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Dependence of Ma~onry Properties on the Interaction 
between Masonry. Units and Mortar 

TENHO SNECK 
Technical Research Centre of Finland, Espoo, Finland 

Abstract Buildings and o ther structures are erected in order to 
satisfy certain needs of people. The buildings have to fulfi11 the 
appropriate performance reguirements under the simultaneous action of 
external factors, or agents, originatinq from the environment , the 
structure itself and the use of the building. This wav of thinking can 
be applied also to the interface and the interaction between the masonry 
units and the mortar. The paper gives some general considerations and 
concentrates then on the effects of the suction of the masonry unit.s. 
Examples are given on the influences on tlle strength of masonry, bond and 
winter construction. The conventional ways seem in sare cases to lead to 
erroneous results. Some thougths on future approaches are expressed . 

1 . llITRODUCTICN 

Each structure has to satisfy certain performance requirements . In the 
practice, the structure has to perform under the action of certain agents 
which originate from the environment, the structure itself and from its use. 
Table 1 lists the reguirements and agents , according to the proposal [ 1 J by 
ISO/TC 59/SC 3. A solution has to be chosen with such properties that it 
performs satisfactorily under the action of the external agents which are 
actual in each particular case. 

Agents 

1 Stability 1 ~1echanical 

2 Fire safety 2 Electranagnetic 
3 Safety in use 3 'I'hermal 
4 Tightness 4 Chemical 
5 Hygrothermal water and solvants 
6 Atmospheric oxidants 
7 Acoustical reducing agents 
8 Visual acids 
9 Tactile bases 

la Anthropodynamic salts 
11 Hygiene neutral materials 

1

_ 12 Sui tabili ty of spaces 5 Biological 
13 Durabili ty 6 Canbined 

__ :4 ___ E_c_o_n_0ffil __ ·_c __________________________ _ 

Table 1. Performance require.rrents and agents affecting 
a s tructure in use [1 J. 

In a:'ldition to appearance, many technical r eguirements are set up. 'lhe 
construction must resist different types of loads and forces, it must with­
stand effects from the climate and many actions caused by the use of the 
building. It must be loadbearing, it has to possess a certain strength, it 
must resist the penetration of rain, be weather and frost resistant, fire­
proof, acou.c;tical1y insulating, etc. 



The predictive evaluation of the performance is a very complicated matter 
in the application of the performance concept. Tests can be rnade to a build­
ing, a building elernent, a product, etc. l\ccording the the results of a 
Delphi -study [2 J wi thin the RIlEM ccmni ttee on "Performances of rnortars and 
renderings", the oost important level for the evaluation was "product 
carbination", e.g., the interaction between rnortars and rnasonry units. The 
núst important properties to be considered were the following. 

Fresh rnortars: workability, instant adhesion, water retentivity, 
s tiffening under suction. Internal structure: cohesion, thixotrophy, 
plasticity. 

Hardened oortars: elastic and plastic pr0TJerties, bond, shear, strength 
of rnortar hardened between rnasonry units, rnoisture rnovernents, bond, tensile, 
shrinkage. Internal structure: interaction between aggregate and binder, 
pore structure. 

Masonry units: water absorption, suction, surface structure, shrinkage 
and swelling, elastic properties, strength. 

This short ccmpilation suggests that there should be possibilities to 
choase the correct rnasonry unitjrnasonry rnortar cambination for different 
cases arising in the practice. 

2. GENERAL PRINCIPIES 

The task of the rnortar is to bind the masonry uni ts together in order to 
fonu a structure which fulfills the stated requirernents. The proper 
interaction between the rnortar and the masonry uni ts is a necessary condi tion 
for the achievernent of this resulto The fresh rnortar must have such properties 
that it fulfills its functions in the hardened state in cambination with the 
masonry units in questiono 

The suction exerted by the rnasonry units is the rnost important factor 
affecting the fresh rnortar, and oonsequently, the properties of the rnortar 
joint. The reIroval of water affects the rnortar bed as a whole, and, 
especially, the properties of the interface between the rnasonry unit and the 
oortar. The suction depends upon the arnount of water the unit is able to 
absorb, the rate of absorption and the power of suction. The capillary 
suction force is important in cases where the rnasonDJ unit consists of a 
material with fine pores as these pores exert a strong suction for a long 
time. 

