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Abstract

Sand constitutes bulk of the mortar volume. Sand grading can influence the characteristics of mortar and masonry. Influence of sand
grading on the characteristics of two types of mortars and soil–cement block masonry are examined in this paper. Three different sand
gradings were used to examine the workability, strength, water retentivity, drying shrinkage and stress–strain characteristics of cement
mortar and cement–lime mortar. Bond strength, compressive strength and stress–strain characteristics of soil–cement block masonry
were also examined using these mortars. Major findings of the study are: (a) for a given consistency mortar with fine sand requires
25–30% more water, (b) as the sand becomes fine mortar compressive strength and modulus decreases while drying shrinkage increases,
(c) fine sand reduces the tensile bond strength of masonry, whereas masonry compressive strength is not sensitive to sand grading vari-
ations and (d) masonry modulus reduces as the sand used in the mortar becomes finer.
� 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Sand is the common ingredient for masonry mortars
even though varieties of cementitious materials are used
for mortars. Sand constitutes bulk of the mortar volume.
Composition of sand and its grading can influence the
characteristics of mortars in fresh as well as in hardened
state. Also, it could influence brick–mortar adhesion and
other masonry characteristics.

There are limited studies on the influence of sand grading
on the characteristics of mortars and masonry. Drew and
Braj [1] studied the effect of sand characteristics (fineness
modulus, void ratio, specific surface, etc.) and water content
of the mix on the mortar strength. The tests were performed
on Scottish sand samples collected from 30 different places.
They observed that water–cement ratio is the largest single
factor affecting the compressive strength of mortar irrespec-

tive of different types of sand and sand grading. With the
increase in void ratio (the percentage of voids in loose con-
ditions) of sand, the water requirement for mortar increases
for standard consistency. As the fineness modulus of sand
decreases the requirement of water for a particular mix pro-
portion increases. Specific surface of sand has no relation
with the water requirement of mortar mix and it does not
influence the mortar strength. Balen and Gemert [2] exam-
ined some properties of fresh mortar and observed that
for a given consistency, mortars with very fine sand required
up to 50% more water than similar mortars having normal
sand grading. They also observed that the fine sand mortars
have better water retentivity as compared to normal sand
grading for a given mortar proportion. I.S. 2116 [3] gives
grading limits for sand for use in masonry mortars as shown
in Fig. 1. Similar sand grading limits can be found in ASTM
C 144 [4], BS: 4551 [5] and many other codes of practice.

Anderson and Held [6] investigated the influence of sand
grading on the bond strength of cement–lime mortar with
three types of bricks. They found that the sand grading
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significantly affects the tensile bond strength of mortar to
brick. Mortars using fine sand results in lower bond
strength. Groot [7] examined the tensile brick–mortar bond
strength by means of cross couplet tests following ASTM C
952 [8] guidelines. Tests were performed on extruded clay
bricks (dry), machine moulded bricks (prewetted � 15%
by mass) and calcium silicate bricks (prewetted � 7% by
mass). Portland cement mortar, lime–cement mortar and
masonry cement mortar with different sand grading rang-
ing from finer to coarser were used to cast the specimens.
He observed that the mortars with coarser sand give better
bond strength than with finer sand and the type of the
masonry unit influences the bond strength more signifi-
cantly rather than the grading of the sand.

There are limited numbers of focused studies pertaining
to influence of sand grading on mortar and masonry char-
acteristics. Hardly any literature exists on the effect of sand
grading on the characteristics of mortar related to soil–
cement block masonry. Hence, the present investigation is
focused on the influence of sand grading on the characteris-
tics of mortars in the fresh and hardened state, and its influ-
ence on the characteristics of soil–cement block masonry.

2. Scope of the work and the experimental programme

Influence of sand grading on characteristics of mortars
in the fresh as well as in the hardened state and the charac-
teristics of soil–cement block masonry were examined

through an experimental programme. Grading curves of
natural river sand was varied by removing a portion of
the coarse fraction thus obtaining three different gradations
for the sand. Characteristics of two types of mortars
(cement mortar and cement–lime mortar) and soil–cement
block masonry using these mortars were examined.
Cement–lime mortar is the most commonly used mortar
for masonry throughout the world. In India, cement mor-
tar (1 cement:6 sand) is commonly used for load bearing
masonry structures. Hence, in this investigation both
cement mortar and cement–lime mortar have been selected.
Table 1 gives details of the experimental programme.

3. Materials used in the investigation

3.1. Cement and lime

Ordinary Portland cement conforming to I.S. 8112 [9]
was used for the manufacture of soil–cement blocks as well
as for the mortars. Locally available commercial grade cal-
cium hydroxide (lime) was used for cement–lime mortar.
This is a non-hydraulic type lime.

3.2. Sand

Natural river sand was used in the experiments. Influ-
ence of sand grading and its fineness modulus on various
properties was examined by reconstituting the natural sand
having particles finer than 4.75, 1.18 and 0.5 mm. The grain
size distribution curves of natural sand and reconstituted
sands are shown in Fig. 1. Upper and lower bound limiting
gradations for sand as specified in I.S. 2116 [3] code are
also shown in the figure. The natural sand gradation curve
falls outside the limiting gradation curves. Details of fine-
ness modulus (FM) and designations of three types of
sands used in the experiments are given in Table 1. FM
of natural sand, medium sand and fine sand is 3.21, 2.45
and 1.72, respectively.

3.3. Soil–cement blocks

Soil–cement blocks are manufactured by compacting a
mixture of soil, sand and cement at optimum moisture into
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Fig. 1. Particle size distribution of sand.

Table 1
Test programme for mortar and masonry characteristics

Mortar Sand Properties investigated

Proportion (by volume) Designation Finer than (mm) Designation FM Mortar Soil–cement block masonry

C L S A B CS D E T CS E

1 – 6 CMN 4.75 Natural 3.21
p p p p p p p p

1 – 6 CMM 1.18 Medium 2.45
p p p p p p p p

1 – 6 CMF 0.50 Fine 1.72
p p p p p p p p

1 1 6 CLMN 4.75 Natural 3.21
p p p p p p p p

1 1 6 CLMM 1.18 Medium 2.45
p p p p p p p p

1 1 6 CLMF 0.50 Fine 1.72
p p p p p p p p

C: cement; L: lime; S: sand; A: flow characteristics; B: water retentivity; CS: compressive strength; D: drying shrinkage; E: stress–strain characteristics; T:
tensile bond strength; FM: fineness modulus.
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