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Fig.1- Gradation curves of aggregate
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Property method/standards Manufacturer
Density ASTM C188[17] Azm;’%‘ CE-
Particle size Laser aranulometr Shimadzu
distribution g Y sALD-2101
ASTM C204 Azmoon CE-
Specific (Blain)[18] 120
surface area  Brunnauer Emmett Bel Belsorp
and Teller (BET) mini 1l
Loss On
Ignition ASTM C114[19] Azar Oven
(LOI)
Moroholo Scanning Electron LEO VP
P 9y Microscope (SEM) 1450
Chemical X-ray Fluorescence  Panalypical
analysis (XRF) AXxios

Tablel: Laboratory methods and equipment used to determine
the physical and chemical characteristics of Sewage sludge

ash(SSA)
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No. Cement[5] SSA[4] Water[3] gpx» Gravel [2] Sand [1]

. 400 [10]  -[9] 140[8] 1 sw6[7]  s27[6]

, 380 [14] 20 [13] ., e15 [12] 825 [11]

. 360 [18] 40 [17] 5 e13 [16] 823 [I5]

o a0 22] e0 217 0 L6 sw [20] s22 [19]
140

s 320 [26] 80 [25]

, 810 [24]7 820 [23]

6 400 [31] - [30] 180 [29] o5 770 [28] 780 [27]

;380 [35] 20 34] 0 4e 768 [33] 778 [32]
s 360 [39] 40 [38] 0 gg 767 [37] 776 [36]
o 340 [43] 60 [42] 2 o9 765 [41] 775 [40]
o 320 [47] 80 [46] 0, 763 [45] 773 [44]
11 400 [52] 7 -0[51] 220 [50] . 723 [49] 733 [48]
12 380 [57] 20 [56] 220 [55] . 722 [54] 731 [53]
13- 360.[62] 40 [61] 220 [60] . 720 [59] 729 [58]

14 340 [67] 60 [66] 220 [65] o3 718 [64] 728 [63]

15 320 [72] 80 [71] 220 [70] o5 717 [69] 726 [68]

* Super Plasticizer

Table 2. Mix proportions of Treatments, kg/m?
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Property ~ Dimension SSA Cement
Density - 2.58 3.15
Particle
size pm 1-80 -
distribution
Diameter pm 8.5 80
Blain m?/kg 618 315
BET m?/kg 10156 -
LOI % 5 1.15
Morphology - Irregular Regular

Table 3 :Physical properties of sewage sludge ash'and cement
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Fig.4- Particle size distribution of SSA
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Fig. 5- Sludge ash substitution effect on the initial and final
setting time
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Sewage Sludge Ash

Chemical

composition ~ Current M;?]::J F Cement
WY tudiesfe]
SiO, 29.2 36.1 20.9
Al,O3 7.9 14.2 5.1
Fe,03 45 9.2 3.9
CaOo 37.8 14.8 63.6
Na,O 1.2 0.9 0.3
K20 19 1.3 0.5
MgO 3.8 2.4 2.7
SOs 34 2.8 1.6
P,0s 1.2 11.6 *
MnO 0.01 0.3 *
TiO, 0.55 11 *
F 1.7 * *
Cl 0.31 0.1 *

sl o2 plabis ¥

Table 4: Chemical composition of SSA in current study
compared to other SSA found in literature and cement
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Fig. 8- Increasing the compressive strength of concrete for
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Fig. 7- Increasing the compressive strength of concrete for
w/b=0.45
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Fig. 10- Sludge ash substitution effect on the porosity of the
concrete, w/b=0.45
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Abstract:

Drict discharge of domestic wastewater (sewage) to the environment or into absorbing wells has caused
many problems including surface and groundwater pollution. To reduce such problems, the number of
wastewater treatment plants has increased significantly in Iran during the last two decades. During
wastewater treatment, a significant amount of sludge, composed of organic. and mineral material, is
produced. This sludge, if not handled and disposed properly, can create serious environmental and health
issues. One environmentally attractive way of dealing with such wastes is to use them in different types of
applications. In this regard, many economical and beneficial methods have been developed to reuse sludge.
Incineration of sludge for energy recovery or the use of sludge ash in cement-based construction materials
are among these methods. Sludge incineration produces considerable ‘amount of ash which should be
disposed. However the ash can be used as cement substitude in procuction of cement-based material. The
subject of using sludge ash as cement substitude has been investigated by a few researcher with the
conclusion that the usage of ash can affect the final cement-based product quality. Based on their
experimental results, the use of sludge ash tends to decrease the workability of fresh mortar or concrete, and
to increase the cement setting time. Also a decrease in compressive strength of mortar or concrete was
reported. However, it should be mentioned that'no research has yet been done to investigatethe the effects of
sludge ash replacement on mechanical and durability properties of concrete. The main aim of this study was
to investigate the effects of sludge ash usage as cement substitude on physical, mechanical and durability
properties of concrete. For this purpose, the effects of three key parameters: replacement level ( 0-20%, by
weight), curing times (7, 28, 91 and 180 days) and water-cementitious material ratio (0.35, 0.45 and 0.55)
were investigated. The sludge used in this research was obtained from one of the local wastewater treatment
plants, which subsequently was dried and then was incinerated at 800°C to produce ash, The ash was in
general, made up of irregular grains which were aggregates of smaller particles. Also, the ash was composed
mainly of calcium, silica and aluminium oxides. The results showed that increasing the amount of sludge ash
induced higher mortar setting times as compared to the control samples, using Vicat test. The effect of ash
content on mechanical properties of concrete samples was carried out by compressive strength tests. Results
indicated that for 7 and 28 days curing time, concrete samples containing a mixture of sludge ash and cement
yielded lower compressive strength values than those samples using only cement (without any ash content).
However, for curing times greater than 28 days, the increase in ash content of concrete samples (in the range
of 0-15% by weight) led to an increase in compressive strength. Water absorption and electrical resistivity
tests were conducted to determine the durability of concrete containing sewage sludge ash. As blending
percentages of ash content increased fom 5% to 20% (by weight), electrical resistivity of concrete samples
decreased for regardless of the applied curing times. This phenomenon might be the result of increased
porosity and material ionization.

Keywords: Municipal sewage sludge ash, Concrete, Compressive strength, Durability, Water absorption.
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