The suction is reduced by the water absorbed by the rnasonry unit. A 
similar effect can be achieved by wetting the illli t. A water gradient may be 
fo:med in the rnortar. Soluble substances are transported wi th the water into 
the uni t, saretirres even to i ts surface causing efflorescence. If solids are 
collected at the rnasonry unitjrnortar interface, the bond may weaken. Solid 
particles may fill the pores and lessen the suction. Colloids have the sarre 
effect. 

There is generally an excess of water in the rnortar for workabili ty 
reasons. In some cases no water is reIroved frem the rnortar, the other extreme 
being that alrnost all water is absorbed by the rnasonry uni t. In the forrner 
case, toa rnuch water results in a weak and porous rnortar, if toa much water is 
lost, the cernent does not harden. The optimal conditions are to be fOillld 
sanewhere between these extremes, but it is important that the strength of the 
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rrortar does not depend on i ts ini tial water oontent but on the arrount of water 
present after suction. 

The rrortar is laid on the top of the rnasonry construction being erected. 
The suction by the bottan rnasonry units may result in the stiffening of the 
rrortar. In tha t case the upper rnasonry uni t laid on the rrortar bed wi 11 get 
into contact wi th a different kind of rrortar than the bottan uni t, and the 
properties of the upper interface rnay be different fran the la.ver. 

If the rrortar hardens part1y before the water is rerroved, the effects are 
different fran the situation where the water is rapidly absorbed by the 
rnasonry uni t. As the mortar already has a s tructure i t is not any more a 
plastic body, and the transfer of water results in V01UIre changes. The fine 
pore structure of a hardened cerrent mortar may later revert the water flow, 
and water rnay return fran the rnasonry uni t to the rrortar if the pore structure 
of the rnasonry unit is coarser. 

Shrinkage and swe11ing of the mortar and the rnasonry uni ts due to 
rroisture changes and thennal rrovements affect the quality of the joint. The 
shrinkage of the mortar taking place wi th tine is a factor of the sane type. 
Many other stresses and loads are acting on the joint trying to destroy it. 

The loss of water from the rrortar and i ts stiffening are necessary to 
ensure sare stability of the rnasonry during construction. Ha.vever, in the 
manufacture of prefabricated rnasonry panels one may use rrethods which are 
very different fran ordinary rrethods. The possibili ties to adopt special 
rrortars are interesting. Also, the consistency of the fresh rrortar can often 
be of such a nature that the rrortar oould never be used at an ordinary building 
site. For instance, the rrortar may be poured in the joints. One has to be 
careful with such a process in order to avoid problems arising fran phenanena 
like efflorescence. 

'Two main factors have to be oonsidered in the design and choice of mortar 
mixes. The workabili ty of the rrortar has to be sui ted to the working rrethods 
and conditions and the interaction between the mortar and the masonry units 
used must lead to a satisfactory oonstruction after the hardening of the 
rrortar. A11 rrortar materials, its carposition, preparation, storing and 
application influence the end resulto 

3. NATURE OF SUCTION 

'lhe ini tial rate of absorption is often taken as a rreasure for the abili ty 
of a brick to remove water fran a rrortar. The IRA is determined by partial 
immersion of the unit to a given depth in water - here 10 mm - for a period 
of 1 mino Anderegg [3J canpared the l-mino absorption with the abstraction of 
water fran line mortar. He found out that a dry-press nonceramic brick wi th 
the highest IRA rerroved a small arrount of water fran the rrortar. He believes 
that a uni t wi th a high suction rnay fOnIl a congealed layer at the rrortar 
surface, in any case, the high suction prevents the rrortar fran making a 
continuous contact with the brick. For-rrost bricks, the bond strengths 
increased wi th the IRA to a maximum, beyound which they decreased. The 
canpressive strength of the joint mortar increased with the IRA. Ha.vever, 
wi th rrortars of high portland cerrent content, strength decreases in contact 
with highly absorbent bricks were noted. Wetting the unit is an effective 
r;easure against too high suction. Blank [4J points out that the bond strength 
lS not proportional to the IRA as rnasonry uni ts wi th the same nUIrerical IRA 
value may give different bond strengths with the sane rrortar. 
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Fig. 1 shows the results of a 
prolonged test of partia1

2
imrersion. 

