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Abstract:  

This study investigates the suitability of dredged 

soil and ETP sludge for the production of 

Compressed Adobe Bricks. Elemental analysis of 

the ETP sludge and dredged soil has been carried 

out by XRF machine and Chemical method.  

Different ratio of dredged soil and ETP sludge 

such as 1:1, 1:1.5, 1:2, 1:2.5,  1:3 were used to 

prepare the specimens(Brick) for testing where 

combination of Sodium hydroxide(1.16) and  

Sodium silicate(1.57) solution  were used as 

binder. The bricks were molded using hand 

operated CINVA-RAM machine. The test 

specimens (brick) were heat cured at 60°c in an 

oven for 3(three) hours and then curing at room 

temperature for 28 days. The maximum 

Compressive strength of 4.41Mpa,Modulus of 

rupture2.59Mpa, Water absorption 03% was 

obtained with 1:2 ETP sludge and dredged soil 

specimen after 28 days at 60°c heat  curing for 

3(three) hours.    

 
Keywords: ETP sludge, Dredged Soil, Geo-
Polymer binder, Compressed Adobe Brick 

 
INTRODUCTION:  

The global use of concrete is second only to water. 

As the demand for concrete as a construction 

material increases, so also the demand for 

Portland cement. It is estimated that the 

production of cement will increase from about 

from 1.5 billion tons in 1995 to 2.2 billion tons in 

2010  [1]. On the other hand, the climate change 

due to global warming and environmental 

protection has become major concerns. The global 

warming is caused by the emission of greenhouse 

gases, such as carbon dioxide (COR2R), to the 

atmosphere by human activities. Among the 

greenhouse gases, COR2 Rcontributes about 65% of 

global warming [2]. The cement industry is held 

responsible for some of the COR2R emissions, 

because the production of one ton of Portland 

cement emits approximately one ton of COR2R into 

the atmosphere [3] [4]. The environment must be 

protected by preventing dumping of waste by-

product materials in un-controlled manners. In 

this respect, The Compressed Adobe Brick with a 

much lower environmental footprint shows 

considerable promise for application in the 

concrete industry. In terms of global warming, 

The Compressed Adobe Brick could significantly 

reduce the COR2 Remission to the atmosphere caused 

by the cement industries as shown by the detailed 

analyses by Gartner [5]. 

The textile industry is one of the oldest and largest 

sectors in Bangladesh. At present it is amongst the 

top foreign exchange earning industries for 

Bangladesh. These textile industries mainly 

located at Savar, Gazipur, Narayongonj and 
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Narshindy. These textile industries involve 

processing or converting raw material into 

finished cloth employing various operations. It 

consumes large quantities of water and produces 

polluting waste effluents. As a result treatment of 

this effluent as per parameter of ECR-

1997(Environment Conservation Rule) large 

quantity of sludge is generated each year from 

various industries. The quantity of the sludge 

produced depends upon the amount of waste 

water and the type of treatment adopted for 

treating the water. Common method adopted for 

disposing the sludge is land filling. Landfill 

disposal of the sludge has drawbacks like high 

cost of transportation, difficulty in getting suitable 

sites foreland filling, heavy metal contamination 

of the land, emission of foul gases etc. [6]. So, 

disposal of sludge has become a major issue. The 

use of sludge in construction industry is 

considered to be the most economic and 

environmentally sound option .These study 

focuses on the possibility of using sludge as 

building materials. 

 

The northern region of Bangladesh has abundance 

river dredged soil which contains high amount of 

silica. Based on the abundance of river dressed 

soil and ETP sludge in Bangladesh, It is pertinent 

to develop geo-polymer products [7] [8]. The 

present investigation explores the possibility of 

using River dredged soil and ETP sludge with 

sodium silicate and sodium hydroxide alkaline 

solution in production of pressed adobe bricks. 

These bricks may be a new development in the 

field of Building construction in which clay is 

totally replaced by Dredged soil and ETP sludge 

and activated by alkaline solution [9]. 

