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Abstract
This study sought to use the stress–strain relationship of interlocking stabilized soil block (ISSB) masonry to model its 
behaviour and develop empirical formulae to aid in predicting its compressive strength. A finite element (FE) analysis 
adopting the Rankine failure criterion was performed using Abaqus software to simulate the deformability behaviour of 
the wall which was validated through experimental tests. The compressive strength, modulus of elasticity and density 
of ISSB defined in the FE model were determined by performing laboratory tests on laterite soil blocks stabilized with 
pozzolanic cement, hydrated lime and rice husk ash. Conversely, the predictive empirical formulae for the compressive 
strength of the ISSB masonry was developed by performing statistical multiple regression analysis. In addition to the 
mechanical properties of masonry, the FE simulation results indicated that the deformability behaviour of ISSB masonry is 
influenced by the type of stabilizer used on the target material. This dictated the stress distribution and vertical displace‑
ment on the masonry. A diagonally stepped failure mode was experienced in more brittle masonry while cone failure 
mode was observed in less brittle masonry assemblage.
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1 Introduction

Masonry construction can be achieved either by using 
block units which are joined together using mortar or 
interlocking blocks that are dry stacked. Masonry is often 
assumed to be a homogeneous material in structural 
design analyses and building code specifications. Its true 
performance nature however, is determined by a complex 
interaction of the block units, mortar, grout, reinforcing 
steel (if present) and the magnitude of applied stress. 
Using the measured behaviour of the block units and 
mortar materials, the behaviour of masonry walls under 
compression has been discussed by several researchers [1, 
2]. As noted by Fonseca et al. [3], development of tension 
on the block depends on the relative stiffness between 

the mortar and the unit while the crushing of the mortar 
depends on the relative strength between the mortar and 
the unit. Conversely, in interlocking stabilised soil block 
masonry, crushing of the wall depends of the unit stiffness 
and strength of the blocks. When conventional masonry is 
subjected to uniaxial compression, the stiff block units and 
the softer mortar layers generate triaxial stress as defor‑
mation is experienced. During deformation, the mortar is 
restrained by the brick units from lateral expansion and 
hence experience triaxial confinement, while the stiffer 
brick units are subjected to lateral tension. This therefore, 
dictates the failure of conventional masonry walls.

Interlocking stabilized soil blocks (ISSB) are produced 
using local suitable soils that are stabilized to improve 
their bearing capacity. Interlocking soil block load bearing 
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walls are normally made by laying block units next to each 
leaving no gaps. The performance of interlocking laterite 
soil blocks has been investigated under laboratory studies 
by Sanewu et al. [4]. The mode of failure under compres‑
sion of ISSB masonry has been characterised by gradual 
formation of several diagonal cracks on the lateral sides of 
the wall [5]. It has further been reported by Carrasco et al. 
[6] that the loss of compression strength of the wall is con‑
siderable in relation to the block alone. ISSB masonry walls 
undergo inelastic deformations while sustaining their abil‑
ity to withstand compressive loading. The stress–strain 
curve for ISSB masonry depicts three characteristic stages: 
(1) rapid compression load uptake, (2) crack propagation 
and (3) initiation of failure [7].

Since mechanical behaviour of masonry is complex 
and laboratory testing is time consuming; modelling can 
elaborate the behaviour at a considerable shorter time 
with less resources. As suggested by Lourenco et al. [8], 
use of numerical tools and modelling can predict the 
behaviour of a structure from linear stage, through crack‑
ing and degradation until complete loss of strength. Thus, 
hollow interlocking prisms were modelled by Hejazi et al. 
[9] to analyse their vulnerability against seismic excitation. 
In their study a finite element program was developed to 
model the wall under seismic loading. Since the loading 
was time dependent, a nonlinear analysis was followed. 
The study found that the maximum displacements of the 
walls exceeded the allowable displacement for masonry 
walls. In another study, Alwathaf et al. [10] proposed a 
stress–strain equation for simulating the load uptake of a 
grouted interlocking soil block masonry. Nonlinear regres‑
sion analysis was used to fit the proposed equation to lab‑
oratory tested blocks. In their study they recommended 
that determination of a suitable material parameter for use 
in the equation can be used to simulate the stress–strain 
behaviour of masonry under compression for ascending 
and descending parts of the load uptake curve.