The IRA expressed in kg/m for the 
sand-lime bricks 1 and 2 was 4.5 and 
1, and for bricks 1, 2 and 3: 4.5, 
2.5 and 0.5. The arrDunt of water 
absorbed is p lotted against the 
square root of time. Fig. 2 shows 
what happened when these masonry 
units were put in contact with a 
fresh lime oement mortar LC 35/65/450 
- lime: cement: sand by weight. The 
persentage of water left in the 
mortar was de~rmined by drying the 
mortar at 105 c. The clay bricks 
follow generally speaking the order 
of IRA but the difference between 
types 2 and 3 is small. Sand-line 
brick 2 wi th the lower IRA removed 
clearly more water from the mortar 
than type 1 wi th the higher IRA. 
The tensile strength of three lirre 
oement mortars hardened between the 
sand-lirre bricks was determined after 
25 days with the splitting testo The 
mortar strengths were clearly 
superiour with sand-lirre brick 1. 
The ratios were 1.7 for LC 20/80/400 
and 2.0 for LC 35/65/500 and LC 50/ 
50/575. 

Brick 1 Brick 2 Brick 3 

-
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-
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Time 

Fig.2. 'lhe water left in lirre-oement mortar LC 35/65/450 (lirre/oement/sand by 
weight) after a contact with the bricks of F'ig.l after following periods: 
O = initial, 1 = 10 min, 2 = 30 min, 3 = 60 min,4 = 240 min and 5 = 1440 min 
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4. EFFECT5 OF 5AND 

Many rnasonry standards contain some requirements or recannendations 
conoeming the mortar sand. Because of sane discrepansies in test results, a 
lime cerrent mortar LC 35/65/500 was prepared u.sing three sands wi th different 
com size distributions (Fig.3): 

C = high content of coarse fraction 
5 = standard sand 
F = high content of fine fraction 

100,-----------------~==~~~~ 

C 

mO 

O~~~--==~~L----L--~--~ 

0.075 0.125 0.25 0.5 1 2 
5ieve mm 

Fig.3. Ccnposition of mortar sands. S 
RUEM standard sand which falls in the 
recorrmended area, C = coarse sand and F 
fine sand. 

4 

experienoe, this test gives indications on 

'lhe bending and compressi ve 
strengths of the mortars were 
determined using the Scandinavian 
rrethod where prisms in the size of 
25x25x170 mm3 are cast and 
subjected to the suction of four 
sheets of blotting paper on both 
sides of the mould. From an 
ini tial water content of 15 %, the 
papers lCNler i t to about 10 % in 
half an hour. 1>.5 has been ShCMn 
above, the loss of water to many 
masonry uni ts is much higher. 

The bond of the mortars to 
clay bricks with an initial rate 
of absorption of 3 to 4 kg/m2 min 
was also rreasured. Bricks were 
cut into two and a small column , 
a stack bonded test specimen, was 
built of five such halves. The se 
columns were loaded to rupture and 
also the campression of the 
specimen was rreasured during the 
testo According to ~revious 

the influenoes of different mortars . 

The results are given in Fig.4. 5tarting with the standard prism tests , 
the results cbtained with the fine sand (F) ShON that both the bencling and the 
ccnpressive strengths are much lONer than with the standard (5) or with the 
coarse (C) sand. One reason to this is that the suction in the preparation of 
the standard prisms is rather lCNl and the water content of the mortar remains 
high as the amount of water in a mortar made with fine sand is neoessarily 
high from the beginning. A lCNl prism strength is the resul t and accorcling t o 
the conventional approach the fine sand mortar would be rejected after the 
prism tests. HCNlever, the picture is quite different in the tests involving 
an interaction wi th the masonry uni ts . The interaction resul ts in the best 
bond and with small collumns in about the sarne strenoth as the standard sand . 
Also the caopressionduring the test was of the sarne C;rder. The mortar with the 
coarse sand (C) is clearly inferior in this testo 'lhe effects of the high 
water content of the F-mortar have been Püsi tive when the mortar has been put 
into contact with bricks with a rather h1gh suction. 

