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Abstract
This paper investigates the effects of time period between mixing and application of

cement mortar on compressive strength. Two groups with a total of (1re) cubes were cast
and tested at r4 days age. In first group (41) cubes were made with different water/cement
ratios (,o, »,7vand ., ¥) without adding any additional water to correct the flow of cement
mortar while in the second group (e¢) cubes were made with water/cement ratios ( ., ¥ and
.,¥) with adding some water to correct the flow of cement mortar. Nine different time
periods were applied («, #+, T«, 4+, 17+, 10+, 14+, 1. and r¢. minutes). It was found that
compressive strength of cement mortar can be reduced to ¢./7of the compressive strength

of corresponding original cement mortar after 1o. minutes from mixing water with cement.
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V. Introduction
Mortar has been used for centuries as a mean of adhering bricks or concrete blocks to

one another. Cement mortar continues to be used in many different types of construction.
Professional building projects often employ mortar as the binder between bricks in walls,
fences, and walkways. Around the house, cement mortar is often employed to make quick
repairs in patio slabs and reset loosened stones or bricks in a walkway or retaining wall.
Cement mortar also makes an excellent medium for creating a smooth surface to walls
made from bricks and other forms of masonry. The mortar is applied with the use of a trowel
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and then smoothed into position. Often, the application is conducted in more than one coat,
making it possible to slowly achieve a covering that adheres properly to the wall surface. The
mortar may be tinted in order to add a small amount of color to the fagcade or paint can be
added as a topcoat at a later date.

The purpose of this work is to investigate the effect of time period between the mixing
and the application of cement mortar on the compressive strength of cement mortar. Five
mixes were made with different water to cement ratio (.,e, «,1, +,v), with and without adding

additional mixing water when needed in order to correct the consistency of cement mortar.
Tests were carried out to study the following properties of the cement mortar: flow of cement
mortar; compressive strength of cement mortar.

Y. Materials Used
Y.} Cement
Saudi ordinary Portland cement manufactured by Riyadh Cement Company was used.

The cement satisfies ASTM C» .- val'l specification for ordinary Portland cement (Type ).

Y.Y Fine aggregate
Fine aggregate from Al-Akhaider region was used. It is a yellowish-brown colored sand

with sub-angular to sub-rounded shaped particles. The grading of this sand satisfies ASTM
Crv-.v['l specification as illustrated in Table v.1.

Table ): Grading of fine aggregate

Sieve size Percent passing | Limit required by ASTM

standard Cwvr-Ax.
¢, Yelmim 90 q0=Y ..
Y,vimm Ao Ae=Y o
L, 9AmMMm Y. o.=A0
Teeum Yo Yo-T.
Yooeum Y. yo=vo
Vo um ° Y=\

Y.¥ Water
Ordinary tap water was used throughout this work for mixing and curing of cement

mortar.

Y. Experimental Work

¥.) Mortar composition and mixing
Mixing mortar materials, casting and curing mortar test specimens were carried out in

accordance with (ASTM CY+ @) using a © *mm cube specimens[¥].
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¥,Y,Y Mortar Composition:

The proportions of materials for the standard mortar shall be one part of cement to

Y,Ve parts of graded sand by weight. Different water-cement ratio of +,°, +,%,and +,Y were

used.

¥,),Y Specimen Mold Preparation:

A thin coating of mold release was applied to the interior surfaces of the molds and

base plates. Then surfaces were wiped with a cloth to remove any excess.
¥,),¥ Mortar Mixing Procedure:

Dry paddle and dry bowl were placed in the mixing position of the mixer. Then the

materials were introduced into the bowl in the following manner:

V) All the mixing water was placed in the bowl.

Y) Then the cement was added to the water; then the mixer was started at slow speed
(Y&« rpm) for ¥+ s.

¥) Then sand was slowly added over a Y+ s period, while continued mixing at slow
speed.

¢) Then the mixer was stopped, changed to medium speed (YAe rpm), and then
started for an additional ¥+ s.

©) Then the mixer was stopped and let the mortar stand for Y,® minutes. During the
first Ye's, any mortar that may have collected on the side of the bowl should
quickly scrape down into the batch; then for remainder of the interval, the mortar
should be covered with the lid.

1) Finally the mortar should be mixed for ¥ minute at medium speed (YA® rpm).

¥.Y Determining flow of mortar and casting the mold
¥,Y,) Determining the flow of mortar:

Determining the flow of mortar was carried out in accordance with (ASTM CYY [l

and ASTM C) ¢YVE) as follows:

a)
b)

c)
d)
e)
f)
9)

h)

The table was wiped clean and dried and the flow mold was placed at center.

