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Abstract
ln this study, the effect of different types of polymer on the fluidity, consisterrcy.
setting time, density and mec;hanical properties of cement mortar were
investigated. Three types of polymer with the different percentage up to 0.21) a/o

(by dry weight of cement) were used. The effect of poiyrners on the compresl;ive
and flexural strengyths of hardened cement mortar for 1. 3,, 7 and 28 days of currng
were also studie,J, Additional of 0.20 % of polymers; to the cement mortar
increased the conrpressive strength by 197 !/o to 230 !/o based on the types of
polymer, water to cement ratio ('Mc) and curing time. Additional of 0.25 o/ct of
polymers increased the bonding strength of cennent morterr by 45% to 168% based
on the types of polymer and curing time. Regression analysis was used to
separate the effect polymers, w/c and curing time on the compressive strength of
cement mortar. The Vipulanandan correlatiorr model was used to correlate the
polymer content with the compressive strengtlr and the lflexural with compressive
strengths of cement mortar modified with different typers of polymer. Addition of
polymers to the celment mortar increasing the workability and the compressive for
different curing time.

1. Introduction
The mortar is a composite material consisting of a mixture of
cementitious material (cement), fine aggregates (sand), an amount of
water required for hydration reactions t1-31 Compressive strength and
workability are the most important property of hardened and fresh
cement mortar that describes its quality and performance for
construction works. Also, most of the other propedies such as flexural,
shear and bonding strength were irnproved in parallel with the
increase in compressive strength [4-13].
The workability is an important plastic property of cement mortar. lt
must be free flo'wing without the segregation of solid materials or water
in the mix [4]. Ttre workability of cement mortar influenced by the state
of dispersion tl'rrough trapping water in the agglomerate which does
not contribute to the flow properties t1l t14l investigated the influence
of sand grading and wlc ratio on the workability and compressive
strength of cement mortar. lncreasing the w/r: ratio reduced the



mechanical properties and increased ther workability. According to the
standard EN196-1 the water to cement ratio o1'cement paste and
cement mortar is 0.5 [15].
Mineral admixtures, such as fly ash, lime, and silica fume have been
used in a high range as a replacement of cenrent to improve the
properties of cement mortar. [16] investigated the effect of lime and fly
ash up to 35% on the mechanical properties of cement modar,
although the high percentage of additives such ias lime, fly ash and
silica fume were used the compressive and flexural strengths were
decreased by 3% to 86% based on the type of iadditives and curing
time. [17] tested the effect of six different fineness of 40% of fly ash on
the compressive strength of cement mortar up to 90 days of curing,
with 40% of additives no improvement in the compressive strength
was observed. The cement mortar required morer water than cement
paste in the long-term for its hydration; thus the excess water
evaporated and leaving voids on the cement morterr [2].
Adding small quantities of polymeric erdmixturer to cement mortar
reduce the amount of water that required to achieving the desired
workability [18]. 

'rhe polymeric admixtures are used to modify the
cement and mortar by accelerator or delay the sertting time according
to the desired project in order to-the to improve the physical properties
and mechanical properties of cement mortar and concrete in the fresh
cement paste and hardened state [19,20]. The addition of polymeric
admixtures to the cement mortar optimize the fluidity and strength
properties by creating an electrostatic repulsion and/or stress, whir:h
causes a deflocculating [6].
ln this study, the effect of three types of polymer on the workability,
consistency, setting times, density anrJ mechernical properties of
cement mortar were studied and quantified.

1.1 Objectives
The overall objective of this study is to irrvestigat,e the effect of three
types of polymer on the plastic and hardened properties of cement
mortar. The specific goals are as follows:

(i) To investigate the impact of different types of polymer on the setting
time, flowability and the density of cement mortar.

(ii) Developing a non-linear relationship to evaluat,ing the effect of w/'c,
curing time and polymer content on the compressive strength of
cement mortar.

