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Abstract: This paper presents an experimental investigation of 

shear and flexural bond strength of masonry prisms for newly 
developed sediment masonry bricks. The masonry prisms were 
constructed in three levels stack-bonded prisms for shear bond 
strength test and five levels stack-bonded prisms for flexural 
bond strength test using cement mortar and cement-lime mortar 
with pre-wetted and dry masonry units. The bond strengths of 
sediment brick masonry were tested accordance with RILEM TC 
127-MS and ASTM E518 for shear and flexural bond strengths 
respectively. The results were compared to clay brick and cement-
sand brick masonry. The results show that pre-wetted sediment 
brick masonry exhibits higher flexural and shear bond strengths 
of about 1.5 times and 5 times respectively compared to dry (non-
wetted) sediment brick masonry. Using cement-lime mortar in 
pre-wetted sediment brick masonry leads to increment of the 
bond strengths and pre-wetting action is essential for sediment 
brick masonry to prevent failure of shear bond strength. 

 
Keywords: Bonding strength, Experimental and Sedimentation 

I. INTRODUCTION 

Masonry brick is one of the important constituents in 
construction industry since 8000 BCE [1]. Traditionally, 
masonry bricks were produced by fired or unfired method, 
using earth materials such as clay and sand. Although earth 
have been abundantly available in nature, it may lead to 
depletion of natural resources in the future. Efforts have 
been made around the globe to utilize waste from various 
industries in brick production as alternative building 
materials  in order to conserve the natural resources[2]–[4]. 
Bricks utilizing these wastes have different characteristics. 
Therefore, studies of these newly developed bricks are 
essential, especially on the compatibility of these materials 
with commonly used mortars for developing appropriate 
structural performance.  
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Measurement of bond strength in masonry is substantially 
important when subjected to in-plane and out-of-plane 
bending [5]. Bond strength of the masonry developed from 
penetration of hydration product in the form of calcium-
silicate-hydrates (C-S-H) from the mortar into the masonry 
units through the surface pores. Prime factors influencing 
bond strength of the masonry regardless of using 
conventional (10 mm thick) or thin mortar layers (1-4 mm 
thick) are the type of mortars, the type of masonry unit and 
workmanship [6].  

Sarangapaniet. al. [7] found that high-cement mortar or 
mortar with plasticizing additives produced better bonding 
in conventional masonry. Besides that, surface structure of 
masonry bricks is also one of the important aspects in 
developing bond strength of the masonry. In fact, earlier 
study conducted by Grandetet. al. (1972) [8] showed that 
coarser pores results in better bond strength and pore size on 
masonry bricks of greater than 0.05µm improved bond 
development. Groot (1993) [9] showed that rough surface 
texture provides better bond strength compared to smooth 
surfaces. However, Reddy and Gupta (2006) [10] found that 
masonry brick with many fine pores lead to increment of 
bond strength due to uniform coating of mortar on fine pores 
compared to surface with larger pores, although the surface 
porosity remained the same. In 2007, the same author Reddy 
et. al.[5] tested on rough surface texture bricks by filling a 
layer of gravel-cement mixture on top and bottom surface of 
the masonry bricks and found that masonry bricks with 
rough textured bedding face increased the bond strength 
compared to plain bed surface masonry units.  

In contrary, Thambooet. al (2013) [6] agreed to [10] that 
smooth surface texture of masonry bricks displayed higher 
flexural and shear bond strength as compared to rough 
surfaces for concrete masonry constructed with thin layer 
polymer cement mortar. The polymer cement mortar has 
different characteristics as compared to pure cement and 
cement lime mortars. It was stated that flexural tensile 
strength of the polymer mortar is 50% more than its 
compressive strength whereby conventional mortars have 
flexural strength that is 10% of its compressive strength. It 
was claimed that the rough surface specimens exhibited 
lower bond strength due to the stress concentration created 
on the ‘Valleys’ at the rough surface interface when the 
loading is applied. Based on the above reviews, different 
arguments on the effects of surface texture on the bond 
strength made it remained as an area to be explored further 
for future research. In addition, moisture content also shows 
a great impact to the bond strength. Reddy et al [5]  
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reported that soil-cement masonry constructed with bricks 
of 75% of saturation exhibited optimum moisture content as 
compared to dry or fully saturated bricks that showed poor 
bond strength. Meanwhile, dry cured masonry exhibited 
higher bond strength as compared to the wet cured masonry 
[11].  