A layer of mortar about ) inch thickness was placed in the mold and tamped Y+ times.

Then the mold was filled with second layer and tamped Y + times.

Then the mortar flush was cut with top of mold with a trowel, held perpendicular to
the mold, using a sawing motion.

Then the table was wiped around mold and cleaned of all mortar and dried; then the
mold was removed.

Then the table was dropped through %2 inch height Y@ times in Y seconds.

Then a ruler was used to measure the diameters along the ¢ scribed lines on the table.
The sum of the four readings is the flow (the percent increase in the original diameter)
and this flow value was recorded.

Following flow test, all mortar was returned to the mixing bowl. Then scraped down
the sides and remixed for )¢ seconds at medium speed (YA® rpm).
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¥,¥,Y Molding Test Specimens:

).

A layer of mortar was placed about ) in. (Y¢ mm) (approximately one half of the depth
of the mold) in all of the cube compartments.

. The mortar was tamped in each cube compartment Y'Y times in about )+ s in four (£)

rounds, each round to be at right angles to the other and consisting of eight adjoining
strokes over the surface of the specimen (see Figure ¥.)).

Then the compartments were filled with the remaining mortar and tamped as specified
for the first layer. During tamping of the second layer, we bring in the mortar forced
out onto the tops of the molds after each round of tamping using gloved finger and the
tamper. On completion of the tamping, the tops of all cubes should extend slightly
above the top of the mold.

Rounds land 3 Faunds 2 and 4

Figure ¥.\. Order of Tamping in Molding of Test Specimens.

. Then trowel mortar of each cube both laterally and longitudinally. Cut off mortar to a

plane surface with the top of the mold by drawing the straight edge of the trowel, held
perpendicular to the mold, with a sawing motion over the length of the mold.

. Specimens were placed in a room for Y¢ hours. Keep specimens in their molds for

this initial curing period. After Y¢ hours, specimens were removed from the molds
and immersed in a water curing tank.

¥.¥ Compressive Strength Determination

Compressive strength test was conducted according to ASTM Cy.aM-.+[ An Auto

testing machine of v... kN capacity was used for testing cubes with a loading rate of 1\,re

kN/sec. Three cubes were tested for each mixing time at the age of va days, and an average

value of the compressive strength was obtained.
V) Specified test specimen was removed from the curing tank. Then wiped to a surface

dry condition and remove any loose sand grains or incrustations for test surfaces.
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Y) The load was applied to specimen faces that were in contact with the true plane
surfaces of the mold. The straightness of these faces was checked with a straight edge.
Opposing surfaces were selected which have the straightest profiles.

¥) Specimen was placed below the center of the upper bearing block of the testing
machine. This spherically seated block was ascertained that is free to tilt. The
specimens were tested at a loading rate such that the peak load will be reached in a
period of Y+«s to A+s. No adjustments were made in the controls of the testing
machine while specimen is yielding prior to failure.

¢) The total maximum load was recorded as indicated by the testing machine. Then the
compressive strength of the specimen was calculated in Newton per square millimeters
(N/mm") or (MPa).

) Then the average of all like specimens was calculated.

¢, Results and discussion
¢ Flow of Cement Mortar

According to the results of flow tests tabulated in Table ¢,y, It is seen that there was zero
flow of cement mortar with water/cement ratio of .,., while Table ¢,y shows that the flow of
cement mortar with water/cement ratio of ., was ¢.7 at the time of mixing and drops to 7.
after \y. minutes from the time of mixing after that it records zero flow this was due to the
loss of mixing water either in absorption of sand or in evaporating. In Table ¢,r, the flow of
cement mortar with water/cement ratio of .,v was v« at the time of mixing and drops to ¢.7.
after v¢«. minutes from the time of mixing this means that there was enough excess water to

keep the flow of mortar in high range even after ¢ hours from the beginning of mixing the

cement with water.
In Table ¢,s when the water/cement ratio was -,x, It is seen that after v. minutes there

will be decreasing in the flow of cement and we need to add some water (. ml.) to correct

the flow of the cement mortar in order to study the effect of adding the water on the
compressive strength of cement mortar the lose in water is mainly due to the absorption of
sand. Another decrease in flow happened after y-. minutes but this time the main cause is the

evaporation and in order to correct the flow we add only (v. ml.).