 
   EXPERIMENTAL: 

   MATERIALS:  

The raw materials used for this study are 
Dredged soil, ETP sludge, Sodium Hydroxide 
and Sodium silicate. 
Sediment samples (Dredged soil) were 
directly collected from the Turag river, Dhaka 
during the dredging of Turag bed sludge, the 
sediment bed is about±16-25 ft. The selected 
sample drawing points of the Turag River 
includes near Beruliya. Design of soil 
sediment samples amount is 200cft for this 
site. 
ETP sludge were collected from Envoy 
Textile Mills, Valluka, Mymensingh. 
Geopolymer binders such as Sodium Hydroxide 
(Laboratory grade, flake form, 97.8% purity) 
and Sodium silicate (50.72% solids) were 
collected from local market. 
 

METHODOLOGY: 

Index Properties of dredged soil and Grain 
size analysis was carried out by use of 
standard test methods. Water content and 
Organic content/Organic matter were carried 
out according to ASTM D2216-10 [10] and 
ASTM D2487-93[10] [11].The grain size 
distribution of the tested dredged soil was 
carried out according to ASTM D422-63 [12] 
shown in Figure-1.Atterberg limit done 
according to ASTM D4318-05 [13].The 
results of laboratory testing are shown in 
Table-1. Elemental analysis of Dredged soil 
and ETP sludge was carried out from 
Geological Survey of Bangladesh by X-Ray 
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Fluorescence (Model No. Shimadzu EDX-
7000/8000). The results of Elemental analysis 
are shown in Table-2 and Table-3. Density of 
Compressed Adobe Bricks was measured 
according to ASTM C 140 [14]. The 
Compressive strength of Compressed Adobe 
Bricks were measured according to ASTM 
C170 [15]. Water absorption measurements of 
these bricks were carried out according to 
ASTM C140-01 [16]. Modulus of rupture of 
Compressed Adobe Bricks was measured 
according to ASTM C 99-87 [17]. 
Submersions of Compressed Adobe Bricks 
were measured according to Micek et al. 2006 
[18].  
SAMPLE PREPARATION: 

Dredged soil and ETP sludge were mixed in 
dry state. The mix proportions of Compressed 
Adobe Bricks were determined using the trial 
and error method. The ratio of ETP sludge 
and Dredged soil was fixed 1:1, 1:1.5, 1:2, 
1:2.5, 1:3. The alkaline solution used for 
present study was the combination of Sodium 
hydroxide (1.16) and Sodium silicate (1.57) 
and concentration of Sodium hydroxide 
solution is taken as 12M.  Dredged soil and 
ETP sludge were mixed with alkaline solution 
to create a damp mix. The alkaline solution to 
Dredged soil and ETP sludge mixture ratios 
were considered as 0.22. The alkaline solution 
was added gradually and the ingredients were 
further mixed thoroughly using shovel until 
the mixture attained a uniform consistency. 
This mixing process can be handled within 
5(Five) minutes for each mixture with 
different ratios.Then the mixes is poured into 
mould and compressed with a manual press 
(CINVA-RAM Machine) to get the compact 
sample bricks (9.5"x 4.5"x 2.75") and were 

kept in an oven for 3(three) hours for heat 
cured at 60°c. After heating the brick 
specimens, they were kept in rest period on a 
flat, non-absorbent surface in a shady 
environment for normal curing. A space of 
about an inch between bricks must be 
provided to cure them properly. After the 
fabricated bricks had cured (>28days) 
Density, Compressive strength, Modulus of 
rupture, Water absorption, Submersion test 
were determined to identify the humidity 
level of bricks.  
 