(iii) lnvestigate the effect of polymers on the tens;ile bonding strength
of cement mortar

(iv) To quantify the relationship between ther compression and
flexural strengths of cement mortar up to 28 day,s of curing.
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2. Materials and Methods

2,1 Cement
The type of cement used in this study was ordinary Poriland cement
(oPc) from the Gasin cement comp;any (lraq, Kurdistan-Region,
sulaymaniyah city, 35"33'26'N 45'26'09'E)., The chemical
compositions of the cement used are summarized in Table 1 ,

Table { chemical composition for Gasin ordinary poriland cement
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2,2 Polymers
In this study, three types of water reducing polymer (Synthetic powder)
were used. The commercial name the three polymers are RT-03
(Polymer A), DBC-21(Polymer B) and vK-98 (porymer c). The
properties of the three types of polymer are summarized in Table .

Table 2 The properties of powder polymers userd in this study

Polynrer A B C
Cornlnelcial N.ilne RT-03 DBC-21 VK-gg
Solirl Corrterrt {'ioJ ?:?:: , !:i : !-

*u,u;PJ*X::l;,, rqo) 
,,: I u=i 

.,
Air Colrterrt ("1'o) = .r : , I
Clrlorirliorr(0,) :- :: :

Alkali {!i,) ,:: - j :
2.3 Water
Tap water was used in this study.

2.4 Sand
The CEN standard sand was used in this study which well graded
rounded particles were having a silica content of €)8 % as specified in
EN196-1 standard requirements [21, 2?-J.The standard sand was
delivered in plastic bags with a content of 1350 g.
2,5 Methodology
All the tests were performed based on I\STM and BS standards. At
least three samples were tested for each c;ondition,



2.5.1 standard consistency test (BS EN 196.3:11016)
This test aims to determine the minimum quantity of mixing water to
the initial chemical reaction between water and cement. Cem-ent is one
of the materials which the right amount of water leads to attaining
required cement strength. The standard consistency was carried out
according to the EN196-3 standard using the V/icat apparatus. The
cement paste was prepared by putting S00 g of cement into the bowl
of the mixer. The amount of water is added to the cement. The mixing
was left for 10 seconds for absorption" Tfren the nrixing apparatus was
put at a low speed for 90 seconds then stooperl the mixture for 30
seconds to bring the cement that located beyond the mixing zone.
After that, the mixer restarted at a low speed for 190 seconds. Witnout
excessive compaction or vibration, the paste is quickly put into the
mould which is placed on a glass plate and placed on the plate of the
Vicat apparatus. The cement consistency which will allow the Vic;at
plunger to penetrate to 6 x 2 mm point from the bottom of Vicat mould
is known as standard consistency 123-261. The same procedure was
repeated when the polymers were added to the cement. Addition of
polymers reducing the necessary water to reach the standard
consistency as shown in Fig.1.
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2,5.2 Setting time test (BS EN 196-3:2016)
The setting time was determined by observing tlhe penetration of a
needle into a standard consistency cement pastre until it reaches a
specified value. lt is necessary to evaluate the setting time of tl're
hydraulic binders to regulate the timer availabrle for the in situ
application of mortars. Setting time is measured using the Vicat
apparatus. Generally, Initial setting is the time elapsed between the
moment water is added to the cement to the time ert which paste starts



losing its plasticity. The final setting time of cemerrt is the time elapsed
between the moment the water is addecl to the cement to the time at
which paste has completely lost its plasticity and attained sufficient
firmness to resist certain definite pressure

2.5,3 Gement mortar preparation (BS E:N 1g6-1:2016)
After mixing, the mortar filled a cubic moruld with i,r dimensio n of (4 x 4x 16) cm3, The mortar put into the mould in two layers and by
applying to-the mould 60 shocks each llime usirrg the shock device.
After that the mould is levelled and covered with a plastic bag and
stored in the room temperature. After ?-4 h frorn the of the mixing
procedure, the specimens removed from the hrould and stored in
water at 25"C + 2'C and g5% of humidity, until tl're time of the test of
the sample. The samples for compressivel strengtfr were tested at 1, 3,
7 and 28 days. Bending test machine with a rate of 0.05 MPa/sec was
used to break the specimen into two parts ilnd each part was
subjected to the compressive strength with a rate tJ.Z Mpalsec using a
hydraulic compressive testing machine. 'fhe waterr reduced tcr remain
th_e flowability in the range of 105 % to 11s % as recommended by
ASTM C109.

