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Some Factors Affecting the Compressive
Behaviour of Structural Masonry at Small
Scales
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Abstract—This paper presents part of a research into thél sma This becomes more important in the case of comgmtike

scale modelling of masonry. Small scale testingraéonry has been
carried out by many authors, but few have attemptesystematic
determination of the parameters that affect masaniy small scale.
The effect of increasing mortar strength and déffersand gradings
under compression were investigated. The resultsvsimasonry

strength at small scale is influenced by increasiogtar strength and
different sand gradings.
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bridges as well as various other model studies asomry-
infilled frames, walls and other masonry componeats
structures has necessitated further investigatitm the small
scale experimental and structural behavior of mgsddmall
scale masonry model testing has been carried oumémy
decades. Early researchers in this area includg. [Most of
these tests have established that it is possiblentalel
masonry behavior at reduced scales but not thagttreand
stiffness, this has also been reported by [4-6F Titst phase

masonry, models, mortar,

|. INTRODUCTION

masonry where the constituent brick and mortar ldifferent
properties. But this depends to a large extent thom
parameters that influence the mortar bed which ccdug
modelled at small scale.

The aim of this paper is to determine the effedtsame
parameters that affect mortar like grading of aggte and
mortar strength on the sixth scale model brickwbekavior

sanwhile under compression, in order to identify thgbuthe

investigations the challenges related to paramstridies of
small scale masonry modelling. This is necessargriter to
accurately model the behaviour of large masonrycsires

research programme undertaken using a geotechnifl§¢ bridges at small scale, and also to serve #msis of
centrifuge on sixth and twelfth scale masonry arc¥@lidating numerical model studies of these latgecsures.

The parameters under investigation are sand graaliy
mortar strength. These parameters are all relatedhé
properties of the mortar bed, because it is thetbadensures
a good composite action between the units and tivéam The
importance of the mortar bed in determining theersith
characteristics of the composite has been repdoyedarious
authors including [10] who found that the compressi
strength and deformation of stack bonded masoregisgns
were influenced primarily by the mortar, but thasanot the
limiting failure criteria. They concluded that evehough

of this research programme has also establishedd gogilure of the masonry was as a result of the #téensile
prototype and model scale (half, fourth and sixthytrength of the unit, it is the mortar that indudke tensile

correspondence under compressive stress obtained
normalising their masonry compressive strength wébpect
to their respective unit strengths [7]. The higheasonry
strength in the smallest model scales was attribtite the
higher unit strengths in the fourth and sixth ssalee to size
effect phenomenon [8]. However no size effect waseoved

dhesses.

Il. MATERIALS AND METHODS

A.Materials
Solid prototype bricks of standard UK size (215025 x

between prototype and half scales masonry compeessb5mm) were used for producing the model bricks

strengths [9]. Historically the value in scale misdkes in
being able to predict the behavior of a prototypefthe scale
model. Presently small models are usually used aiate
numerical models which will then be used to prediot
structural behavior of whole structures like moah bridges
and buildings.

However for a researcher to be able to predict with
some degree of confidence, knowledge is requirdadeoéffect
of size or scale on the model material on one hamd the
extent to which parametric effects can be invetgigaat
reduced scales on the other.
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approximately 35.8 x 17.1 x 10.8mm. The bricks weut
from the prototype by using an adapted sawing nm&cim the
laboratory. The method has been used by other ndera
[11, 12] to produce various model bricks of differescales
and sizes. This method of model brick manufactwesdnot
have the disadvantage of kiln fired model brick ofanture,
which usually leaves the model bricks burnt somesiwith a

slight curvature Some mechanical properties of the bricks are

presented in Table 1.

Congleton HST 60 and 95 sands were used for mdkimg
cement-lime mortar. HST 95 was used to make thetbeark
mortar (a reference mortar of designation iii; BE8[13]), it
is the finer of the two sands as it can be sedfignl, which
shows the grading of the two sands in relatiorh® drading
limits of BS EN 13139:2002[14]. In all, three marta
designations were used, namely; ii, iii and iv &edmine the
effect of increasing mortar strength for mortargiemaith each

of
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of the two sands. This resulted in six mortar typasnely;
M95ii, M95iii, M95iv, M60ii, M60iii and M60iv. Thejoint
thickness adopted for all test specimens is 1.6afitained by
dividing a prototype joint thickness of 10mm by Some
mechanical properties of the mortars are showrainld 2.

