.30684/ etj.26.8.14

Eng.&Tech.Vol.26,No0.8,2008

performance mortar. High performance
mortar can be wused in ferrocement
constructions and as facings in sandwich
constructions, since the long term durability
of the sandwich constructions depends on
facings which are normally exposed to
weather and aggressive agents.

2. Experimental Work

2-1 Materials

2-1-1 Cement

Ordinary Portland cement was used. It
conforms to the provisions of Iraqi
specification No.5-1985.

2-1-2 Fine Aggregate

Natural sand of maximum size 4.76mm was
used. It was brought from Al-Ukhaider
region and its gradation lies in zone 4. The
grading test results conform to Iraqi
specification No.45-1984.

2-1-3 Feldspar

Feldspar taken from Bahar Al-Najaf was
used throughout this work, it was grounded
by pulverizing by air plast, and then it was
grounded using "Porcelain Ball Mill" for 20
hours. The specific surface area of feldspar
powder (FP) was 12200cm*/gm which was
found by Blain method

according to ASTM C-204. The specific
gravity of feldspar powder was 2.733
determined according to ASTM C-188 and
the pozzolanic activity index was 98.9%
determined according to ASTM C-311.

The chemical and mineralogical analysis by
using X-ray diffraction showed that
feldspar is mainly consists of high
percentage  of  potassium  feldspar
(KALSi030g) and silica (S105) as shown
in Table (1) and Fig.(1).

2-1-4 Superplasticizer

A high range water reducing (HRW)
admixture (superplasticizer) was used in
preparing all the specimens in this
investigation. Chemically it is Naphthalene
formaldehyde sulphonate, and it is known
commercially as Sikament N-N. It was used
in its liquid state as a percentage of cement
content (by weight).

2-2 Mixing and Curing

Several mixes were carried out in this
investigation with 10 and 20% FP as a

partial replacement of sand by weight and
11.5, 17 and 23% FP as a partial
replacement by weight of cement, different
dosage of superplasticizer (1, 2, 3, 4, 5 and
6%) were also used inorder to produce
mortar mix with high compressive strength
and low porosity.

Mixing of cement and cement — feldspar
mortars was carried out according to ASTM
C-305. In case of cement — feldspar
mortars, before mixing, the required
amount of feldspar powder was added to
the quantity of cement, and then the
materials were mixed dry by using
porcelain ball mill for a period of 15
minutes. This is necessary so that lumps of
feldspar powder particles will be broken up
and thoroughly dispersed within the cement
particles. All materials were proportioned
by weight, after casting the specimens were
demoulded after 24 hours, some specimens
cured in water for 3, 7, 14, 28, 60, 90 and
180 days , then they were tested at room
temperature(25°C). Other specimens were
cured in water for 60 days, then they were
dried in oven at temperature of 60°C for at
least 48 hours before exposure to high
temperatures to avoid explosive spalling".
2-3 Details of the Tests

The following tests were carried out to
evaluate the properties of the mortar at
room temperature:

Six cubes of 50mm to determine the
compressive strength.

Three prisms of 40x40x160mm to evaluate
the modulus of rupture.

Three cylinders of 150x300mm to evaluate
the static and dynamic modulus of
elasticity.

Three prisms of 25x25%285mm to evaluate
the shrinkage.

Three cubes of 100mm to determine the
initial surface absorption.

An electric furnace was used for heating
other mortar specimens; the maximum
furnace temperature was 1000°C. The
temperature was controlled by an electronic
controller. The specimens were exposed to
different temperatures of 150, 250, 350,
450, 600, 750 and 900°C. They were heated
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to the test temperature, allowed to remain at
that temperature for one hour then allowed
to cool gradually in air at room temperature
for a period of 24 hours before being tested.
The following tests at each temperature
level were carried out:

1-Six 50mm cubes were heated to evaluate
the residual compressive strength.

2-Three cylinders of 150x300mm were
heated and their residual static and dynamic
modulus of elasticity was evaluated.

3- Three prisms of 40x40x160mm were
heated to determine the residual modulus of
rupture.