The results ShCNl that a conventional evaluation of the tests with standard 
prisms is not always reliable. Results of this kind suggest also that nomB 
for masonry constructions where the com size cistribution of the sand has been 
standardized, may be tco restrictive. HCNlever, the main point is that the 
results prove that tests on interaction are very useful. 
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Fig.4. Bond strength, bending and carrpressive strengths of mortar prisms and 
ccnpressive strength of small co1umns at rupture. Sand tyr;es: C = coarse, 
S = standard and F = fine 
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Fig. 6. Compressi ve strength of 
standard prisms (1) and the bond 
strength of the same mortar mixes (2) 
to c1ay bricks wi th an IRA of 1. 5 to 
1. 9 kg/m2 min. 

In this connection it may be appropriate to deal with a coup1e of 
practical cases even if they are not connected wi th sand prcb1ems. According 
to the conventional approach to masonry design, masonry 1IDi ts meeting 
specification requirements - mainly strength - are used together with a 
mortar of a specified ccrnposition. Certain leve1s of a110Ned stresses are 
then meto Sare decades ago oement mortars with air entraining admixtures were 
introduoed in order to rep1aoe lime. Using different amounts of sand the same 
strengths cou1d be cbtained with these airentrained cement mortars as with 
conventiona1 1liUB oement mortars. 
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The same approach was tried with masonry cements consisting of a finely 
groood mixture of portland cement and an inert mineral wi th admixtures. The 
results were surprising as practically no differences were foood when masonry 
panels were loaded to rupture. Three masonry cement I1'Ortars were tested: 
M 100/500 , M 100/650 and M 100/800 (binder/aggregate in kgs) . Fig.S shows a 
very small difference in the loads at rupture wi th these I1'Ortars and two types 
of bricks. Leiri tie [sJ shows also that the strength of standard prisms 
increases with increasing binder content (Fig.6). At the same ti.rre, the bond 
weakens and Leiri tie believes that the increasing bond compensates the decrease 
of the I1'Ortar strength. Therefore, the strength of the masonry remains 
constant with different mortar campositions. 

As a result, masonry constructions can be erected with own special rules . 
Strict requirements on the camposition of masonry cement mortars are not 
necessary as the strength of the masonry does not depend on small variations 
in the proportions. 
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Fig. 7. Dependence of a masonry 
construction on the initial rate 
of absorption of the clay bricks. 
The upper curve - cement I1'Ortar, 
the lower curve - liITe cement 
mortar. 

At the IOCID2nt of i ts publication, the 
report of Haller [6J on the influence of 
the initial rate of absorption of the 
masonry uni ts on the strength of masonry 
caused àiscussion. Fig. 7 shows the 
results of test on a wallette of the 
thickness of 150 TIro. 

5. BCND 

As the main task of the I1'Ortar is t o 
bind the masonry ooi ts together, the bond 
is one of the most important properties . 
In the preceding chapters the bond has 
already been mentioned several tiITes. 
The phenrnenon is oi such a carrplexi ty 
that we are far fra>:l solving the prcblems 
involved. 

The influences of the bond are many­
fold. Strength properties are of 
importance but different leakage processes 
are of special interest. Rain penetrat i on 
has always been important in driving r ain 
regions but also in less dangerous zones. 
As the masonry walls are getting thinner, 
the question of water leakage may becare 
more acute. 

Thornton [7J gave a carprehensive picture of the phenrnenon. He built 
small basins, filled them with water and coooted the water leakages. He used 
a blue dye to indicate the lack of oontact between the I1'Ortar and the brick. 
He found a clear relation between the area which was dyed blue and the nurrber 
of leakages. 

