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ABSTRACT

The majority of masonry structures exhibit excellent long-term performance with comparative low maintenance
cost. Durability of a masonry structure is influenced by many factors including the durability of both blocks units
and mortar joint. In this research the specific influence of the varying water cement ratio of the mortar joint is
taken into consideration. Hence the varying water/cement ratio is seen to affect the compressive strength results of
the specimens produced for the purpose of this investigation, as it was found that compressive strength of the brick-
mortar couplets generally reduces when water-cement ratio value was high. From the foregoing designers should
not ignore this factor when targeting a desirabl e strength for masonry construction.

Keywords. Water/cement ratio, block units, mortar joint, coegsive strength.

INTRODUCTION

Block-mortar masonry use, dates back to the eaéys/of Structural Engineering, it is used gengradl walling

units in buildings. Previous research works havewshthat the durability and longevity of this maspnmnit is

greater than that of any other building materialjsaevident in thousands of old block unit buignaround our
neighbourhoods, towns and the world in general. Wiiessigned and constructed properly, block-mortasanry
can last hundreds of years or more hence it iseawithat block-mortar masonry is comparatively sigpgo other
alternatives in terms of appearance and durabilitgn properly prepared.

Through the centuries, tests to determine its ptmzewere by trial and error and the "trade" wassgd from
generation to generation. There was no real teolgyoprior to the start of this century. Early Nomerican
requirements for mortars appeared in the 1924 Reyfdhe Building Code Committee of the U.S. Depaant of
Commerce. ASTM Committee started to develop a mapecification, which was finally published in 195|.

This specification contained requirements for thatew retention at the plastic mortar and strengthpgrty of
hardened mortar. In 1987, Lawrence and [Chattempted to understand the mechanism of bondlaawent
between blocks and mortar. Their study showed lilatk-mortar bond is due to the network of cemeyration

products deposited on the block surface and insideblock pores as well. The initial moisture wagl¢o have a
role in the penetration of hydration products itihe block pores. They concluded that block-mortandis
essentially mechanical in nature. Adding lime te thortar mixture appeared to improve the networkyafration
products, as there was inadequate evidence for &toegigth improvement.
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To predict failure of masonry, various equationd amdels, based on ideas about cement block-mioteraction
have also been proposed. However, these equationsadels are not universally applicable since tesume that
the contact between the materials is perfect aadttie materials are homogeneous which is notelecase.

There are various types of mortar in use td@dyand these mortar can also be classified basettemgth and uses,
hence, in his research work suggested that a maevitir high compressive strength might be desirdbiea hard
stone such as granite pier holding up a bridge ,detlereas softer mortar paste would be preferaidiftoric
walls and soft bricks.

Several factors affecting brick-mortar bond stréngtich as total curing effect, rate of hydrationtled mortar
region, was studied byi]. This study highlights the importance of moisttransport between mortar and brick in
influencing hydration of cementation products. Migrk also suggests that the rate of absorptioménbiock and
the moisture retention in the mortar play an imgottrole in determining the compressive strengtthefunit. The
effect of grading of sand on the compressive stiehgs shown a higher strength yield in mortaré witarse sands
[5]. Researchers have also suggested that testedcaut on masonry couplets may not necessar#id yresult
based on their bond strength: Tests conductdé]byave the following facts;

» The crushing of weakest block in a wallet specinoften determines the masonry strength rather than t
interaction between brick and mortar and may mhskrfluence of the mortar strength on the masstmgngth.

e The failure of masonry specimens using weak magaprimarily due to loss of bond between mortar and
masonry units and in the case of stronger morgls€ is due to less hydration.

In other related woks, mortars used in masonryctiras are exposed to aggressive environments landdsbe

designed to resist a range of possible physicalchethical degradations[7], hence to assess thafetiong-term

performance of masonry mortar, a durability testelsbon a controlled scratching of the mortar serféaas been
developed [8]. A major research program to ingedé factors affecting the durability of mortar reso been
carried out [9]. The research examines the infleeof masonry unit, mortar, cement type, sand, pndportions
and joint finish on the potential durability of tlotasses of mortar considered. Study has also rstibat the
durability of mortar improves with increased cemenhtent and also the reduction of water demandiof-

entrained agents which can result in reduced btvedgth [10,11]

In this present investigation the varying water/eatratio of the mortar joint which is frequent iggr construction
process is taken into consideration. The masonitg which are sandcrete blocks would consistsrgfpatessed
units in order to maintain consistency in the magaomits used in this research.