3- Results and Discussion

3-1 Effect of Feldspar Powder and
Superplasticizer Content on Workability

and Compressive Strength of Mortar
Mixes

Table (2) shows the details of mixes that
contain FP (10 and 20%) as a partial
replacement by weight of sand with
different dosage of superplasticizer (1, 2, 3,
4, 5 and 6% by weight of cement). Also the
results of mortar mixes of different mix
proportions containing different
percentages of FP (11.5, 17 and 23%) as a
partial replacement by weight of cement
and different dosages of superplasticizer are
shown in Table(3). The water — cement
ratio were adjusted to obtain the same
standard consistency of reference mix.
Results indicate that a superplasticizer leads
to a considerable improvement in early and
later compressive strength and allows a
reduction in water — cement ratio relative to
the reference mix. This may be attributed to
the mode of action of the superplasticizer
whose long molecules wrap themselves
around the cement particles giving them a
negative charge, so they repel each other
resulting in deflocculation and dispersion of
cement particles, thereby greatly enhancing
the fluidity of the system and consequently
lowering the amount of water required to
attain a certain consistency and thus

increasing the compressive strength[2’3].

This high early compressive strength is
significant for early stripping of forms and
application of loads. Also generally it can

be noted from Table(3) that the
compressive strength at 28 days for mortar
mix of 1:1 is more than the compressive
strength of mortar mixes of 1:1.5 and 1:2;
this is probably due to the fact that the
increase in cement content improves the
strength.

The effect of FP content upon the
compressive strength of 1:1 cement — FP
mortars without superplasticizer is indicated
in Figures (2) and (3). Figure (2) shows that
the higher the percentage of FP content, the
lower is the compressive strength at early
ages (7 days), while at age of 28, 60 and 90
days the mortar mix with 17% cement
replacement exhibits higher compressive
strength than other FP content. Each point
in Fig.(3)represents the ratio in percent of
the compressive strength of cement — FP
mortar to the compressive strength of plain
mortar (without FP). It can be seen that at
age of 28 days, the compressive strength
ratio of cement — FP mortar containing 17%
feldspar powder is 96%, while at age 90
and 180 days the compressive strength
reaches nearly the same value as those of
the corresponding plain mortar. This may
be due to the slow reaction between FP and
calcium hydroxide (pozzolanic reaction),
therefore the strength development will be
slow accordingly, besides, the pore size and
grain size refinement processes associated
with pozzolanic reaction can effectively
reduce the microcracking and strengthen

the transition zone[4]. From the results
indicated, it can be noted that the optimum
percentage of FP that can replace cement by
weight without later compressive strength
(90 and 180 days) being less than that of the
corresponding plain mortar is 17%.

The results for most trial mixes shown in
Table (3) indicate that the compressive
strength at 28 days reaches its maximum
value when the dosage of superplasticizer is
between 3 and 4%, and it decreases when
the dosage is increased to 5 and 6%, this
may be because the hydration of cement
was delayed at high concentration of
superplasticizer which was responsible for
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the lower strength observed[s].
Fig.(4)shows the relationship between
superplasticizer dosage and compressive
strength at different ages of 1:1 cement —
FP mortar mix with 17% cement
replacement by FP. It can be seen that the
optimum dosage of this admixture
(superplasticizer) is 4%.

3-2Correlation between the Compressive
Strength and Ultrasonic Pulse Velocity
Results

The experimental results of UPV test and
compressive strength for different mix
proportion with different percentage of FP
as partial replacement of cement and
different dosages of superplasticizer has
been used to develop such a correlation
between the compressive strength (f'.) and
ultrasonic pulse velocity (UPV) results at 7
and 28 days as shown in Figures (5) and (6)
respectively. The correlation analysis has
lead to the following empirical equations:

For 7 days

fe=117UPV —494.7 .cccoovvinnnn... (1
For 28 days

fe=130 UPV — 556 ...cocovviiiiiiiiinn.
()

The coefficients of correlation for
Equations (1) and (2) are 0.94 and 0.86
respectively.

4-3Initial Surface Absorption of the
Mortar

It is necessary to reduce the absorption of
the mortar as much as possible to decrease
the ingress of aggressive agents and thus to
enhance its durability. Table (4), Figures (7)
and (8) show the effect of feldspar powder
content on the initial surface absorption
(ISA) of 1:1 cement — FP mortar mix with
4% superplasticizer. Generally it can be
seen that the ISA is reduced as the period of
time is increased, up to a period of 120
minutes; this was found to hold for all
mixes. This may be attributed to the fact
that, when the liquid comes in contact with
dry mortar it is initially absorbed at a

relatively high rate, but this rate decreases
with time as the capillary length filled with
liquid increases. In fact the rate of flow of
water into mortar is inversely proportional
to the length of capillary filled with

Water[6].