The strength of masonry is based on its compres‑
sive load carrying capacity, with the properties of the 
assemblage therefore, mainly influenced by the block 
stress–strain characteristics. Empirical formulae for mortar 
bonded masonry have been developed to enable predic‑
tion of its compressive stress–strain behaviour [11]. Under 
static loading conditions, empirical formulae can be used 
to predict masonry compressive strength though unsatis‑
factorily. As suggested by Tassios [12], Eqs. 1.1a, b can be 
used to estimate the compressive strength of a well‑built 
mortar bonded brick masonry
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where, fwc is masonry compressive strength, fbc , andfmc 
are compressive strengths of individual block and mor‑
tar respectively, and ∝ is the ratio between average joint 
thickness and average block height. Eqs. 1.1a,b, however, 
do not take into account any existing interlocking nature 
of blocks or consider the type and amount of soil stabi‑
lizer used, thus limiting its application in ISSB masonry. 
According to masonry code of design [13], Eqs. 1.2 has 
been adopted in evaluating the compressive strength of 
mortar‑bonded masonry wall

where, fk is the compressive strength of masonry wall, fm is 
the mean of the maximum load carried by two test panels, 
A is the cross‑sectional area of each panel, �m reduction 
factor for strength of mortar and �u is the reduction factor 
for sample structural units. It is noted that Eqs. 1.1 and 1.2 
consider the thickness and properties of the mortar that 
has been used to bond the blocks. These material proper‑
ties are however not considered in the ISSB technology. 
Therefore, Eqs. 1.1 and 1.2 can only be used to determine 
the compressive strength of mortar bonded masonry. 
For ISSB masonry, there is need to develop mathemati‑
cal equations that accurately depicts its performance by 
considering its assemblage unit properties.

Due to the structural difference of ISSB masonry from 
mortar bonded masonry, Uzoegbo and Ngowi [14] pro‑
posed Eqs. 1.3 for the determination of the average com‑
pressive strength of dry‑stacked wall panel as a function 
of the masonry unit cube strength

where fpanel is the compressive strength of dry‑stacked 
panel, �m = 0.9 the safety factor for material used and fcu 
the masonry unit cube strength.

Uzoegbo and Ngowi [14] in developing Eq. 1.3, con‑
sidered pozzolanic cement as the only stabilizing agent 
for interlocking soil blocks. Besides pozzolanic cement, it 
has been established by Sanewu et al. [4] that a blend of 
lime and rice husk ash with pozzolanic cement results to 
improved properties of interlocking blocks. It is from this 
back drop that empirical formulae considering alterna‑
tive stabilizers have been developed.

There are two main approaches used to describe the 
structural response of masonry to loading: macro‑mod‑
elling and micro‑modelling [15]. According to Lourenco 
et al. [8], a detailed micro‑model approach is normally 
adopted in representing masonry as a composite 
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material consisting of block units and mortar joint. In 
the micro‑modelling approach, the constituent units 
(mortar and blocks) are arranged in an average interface 
and lumped as discontinuous line interface elements. 
Thus, masonry is considered as a set of blocks bonded 
by potential slip lines at the joints.

The alternative macro‑modelling approach does not 
make any distinction between masonry units and joints 
assuming formulation of a fictitious continuous material 
[16]. The masonry is considered as a homogeneous, aniso‑
tropic continuum with equivalent mechanical properties. 
Interlocking block masonry utilizes nearly zero‑thickness 
interface at the joints enabling the materials to be of one 
form. The macro‑model approach was therefore consid‑
ered appropriate for this study since it is more practice 
oriented and the masonry was considered as a smeared 
homogeneous medium.