MATERIALSAND METHODS

The Scope of work entails testing for the compresstrength of block-mortar couplets. The mortarbimding the
block couplet will be made by varying its water @rhratio. Laboratory results obtained will be ugegblotting
graphs, showing the details and effects of variessits obtained.

Materials required to carry out this work will be fallows;

» Sandrete blocks with a 150mm x 225mm x 450mm diians
* Ordinary Portland cement for preparing the mortae. m

» Fine aggregates for preparing the mortar mix.

» Mortar mix prepared with varying water-cement ratio

» Water for preparing the mix.

Tests to be carried out on the blocks samplesnatllinclude the strain test this is because ohthre availability of
the strain gauge in Laboratories around the redionited variations of water-cement ratio in thenao region will
also be tested for due to financial constraints.

Compression test will be carried out on block-modauplet samples, varying the water-cement ratithé mortar
region. This will be done by loading the samplea rompression testing machine.
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Procedures involved for this work are;

1. Preparing of sandcrete blocks and mortar sampMestar samples will be prepared with various watment
ratio of:- 0.5, 0.6, 0.7. All samples will be prepd with mix ratio of 1:6.

2. There will be 3 number samples per mix ratio

3. Samples will be cured for 7, 14 and 28 days@mdpressive strength tests will also be carriecbouthese days.
Based on the test results, the following conclusiare drawn:

1 Replacing red sand with white sand increasesctrapressive strength, flexural strength, and madudti
elasticity, and decreases the drying shrinkageeftortar.

2 The type of sand has an insignificant effectr@density and water absorption of the mortar amti@te bricks.
3 Addition of lime to mortar mix adversely affeéts mechanical and physical properties.

3.Experimental Procedure

The basic description of experimental procedures igfollows;

» Preparing of sandcrete block samples. Block dinmerssivere 150mm x 225mm x 450mm (solid). Block saspl
were prepared with a nominal mix of 1:6 (1:5.5 ims® proportion). Water-cement ratio of 0.5 was used
preparing all samples.

» Preparing and placing of mortar samples on blookpdaes. Mortar samples were prepared with a nonmimzlof
1:6 (1:5.5 in mass proportion) and with water-cetmatios of 0.5, 0.6 and 0.7.

 Curing of all prepared samples for 7, 14 and 28days

* Crushing of samples on 7, 14 and 28days after patpa.

A total of fifty four sandcrete blocks and twengven couplets samples were prepared. From thedorgghe first

procedure after gathering/acquiring the materietgiired was to run a bulk density test on the éiggregate. This
was done so that the mix design for the variouspsesncould be calculated for. A nominal mix of {u®lume

proportioning) was used. This had to be converbechass proportion by multiplying the nominal mix@)Lby the

bulk densities of fine aggregate and Ordinary RadlCement to enable proper weighing of each ohthterials
required in each couplet sample.

3.1 Mix Design for Sandcrete Block and Mortar Samples
The dimension of the block-mortar couplet samplasishown in the figure below;

Block unit

225mm

225mm

Block unit

450mm

I Bl
[ | Ll

Fig. 1: A typical representation of the experimental block-mortar couplet

From bulk density experiment for fine aggregatdk lniensity = 1.32g/cth
132 x10°kg

1000 =1320g/m’
m

Converting to kg/r
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Volume of ‘control’ sandcrete block = 450mm x 225rtBOmMm

= 15.1875x18mn?= 0.015m (in cubic metres)

Increasing volume by 10% to compensate for matksaes, required volume therefore = 0.018mM.1 = 0.017rh
(required volume)

Weight of control block used = 23kg

Mix Design For Sancrete Block

Bulk density of sand = 1320kg/m

Bulk density of cement = 1428.6kgfm

Nominal mix for required block sample = 1:6 (volupr®portioning)
Converting to mass proportion;

1x1428.6:6 x 1320 = 1428.6 : 7920

Dividing through by 1428.6 —14286—7920 1:5.5 (mass proportioning)
I TIOUIN DY 2SS 428614286 proportioning
Mass _  23kg

Density of proposed block sample = = 1353kg/ni

Volume  0.017m:

Hence, total mass proportion for a sancrete blagkpe =1+ 55+ 0.5=7
Weight of materials for each block sample;

X 135%g/m’

Ceme = 193.29kg/m — cement density in each proposed block.

Therefore weight of cement in block = 193.29kg#10.017ni = 3.29kg

106307kg/

Fine Aggregate5.5 x 1353kg/m= — fine in each proposed block.

Therefore weight of fine aggregate in block = 108&g/n? x 0.017m = 18.07kg

o 05 x135%g/m®

- = 96.6kg/m’ - water density in each proposed block

Wat

Therefore weight of water in block = 96.6kd/m0.017m = 1.64kg

Mix design for mortar paste (using water-cemeribsadf 0.5, 0.6 AND 0.7)

A mortar joint thickness of 20mm was used.

