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Waste Paper Pulp Ash as Partial Replacement of cement in Cement Mortar
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Table 1 Mix Proportions for partial cement replacement with WPPA
	WPPA (%)
	Weight of cement (gm)
	Weight of WPPA (gm)
	Weight of sand (gm)
	weight  of water (gm)
	Design Proportion
(cement: sand: water/cement)

	0
	450
	-
	1350
	225
	
1 : 3 : 0.5


	5
	427.5
	22.5
	1350
	225
	

	10
	405
	45
	1350
	225
	

	15
	382.5
	67.5
	1350
	225
	

	20
	360
	90
	1350
	225
	



Table 2 Physical Properties of cement and waste paper pulp ash (WPPA)
	Physical properties
	Materials

	
	Cement
	WPPA

	
	Present results
	Requirement
	Present results

	Specific gravity
	3.14
	3.1 to 3.16  [20]
	2.03

	Fineness (%)
	2%
	not exceed 10% [15]
	3%




Table 3 Physical properties of WPPA blended cement paste
	Physical properties
	WPPA Replacement (%)

	
	0
	5
	10
	15
	20

	
	Present results
	Requirement 
	Present results

	Consistency (%)
	28.5
	26-33 [16]
	31
	32.5
	36
	39

	Initial setting time (min)
	179
	> 45 [17]
	211
	223
	231
	266

	Final setting time (min)
	310
	< 600 [17]
	345
	359
	372
	402

	Soundness (mm)
	1.0
	< 10 [18]
	1.5
	2.0
	3.0
	3.5








Table 4 The chemical composition of ordinary Portland cement (OPC) and Waste paper pulp ash (WPPA)
	Investigated chemicals
	Chemical compositions (%)

	
	OPC [21, 22]
	 WPPA

	CaO
	60-70
	50.48

	SiO2
	17-25
	28.04

	Al2O3
	3-8
	2.01

	MgO
	0.5-4.0
	1.38

	MnO
	-
	<0.01

	Fe2O3
	0.5-6.0
	1.44

	CaSO4
	0.1-0.5
	-

	SO3
	2.0-3.5
	-

	Alkalis (Na2O and K2O)
	0.3-1.2
	0.72 and < 0.01

	P2O5
	-
	0.13

	TiO2
	-
	0.03

	H2O
	-
	0.04

	LOI
	-
	14.68




Table 5 Water absorption test results for prismatic specimens
	WPPA replacement (%)
	Dry weight
of prism (gm)
	Wet weight
of prism (gm)
	Water
absorbed (gm)
	Water absorption (%)

	0
	586
	625
	39
	6.66

	5
	577
	618
	41
	7.11

	10
	574
	615
	41
	7.14

	15
	564
	607
	43
	7.62

	20
	549
	592
	43
	7.83




Table 6 Shear bond strength of OPC-WPPA blended mortar
	WPPA replacement (%)
	Specimen dimension (mm)
	Breaking
load (N)
	Bond 
Strength (Mpa)
	
Increment (%)

	0
	230*110*50
	11810
	0.233
	-

	5
	230*110*50
	13040
	0.258
	10.41

	10
	230*110*50
	12430
	0.246
	5.25

	15
	230*110*50
	10150
	0.201
	-14.06

	20
	230*110*50
	8770
	0.173
	-25.74






Table 7 Flexural strength result for prismatic specimens
	WPPA replacement (%)
	Average Flexural strength (MPa)

	
	7th day
	Increment (%)
	28th day
	Increment (%)

	0
	7.5
	-
	8.8
	-

	5
	7.8
	4.0
	9.1
	3.4

	10
	7.6
	1.8
	9.0
	2.7

	15
	7.4
	-1.3
	8.5
	-3.4

	20
	7.2
	-4.0
	8.1
	-7.2



Table 8 compressive strength result for prismatic specimens
	WPPA replacement (%)
	Average Compressive strength (MPa)

	
	7th day
	Increment (%)
	28th day
	Increment in %

	0
	27.32
	-
	41.08
	-

	5
	28.78
	5.34
	43.38
	5.60

	10
	27.93
	2.23
	41.73
	1.58

	15
	25.58
	-6.37
	37.29
	-9.23

	20
	23.78
	-12.96
	35.41
	-13.80
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