2,5.4 Flowability (ASTM C1432)
The flowability of cement mortar was d,etermined by using the flow
table method as described in ASTM C-1'+37. After mixing the cement
mortar the mixing material was placed in the moukl in two layers. Each
layer was compacted 25 blows using thel rod during the 15 sec. The
fluidity of the cement moftar was kept in the range of 105 o/o ta 11s %
as recommended by ASTM standard. The result of the flow of cement
mortar modified with a different percentage of the polymer is shown in
Fig.2,
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2.5.5 Tensile bonding strength (clGl[AT cr-3, modified ASTM
c321)

sandwiched samples were prepared to study ilre bonding strength
according to CIGMAT CT-3 standard [217-29],. Concrete bricks were
bonded with cement mortar modified with 0.25o/o of polymers and were
cured at 3 and 7 days. The concrete brir:k was marked to ensure that
the crossed concrete brick is placed in middle andl at the right angle to
each other. The second brick was praced on the mortir and tflre
oriented correctly. The specimens were allowed to cure at room
condition 25t 2oc and gs% of humidity till the time of the test.
Specimens were tested by subjecting to tensile loading with a rate of
0.05 MPa/sec as shown in Fiq.3. one brick was held by stationary
jaws while the other brick was fushed by moving jaws creating a bond
force on the bonding. Different type and shape of failuie were
proposed by CIGMAT CT-3 as summarizefi in Table. 3.

Fig.3 Cement mortar modified with polymelr under tensile bonding load

Tabfe 3. Failure Types according to clGrVrAT cr 3 standard [27,29J
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#$

Type 1 Substrate Failure -\r-L,'\lt'l 
I

Concrctc Clat Biek

L:J

I

l
I

i

I
I

l
l

I

I

I

I

I

I

I

I

I

_l

Type 2 Mortar Failure



Type 3

rl

Bondine Failure

r-
ron"i

C'on{lrcte,'Clay Blick

t-\!_-l
ntod.af

(ioncreelClay Ilrick

r\[-------l
no.rar , I I

__t

2.6 Modelling

2,6.1 Vipulanandan correlation model
Nonlinear relationships between the compressive strength, vyater
reducing and water to cement ratio ',/vith polymers content was
performed using the Vipulanandan correlation model 123, 24,30-381.
The model was proposed as follows:y:yo*#-
Where:
Y = cement mortar property (dependent variabre, i.e. fluidit'y or
compressive strength or flexural strength)
Yo, I and H = model parameters (Table 4 and Table 5)
X = polymer content (P %).

2.6.2 Nonlinear model (NLM)
The compressive strength (<r.) of cement nnortar modified with differrent
types of the polymer was influenced by the curinrg time (t), water to
cement ratio (w/c %) and the polymer content (p (,/o)) [30-3s, 39]. The
effects of P (o/r), t (day) and wlc (%) of the cr:ment mortar lvere
separated as follows:
Compressive strength (o") of cement mortar modifi,ed
oc = e (w / c) b 

7t1' +d (w / c) " (Dr eils
cc : e (w / c) b 

1t1' +d" (w / c) " G)r eils
0c = a (w /c) b (t1', +d (* /c), G)f e)s
Based on experimental data the correlation parameters (a, b,
and g) were obtained using multiple regression analysis
least square method as summ arized in Talble 6.

with polymer

(1)

