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ABSTRACT

In this paper, a mathematical model is formulated for the prediction of optimum mortar joint thickness in brick-
mortar couplet. The brick-mortar couplet is assumed to be sandwiched between two mortar joints and loaded in
compression. The predicted curves agreed favorably with those of the experimental values. It was shown that the
optimum mortar thickness for both the predicted and experimental curves was 10mm. The correlation coefficient
between the experimental and predicted values was high (0.945) showing the efficacy of the formulated model in the
analysis and design of brick-mortar couplet under compressive loading.
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INTRODUCTION

The problem of shelter is as old as man. Apart from food, the most basic problem of man is shelter. It is very
unfortunate that this basic need of man has not materialized for the poor masses over the years. Efforts to deliver
mass housing for the rural poor and low income earners at affordable rates have not been successful due to high cost
of construction materia's such as cement used for production of building blocks [1]-[10].

Nigeria is a country that is naturally endowed with abundant building materias such as laterite, bricks, sand etc.
That Nigeriais blessed with the above-mentioned building materias is no guarantee for Nigerian citizens to afford
shelters of their own due to inflation, unemployment, high rate of population growth and poor economic resources.
The project undertaken by the world labour organization to provide house for al by the year 2000 was a failure due
to high cost of building material such as cement in the country. Bricks which are readily available in Nigeria in
commercia quantities are resorted to as aternative construction materials [7]-[9]. A brick-mortar couplet is indeed
a promising masonry unit. However, the failure which occurs in its usage is traceable to lack of predictive models
for optimum mortar thickness under compressive |oading.

In this paper, amathematical model is formulated for the optimization of mortar joint thickness in masonry units. It
is believed that the formulated models will enhance optimum utilization of brick-mortar couplet as construction
materials.
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3.0 Model Derivation
Consider a brick sandwiched between two mortar joints in opposite direction and loaded in compression as shown
(Figure 1).

P
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Figure 1: A brick- mortar couplet under compressive loading

5

Let

B represents the width of brick under a compressive loading P.

t;, to = thickness of mortar joint at top and bottom of brick

h = overall thickness of brick including the mortar joint thicknesst; and t,.

From Figure 1, the neutral axis distance from the centre line of bottom mortar joint is given by:

- _ Bht,

y = m (1)

Sincet; = t,

S=y=1 @)
2

The bending stiffness of the brick is assumed to beignored. The moment of inertia of the entire section is given by:
Bt = Bt Bt,h*t? Bt,t2h?
= + + +

Isecion - (3)
1212 (L) (L)
Agajn, t, =t
_Bt®* Bt* Bh*® Bt®h?
= | = + + + (4)
12 12 4t? 4t?
Summing up the like termsin equation (4) gives.
| = B_t3 + Bh't (5)
section 6 2
Equation (5) is simplified and factorized to give:
2 + 2
Isection = Btt 3h (6)
6
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From strength of materials, section modulus,

Z — %C_tion (7)
y
Substituting for lsgion @nd Y in equations (2) and (6) gives,
t2
Z =Btf—+h €]
3h
The maximum stress in the brick mortar couplet is given by;
M
Opex = O; = Z”‘ax (€)
where
O.x — 0. = compressive stressinduced in the brick mortar couplet due to load P.

m = m, = maximum bending moment in the brick mortar couplet.
t = mortar thickness
h = overall depth of brick including mortar joints

Substituting for section modulus, Z transforms equation (9) to:

Mmax
o = — M (10

Cc t2
Bt —— +h
3h

The brick mortar couplet is assumed to be subjected to centre-point loading and simply supported.
Therefore,

PL
M =— 11
max 2 (11)
Substituting for M5 in equation (10) gives:
PL
g o= "= (12)

Cc t2
4Bt — +h
3h
The effect of mortar curing factor a, air content factor 3 and plastic mortar age factor T, transform equation (12) to:

afSTPL

g, = —F——— (23)
t2
4Bt| — +h
e
According to Dayaratnam [10],
a = 049, £ =0.32 and T =055
Therefore,
0.08624PL
g, = e (24)
4Bt — + h
3h
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Again, according to Dayaratnam [10], the failure of brick-mortar couplet in compression reaches its maximum
when:

g. = a. o, (15)
where;
a, =09 and
0, = compressive strength of brick mortar.
Therefore,
0.083PL
(16)

ag . — T 5
4Bt| — + h
3h
Equation (16) gives the compressive strength of brick-mortar couplet.

Hence the compressive strength of brick- mortar couplets obtained are tabulated bel ow for easy comparison

Table 1: Compressive strength of brick-mortar couplet at 7 daysfor 7mm, 10mm, 13mm, 15mm and 17.5m
mortar thickness

) Compressive strength (N/mn)
Thickness (mm) =2 " Nimn?) | Predicted
7 6.81 7.45
10 11.24 11.87
13 6.58 7.19
15 4.98 5.13
17.5 3.14 3.40

Table 2: Compressive strength of brick-mortar couplet at 21 daysfor 7mm, 10mm, 13mm, 15mm and
17.5mm mortar thickness

. Compressive strength (N/mm?)
Thickness (M) =2 F\jmmd) | Predicted
7 12.78 13.65
10 19.76 20.43
13 12.69 13.16
15 6.94 7.08
17.5 4.83 5.07

Table 3: Compressive strength of brick-mortar couplet at 28 daysfor 7mm, 10mm, 13mm, 15mm and
17.5mm mortar thickness

) Compressive strength (N/mm?)
Thickness (mm) —2 FNimn?) | Predicted
7 14.4 14.90
10 20.99 21.74
13 7.83 8.22
15 7.91 7.84
175 541 5.58

RESULTSAND DISCUSSION

The predicted results of mathematical models formulated using the concept of sandwiched beam has been presented,
it can be seen that both the experimental and predicted results agreed favorably and statistics show that they have
close variance. From the experimental and predicted results it can be seen that the compressive strength increases
with age with the maximum compressive strength at 28 days. This may be due to the fact that concrete strength
increases with continued hydration with full strength at 28 days. The volume of the pores in the hardened brick-
mortar couplet reduces with age and therefore, the more the gel/space ratio which is an important factor that
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influences concrete strength. From table 1-3, it can be seen that the compressive strength increases with increased
value of mortar thickness and maximized at 10mm mortar thickness after which it started decreasing continually.
This trend may be due to the fact that as the mortar thickness increased the gel/space ratio decreased with a
conseguent reduction in strength [10]. The dight difference between the experimental and predicted results may be
attributed to error in the model assumption which was used in the modd formulation and also error in the
experimental data.

CONCLUSION

From the study the following conclusions are drawn:
(i) The formulated models gave results that were almost identical with those of the experimental data showing the
high predictive ability of the formulated model.
(ii) Therate of gain of brick-mortar couplet strength increases with age with full compressive strength valves at 28
days.
(iii) The optimum mortar thickness that corresponds to maximum compressive strength of brick-mortar couplet is
10mm.
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