B. Specimen preparation

The bricks were first pre-wetted by totally immengiin a
water tank for 20 minutes before laying them orirthiles in
a horizontal position as is usually done in prefaied
masonry panels. Pre wetting of the units was necgs® as to
condition the suction properties of the units idearto achieve
a good bond between the units and mortar bed. dhzdmtal
method of construction was employed for both thetqiype
and models, in order to achieve a repeatable antatiable
way of making the specimens since the traditiorsling
method is amenable to significant workmanship e that
could mask the structural behavior of brickwork.isT point
has also been made by Baker [15], who employedndasi
method in the manufacture of panels for wind logdiests.
The bricks were separated by tile spacers of tsgatbmortar
bed joint thickness of 1.6mm..

C.Masonry Tests

The failure mode here was also characterized byusual
vertical tensile splitting cracks. The results tioe M60 mortar
tests from Fig. 3 and Table 3, show that, as inctse of the
previous test, there is a clear trend of an inaeas the
masonry strength as the mortar strength is incdedsethis
case there is about an 8% increase from designdtida
designation ii mortar and about an 18% increasem fro
designation iv to designation iii mortar. The petege
increase in this case from one designation to theroalso
agrees with those from the M95 tests, an indicatiat it is
possible to use a sixth scale masonry model to kibkhe
effects of increasing mortar strength.

C.Sand grading

The combined plot for the variation of masonry rsith
with mortar strength for both M95 and M60 testal® shown
in Fig. 4. It is seen that the trend line for th&@MMtest is
steeper than that for the M60 test. This could yntphat the
MO95 tests are more receptive to changes in cemamteit
because the sand grading is finer than in the M&Qst
Another interesting point from the plot is that ewbough the
M60 mortars are stronger than the M95 mortars lirthmee
designations; the masonry strength is still stronfge the

The compressive strength tests on the model bridkwotriplets made with M95 mortar. This may be becaasehe

were performed on three units’ high stack bondeztispens
commonly termed as triplets. The test was undentaike
displacement control at a rate of 0.06mm/min. Dmefition
measurements for the determination of the stiffnelsshe
specimens were measured with Model Masonry Clipg&au
(MMCG) [5], which were fixed to both faces of theptets.

mortar bed is compressed, tensile stresses areedddn the
unit because of their different stiffness propettiBut since
these stresses are initiated by the friction atntoetar-brick
interface, it could be that a mortar with coarsamdsgrading
might develop a higher friction than a mortar wiher sand
grading, and consequently result in a lower faiktress in the

The stiffness,E; of an individual masonry specimen wasunit.

evaluated as a secant modulus from the mean ofnsasuring
positions, occurring at a stress equal to one tlfdthe
maximum stress reached according to the provisi®S EN
1052-1[16]

I1l. RESULTSAND DISCUSSIONS

The failure of specimens in this test correspondh the
observed and established tensile cracking pattaiorsg the
direction of load application as seen from protetyp
specimens. These tensile splitting cracks run acths bed
joints and through the masonry units. The summéithetest
results are shown in Fig. 2 and Table 3. From éseilts it is
seen that that there is an increase in masonrggitreas the
mortar strength is increased. There is about an &ttéfgth
increase from designation iii to designation ii,daa 20%
increase from designation iv to iii. This is alsaet for other
tests conducted at different model scales, as|ddtay [4].
(Vogt, H. 1956) has also reported increasing massimength
with increase in mortar strength for fourth scaledel
masonry tests. The reason for the increase in mastrength
is because, as the mortar becomes stiffer witheasing
strength (increasing cement content) which theeefarplies
that more force is needed to create the frictidoedes that
induce the tensile stresses that cause failuré@énunits and
ultimately the masonry
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D.Siffness

The stiffness results for M95 mortar shown in Fgalso
reveals that masonry stiffness increases with asingg mortar
strength which corresponds with the trend seeherrésults of
masonry strength against increasing mortar strefigte mean
stiffness of the designation iii triplet was detered to be
6000 N/mmd, while the mean stiffness for the triplets with
designation ii mortar was 53% more.

IV. CONCLUSIONS
The results show that in the case of the compressirength

tests, masonry strength was observed to increagh wi

increasing mortar strength. Significantly it wascabbserved

that, even though the M60 mortar strengths weréadrigthe

M95 masonry tests gave higher results.
Overall, the results suggest that small masonryetsolike

the sixth scale here could be used to investigatarpetric
effects on masonry strengths like the effect ofiatam in

mortar strength and different sand gradings. Thiisbe useful
in the validation of masonry data for computer nilikg of
large masonry structures like bridges.