It can be observed also that the ISA for
mortar mixes containing FP decreases as
the FP content increases relative to the
reference mortar mix (without FP). The
reduction for mortar mix with 17% cement
replaced by FP was about 67, 73, 73 and
95% for time periods 10, 30, 60 and 120
minutes respectively relative to the
reference mortar mix. The increase in FP
content to 23% very slightly reduces the
value of ISA as compared with that of
mortar mix with 17% FP as shown in
Figures (7) and (8). It is clear that the ISA
values measured at 120 minutes was very
small for mortar mixes containing 17 and
23% FP. The reduction in ISA is possibly
because the feldspar powder works as a

filler, blocking or reducing some pores[6].

From the results indicated previously, it can
clearly be seen that 1:1 mortar mix with
17% FP replacement of cement by weight
with water — cement ratio (0.249) and
superplasticizer dosage 4% by weight of
cement, gives the highest compressive

strength of 79.5 N/mrn2 at 28 days.
Therefore this mortar is selected in this
work to investigate its properties at room
temperature (25°C) and after exposure to
high temperatures.

4-4effect of Age on Mechanical
Properties of the Selected Mortar

Tables (5) and (6) show some of the
mechanical properties at different ages for
the selected mortar mix wused in this
investigation at room temperature. It can be
seen from Tables (5) and (6) that this
mortar is dense and has high compressive
strength and modulus of rupture, this is
because of the reduction in water — cement
ratio due to incorporation of
superplasticizer and the activity of feldspar
powder as a result of its high fineness,
resulting in reducing porosity, in producing
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homogeneity and reducing microcracks in
the system leading to an extremely dense

matrix[7]. Also the pozzolanic action of FP
can ensure continuous hydration and
strength development at 180 days. The
results indicate that the compressive
strength, modulus of rupture and UPV
increase with age, the rate of increase in
strength and UPV is rapid at early ages (3
to 14 days) and up to 28 days, thereafter,
the rate is slow at 60, 90 and 180 days. This
is because of the fact that the hydration
process slows down at later ages with the
completion of mortar inner structure. These
results are in agreement with previous

ﬁnding[g’g].

The results obtained from measurement of
shrinkage with age are also shown in Table
(5). Generally, the presented data indicate
that initially the rate of shrinkage is high
and then it decreases with age. This
phenomenon (initial rapid shrinkage) is
damped out after a short period (few days).
The reason for this initial high rate of
shrinkage can be expected from the
diffusion theory of drying. The moisture
will be evaporated initially from the surface
and near the surface at a high rate. This is
due to the high diffusion coefficient of the
moisture from the surface as a vapour. In
general, high cement content used in this
mix and  the incorporation of
superplasticizer increases the shrinkage

[10]

values

determine the dynamic modulus of
elasticity (Eq) by using the following
equation:

It can be observed that the static and
dynamic moduli increase with age and the
dynamic modulus is considerably higher
than the static modulus. These results are in
agreement with those obtained for

[11]

concrete

4-5 Effect of High Temperatures on
Properties of the Selected Mortar

4-5-1 Weight Changes

Table (7) shows the effect of elevated
temperature on the weight loss of high
performance mortar. It can be noticed that
with the increase of exposed temperature,
the mortar showed increased weight loss.
The loss of weight is attributed to the fact
that when hardened mortar is heated
gradually, the loss of weight appears to take
place in three stages. In the drying stage,
evaporation of water from large capillaries
and voids will take place. At the
dehydration stage, which occurs between
100 and 600°C, loss of nonevaporable
water from gel pores and small capillary
pores will take place. In the decomposition
stage, several changes will occur in the
mortar system. At the temperature above
1000°C, the combined water from hardened
paste will be released. This will cause the
hardened paste to loss its cementing
property and thus significantly reducing the
hardened mortar properties. This process
will be accompanied with significant
shrinkage of cement paste as well as loss in

strength[lz].