Researches were conducted on the bond characteristics in 
conventional masonry. Various tests have been conducted 
for characterization of flexural and shear bond behavior of 
the unit-mortar interface, such as uniaxial tensile test on 
couplets, four-point beam test and bond wrench pier tests 
[6]. However, behavior of newly developed bricks may 
differ from the conventional clay bricks, hence study needs 
to be carried out for the performance of the masonry 
constructed by the newly developed bricks. Christy et. at 
[12] and Basha et. al.[13] have conducted research on bond 
strength of fly ash masonry and found that fly ash masonry 
behaves differently compared to clay masonry as fly ash 

masonry units are highly water-absorbent and weaker than 
clay masonry units. More research are needed for such new 
emerging engineering materials.  

II. METHODOLOGY 

The sediment masonry bricks of size 210 x 100 x 65 mm 
were developed by mixing 90% of reservoir sediment and 
10% of OPC with water content of 10% from total dry mix, 
compressed with a pressing load of 220 kN [14]. The 
properties of sediment masonry units were tested accordance 
with the requirements of the ASTM C140 and ASTM C67 
and compared to clay and cement-sand masonry units, as 
shown in Table 1 [15]. Sediment masonry prisms were 
constructed with cement-lime mortar (M1) and cement 
mortar (M2) with water-cement ratio 0.8 as shown in Table 
2. 70 mm cubes mortar were tested for compressive strength 
on the testing day of masonry.  

Table. 1 Properties of masonry units [15] 

Type of Masonry 
units 

Density 
(kg/m3) 

Water 
Absorption (%) 

Initial Rate of 
Absorption 

(g/min/194cm2) 

Compressive 
Strength (MPa) 

Sediment 1635.47 12.53 34.05 6.202 
Clay 1831.69 11.47 45.63 14.143 

Cement-sand 1889.69 10.68 126.90 5.607 

Table. 2 Mix proportion for mortars by volume 

Mix 
Average compressive 

strength (MPa) 
Mix Proportion (by volume) 

Cement Hydrated lime Fine sand 

M 1 7.89 1 0.5 4.5 

M 2 15.29 1 0 3 
 

The masonry prisms were constructed with dry and pre-
wetted units. Pre-wetted units were emerged in water for 15 
minutes prior to construction. The excessive water after pre-
wetting were drained before used. The stack-bonded-
masonry-prisms were constructed with mortar thickness 
within 10 to 12 mm and leveled vertical and horizontally. 
The flow of mortars were monitored by using flow table and 
maintained in the range of 130 to 150%. The prisms were air 
cured and tested after 28 days. The dry clay brick indicated 
by RD, wet clay brick is RW, dry sediment brick is SD, wet 
sediment brick is SW, dry cement-sand brick is CD and wet 
cement brick is CW. 5 samples were tested for each 
categories.  

Shear strength of the prisms were tested in accordance 
with RILEM TC 127-MS. It is a method of measuring an 
index of shear strength on the interface between masonry 
unit and the mortar. Five specimens prism of three layers 
were tested as shown in Figure. The prisms were placed in 
such a way that the applied load is acting parallel to the 
mortar joint. The load was applied as near as possible to the 
joints. Supports were applied below the prisms at both end 
units. The testing speed applied was 0.06 mm/s. The 
adhesive shear strength is calculated using Equation 1. 
Where F is the ultimate load, A1 is the area of the upper 
joint and A2 is the area of the lower joint.  
 

                                            (1) 
 

 

Fig. 1 Setting up for masonry shear test 

The specimen with shear strength lower than 0.3 N/mm2 
was classified as “not successful test”. Failure modes for the 

prisms were also identified with reference to RILEM TC 
127-MS. The position of cracks were studied, whether it is 
predominantly at the upper or lower masonry unit or mortar 
interface or through the 
mortar.  
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Flexural strength of the prisms placed on simply 
supported beam with third point loading were determined in 
accordance with ASTM E518.  

The five levels prism were placed horizontally on the 
support as simply supported beam. The setting up of the test 
is shown in Figure 2 and Figure 3 shows the loading 
condition of the test. The loading speed used was 0.06 
mm/s. The flexural strength for the prism is calculated using 
Equation 2, where R is the gross area modulus of rupture in 
MPa, P is the maximum applied load in N, Ps is the weight 
of the prism in N, L is the span in mm, b is the average 
width of the prism in mm, and d is the average depth of the 
prism in mm. Prism which has failure occurred in a joint 
located outside of the middle third of the span length were 
discarded.   
 

                                  (2) 
 

 

Fig. 2 Setting up for prism flexural test 

 

Fig. 3 Loading method for three point load flexural test 

III. RESULTS AND DISCUSSIONS 

This section presents results on flexural bond strength and 
shear bond strength of sediment masonry prisms with and 
without pre-wetted condition and compared with clay and 
cement-sand masonry prisms, tested at the same conditions. 
The application of pre-wetted condition is to fulfil the 
requirement of ASTM C67 for conventional clay brick. 
Since the sediment brick is newly developed, hence this 
study attempts to see whether there is any difference in their 
mechanical properties based on pre-wetted condition.  