In principle, water may penetrate through the masonry unit or the mortar 
but the mechanism mentioned above is the I1'Ost usual. Water leakage occurs 
through channels at the interface between the I1'Ortar and the ooi t, as the 
J:;[e]sul t of a weak bond [8]. The importance of suction was shown by Anderegg 

3 who found out that there was optimal si tuations of suction. 
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West et alo [9] have detenuined the effect of bricks wi th vaxying suction 
rates on the penreabili ty of nortars cast between the bricks. The small nortar 
slabs were ccnpared by rreasuring the capillaxy rise of water. The results tend 
to sha...r that clay bricks wi th a very la...r or high suction rate gave nortars wi th 
a high poros i ty . There seems to be an optimum suction rate for unrnodified 
mor tars. With admixtures the results were different. 

Blank [4J presents data on the bond properties of Swedish masonry 
materials. Universal mortars do not exist which could be used with any masonry 
uni ts. Blank points out that the mortars which have high strengtl1s do not 
necessarily provi de a good bond. 

Frcrn thermodynamic po:ints of view a good aclhesion is ~ssible if the 
adhesi ve does not wet i ts substrate. This rreans that the adhesi ve has to get 
i nto a very good and even contact with its substrate. In the case of a 
substrate like a porous masonry unit the process of wetting becares rather 
ccmplicated. From one side, the properties of botl1 the mortar and the masonry 
l.ll1i t are al tered by the suction. Frcrn the other side, the properties of the 
mortar change wi th the tine of working, anyway. 

The stiffening of the mortar as a result of loss of water with the 
resulting reduction of a property called "bonding abilit:y" by Davison [l~ may 
explain many cases of inferior bonding. Ha...rever, there is a lack of 
fl.ll1darrental knawledge or, perhaps, the existing kna...rledge has not been 
or ganized. 

The water removal depends upon the pore structure of the masonry uni t and 
i ts surface texture. 'lhe porosity of the surface layer is often different frcrn 
the inner parts of the uni t. 'lhe mortar plays i ts awn role, and the ccnplex 
and unknaNn phenanena at the mortar/masonry uni t interface need much more 
study. The interrelation of the pore properties and the properties of the 
mortar oonnected wi th the retention and loss of water, and the influences on 
the "bonding abilit:y" of mortars should be clarified. 'lhe more practically 
oriented tests provide a good picture of sorre special cases but the basis for 
a systematic approach seems to be lacking. 

'lhe crnposition and properties of the mortar layer in contact with the masonry 
unit and the possibilities to alter and develop it are evidently interesting 
cbjects of study. 'lhere are admixtures which in sane cases provide bond 
strengths of such a magnitude that the masonry unit is broken. 'lhere are also 
rather significant bonds where the rupture takes plaoe at the interface. In 
other cases the mortar itself breaks, and often the rupture takes place partly 
in the ., p,prtar, partly at the interface. 

Interesting studies on the mortar layer in close contact wi th the masonry 
uni t have been perfonred by Farran et alo and the formation of a layer of 
e ttringi te at the surface of the bricks has been proved [llJ. 'lhe ettringi te 
f onns sare kind of bridge between the brick and the hydrated tricalsiumsili­
cates. 'lhe authors seem to believe that the size of the ettringite crystals 
as seen in contrast to the pores in the brick have an influence on the bond. 
'lhe crystals cannot enter in pores smaller than themselves. 

Another study of the sarre fundarrental kind is the investigation of the 
s tiffening of mortars in contact wi th a porous substrate. Détriché and Grandet 
[l2J are using a needle which resembles Vicat, and they are mainly thinking at 
r enderings. 
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Own preliminary tests on the instant adhesion of masonry units to fresh 
mortars have sha.vn that there are indications for rupture by adhesion in sare 
cases and by cohesion in others. It also seems to be evident that the time of 
applying the mortar after its preparation is of vital importance. Indications 
by short-time tests on adhesion would be of interest for product developme~t. 
The tests mentioned here have been performed by placing a test specimen made 
of a masonry material in contact wi th a binder, binder mix or a mortar. The 
test specimen is left in contact with the wet mix for a kna.vn time and then 
pulled off. In sare cases the mortar breaks away imnediatel y, in sare cases 
it hangs on for long times. The force and the distance the test specimen has 
to traveI until the mortar lcosens or breaks is plotted by an XY-recorder. 
Fig. 8 ShONS the resul ts of one tes t. The prooedure seerred to be usable but 
no action is taking plaoe at present. 