4-5-2 Ultrasonic Pulse Velocity

Ultrasonic pulse velocity measurements
may help to assess the damage of concrete
(mortar) caused by fire. Reduction in
mortar strength as a result of fire is usually
accompanied by a corresponding, but not
proportional, reduction in pulse

Tabl5 (MO, RS2 i, Aphlypagric modutus of e

that the UPV test results after exposure to
different elevated temperatures decrease as
the temperature increases. This may be
because the water in the pores will expand
on heating and exert significant internal
pressure within the system and thus result
in the formation of internal micro — cracks.
These micro — cracks have caused the UPV
to decrease noticeably compared to the
mortar at temperature 25°C, so the loss in
pulse velocity is due to the combination of
the effects of drying, internal cracking as
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well as to the changes in the microstructure
of the paste on heating.

4-5-3 Compressive Strength

Table (8) shows the percentage loss in
compressive strength relative to the original
strength (at 25°C) for the mortar after
exposure to different temperatures.
Generally, it can be seen that the
compressive strength of high performance
mortar dropped significantly as the
maximum temperature was increased. The
loss in compressive strength was about 24,
32, 28 and 33% of the corresponding initial
strength when the mortar was heated to
temperatures 150, 250, 350 and 450°C
respectively. Beyond 450°C the strength
continued to drop significantly, and at
temperature 900°C, there was a very
considerable drop in the compressive
strength by about 71% relative to the
original strength. The experimental results
of compressive strength and UPV of high
performance mortar after exposure to high
temperature can be used to develop a
correlation between the percentage loss in
UPV (V) and the percentage loss in
compressive strength (F.) due to heating as
shown in Fig. (9), several trials were carried
out in order to obtain a good correlation
coefficient, the correlation analysis has led
to the following empirical equation with
correlation coefficient of 0.99:

F.=0.00001V° — 0.0015V* + 0.074V° —
156V + 12.8V +0.57.......... 4)

This relationship is very useful in site
investigations to assess the strength of
mortar subjected to fire.

4-5-4 Modulus of Rupture

Table (8) indicates that the modulus of
rupture of the selected mortar decreased
with the increase in temperature. It can be
observed that after heating to 600, 750 and
900°C the loss in the modulus of rupture
was about 60, 80 and 90% respectively
relative to the initial modulus of rupture.
Also a correlation between the percentage
loss in UPV (V) and percentage loss in
modulus of rupture (¥,) due to heating can

be obtained from the experimental results as
shown in Fig. (10), after several trials the
following empirical equation with high
correlation coefficient (R=0.96) is obtained:

F,=0.0018V° — 0.134V" + 3.6V + 8.8
......... %)

4-5-5 Static and Dynamic Modulus of
Elasticity

It can be noticed from Table (9) that the
static and the dynamic moduli also
decreased with the increase in temperature.
In general, the decrease in strength and
other properties of mortar (concrete) is due
to the fact that several mechanisms have
been identified for the deterioration of
mortar (concrete) at high temperature.
These include decomposition of the calcium
hydroxide into lime and water, expansion of
lime on rehydration, destruction of gel
structure, and development of micro —

cracks due to water pressure[14].

4-5-6 Stress — Strain Relationship

Fig. (11) shows the effect of elevated
temperature upon the relationship between
the stress and the strain of the mortar under
compression. It can be seen that the
increase in temperature higher than 150°C
significantly affect the stress — strain
relationship. Also it can be observed that
the increase in temperature flattens the
ascending branch of the stress — strain
diagram. The mortar is very brittle below
250°C, however the higher the temperature,
the softer the material becomes. It can be
also observed that the strain at maximum
stress of mortar increases as the temperature
is increased.

4- Conclusions

1. The incorporation of 17% of feldspar
powder as a partial replacement of cement
and 4% of superplasticizer by weight of
cement to 1:1 cement to sand mortar mix
enabled the production of high performance
mortar with compressive strength of about

80 N/mm2 at 28 days. This mix was
selected to study its properties at room
temperature and after exposure to high
temperatures.
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2. Empirical relationships were found
between the pulse velocity (UPV) and the
compressive strength (f.) of the different
mortar mixes at 7 and 28 days.

At 7 days
494.7
At 28 days

f.=117 UPV —
f.= 130 UPV - 556

3. The initial surface absorption for mortar
mixes containing feldspar powder was very
low and it decreases as the feldspar powder
content increases.