 Table-1: Dredged soil index properties and 

grain size analysis 

Index 
properties 

Unit Ranges of values 

Water content % 60.15-70.74 
Specific gravity - 02.63 
Organic 

content 
% 0.75-4.0 

Liquid 
imit(LL) 

% 38.06 

Plastic 
imit(PL) 

% 18.98 

Plastic 
ndex(PI) 

% 19.09 

Shrinkage 
imit(SL) 

% 25.22 

Sand % 18.00 
Silt % 77.00 
Clay % 05.00 
 

                          
  
 
 
 
 
 
Table-2: Elemental analysis of ETP sludge 
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Tabl

e-3: Elemental analysis of Dredged soil 
 

 

 

 

 

 

 

 

 

RESULTS AND DISCUSSIONS:  

 

CHARACTERISTIC PROPERTIES OF 

DREDGED SOIL: 

Index properties testing program of dredged 
soil were concerned with specific gravity,    
water content, density, and atterberg limit using 
standard test methods. The results of the 
different properties of dredged soil samples are 
presented in Table-1.The evaluation of the 
different properties revealed that the specific 
gravity of dredged soil samples is 2.63,water 
content is 60.15-  70.74% and organic content is 
0.75-4.0% 

GRAIN SIZE ANALYSIS; 
The grain size distribution of the tested dredged 
soil was carried out according to ASTM D422-
63[3] and percentage of sand, silt, clay is 18%, 
77%, 05% (Figure-1). Atterberg limit done 
according to ASTM D4318-05[4] yielded a 
liquid limit of 38.06% and a plastic limit 
18.98% and plastic index 19.09 presented in 
Table-1.  

 
 Figure-1: Grain size analysis of Dredged 
 soil( Beruliya) 
 
DENSITY: 
The Density of the Compressed Adobe Bricks 
are shown in figure-2.The Density of the 
Compressed Adobe Bricks is within the range 
of 1800-1915kg/mP

3
P.Density of the Compressed 

Adobe Bricks is consistently related to its 
compressive strength and compactive force 
applied during production. The Density of the 
Compressed Adobe Brick is determined 
according to standard procedure such as ASTM 
C140[14].                                               

Element   Composition(ppm) 
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Figure-2: Density verses Ratio of ETP sludge 
and Dredged soil 
 
WATER ABSORPTION: 
Water absorption test can be used as an 
indicator for the specimen’s resistance to 
immersion in water. The water absorption of the 
Compressed Adobe Brick is determined 
according to standard procedure such as ASTM 
C140 [14]. It can be seen that all absorption 
values of compressed adobe bricks were lower 
than the limit of ASTM C90-02 [19] standard 
specification (17 % wt) for load bearing 
masonry unit. This is because compressed 
adobe brick activated with sodium hydroxide 
and sodium silicate solution which is 
hydrophobic in nature and have much lower 
water absorption capacity. Figure-3 shows the 
relation between density and water absorption 
of Compressed Adobe brick. 
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Figure-3: Water absorption verses ratio of ETP 
sludge and Dredged soil 
 
 
SUBMERSION: 
Table-4 shows the submersion test results of 
Compressed Adobe Bricks. The submersion test 
indicates the durability of the bricks when 
exposed to flooding. The submersion test 
consisted of submersion brick in tank of water 
for 24 hours to observe condition after soaking. 
The bricks deterioration was evaluated after one 
hour and after 24 hours, as prescribed by Micek 
et al. (2006)[9]. The standard for this 
submersion test was having no visible damage 
after 24 hours of flooding. The Submersion 
tests of the Compressed Adobe Bricks were 
determined according to standard procedure 
such as Micek et al.2006 [18]. In this 
investigation all manual pressed adobe bricks 
have no visible damage (Figure-4).      
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Table 4: Average rating for bricks after 1-
hour and 24-hour submersion Test Results 

 
 

 
                                        
                                     
 
 
                                          
 
 
 
 
 

 
 
 

 
 
Figure-4: Submersion test of Compressed 
Adobe Brick 
 
COMPRESSIVE STRENGTH: 

The compressive strength of Compressed 
Adobe Brick specimens were determined using 
Universal testing machine (Model No. 
TIB/M.C; Capacity -300 ton). The compressive 
strength of Compressed Adobe Bricks were 
presented in figure-5. The results show that 
compactive effort, activated with alkaline 
solution and heat curing at 60c for all ratios of 
ETP sludge and Dredged soil specimens   
improve the compressive strength as compared 
with room temperature curing Compressed 
Adobe Brick. Among the five ratios of ETP 
sludge and Dredged soil specimen’s maximum 
compressive strength achieved at ETP sludge 
and Dredged soil ratio of 1:2.P

 
PAccording to 

Uniform Building Code Requirements [20] the 
minimum compressive strength acceptable is 
300psi. According to The New Mexico 

Brick Type 1 Hour 24 Hours 
1:1(At room 
temperature curing 
for 28 days ) 

No change Negligible 

1:1(At 60ºc heat 
curing for 3 hrs in 
an oven then at 
room temperature 
curing for 28 days). 