2(et)
2(b)
2(c)
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3. Results and analyses
3.{ Setting time
Additional of polymers to the cement increased the setting time by
10o/o to 87o/o based on the setting times, (initial or final) anJ potymer
content as shown in Fig.4 and Fig.S, Tlhere are several reasons for
increasing the setting time of cement w,ith the addition of polyrners.
with the addition of water, the calcium and hydroxyl ions were
released to the surface of cement particl,es. When the critical value of
the concentration of these ions was rearched the hydration proclucts
Dicalcium silicates (c2s), and rricarcium siricates (c3s) beglin to
crystallize. when the polymer reacts wiilr one or more component of
the cement to form a precipitate on the surface of the cement particle.
The precipitate form gives a low permeaLrility coating on the surfar:e of
cement particle. Then the polymer forms a complex with ca*2 ions
which are released by hydration. Finally, the polymer poisons the
nucleation sites of ca(oH)2 andlor csH and stopped the formation of
bonds between the hydrated products. ln this way, hydration is
delayed [1, 18, 40].
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3'2 water reducing, (wR) and water to cement ratio, (w/c)
Based on the flow table test results adding polymers to the cement
mortar reduced the water required to reach the standard flolv as
recommended by ASTM C109 (Fig,z), 'The corrr=lation betweerr the
polymer contents and water reduced predicted usirrg the Vipulanandan
correlation model (Eq.1) as shown in (Fig.6). Ther model parameters,
coefficient of determination (R2) and root-mean square error (R|\4SE)
are summarized in Table 5. Addition of 0.25 % of polymer reducerJ the
water content of the cement paste by 2r3% and ',27o/o at the different
percentage of the polymers. The wlc of the c;ontrol sample was
selected to be 0.5%. The correlation between polymers content and
Wc were predicted using the Vipulanandan correlation model as
shown in (Fig.7). The model parameters, R2 and RMSE are
summarized in Table 5.

3.3 Density
Additional of 0.25 % of polymer A, B and C incre,ased the density of
cement mortar from 2.26 glm3 to 2.4, 2.39 g/m3 and 2.41 glcmr3 at
l day of curing as shown in (Fig.S). At 28 clays of curing, the addition of
0.25 o/o of polymer increased the density of cemernt mortar by 8%o to
13% based on the type of polymer and w/rc ?s shown in (Fig,8).
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Table 5. Model parameters for effect of different typels of polymer on the
consistency, water content and water to cement ratio of cement and cement

rnortar
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3.4 Flexural strength
Adding 0.25 % of polymer A, ts and c (by dry weight of cenrent)
increased the ot of cement mortar from 3.s MPa to 4.6 Mpa, 4.8 l\/pa,
and 5.2 MPa, respectively for lday of curing as shr)wn in (Fig.9), F\t il8
days of curing, the addition of 0.25 o/a of polymer A, B and C increased
the oy of cement mortar by 23o/o, 21oh, and 27o/o rerspectively as shown
in (Fis.9),

11
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Fig.9 Variation of the flexural strength of cement mrcrtar modified with
different types of polymer at (a) 1 day and (b) 2ei days of curing

3.5 Tensile bonding strength
The additional polymers improved the bond strerrgth (o6) of cernent
mortar for 3 and 7 days of curing At 3 days of curing, the adcJition of
0.25 % of polymer A, B and C increased the o6 of cement mortar from
0.35 MPa b a.72 MPa, 0.51 MPa, and 0.61 MPa respectively (Fig,10),
At 7 days of curing the additional of 0.25 % of prolymer A, B arrd c
improved the os of cement mortar by 168%, O4oA, and 1102%
respectively as shown in (Fig.10). The types of failure between the
mortar and concrete bricks were type 2 and type 4 failure based on
CIGMAT CT-3 standard 127,291as shown in (Fig.11).
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Fig' 'l'l Typical bonding failure for cement mortar modified with 0.259/o of
pclymers

4. Property correlation

4.1 The relationship between polymer content and the
compressive strength of cement mortar

The additional polymers were highly affected on increasing the
compressive strength (o.) of cement mortar fon up to 2g d":rc of
curing. with the increase in the percentage of polymer (p %) thre
compressive strength of cemenl, mortar is nonlinearly increased as
shown in (Fig.12,t.tfre variation of o. and p was represented using
Vipulanandan correlation model (8q.1). The model parameter, R2, and
RMSE are summarized in Table 6. At 1 day of curing additional of 0.25
% of polymer A, B and C imp,psys6 the compressive strength of
cement mortar by g4o/o, 97o/o, and 130% resper:tively. Additional of
0 25 % of polymer improved ther o" of cement rnortar by 6E%, and
130% based on the type of polymer, w/c and curing time.