6 • WIN'IER MASCNRY 

The amount of water present in the mortar at the time of freezing is 
quite deciding. If the water content is reduced enough by the suction, or 
the mortar has hardened enough before freezing, or the mortar freezes 
imrrediately, damage of the mortar can be avoided [13J. Fig.9 ShONS hON much 
the strength of the mortar depends upon its water content during hardening but 
it also ShONS that the mortar strength is not significantly weakened by 
irrmediate freezing. In fact, the strength of frozen prisms has in sare cases 
been higher after thawing and curing. Fig.lO shows one of the criticaI 
rnc.rrents. A frozen mortar has a very high strength which is reduced to zero 
by thawing. Similarly with Fig. 9 the strength of the frozen mortar was 28 
after preparation stronger than the unfrozen mortar, although its curing 
period was 7 days shorter. 

In addition to mortar tests, also the bond and the strength of columns 
was studied. 
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Fig.9. Effects of immediate freezing on the strength of mortar prisms with 
different water contents. The mortar was LC 35/65/450 and its water content 
was adjusted by the suction of bricks . Storing: Unfrozen 28 day at +20OC, 
95 % R.H. Frozen -16OC for 1 day, then 28 days at +20oC, 95 % R.H. 
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Fig .10. Developnent of the strength of mortar prisms of LC 50/50/600 on the 
cycle freezing at -16OC for 7 days, thawing and curinq at +20OC, 95 % R.H. for 
21 days. The unfrozen prisms were at the curing conditions for 28 days. 

Freezing did not neoessarily destroy the bond. Cold bricks with lcw IRA 
were detrirrenta1. The tensile strength of the mortar hardened in joints was 
dependent on the IRA of the bricks, and it was adversely affected by lcw IRA 
when cold bricks were employed for bricklaying. As the bond is a very 
controversial property, more evidenoe is needed. 

The influenoe of freezing on the canpressive strength of small COllUTU1S was 
not decisive . The canpression increased and the mcx:l.ulus of elasticity 
decreased, particularly with cold, low IRA bricks. Thawing under a constant 
load, COllUTU1S laid of Wantl, high IRA bricks had the lcwest and COllUTU1S with 
lcw IRA bricks the highest canpression. 

Larger frozen COllUTU1S shcwed generally higher strengths than unfrozen 
COllUTU1S of the sane age. A low water content of the mortar at freezing had a 
beneficial influenoe on the compression at rupture . 
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Fig.11. Pore size distribution of unfrozen and frozen mortars measured wi th a 
rrercw:y poros imete r . An unfrozen mortar is COI!"pared wi th a frozen mortar wi th 
a high water content above, and below, an unfrozen mortar with a high water 
content with the sane mortar frozen after 24 h. 

From a more fundamental point of view, determinations of the pore size 
distribution indicated that the effects of freezing on a mortar of high initial 
water content immediately after preparation were similar to those observed 
with a norrna11y hardening mortar with a low water oontent. No clear effects 
on pore size distribution were observable if the sane mortar froze after pre­
hardening for 24 hours (Fig .11). It is possible that the freezing of a fresh 
mortar results in a higher strength, attributable to the physical changes 
arising from freezing. 

The problems are particularly challenging in winter masonry where 
questions arise like the rate of hardening reactions and of the temperature 
resulting from the oontact between cold bricks and warm mortars. The 
directi ves for winter masonry need improvement [14 J. However, alI previous 
chapters gi ve evidence on the general importance of basic research of the 
interaction between masonry uni ts and mortars to aid the developITeI1t of the 
appropriate masonry technology suited for different regions of the world. 
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