4. The selected high performance mortar
shows a loss in weight of about 1 to 12%
after exposure to temperature in the range
from 150 to 900°C respectively.

5. When the selected high performance
mortar is exposed to temperature in the
range 150 to 450°C it showed about 24 to
33% loss in compressive strength, 28 to
46% loss in modulus of rupture, 19 to 55%
loss in static modulus of elasticity and 7 to
59% loss in dynamic modulus of elasticity.
6. At temperature higher than 600°C, the
selected  high  performance  mortar
progressively lost its strength. The drop in
compressive strength and modulus of
rupture was 71 and 90% respectively after
exposure to 900°C.
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Table (2)
with

Vol.26,Np.8.2
hemica

Substance

Paﬁa(i())/%is of feldspar powder

Percentage

Si0y

86.34

AlyO3

8.49

NayO

1.4

K»O

2.2

FepO3

0.7

CaO

0.4

MgO

0.11

SO3

0.1

L.O.1

Mix
proportion

partial replacement of sand

Feldspar/
% by
weight of
sand

0.26

Super -
plasticizer/
% by weight
of cement

water/cement
ratio
wi/c

feldspar as

Trial mixes for mortar

Compressive
strength

N/mm?2

7
days

28
days

0.473

40.3

49.7

0.387

47

50.3

0.327

53.6

60.4

0.307

47.7

52.3

0.3

44.7

50.6

0.293

42.5

49.9
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0.52

37

42.7

0.42

454

48.8

0.347

47.6

50.2

0.32

50.5

52.9

0.313

48.5

51.5

QN[ |WINOIN | N | B (W(N|O

0.3
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Table (3) Trial mixes for mortar with feldspar as
partial replacement of cement

Compressive

Mix Mix Feldspar/ pIiszfigirz;r/ water/cement Flow strengzth
symbol proportion % by weight % by weight ratio % N/mm
by weight of cement wi/c 28
of cement 7 days
days
0 0 0.533 104 33.1 47.5
0 0.563 112 26.2 32.8
1 0.485 108 30.9 37.9
2 0.44 110 36.3 47.2
11.5 3 0.38 114 37.1 50.8
4 0.373 108 41.1 52.4
5 0.365 105 41.6 46.3
6 0.345 115 37.5 45.8
0 0.544 106 25.3 394
P 12 2 0.43 105 29.5 42.2
17 3 0.38 111 32.5 44 .4
4 0.36 106 41.2 47.8
5 0.353 105 40.1 52.7
6 0.337 115 42.9 49.5
0 0.55 109 28.9 32.7
2 0.41 111 36.6 45.4
23 3 0.36 107 44.2 56.9
4 0.36 105 35.8 54.1
5 0.34 111 37.8 53.9
6 0.327 107 38.4 43.3
0 0 0.473 107 36.1 48.1
0 0.47 110 28.4 43 .4
2 0.373 115 37.2 45.6
] 3 0.317 115 40.3 47.3
4 0.293 114 38 45.2
5 0.293 111 36 44.9
6 0.287 105 33.9 43.7
N 115 0 0.468 108 | 348 | 463
2 0.38 106 36.2 48.7
115 3 0.33 115 39.3 49.2
' 4 0.293 114 46.2 52.7
5 0.293 108 47.9 54.2
6 0.267 110 40.8 47.5
Mix Mix_ Feldspar/ Supe_r - Water/cgment Elow Compressive
symbol proportion % by plast|C|z_er/ ratio % strength
by weight weight of | % by weight wic N/mm?2
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’ cement of cement
7 days 28
days
0 0.48 110 264 37
2 0.373 112 37.8 50.1
17 3 0.323 107 50.7 54.5
4 0.3 114 48.8 55.6
5 0.293 114 42.8 55.6
. 6 0.28 107 45.7 48.2
N LS 0 0.48 113 28.6 38.2
2 0.36 107 38.3 50.5
23 3 0.306 106 48.1 67.1
4 0.29 115 48.4 53.9
5 0.287 107 54.2 60.4
6 0.27 109 53.8 58.4
0 0.397 105 47.3 56.4
2 0.32 107 50.9 61.3
0 3 0.271 111 59.2 68.4
4 0.254 105 61 70.1
5 0.253 105 594 69.8
6 0.24 115 54.4 62.3
0 0.406 111 40.4 48.1
2 0.294 106 47 59.5
115 3 0.254 105 67.2 76.9
4 0.249 113 53.1 68.5
5 0.243 113 53.7 55.1
C 11 6 0.237 107 49.3 52.7
0 0.411 115 36.6 54.2
2 0.32 114 46.8 59.7
17 3 0.26 105 52.7 73.3
4 0.249 113 64.6 79.5
5 0.243 109 53.5 75
6 0.234 105 53.1 74.4
0 0.413 115 34.7 52.7
2 0.29 108 38.3 55.8
23 3 0.249 115 43.6 63.4
4 0.246 108 51 70.6
5 0.24 111 45.7 60.7
6 0.234 109 36 57.8
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& %aTb\Ile %Af) Pnltlal surface absorption results for mortar mixes