The ISSB are manufactured from clay products thus 
they can be categorised as brittle materials. The material 
properties of earth products that enable them to remain 
in equilibrium when forces are acting to break them have 
been established by Langenbach [17] to be shear strength 
and tensile strength. According to Horri and Nasser [18], 
inelastic deformation in brittle materials may lead to the 
following failure modes depending on the magnitude 
of confining pressure: (1) axial splitting of the sample 
by microscopic cracks extending in the direction of axial 
compression, in the absence of any lateral confining pres‑
sure; (2) faulting, when axial compression is accompanied 
by moderate confining pressure; and (3) ductile flow in 
the presence of a suitably large confining pressure. When 
unconfined masonry is subjected to compression loading, 
it may fail under the first two modes when stress exceeds 
the yield point of the material. The high‑energy stress val‑
ues required to cause the failure are provided by stress 
concentration introduced by small pre‑existing cracks in 
the material [19]. When this process becomes unstable, 
the brittle material separates over a large area causing 
failure. Therefore, the material failure theory best suited 
in predicting the failure of brittle materials has been found 
by Silva [20] to be the maximum principal stress theory. 
Therefore, to model the failure of the ISSB masonry under 
compression, the Rankine yield criterion (Fig. 1) has been 
suggested by Lourenco [21] for masonry specimen sub‑
jected to biaxial test with the angle α = 0°.

In this study, finite element modelling following the 
Rankine failure criterion was performed using Abaqus soft‑
ware to simulate the deformability behaviour of the ISSB 
wall. On the other hand, the ISSB masonry stress–strain 
relationship were also used to develop empirical formulae 
to aid in predicting the compressive strength of ISSB wall. 
The regression analysis formulae considered the amount 
and type of soil stabilizer used.

2  Materials and methods

2.1  Fabrication of blocks and wall panels

Interlock ing soil  blocks (dimensions 220  mm 
long × 220 mm wide × 120 mm high) were made of lat‑
erite soil consisting of 25% fine gravel and 75% sand. 
Pozzolanic cement (PC), hydrated lime (L) and rice husk 
ash (RHA) were used in combinations as stabilizers. Tests 
were conducted on individual blocks in accordance to 
KS 02 1070 [22]. Table 1 reports the laboratory tests of 
individual stabilized soil blocks.

Three types of wall models (two specimens of each), 
LSW1 (PC only), LSW2 (L‑PC blend), and LSW3 (RHA‑PC 
blend) were considered for the experimental analysis. 
Construction of the walls was performed by stacking the 
blocks while utilising their interlocking capacity. Hori‑
zontal and vertical alignment of the walls were checked 
using a straight piece of timber during the construction 

Fig. 1  Generalised failure criterion of Rankine for masonry wall

Table 1  Physico‑mechanical properties of stabilized laterite soil 
blocks

Block type 28‑Day block properties

Compressive 
strength (MPa)

Water absorp‑
tion (%)

Abraded 
material 
(%)

6%PC 3.46 12.41 0.58
6%PC1%L 3.67 12.54 0.49
6%PC2%L 3.41 11.91 0.33
6%PC3%L 4.03 14.78 0.41
6%PC4%L 3.98 11.94 0.27
6%PC1%RHA 2.93 8.61 0.49
6%PC2%RHA 2.82 9.84 0.23
6%PC3%RHA 1.62 11.60 0.37
6%PC4%RHA 2.53 10.15 0.43
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of each course. A grooved steel plate was placed at the 
top course to cover the block projection and uniformly 
distribute the load. Since the wall was constructed 
with blocks cured for 28 days, they were ready for test‑
ing immediately after construction. To test the wall, an 
increasing compression load was applied through a 
50‑tonne load cell that was connected to a data logger 
to record the resistance values. The wall vertical displace‑
ment was measured using linear variable differential 
transducer. During compression loading, the walls were 
not constrained at the vertical ends. The laboratory set 
up of the wall is shown in Fig. 2.

