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Abstract 

Adobe bricks are extensively used for the construction of adobe houses. The lack of strength is one drawback of 

these bricks; therefore the soil used to build these bricks is stabilized with several natural stabilizers. This study 

conducted to compare the effects of commonly used stabilizers, which are straw and rice husk on the 

compressive strength and tensile strength of adobe. Study provided the experimental data and the analyzed 

failure pattern of the stabilized and un-stabilized specimens subjected to unconfined compressive strength test 

and splitting test. From the obtained results, the increase in compressive strength, decrease in tensile strength, 

increase in the elasticity under compressive loads and no major failure under compression and tension was 

observed for the specimens containing stabilizers. Results revealed the maximum positive effects of straw than 

rice husk in improving the adobe’s resistance to the compressive and tensile loads. 
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1. Introduction

 Adobe is a sun-dried mud brick which is used to construct adobe houses mainly in developing countries. 

Adobe houses are preferred due to the availability of soil and rapid construction [1-3]. The poor mechanical 

properties is a known drawback of adobe which can be improved with the stabilization method [4]. Stabilization 

by means of natural plant fibres is commonly practiced in the developing countries as they reduce the crack 

formation and increase the strength and durability of adobe [5]. Straw and rice husk are widely used stabilizer for 

earthen construction as they are available in abundance [6-8]. The effects of straw on the properties of adobe was 

1st realized by Romans while the rice husk due to its pozzolanic properties is widely used in either raw or ash 

form to stabilize adobe soil as well as other masonry materials [7, 9-12].  

 The use of straw and rice husk as a stabilizer is because of the high production of rice crops in developing 

countries. The rice crop produces straw after harvesting and rice husk after milling [13-15]. Due to the common 

use of straw and rice husk, the studies investigated its effects particularly on the compressive strength, water 

absorption and thermal conductivity of adobe. Some studies found the negative effects particularly of straw 

stabilizer on the mechanical properties of adobe [9, 16]. While some studies found the positive effects of these 

stabilizers on the mechanical properties of adobe [8, 17-19]. The studies also reported the variation in results 

with the change in mixing ratio of stabilizer in soil [17, 19]. However, it is difficult to compare the additive’s 
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effect by referring the results obtained in former studies as the stabilizers’ reactivity depends on the soil type and 

its texture [20-22]. Therefore, the study investigated the effects of straw and rice husk on the same soil and in a 

same mixing ratio. 

2. Materials and Methods

To carry on the research, the brief regarding material collection and testing methods is given in the following

sub sections. 

2.1. Collection of material 

 To prepare the specimens the soil was collected from the site located in Phitsanulok Province, Thailand. The 

soil collected from the site was clayey, in order to make the soil suitable for construction, the amount of sand 

was added to the soil. After adding the sand; the soil comprised of 48% sand and 52% fines which is suitable for 

the production of adobe brick [23]. 

 The stabilizer straw was collected from rice field and chopped to the length of 40mm as it is recommended by 

Boudreau (24), refer to figure 1 (A). While the raw rice husk was collected from local rice mill, which was 

slightly compacted to reduce its pointed ends, refer to figure 1 (B). These stabilizers were added to the soil by 

the weight of dry soil, the proportion of dry mixture is presented in table 1. The water was added gradually to 

obtain the optimum plasticity and was kneaded manually for the proper consistency of mixture. 

Fig. 1. Prepared stabilizers; (A) straw, (B) rice husk 

Table 1. The ratio of dry mixture; (A) plain soil mixture; (B) straw stabilized soil mixture and (C) rice husk 
stabilized soil mixture. 

Group Mixture Soil ‘Wt. %’ Stabilizers ‘Wt. %’ 

A Soil only 100 0 

B Soil + Straw 98 2 

C Soil + rice husk 98 2 

2.2. Sample preparation 

 For each experiment, the specimens were cast manually from three groups of mixtures, therefore A, B & C. 