No change No change 

1:1.5(At 60ºc heat 
curing for 3 hrs in 
an oven then at 
room temperature 
curing for 28 days). 

No change No change 

1:2(At 60ºc heat 
curing for 3 hrs in 
an oven then at 
room temperature 
curing for 28 days). 

No change No change 

1:2.5(At 60ºc heat 
curing for 3 hrs in 
an oven then at 
room temperature 
curing for 28 days). 

No change No change 

1:3(At 60ºc heat 
curing for 3 hrs in 
an oven then at 
room temperature 
curing for 28 days). 

No change No change 
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Building Code (NMBC) [21] minimum ultimate 
compressive strength is of 300 psi. Morel, Pkla 
and Walker (2007)  [22] stated that the typical 
Compressed Earth Blocks (CEB) made with a 
manual press have compressive strengths in the 
range of 2-3 Mpa (290-435 psi).  In this 
investigation all manual pressed adobe bricks 
have an acceptable compressive strength. 
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Figure-5: Compressive strength versus ratios of 
ETP sludge and Dredged soil (Room 
Temperature and Heat Curing) 
             
MODULUS OF RUPTURE: 
The intent of the Modulus of rupture test was to 
test and verify that each batch of bricks meet 
quality standards. According to The New 
Mexico compressed earth block building code 
modulus of rupture standard is 50psi. In this 
investigation all manual pressed adobe bricks 
meet the allowable modulus of rupture standard 
of 50psi. The Modulus of rupture of the 
Compressed Adobe Bricks were determined 
according to standard procedure such as ASTM 
C 99-87[17] (Figure-6).     
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Figure-6: Modules of rupture versus ratios of 
ETP sludge and Dredged soil (Room 
Temperature and Heat Curing) 
 
CONCLUSION: 
This paper examines the possibility of using 
textile effluent treatment plant (ETP) sludge 
with dredged soil as building materials such as 
in preparation of compressed adobe brick. The 
compressed adobe brick made gave an average 
dry density of1861.64 kg/mP

3
P, an average 

compressive strength of 551.8 psi and a 
modulus of rupture of348.92 psi. These values 
are higher than the code requirements for this 
form of construction. Building codes like the 
Uniform Building Code, and the New Mexico 
Compressed Earth Block Building Code, 
require average block compressive strengths of 
300 pounds per square inch and an average 
modulus of rupture of 50 pounds per square 
inch for compressed earth block one story 
buildings. Morel, Pkla, and Walker  
 (2007)[13] Stated that the typical compressed 
earth blocks (CEB) made with a manual press 
have compressive strengths in the range of 2-3 
Mpa (290-435 psi). ASTM C6 [23], BS EN 771 
1-3 [24] [25] and SANS 1215/SANS 227 [26] 
are some of the national standards prescribing 
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minimum compressive strength of solid clay 
and concrete masonry units, where the 
minimum are given by 8, 6. 5 and 3.5 Mpa 
respectively (Mention is however not made of 
the condition of bricks before testing i.e are to 
be tested when dry and when saturated.).  
These Compressed adobe bricks meet such code 
requirements and therefore can be used for the 
stipulated type of housing. This research 
presents a design and performance evaluation of 
ETP sludge and Dredged soil based compressed 
adobe brick. It proposes new technology of 
brick production in Bangladesh and widening 
the possibilities to recycle waste (ETP sludge) 
to useful products, especially building materials 
which can contribute to the environmental and 
economic benefits.   
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