In Table ¢, when the water/cement ratio was .,v, It is seen that after v. minutes there
will be decreasing in the flow of cement and we add only (y. ml.) in order to correct the flow
of the cement mortar and this is (1.7) less compared to the amount of water we added when

the water/cement was .,1, the lose in water is mainly due to the absorption of sand. Another
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decrease in flow happened after yo. minutes but this time the main cause is the evaporation

and in order to correct the flow we add only (- ml.).

¢,Y Compressive Strength of Cement Mortar
£,Y,Y Compressive strength of cement mortar without adding water
The results of the compression tests for the cement mortar are summarized in Tables ¢,

¢,y and ¢,v and in Figures ¢,y, ¢,y and ¢,v. In general, for water/cement ratio equal to .,- it
can be expected to have a compressive strength of cement mortar that molded after <. minutes
after mixing within the limit of v/ to 17 less compared with those for corresponding original
cement mortar (molded immediately after mixing). After yvv. to yo. minutes of mixing time
the compressive strength of cement mortar are ¢/ t. a7 higher than the compressive strength

of the corresponding original mortar this was mainly because of water reduction due to the
absorption of sand, but after yvo. minutes the compressive strength of cement mortar were

always lower than the compressive strength of the compressive strength corresponding
original mortar the drop in compressive strength can reduced to percentage of va/. when the

mortar was molded after v<. minutes.
For water/cement ratio equal to .,~ the compressive strength of the cement mortar was

always lower than the compressive strength of the corresponding original mortar. It can be
expected to have a compressive strength of cement mortar that molded after «. minutes after

mixing within the limit of v/ to ve7 less compared with those for corresponding original
cement mortar (molded immediately after mixing). After a. to yy. minutes of mixing time the
compressive strength of cement mortar are v\7 to v¢7 less than the compressive strength of

the corresponding original mortar this was mainly because of water reduction due to the
absorption of sand, but after yvo. minutes the compressive strength of cement mortar were

extremely lower than the compressive strength of the compressive strength corresponding
original mortar the drop in compressive strength can as lower as ¢y7. to ¢AJ.

For water/cement ratio equal to .,v the compressive strength of the cement mortar was

always lower than the compressive strength of the corresponding original mortar. It can be
expected to have a compressive strength of cement mortar that molded after <. minutes after

mixing within the limit of vy to yvy less compared with those for corresponding original
cement mortar (molded immediately after mixing). After 4. to yvo. minutes of mixing time the
compressive strength of cement mortar are v/ to vv7 less than the compressive strength of

the corresponding original mortar this was mainly because of water reduction due to the
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absorption of sand, but after vA. minutes the compressive strength of cement mortar were

extremely lower than the compressive strength of the compressive strength corresponding
original mortar the drop in compressive strength can as lower as =7 to ¢a7.

£,Y,Y Compressive strength of cement mortar with adding water
The results of the compression tests for the cement mortar with adding water to correct

the flow of cement mortar are summarized in Tables ¢,¢ and ¢, and in Figures ¢,¢ and ¢,s. In

general the compressive strength of the cement mortar was always lower than the
corresponding compressive strength of original cement mortar. For water/cement ratio equal

to .,7 the compressive strength of the cement mortar was always lower than the compressive

strength of the corresponding original mortar. It can be expected to have a compressive
strength of cement mortar that molded after «. minutes after mixing within the limit of v.7 to

vv7/. less compared with those for corresponding original cement mortar (molded immediately
after mixing). After 4. to \yv. minutes of mixing time the compressive strength of cement
mortar are v/ to vy/. less than the compressive strength of the corresponding original mortar
this was mainly because of water reduction due to the absorption of sand, but after \o.

minutes the compressive strength of cement mortar were lower than the compressive strength
of the compressive strength corresponding original mortar the drop in compressive strength
can as lower as v\7 to y-7.

For water/cement ratio equal to .,v the compressive strength of the cement mortar was always

lower than the compressive strength of the corresponding original mortar. It can be expected
to have a compressive strength of cement mortar that molded after <. minutes after mixing

within the limit of vy to ve7. less compared with those for corresponding original cement
mortar (molded immediately after mixing). After 4. to \v. minutes of mixing time the
compressive strength of cement mortar are only <. less than the compressive strength of the

corresponding original mortar this was mainly because of water reduction due to the
absorption of sand, but after yvo. minutes the compressive strength of cement mortar were

lower than the compressive strength of the compressive strength corresponding original
mortar the drop in compressive strength can as lower as \v7 to \v7.