The density of interlocking blocks was measured gravi‑
metrically, while the Poisson ratio (υ = 0.35) was deduced 
from recorded values of axial and transversal strains. The 
blocks’ Young’s modulus was derived from the stress–strain 
curves of the 28‑day compression experimental test. The 
value was set to be approximately equal to the slope of the 
stress‑stain curve. The basic properties for ISSB masonry 
(compressive strength, modulus of elasticity, density 
and Poisson’s ratio) as obtained in the laboratory test are 
reported in Table 2.

2.2  Regression analysis of compressive strength 
data

Regression analysis was carried out using Statistical Pack‑
age for the Social Sciences (SPSS) version 20. Multiple 
regression gave the opportunity to establish interdepend‑
ence of variables. In this case, the independent variables 
were block compressive strength, type of stabilizer and 
stabilizer content while the dependent variable was the 
wall compressive strength. The analysis considered a rela‑
tionship between the compressive strength of the wall to 
that of individual blocks as contributed by the type and 
amount of stabilizer content.

2.3  Finite element modelling methodology

A numerical simulation of the structural response of the 
wall to compressive and horizontal loading was performed 
using Abaqus CAE 6.14‑1 version. Since the ISSB masonry 
units were dry stacked without use of joining mortar, the 
wall components were discretized using a three ‑dimen‑
sional deformable solid of 8‑nodded element (C3D8R) as 
a homogeneous continuum without intermediate layers. 
A standard 8‑node plane element with reduced integra‑
tion was chosen based on the macro‑model approach. The 
geometry of the assembled parts was defined by creating 
independent instances for analysis. For the study model; 
load and boundary conditions were not rate dependent. 
For this purpose, linear static analysis procedure was used. 
A second‑order element consisting of a global seed size of 

20 was considered. The mesh size was selected based on 
the model size limits of the Abaqus Standard/Explicit prod‑
uct [23]. The wall model was 1200 mm long and 900 mm 
high. The model assumed no imperfections at the point 
of loading.

The combination of mortar and stone in conventional 
masonry results to a material with anisotropic character‑
istics in elastic–plastic condition. However, the considera‑
tion of interlocking soil block as a homogenous material 
eliminating the block‑to‑mortar interaction makes its 
deformation unvarying under loaded state. Tarque et al. 
[24] further argue that adobe masonry behaves well under 
compression but can only resist low tensile stresses with a 
quite brittle post‑peak tensile behaviour. They noted that 
since adobe bricks and the mortar are composed of mud, 
both can be assumed as a homogeneous material. This 
study utilised dry stacked interlocking soil blocks without 
mortar. Therefore, the ISSB wall was modelled using elas‑
tic–plastic constitutive material model, implementable 
in the Abaqus program as a homogenous material. Con‑
sequently, the model was based on anisotropic plastic‑
ity theory using the standard Rankine yield surface with 
assorted plastic flow since the masonry was considered 
brittle. The wall model properties defined in the FE model 
were in line with the results of the experimental tests. Fig‑
ure 3a, b show the model wall set up and the generated 
mesh of the modelled wall.

The steel I‑section acting as the load spreader beam 
was modelled as a linear elastic material with mechani‑
cal properties obtained from documented literature as: 
density (ρ) 7850 kg/m3, Poisson ratio (υ) 0.30, and Young’s 
modulus (E) 205 GPa. Since the wall was constructed on 
a concrete floor, the bottom course of the wall was con‑
sidered continuously simply supported along the entire 
surface. The bottom course was therefore modelled with 
pinned boundary condition constraining the three struc‑
tural degrees of freedom at the connection (Fig. 3a). The 
maximum compressive strength sustained by the experi‑
mental walls was assigned to the upper steel plate as uni‑
formly distributed load.