International Journal of Civil and Environmental Engineering 6 2012

(o]
£ 100 - e —
7] f - F L]
ﬁ 80 'z ’/j /
2 60 LY -
3] 7 / v
> 40 i /1
@ R e
E 20 A /
E o R = R4 |
© 0.01 0.1 1 10
Sieve size (mm)
Fine Limit Coarse Limit 1/6 FineLimit
— — 1/6 Coarse Limit - - - -HST95 ————HST60
Fig. 1 Grading curves for prototype and model samitisin the BS limits

30

25 ry
S
z 1% .
< 10
B
2
m T T T T
>
5 0 2 4 6 8 10 12
s Mortar Strength, N/mm?
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TABLE |
PROPERTIES OF SIXTH SCALE MODEL BRICKS
Test
Compr essive Strength, N/mm? 47.4
COV, % 32.7
Flexural Strength, N/mm? 4.4
COV, % 24.¢
Indirent tensile strength, N/mm? 2.4
COV, % 22.t
Water Absorption, % 16.3
COV, % 16.7
TABLE I
PROPERTIES OF MODEL MORTAR$COV IN BRACKETS)
HST95ii |HST95iii| HST95iv | HSTeoIi | HST6EOIiIi | HST6EoIv
Mortar Designation ii iii iv ii iii iv
Vol. Proportions 1:1/2:4 1:1:6 1:2:9 1:1/2:4 1:1:p :2A:9
W/c ratio 1.25 1.8 2.58 1.11 1.41 2.20
Modulus of Elasticity, 12900(7.9) 6500(8.7) 4500(12]7) 17000(2|96) 12500(%.@2p0(5.51)
TABLE Il
SUMMARY OF MASONRY COMPRESSIVE STRENGTH TEST RESULTS
Mortar | Joint thickness Compr essive COV | stiffness | COV Mor tar Cube
Test No Type mm Strength, N/mm? % N/mm? % Strength, N/mm?
1 M 95-iii 1.6 20.3 26.2 6000 20.] 4.7
2 M 95-ii " 22.6 4.6 9200 34.3 7.7
3 M95-iv 16.7 15.5 4600 33.¢ 1.7
4 M 60-iii 18.0 13.6 - - 7.3
5 M 60-ii 19.5 7.7 - - 9.9
6 M60-iv 15.3 23.8 - - 1.8

133




International Journal of Civil and Environmental Engineering 6 2012

REFERENCES

[1] Vogt H. Considerations and investigations oe thasic principles of
model tests for brickwork and masonry structuremn3lated from
German. Garston: Building Research Station; 19%fdrR No.: Library
communication No 932,.

[2] Hendry AW, Murthy CK. Comparative tests on Hi3d 1/6 scale model
brickwork piers and wallsProceedings of the British Ceramic Society,
No 4 1965:45-66.

[3] Sinha BP, Hendry AW. The effect of brickwork b on the load
bearing capacity of model brickwalls. Proceedirafsthe British
Ceramic Society; 1968; 1968. p. Pp 55-67.

[4] Egermann R, Cook DA, Anzani A. An investigatiomio the behaviour
of scale model brick walls. Proceedings of the 9th International
Brick/Block Masonry Conference. Berlin 1991:628-35.

[5] Hughes TG, Kitching N. Small Scale testing cdsonry.Proceedings of
thel2th International Brick Block Masonry Conference. Madrid,Spain
2000:893-202.

[6] Abboud BE, Hamid AA, Harris HG. Small-scale netidg of concrete
block masonry structures. ACI Structural Journamgkican Concrete
Institute). 1990 Mar-Apr;87(2):145-55.

[71 Mohammed A, Hughes TG. Prototype and model masdehaviour
under different loading conditions. Materials andtrutures.
2011;44(1):53-65.

[8] Harris GH, Sabnis GM. Structural Modelling anBxperimental
Techniques. 2nd ed. Florida: CRC Press LLC 1999.

[9] Mohammed A. Experimental comparison of bricklwdvehaviour at
prototype and model scales. [PhD]. Cardiff: Cartiffiversity; 2006.

[10] McNary WS, Abrams DP. Mechanis of masonry iompression.
Journal of Structural Engineering. 1985 857-870(21.1

[11] Taunton PR. Centrifuge modelling of soil/masostructure interaction
[PhD ]: Cardiff University, UK; 1997.

[12] Sicilia C. A study of 3D masonry arch stru@sirusing centrifuge
models and FE analysis.: Cardiff University, UK020

[13] (BSI) BSI. BS 5628. Code of practice for usknsasonry: Part 2:
Structural use of unreinforced masonry. London:tighi Standards
Institution; 1995.

[14] (BSI) BSI. BS EN 13139:2002. Aggregates forrtan London: British
Standards Institution; 2002.

[15] Baker LR. Manufacture and testing of modelckwork wind panels.
Sructural Models conference,. Sydney , Australia 1972.

[16] (BSI) BSI. BS EN 1052-1:1999 Methods of test fnasonry- Part 1:
Determination of compressive strength. London: ighit Standards
Institution; 1999.

134