Figure 4 shows average results of shear bond strength for 
masonry triplets for all three types of bricks, with or without 
pre-wetting (dry), for M1 and M2 mortars. All the samples 
showed shear bond strength of more than 0.3 MPa which 
satisfies RILEM TC 127-MS, except for SDM1. 

 
 

 

Fig. 4 Shear bond strength for the masonry prisms. 

The results showed that pre-wetting is enhancing the bond 
strength. Pre-wetted samples for sediment masonry with M1 
exhibit five times higher of shear bond strength, while clay 
masonry showed 1.5 to 2 times higher of shear bond 
strength for M1 and M2 respectively. In contrast, pre-wetted 
cement sand masonry does not show any improvement in 
the shear bond strength. Dry cement-sand masonry showed 
higher shear bond strength for M2 mortar. This is in-line 
with the open pore structure brick characteristic which 
improved the interface bonding. Generally, sediment 
masonry has shear bond strength value in between clay and 

cement-sand masonry. Pre-wetted sediment masonry 
constructed with cement lime mortar (SWM1) has shown 
higher shear bond strength as compared with the one 
constructed with cement mortar (SWM2). This is in 
agreement with Sarangapaniet. al. [7] that lime in mortar 
improved hydration products penetration into the brick pores 
and led to improvement of interface contact, as well as bond 
strength. Furthermore, initial 
moisture content of the 
sediment bricks has also a 
significant influence on the 
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bond strength as found by Singh and Munjal [16].  
 
SWM1 showed higher shear bond strength than cement-

sand masonry.  
Dry sediment masonry constructed with cement lime 

mortar (SDM1) showed extremely low shear bond strength 
because of insufficient suction of water for interface 
bonding due to cement lime mortar water retention.  

Figure 5 shows failure mode of clay masonry due to shear 
load. Dry clay masonry (RDM1 and RDM2) constructed 
with M1 and M2 showed failure at the upper or lower brick-
mortar interfaces. It exhibited failure in one or both 
unit/mortar interfaces as that listed in RILEM TC 127-MS. 
Meanwhile, pre-wetted clay masonry (RWM1 and RWM2) 
also showed the same failure pattern, which is failure at both 
brick-mortar interfaces. 

 

(a)                                                    (b) 

 

(c)                                                       (d) 

Fig. 5 Failure mode of red masonry (a) RDM1, (b) RDM2, (c) RWM1, and (d) RWM2 

On the other hand, dry sediment masonry showed weak 
shear bonding as illustrated in Figure 6(a) and (b). SDM1 
and SDM2 failed at the frog (indentation) side of the 
interface with clean detachment of mortar. Meanwhile, pre-
wetted sediment showed better shear bonding especially for 
SWM1. It failed in mortar only, as shown in Figure 6(c) 

where some mortar are still attached on the surface of the 
brick and on the side without frog. This showed that the 
presence of frog contributed to better bond strength as it 
increased the contact area at the brick-mortar interface. This 
is in agreement with findings by Singh and Munjal [16]. 

 

(a)                                                 (b) 

 

(c)                                                               (d) 

Fig. 6 Failure mode of sediment masonry (a) SDM1, (b) SDM2, (c) SWM1, and (d) SWM2 
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Cement-sand masonry in Figure 7 shows weak bonding 
for pre-wetted masonry bricks (CWM1 and CWM2), as the 
samples failed at lower brick-mortar interface with clear 
detachment of mortar. Cement-sand masonry brick has frogs 
at both sides of the interface, therefore failure occurred at 
any sides of the interface. Meanwhile, dry cement-sand 
masonry samples (CDM1 and CDM2) with shear bond 

strength of 0.400 MPa and 0.427 MPa showed better shear 
bonding as compared to the pre-wetted units (CWM1 and 
CWM2) with shear bond strength of 0.381 MPa and 0.346 
MPa. Dry cement-sand masonry showed failure in mortar  
only, some mortar are found to be attached on the brick 
surface of the failure side.   
 

 

 

(a)                                                         (b) 

 

(c)                                                            (d) 

Fig. 7 Failure mode of cement-sand masonry (a) CDM1, (b) CDM2, (c) CWM1, and (d) CWM2

Figure 8 shows flexural bond strengths for the masonry 
prisms. CDM2 showed the highest flexural bond strength as 
compared to other types of masonry prisms. Mortar with 
lime (M1) showed improvement in flexural bond strength as 
compared to cement mortar (M2), except for cement-sand 
masonry. Open pore structure of the cement-sand masonry 

bricks allow higher flexural bond strength when higher 
compressive strength of mortar is used. SWM1 showed 
higher flexural bond strength as compared to clay masonry. 
In general, pre-wetted masonry bricks constructed with 
cement lime mortar have better flexural bond strength for 
clay and sediment masonry.   