The wooden mould was used to cast 15 stacked prism units (5 from each mixture group) and the cylindrical 

metal mould was used to cast 15 cylinders (5 from each group). The moulded dimension; L x W x H of stacked 

prism units is 200 X 150 X 300 + mortar thickness (mm) and the moulded dimension of cylindrical specimen is 

202 mm height (H) and 95 mm diameter (D). The lubricant was applied inside the moulds while moulding the 

specimens. All the moulded specimens were cured for 28 days under the sheds at 29 (+ 5) °C average 

temperature and 69 (+5) % average relative humidity. The mean average parameters of the stacked prism 

specimens and cylindrical specimens after 28 days of curing were measured as presented in table 2, figure 2 

showing the cured specimens of each group. 
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Fig. 2. Cured specimens from Group-A, Group-B & Group-C 

Table 2. The mean average parameters of stacked prism unit specimens (SPS) and  cylindrical specimens (CS) 

Group 
(SPS) 

L X W X H mm³ 

(SPS) 

CV % 

(CS) 

H ; D mm 

(CS) 

CV % 

A 174 X 127 X 254.8 
2.10 

H=181 D= 88.4 1.97 

B 192.5x133.5x275.5 
1.18 

H=189.4 D= 90.2 1.04 

C 188.2x135.6x279.2 
1.59 

H=187 D= 90.02 1.13 

2.3. Unconfined compressive strength test methods 

 Following the AS-3700 testing procedure as briefed in Australian earth building handbook [23]. The 

compressive strength test was carried out on all 15 stacked prism specimens. The specimens’ height to width 

ratio (H/W) as presented in table 3 was complied with testing requirements and tested in compression testing 

machine model Tecnotest KL200 as illustrated in figure 3 (A). The load applied on the specimens was even at 

0.5-1.0 Mpa/min rate. The maximum ultimate load ‘P’, specimen’s cross-section area ‘A’ and correction factor 

‘Ka’ was computed in the equation 1 to calculate the unconfined compressive strength ‘C’ in Mpa. 

      C= Ka × P ÷ A  (1) 

2.4. Splitting test method 

 The Splitting test was conducted on 15 cylindrical specimens to determine the tensile strength. The 

specimens’ parameters i.e. height to diameter ratio (H/D) as presented in table 3 were complied with the standard 

RILEM CPC 6 TC (25) which is designed for concrete specimens. To determine the tensile strength of adobe 

specimens by splitting method, the limit was applied to the loads and machine’s travelling speed following the 

indication of Australian earth building hand book for compression test [23, 26, 27]. All the specimens were 

placed in a load control compression testing machine as illustrated in figure 3 (B). After the removal of loads, the 

ultimate load ‘P’ was recorded and computed in the equation 2 along with the specimen’s height ‘H’ and 

diameter ‘D’ to calculate the tensile strength ‘T’ in Mpa.  

T=2P ÷ πHD        (2) 
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Table 3. Mean parameters of stacked prism specimens (SPS) and cylindrical specimens (CS) 

Group 
(SPS) 

 H/W Ratio 

(SPS) 

Ka 

(SPS) 

Weight Kg 

(CS) 

H/D Ratio 

(CS) 

Weight Kg 

A 2.01 

0.70 

13.40 2.04 2.31 

B 2.06 12.21 2.09 2.23 

C 2.06 12.24 2.07 2.38 

Fig. 3. Experimental set-up. 

3. Experimental Results

Following the methods as briefed in section 2.3 and 2.4, the test was conducted on the cured specimens

shown in figure 2. After conducting the proposed tests, the results obtained from each test is analysed as briefed 

in the sections below. 

3.1. Un-confined compressive strength test results 

 The results obtained from compression test as illustrated in table 4, showing both stabilizers improved the 

unconfined compressive strength ‘C’ and stress under compression ‘σc’ of adobe. However, the specimens 

containing rice husks improved more strength than the straw stabilized specimens. The results also showing the 

stabilized specimens obtained more failure strain ‘Ԑc’ and less modulus of elasticity ‘Ec’. It indicates that the 

stabilized specimens are more elastic than the un-stabilized specimens. According to the results, the straw has 

retained more positive effects on the elasticity of adobe than rice husk.  