3  Results and discussion

3.1  Interlocking block compressive strength 
from regression analysis

Masonry compressive strength has been addressed in 
codes of design for ordinary masonry blocks. However, 
as a result of different performance of interlocking soil 
blocks due to absence of mortar layer, this research pro‑
poses alternative empirical formulae to be utilised in ISSB 
construction. The proposed equations predict the 28‑day 
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Fig. 2  Experimental set up of the dry stack wall
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compressive strength of the blocks while considering the 
different blends of stabilizers. Since the blocks were stabi‑
lized differently, two cases were probable considering the 
blends of the stabilizing agents.

3.1.1  Case 1: Cement and lime stabilized laterite soil

The interlocking block compressive strength as estab‑
lished in this research (Eq. 3.1)considered the contribu‑
tion of pozzolanic cement and lime content in laterite 
soil. From laboratory results, pozzolanic cement was varied 
from 4.8 to 6% at intervals of 0.2 while lime varied from 0 
to 5% at unit intervals. The regression analysis adjusted 
 R2 coefficient (0.895) indicated a strong relation between 
the variables and the response value (block compressive 
strength). Equation 3.1 predicts block strength with a 
pozzolanic cement content equal to or greater than 4.8%. 
Besides having a strong corelation as indicated by Eq. 3.1, 
the equation performs predictions of the compressive 
strength much more quickly with higher defined confi‑
dence intervals corresponding to experimental outputs.

where fcb1 is the interlocking block mean compressive 
strength (MPa), c is the pozzolanic cement content in per‑
centage of dry weight of laterite soil (≥ 4.8%), and l  is lime 
percentage of dry weight of laterite soil.

3.1.2  Case 2: Cement and RHA stabilized laterite soil

Multiple regression analysis was performed on laboratory 
collected data for blocks stabilized with a blend of pozzo‑
lanic cement and RHA. In this case pozzolanic cement con‑
tent was maintained at 6% while RHA was varied from 0 to 
6% at unit intervals. The empirical equation for compressive 
strength of blocks containing a combination of 6% cement 
and variation of RHA (fcb2) is as shown in Eq. 3.2. The RHA 
value of regression analysis adjusted  R2 = 0.460 indicated a 
wide variation between the dependent variable (block com‑
pressive strength) and the independent variables (RHA and 
cement content). This suggests that a proportional factor 

(3.1)fcb1 = 2.283

(

c −
3l

761

)

− 9.995forc ≥ 4.8%

Table 2  Interlocking soil block 
and wall properties

Wall type Block density 
(kg/m3)

Young’s modu‑
lus (MPa)

Poisson’s ratio Max. wall compres‑
sive strength (MPa)

Wall vertical 
deflection 
(mm)

LSW1 1878 3850 0.35 0.9 40
LSW2 1981 4796 0.35 1.1 36
LSW3 1900 4477 0.35 1.1 39

Fig. 3  Schematic of the modelled wall
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needs to be included in the predictive equation in order to 
reliably predict the compressive strength.

where r is RHA percentage of dry weight of laterite soil.
To estimate the compressive strength‑stabilizer content 

effect, Fig. 4 was plotted. The best fit equation trends as pre‑
dicted by Eqs. 3.1 and 3.2 against experimental data of ISSB 
are shown in Fig. 4. The trend in Fig. 4a matches well and is 
in good agreement with the experimental results as com‑
pared to the trend in Fig. 4b. The empirical Eq. 3.2 could not 
capture the peaks as the quantity of RHA was increased in 
laterite soil. From the results, it can be concluded that Eq. 3.2 
can only represent the overall compressive strength devel‑
opment in laterite soil blocks stabilized with RHA.

3.2  Interlocking block wall compressive strength

The formulation of the prediction functions for compres‑
sive strength of the walls considered the three types of 
experimental walls to obtain the relationship between the 
block and the wall capacity. The characteristic compres‑
sive strength’s ( fcw ) for wall type LSW1 (PC only) and LSW2 
(L‑PC blend) from multiple linear regression are expressed 
in Eqs. 3.3 and 3.4 respectively.