Volume of the mortar joint = 0.02m x 0.15m x 0.45r0.00135m

Increasing volume by 10% to compensate for matksales;

Hence volume of mortar region per couplet samplel=0.00135m= 0.0015m.
Weight of each material in each mortar sample;

Using block density as density of mortar joint,

L Lx 135%g/m’

Cemen = 193.28kg/m— Density of cement in mortar

Therefore cement weight = 193.28kd/m0.0015m = 0.29kg

_ 55 135%g/m’ : _ _ .
Fine Aggregate: = 1063.07kg/m — Density of fine aggregate in mortarTherefore fine

7
aggregate weight = 1063.07kg/m 0.0015m = 1.59kg
Water: For a 0.5 water-cement ratio; Weight of water = 0.5 x 0.29kg = 0.15kBor a 0.6 water-cement ratio;
Weight of water = 0.6 x 0.29kg = 0.17kgr a 0.7 water-cement ratio; Weight of water = 0.7 x 0.29kg = 0.2kg
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Preparation of Samples

On determining the mass of each material compoime@ach block-mortar sample from the mix desigmdseete
block samples were prepared using a six inchekbtomuld. Blocks were prepared and left to harderafday, the
mortar paste with varying water-cement ratios 05, 0.6, 0.7 was prepared and placed on a sandud@tk and
laying another block on them to form block coupkgsshown below;

RESULTSAND DISCUSSION
The results from the experimental programme shavttbnd of average compressive strength in eachpgod
samples (samples with same water-cement ratiopiradd after crushing test was carried out. The @igpn of

average compressive stress against age of samgsesisown in table 1.

Table 1: Average stresses obtained for samples with different water-cement ratio at different crushing days

- . ) Mortar joint Mortar joint
Crushing days Mortar joint with 0.5w/c ratio with 0.6w/c ratio with 0.7w/cratio
Average stress (N/mfin Average stress (N/mfh | Average stress (N/nfin
7 4.79 4.25 3.09
14 5.78 5.58 3.61
28 7.31 6.47 4.87
—e—0.5w/c —=—0.6w/c —a—0.7w/c
8 -
7 4
6 4
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Figure 2: Graph of average stress against crushing daysfor varying water-cement ratio of mortar joint

From the graph plotted above, it is clearly seat fhr each water-cement ratio, there was no iteeguwend in

strength rise, as the age of samples increaseddeitteased water/cement ratio of the mortar janseen in the
graph plotted in figure 2. It was also observeat,thlock-mortar couplet with mortar region haviagvater-cement
ratio of 0.5, had high value of strenght. This #fere suggests that to achieve a high compressieagth of

masonry block wall unit, the water-cement ratiavadrtar to be used should be kept at a minimum aabéplevel

(0.5 water-cement ratio for this research work)wideer, the sample with a 0.7 water-cement ratiotanaegion

also has its 28day strength not far off from sttkengf samples with 0.5 and 0.6 water-cement ratiaking the

sample also useful especially in large masonryegtsjwere material conservation will be significant
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CONCLUSION

The tests therefore, has shown that there is v@mid compressive strengths when water-cemer tegéd in the
mortar region of block-mortar couplets is variech¢ the following deductions can therefore be dtétem this
research;

» Compressive strengths of block-mortar couplets witirtar regions having water-cement ratio of Oiélded the
highest 28day compressive strength.

» Compressive strength of block mortar couplet with @ater-cement ratio mortar region is found touseful
when executing large projects where material coadion is important.

» Couplet strength reduced as the water-cement iratioe mortar region was increased, hence morttr svivery
high water-cement ratio would have a very low coespive strength.

» Comparison between experimental results and thieatetalues shows that tests carried out to detegmi
compressive strength of block-mortar couplets ydldesults that conform to real life theories.

From the experimental programme, a water cemeid odit0.5 and 0.6 is therefore recommended for gieg

mortar that would be used in binding masonry oe. &¥ater-cement ratio of 0.7 can however be consitierhen
financial availability and conservation is a cuticcriteria in executing a given job as this woslave cost on
materials purchase though this will only be sigrdfit in large projects.

Increasing the number of water-cement ratios ty weuld have yielded a wider range of results wuhiould have
proven very useful hence extensive studies on wiglege of water-cement ratios should also be imyetstd. Also
studies using other mortar types should be cawigdand compressive strain and other propertiethefblock-
mortar couplet should also be investigated.
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