Initial surface absorption at 60 days

Feldspar content ml/ m/sec
30 60
mins. mins.

0.352 0.298
0.231 0.177
0.094 0.081
0.089 0.078

Compressive Modulus of _ 6
strength rupture Shrinkagex10
N/mm?2 N/mm?2
38.2 5.3 530
64.6 7.2 777.4
67.4 8.6 918.7
79.5 9.2 982.3
84.4 9.8 1014
90.5 10.8 1021
95.4 11.3 1030

Table (6) Static and dynamic modulus of elasticity for the selected mortar

Pulse velocity Density %%réatmjg Static modulus
(Es)

Ve
(Ed)
km/sec GPa GPa
4.1 38.7 16.5
4.2 40.9 18.2
4.3 433 20.3
4.36 449 22.4
4.42 46.5 24.7
4.55 49.6 26.1

Table (7) Effect of high temperature on the weight and pulse
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Weight before
heating
gm

gm

Weight after
heating

%

Loss in
weight

upv
before
heating
km/sec

UpPv
after
heating
km/sec

Loss in
UPv
%

321.3

317.6

1.15

4.98

4.86

241

326.6

303.97

6.93

5.07

4.56

10.1

329.03

299.5

8.97

4.92

3.78

23.17

331.47

299.24

9.72

4.815

3.426

28.85

325.5

2914

10.5

4.82

2.69

44.2

3235

287.8

11

4.824

231

52.1

326

Comp.
strength

N/ mm?2

286.2

Loss in comp.
strength
over 25°C
%

12.2

Residual
comp.
strength
%

5.13

Modulus
of rupture

N/ mm?2

2.35

Table (8) Effect of high temperature on the strength of the selected mortar

Loss in
modulus of
rupture
over 25°C
%

54.2

Residual
modulus of
rupture
%

79.5

0

100

9.8

0

100

60.1

75.6

7.1

72.4

54.47

68.5

6.54

66.7

57.1

71.8

6.28

64.1

53.5

67.3

5.34

54.5

43.53

54.8

3.89

39.7

38.91

48.9

2

204

22.85

28.7

0.94

9.6

Table (9) Effect of high temperature on static and dynamic modulus of
rupture of the selected mortar

UPV Densit

(Vo)
km/sec

Loss in
dynamic
modulus at
above 25°C

Residual

dynamic

modulus
%

Static
modulus
(Es)
GPa

Loss in
static
modulus
at above
25°C

Residual
static
modulus

%

4.36 0
4.23
4.15
2.95
1.75

%

100
81.2
64.7
45.5
34.4

%
224 0
18.2
14.5
10.1
7.7

12

59
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Fig. (3) Compressive strength of 1:1 cement — FP mortar as
percentage of plain mortar
—o— 7 days
——28 days
—— 90 days
100 ~ —><—180 days
=
S
> 80 A
c
S
c
£ 60
wn
[<5]
=
[72]
&
o 40 A
e <
o
@)
20 T T T T T T 1
0 1 2 3 4 5 6 7

Dosage of Superplasticizer - % by Weight of Cement

Fig. (4) Effect of superplasticizer dosage on compressive strength
of 1:1 cement — FP mortar containing 17% FP
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Fig. (8) Comparison of ISA of different mortar
mixes containing FP
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Fig. (11) Effect of high temperature on stress — strain curves

of the selected mortar
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