(3.2)fcb2 = 3.109 − 0.257rwith6%C

(3.3)fcw1 = 219.07fcb − 114.44

(3.4)fcw2 = 2.64fcb1 + 0.08

The compressive strength prediction function for type 
LSW3 (RHA‑PC blend) obtained from the individual blocks 
(Eq. 3.5) incorporates RHA quantity with 6% cement.

The developed empirical formulae reveal that the 
predicted compressive strength of interlocking blocks 
depends on different parameters (stabilizer type, quantity 
and blend of stabilizers) in addition to what was adopted 
by Uzoegbo and Ngowi [14]. Sajanthan, Balagasan and 
Sathiparan [25] argue that even though masonry compres‑
sive strength depends on masonry units and the interfacial 
bond between masonry units, the behaviour of masonry 
as a unit contributes to resistance of the compressive 
strength. Since the dependent variable considered in this 
study was reliant on several independent variables, the 
functional output of the equations is reliable due to its 
consideration of multiple dependencies.

3.3  Finite element simulation results

The non‑linear stress–strain and failure mode behaviour 
of the interlocking masonry wall was simulated using the 
Rankine failure criterion in the Finite Element (FE) model. 
The simulation followed the maximum principal stress the‑
ory where failure was considered to occur once the elastic 
limit stress in simple tension was reached.

A good agreement was found on failure mode 
of experimental results and the stress distribution 

(3.5)fcw3 = 0.38fcb2 + 0.02

Fig. 4  Comparison of block experimental compressive strength results with empirical equation
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expressed by FE simulation of the LSW1. The results 
show that the observed experimental wall failure behav‑
iour (Fig. 5a) is governed by principal stresses distribu‑
tion as shown by the contours in Fig. 5b. It is observed 
in the FE simulation results (Fig. 5b), that the block‑load 
interface layer at the top central regions is subjected to 
maximum stress (0.94 MPa). The ultimate compressive 
stress recorded in experimental analysis (0.90 MPa) was 
however marginally lower than in numerical simulation. 
This finding concurred with the observation by Sadoun 
[26], who found that the load carrying capacity from FE 
analysis of Putra Block was relatively higher than that 
obtained from test results. He argued that this was due 
to neglection of the material and geometrical nonlinear‑
ity and initial imperfection in FE modelling.

The FE simulation indicated that LSW1 allowed higher 
compression displacement at the top block layers than 
the bottom layers (Fig.  5c). The displacement at the 
bottom layers was higher at the corners and increased 
vertically upwards at the central bottom courses. These 
small compressive strains resulted to constraining of 

the blocks at this region leading to initiation of cracks 
as observed in the experimental wall (Fig. 5a).

The experimental results of LSW2 depicted spalling 
of block debris in a diagonally stepped failure mode 
(Fig. 6a). The maximum principal stress distribution from 
FE showed a conical failure through the wall (Fig. 6b). The 
maximum principal stress contour spread at an inclined 
angle to the central region of the middle courses of the 
wall, then outwards to the bottom corners. The diago‑
nally oriented failure of the experimental wall matched 
the inclined contour path to the bottom corner of the 
wall. This observation was in line with Horri and Nasser 
[18] findings. They have shown that, under axial com‑
pression, tension cracks initiate at an angle close to 70 
degrees to fault orientation in brittle material. These 
cracks grow resulting to axial splitting. The model results 
indicate that maximum stresses are experienced at the 
top courses with blocks at the bottom central position 
experiencing the lowest stresses. The maximum stress 
recorded by numerical analysis was 1.38 MPa compared 
to 1.1 MPa recorded from experimental results.