 Besides the factor of strength, the compressive strength determination of adobe also depends on its failure 

under loads [5, 28]. Thus the study determined the effectiveness of fibers by analyzing the failure pattern of 

specimens under compressive loads. The specimens of group A deformed in a brittle mode with very few wide 

cracks as shown in figure 4 (A). While the specimens containing straws ‘figure 4 (B)’ exhibits the number of 

gentle cracks which doesn’t lead to the detachment of the specimens and thus the specimen was not observed in 

failure. The rice husk stabilized specimens as shown in figure 4 (C), on the other hand deformed in a ductile 

mode with minor exfoliation while the core of specimen remained coherent. From the failure of specimens at the 

ultimate compressive loads it is clear that resistance capacity of brick increased with the addition of straw and 

rice husk, but the straw renders more resistance to compressive loads than rice husk. 
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Fig. 4. Failure pattern under compressive loads 

Table 4. Results of compression test and splitting test 

3.2. Splitting test results 

 The splitting test results presented in table 4 showing the decrease in tensile strength ‘T’ and tensile stress ‘σt’ 

with the addition of stabilizers. The effectiveness of these stabilizers is determined by the pattern of failure under 

tensile loads. At the ultimate load, the wide shear crack appeared on the un-stabilized specimens which thus 

marked the separation of a specimen as shown in figure 5 (A). While on the stabilized specimens, the columnar 

crack appeared as shown in figure 5 (B) & (C). Although, the crack on specimens containing rice husk was broad 

but no major rupture was observed on the specimen as shown in figure 5 (C). Whereas the crack on the specimen 

containing straw was fine and the specimens did not deform after the removal of load ‘refer figure 5 (B)’. From 

the results it is attributed that the straw fibres are efficient in distributing the loads in material’s matrix and thus 

prevent the specimens from brittle failure. 

Fig. 5. Failure pattern under tensile loads 

4. Discussion

Group 
Avg. C 

MPA 

Avg. σc 

MPA 

CV 

% 

Ԑc 

mm/mm 

CV 

% 

Ec 

MPA 

Avg. T 

MPA 

Avg. σt 

MPA 

CV 

% 

A 1.36 1.94 2.91 0.03 6.31 64.66 0.28 0.44 7.50 

B 1.49 2.21 0.87 0.091 7.74 24.29 0.25 0.393 7.27 

C 1.69 2.42 2.86 0.056 6.98 43.21 0.23 0.361 7.52 
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 A Result reveals the stabilizers i.e. straw and rice husk improved the elasticity & ductility of specimen under 

the compressive & tensile loads. This improvement is due to the flexibility and tensile property of stabilizer as 

well as the fiber-stabilizer bond. The material matrix of stabilized specimens under the loads worked as a 

structural-mesh which distributed the exerted loads throughout the soil matrix. In a result, the improvement in 

elasticity of materials and delay in the failure under the loads was observed. The positive effects of straw in mud 

could be due to its long fiber as it is assumed for the bagasse fiber [8]. While the positive effects of rice husk 

stabilizer is due to the presence of siliceous material, which retains cementing property [29]. 

 On the comparison of bagasse fiber with rice husk in the past study, the bagasse showed maximum positive 

effects and the reason assumed is the long fibers of bagasse [8]. This could also be the reason behind the more 

efficient performance of straw than the rice husk under the loads. The long fiber provided the stronger bond in 

the straw-soil composition due to this the maximum improvement in elasticity and ductility was observed on the 

specimen containing straw.  

 Additionally, the results obtained in this study showing the coefficient of variation (CV) as high as 7.74%, 

which is thus acceptable as the specimens were prepared manually [30]. 

5. Conclusion

To compare the effects of adobe specimens stabilized with straw and rice husk in the same ratio, the un-

confined compressive strength test and the splitting test was carried out. Results showed the decreased tensile 

strength and increased compressive strength for the specimens containing straw and rice husk. These stabilized 

specimens showed the significant effects in increasing the failure strain and in decreasing the modulus of 

elasticity under compressive loads. This effect of stabilizers could be due to the tensile property of fibres which 

actively resist the external loads.  

Although, the straw did not show the significant increase in compressive strength as the rice husk did. Straw 

also reduced the tensile strength of adobe, however, it increased the green strength of adobe more than the rice 

husk. The failure strain was also recorded higher for the specimens containing straw and no failure was observed 

on straw stabilized specimens at ultimate compressive and tensile loads. This observed effect of straw is due to 

its long fiber which holds the soil particles and results in the efficient transfer of induced loads throughout the 

bulk of the material. As a consequence, straw is an effective stabilizer than rice husk in improving the 

mechanical properties of adobe. Thus the study provides the guideline for the application of straw stabilized 

adobe brick for the construction of load-bearing walls. 
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