Table ¢, 1. Flow and Compressive strength of cement mortar of water/cement

ratio = «,®
Mix Time before Flow Compressive The ratio to the
designation molding (%) strength corresponding original
(minutes) (MPa) mortar (%)

e




Ce . <% YN, YV Voo %
Ce v - % Y.o,vY 40 %
Co T <% Yy, o0 A, 0 %
Ce 9. <% Yo, oA av,41 %
Ce A - % YY,YY VALY %
Co Vo - % YY,¢A Veo,Y %
Ce YA« <% Va,A0 4Y,A% %
Co Yy <% VY, e va,AY %
Ce R - % VYV, 6 1Y,A4 %

Table ¢ 1. Flow and Compressive strength of cement mortar of water/cement

ratio= -, 1
Mix Time before Flow Compressive The ratio to the
designation molding (%) strength corresponding original
(minutes) (MPa) mortar (%)
Cn . WA VV,¢0 Voo %
CH Y. v¢ % VYL, VA 10,Y\ %
CH T v\ % VY,V W %
Cn . 1. Ve, 0V Ay %
Cn VY. ° % VYL YA Vi) %
Cn Voo - % q,vYy oY, %
Cn YA <% 4,7 00, V%
Cn K - % Vo ey oV, ¢A %
Cn Yé - % 4,V 0o,7¢ %
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Table £ 7 Flow and Compressive strength of cement mortar of water/cement

ratio= +,v
Mix Time before Flow Compressive The ratio to the
designation molding (%) strength corresponding original
(minutes) (MPa) mortar (%0)

Cv . Ve % Yo,rY Voo %

Cv Y. 1t % V¥,V ALY %
Cv T N % VY, Y VY %

Cv 9. 1% VY, 8t AV, o %
Cv VY % Vy,a¢ YV, VY %
Cv Voo 1% VY, Y YA, Yo %
Cv YA e % V,YA o.,70 %
Cv Yy oo Y Yo,y To,AN %
Cv \E R ¢ % AT otV %

Table ¢,¢: Flow and Compressive strength of cement mortar of water/cement

ratio = +,% with adding water for correcting the flow.

Mix Time before| Flow Water Compressive The ratio to the
designation| molding (%) Added strength | corresponding original
(minutes) (ml) (MPa) mortar (%)
Crw . 1% \Y,40 Voo %
Crw v oy % o Y, YA YV, YA %
Cw T o % VY, 4 va,o. %
Cw . ¢4 % Vo,V v,y %
Crw VY- YA % ,A 14,74 %
Crw Vo ¢ % \E Vo, YA vYy,1a %
Crw YA v % Vy.,ay YAYA %
Caw YA £¢ % Ve VY, 0 va, vy %

A\l




Caw Yéo ¢y % v Yo, YA YY,YA %

Table ¢, Flow and Compressive strength of cement mortar of water/cement

ratio = «,Ywith adding water for correcting the flow.

Mix Time before| Flow Water Compressive The ratio to the
designation| molding (%) Added strength | corresponding original
(minutes) (ml) (MPa) mortar (%o)
Cvw . Y\ % . VY, Y Voo %
Cvw Y. V¢ % \e VLYY v, vY %
Cvw 1. VoY % ° q,v¢ ALYV %
Cvw 9. V1 % ° VoY 90,9y %
Cvw YY - Y\ % - \.,04 40,71 %
Cvw Yo VoY % ° q,\v AY,AY %
Cvw YA YV % ¢ 9,01 ALY %
Cvw AR VY % Ve q,Y . AY, Y %
Cvw Yéo VoY % . 4,1y AY,¥o %
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Figure ¢£,1. Relationship between compressive strength and Time before
molding for water/cement ratio = ¢,
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Figure ¢£.1. Relationship between compressive strength and Time before
molding for water/cement ratio = ¢, 7
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Figure £, Relationship between compressive strength and Time before
molding for water/cement ratio = ¢,V
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Figure £,# Relationship between compressive strength and Time before
molding for water/cement ratio = . "with adding water.
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¢. Conclusions
Based on the results of experimental work done in this study, the following conclusions

were deduced:

V- The flow of cement mortar will drop significantly with time and additional water was
needed to correct the flow of cement mortar compared to reference cement mortar.

Y- The ideal water to cement ratio for cement mortar was -,e, in which only 1.7 reduction in
compressive strength was obtained after y-. minutes of mixing cement with water and the
compressive strength will decreases as low as va7. lower than the compressive strength of
original mortar after y<. minutes as the worse case.

Y- The reduction in compressive strength of cement mortar may be as low as .7 compared to

the original cement mortar after yo. minutes of mixing cement with water.

¢~ It was found that the best time for using cement mortar is no more than y-. minutes from

adding water to the cement.
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