Fig. 5  Maximum principal stress and load displacement distribution in LSW1 masonry
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The model results depict higher vertical displace‑
ments at the top courses which reduces downwards. 
From the results it is clear that the vertical edges of the 
wall deflected more than the central sections (Fig. 6c). 
Compared to LSW1, the FE results indicate no change 
of deflection behaviour of the walls when loaded to 
failure. However, there is a change of failure mode from 
compression failure experienced in LSW1 to diago‑
nal stepped compression in LSW2. There was also an 
increased stress carrying capacity in LSW2 panels.

It can be implied from these results that the compres‑
sion capacity and failure mode of ISSB wall is dictated by 
the distribution of maximum principal stresses on the 
wall which was influenced by the characteristics of the 
stabilizing agent used. This clearly indicates that stress 
distribution is influenced by composition of the constit‑
uent material (in this case, type of target material and 
stabilizer used) which further determines how the wall 
sustains the applied stress. Further, it is clear from the 
results, that crushing failure mode leads to lower stress 
carrying capacity as compared to conical failure mode of 

ISSB. Conical failure mode results to sustenance of higher 
applied loading no the masonry wall.

The initiation of cracks was at the top courses in the 
experimentally tested LSW3. The crack widths and inten‑
sity increased as they spread to the bottom courses 
(Fig. 7a). As can been seen from Fig. 7b, the maximum 
compressive stress (1.19  MPa) occurred at the central 
top courses of the wall. Other sections of the wall expe‑
rienced a uniform distribution of stresses, with compres‑
sive stresses at the bottom course. There was no vertical 
deformation that was recorded at the bottom courses of 
the wall (Fig. 7c). This restriction of deformation on blocks 
may have resulted to cracking of the units as observed in 
the experientially tested wall. Maximum vertical deflection 
of 23.53 mm was achieved on the top courses. It is noted 
that blocks stabilized with lime deflected the least and 
sustained the highest compressive stress, as compared to 
its RHA stabilized equivalents. Arroyo et al. [27] suggested 
that natural soils can be deformed highly under loading 
than stabilized one. They further argued that volumetric 
compression is not experienced much due to cementation 

Fig. 6  Maximum principal stress distribution in LSW2 masonry
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and hardening of the soil making it brittle. In this study, 
the degree of brittleness (as suggested by the vertical 
deflection) of the wall may have contributed to the mode 
of failure of the ISSB panel.

Overall, the FE model walls experienced less vertical 
deflection as compared to the experimental walls. Verti‑
cal deflection due to flattening process of the dry joint has 
been examined by Marzahn and Koning [28] by placing a 
sheet of carbon paper in between two dry stack blocks. 
They concluded that most of the deformations are caused 
by the geometric imperfection at the contact surface of 
the dry joint. Since no imperfections were assumed in the 
model, this contributed to smaller vertical deflection.

4  Conclusion

In this study, ISSB masonry behaviour was evaluated using 
finite element modelling and multiple regression analy‑
sis. The research focused on predicting the compressive 
strength of interlocking block masonry and verifying stress 

contribution on its mode of failure. Based on the finite ele‑
ment results and multiple regression analysis, the follow‑
ing conclusions can be stated:

• The total behaviour and failure pattern of ISSB masonry 
is influenced by the type of stabilizer used on the tar‑
get material which dictates the stress distribution and 
vertical displacement of the masonry.

• From the regression analysis, simple relationships have 
been identified that can predict quickly compressive 
strength for the interlocking stabilized soil block and 
masonry from their stabilizers.

• Finite element model results showed a fair agreement 
with tested wall panels in regard to the failure mode. 
The results indicated that a diagonally stepped failure 
mode is experienced in more brittle masonry assem‑
blage while cone failure mode occurs in less brittle 
assemblage.

• Compressive strength of laterite soil block walls sta‑
bilized with a blend of lime and pozzolanic cement 
was fairly estimated using the developed empirical 

Fig. 7  Maximum principal stress distribution in LSW3 masonry
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formulae. However, replacement of lime with RHA in 
the empirical equation reduced the correlation of the 
compressive strength to its quantity.
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