 

 

Fig. 8 Flexural bond strength of the masonry prisms 

Figure 9 to Figure 11 show failure mode of all the 
masonry under flexural bond test. All the samples failed at 
the middle span. The failure mode is analysed in accordance 
to classification summarized by Lumantarnaet. at. [17]:  
● Type A, failure at one brick-mortar interface; 
● Type B, failure at both brick-mortar interface; 
● Type C, failure within the mortar joint; 
● Type D, failure within the brick unit; and 

● Type E, combination of failure within the brick unit and 
mortar joint. 

RDM1 in Figure 9(a) showed Type C failure, whereby 
bond failure in mortar joint is observed; while dry clay 
masonry in Figure 9(b), (c) 
and (d) illustrated Type 
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 A failure, which is the failure at one brick-mortar 
interface as described by Lumantarna et. al [17]. 
Venkataramaet. al [10] found that failure within the mortar 
joint normally occurred in weak (soft) mortar masonry while 
failure at brick-mortar interface is exhibited in masonry 
constructed using moderately stiff bricks. Although RDM1 
is also constructed using the same group of bricks, the 
compressive strength of mortar M1 for RDM1 is much 
lower than the compressive  

strength of clay bricks. Pre-wetted clay masonry (RWM1 
and RWM2) showed stronger flexural bond strength as 
compared to RDM2 when clean detachment of mortar is 
noticed at both sides of the middle span brick in RDM2 
sample, while some brick residue are noticed on the mortar 
face of RWM1 and RWM2.  
 

 

(a)                                                               (b) 

 

(c)                                                               (d) 

Fig. 9 Failure mode for clay masonry under flexural bond test (a) RDM1, (b) RDM2, (c) RWM1, and (d) RWM2 

Similar to clay masonry, sediment masonry in Figure 
10(a), (b) and (c) also showed Type A failure, which is 
failure at one brick-mortar interface that generally occured 
at moderately stiff bricks as studied as Venkatarama Reddy 
et. al. [10] and poor bond strength as discovered by 
Lumantarnaet. al. [17] and Sarangapaniet. al [7].  The 
failures are noticed on the side without frog. This is in-line 

with the findings by Sarangapaniet. al. [7] in shear bond 
strength that bond strength is enhanced by introducing frog. 
Pre-wetted sample SWM2 in Figure 10(d) shows better 
bonding when combination of brick failure and bond failure 
is noticed (Type A and D) [7], [16]. Besides failure of brick, 
a small amount of brick residue has been observed on the 
mortar surface of the failure interface.  

 

(a)                                                               (b) 

 

(c)                                                               (d) 

Fig. 10 Failure mode of sediment masonry under flexural bond test  
(a) SDM1, (b) SDM2, (c) SWM1, and (d) SWM2 
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Cement-sand masonry is found to be different from 
sediment and clay masonry. Dry cement-sand masonry 
bricks formed a better flexural bonding composite masonry 
because of the open pore structure. CDM1 in Figure 11 (a) 
showed a combination of failure at brick-mortar interface 
and failure within the brick unit (Type A and D). Other than 
detachment of the mortar, a crack on the brick is noticed. On 
the other hand, CDM2 in Figure 11(b) showed failure within 

brick unit (Type D) when some brick residue can be seen on 
the mortar surface.  

These failures are frequently observed in masonry 
constructed using weak brick units, which is in agreement 
with Lumantarnaet. al. [17]. Pre-wetted cement-sand 
masonry (CWM1 and CWM2) in Figure 11(c) and (d) 
illustrated failure at one brick-mortar interface (Type A) 
with clean detachment of mortar is noticed. It indicated a 
weak brick-mortar bonding. 

 

(a)                                                               (b) 

   

(c)                                                               (d) 

Fig. 11 Failure mode of cement-sand masonry under flexural bond test  
(a) CDM1, (b) CDM2, (c) CWM1, and (d) CWM2 

IV. CONCLUSIONS 

This study shows that sediment masonry prisms 
constructed with cement lime mortar performed a good 
shear and flexural bonding with pre-wetted condition. It can 
be concluded that, although pre-wetting action seemed to 
increase only 3% in compressive strength of sediment 
masonry constructed with cement-lime mortar as presented 
in [18], it is an essential action for shear bond and flexural 
bond strengths. Sediment masonry constructed with cement-
lime mortar without pre-wetted failed in shear bond strength 
(i.e. 0.096MPa). Sediment masonry exhibited shear bond 
strength in between clay and cement-sand masonry but 
better flexural bond strength as compared to clay masonry. 
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