Table 6. Model parameters for effr:ct of different types of polymer on the
compressive strengtfr of cement mortar
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4.2 The relationship between measured and prediicted
compressive strength of cenrent mortar

Regression analysis was used lo investigate the effect of polymers
content, w/c and curing on the compressive strength of cement mortar,
the compressive strength (o.) was correlated to the indeperrdent
variables such as w/c, curing time and polymers content using a non-
linear relationship (Eq.2) as shourn in (Fig.13). The model parameters
were obtained from multiple rergression analyses using the least
square method (Table 7).

(i) Polymer A (Po)
ln order to investigate the effect of polymer A rtn the compressive
strength of cement mortar a non-linear model (Eq. 3) was developred:,

t0.21 10.1?p -0.89oc = 16.85 - (#"*) + 4s . (ffi) No. of data == 119, R2= 0.85 (3)
According to the nonlinear model parameter a=16.85 (Eq. (3)) thet w/c
had the highest effect on incre,asing the comprressive strength of
cement mortar at 0% of the polyrner as compared to the curing 1lime.
Based on the nonlinear model par"ameter d=45 (Eq. (3)) the polymer A
had the highest effect on increasing the corTlprsssiys strength of
cement mortar as compared to the wlc and curing time.

(ii) Polymer B (Pe)
Non-linear model (Eq. 4) was obtained to investigate the effect of

polymer B on the compressive strr:ngth of cement rnortar"
7 s0.27 1 10.09 p 0.55

oc = 16, e5 '(*ozi )+ 44. (ffi) No. of data =, '119, R2= 0.86 (4)

Based on the nonlinear model parameter d=44 (Eq, (4)) the polymer B
also had the highest effect on inc;reasing the compressive streng,th of
cement mortar as compared to the w/c and curing time.

(iii) Polymer C (Pc)
A multiple non-linear model (Eq. ti) was found to evaluate the effect of
polymer C on the compressive strr:ngth of cement mortar.

oc = !6.8s - (;ffi) + sr . (yJ*-:) No, of data = 119, R2= 0.87 (5)

According to the nonlinear model parameter d=51 (Eq (s)) similar to
polymer A and B, the polymer c also had ther highest effectt on
increasing the compressive strenglth of cement mortar as compareld to
the w/c and curing time. Based on the nonlinear rnodel parameter d=
45, 44 and 51 (Eq, (3, 4 and 5)) the polymer c herd the highest effect
on increasing the compressive strr:ngth as corTlpsrred to polymer A and
polymer B.
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4.3 The Relationship between compressive strength (o") and
flexural strength (o)

Based on the total of 60 experimental data for cernent mortar modified
with powder polymers. The variation of ot and o" was representecl
using the Vipulanandan correlation model (Eq.1) as shorrun in Fig.14.
The flexural strength of cement mortar increasecl from ,rf.3 to g Mpa
when the compressive strength increased from 20 to 70 Mpia for
cement mortar.

oc
- 2.84 No. of data = 60, R2= 0.83 (6)or=

( 1.4 L * 0.06 *o.,)

Crimprer:ir i \tre[gth. n., lllpll

Fig. {4 Relationship between compressive and flexurarl strengl,hs of cernent
mortar modified with polymers

Table 7, Non-linear model (NLM) parameters for the c;ompresr;ive strength
of cement mortar modified with different types of poly'mer

I Cement mortar rI Effect of polymers
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stlength" o.
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5. Conclusions
The focus of this study was to
polymer on the flowability and
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