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Appendix A: Mix designations and details of OPC, CSA cement with RFA and GRC
Table A1 Mix details of OPC, CSA cement with the addition of RFA and glass fibers
	Mix
	RFA/cement
	Water/cement
	Water/dry materials
	Fiber (%)
	Workability approach

	
	
	
	
	
	1 (mm)
	2 (mm)
	3 (s)

	1a
	0.500
	0.45
	0.3
	4.5
	135
	190
	9.0

	1b
	
	
	
	6.0
	135
	180
	10.0

	2a
	0.625
	0.45
	0.28
	4.9
	130
	190
	11.0

	2b
	
	
	
	6.0
	125
	180
	12.5

	3a
	0.750
	0.45
	0.26
	5.3
	120
	185
	13.0

	3b
	
	
	
	6.0
	125
	180
	14.0

	4a
	0.875
	0.45
	0.24
	5.6
	115
	185
	14.5

	4b
	
	
	
	6.0
	85
	175
	16.0

	5a
	1.000
	0.45
	0.22
	6.0
	95
	170
	15.5

	5b
	
	
	
	6.0
	95
	160
	16.0

	5c
	
	
	
	6.0
	65
	150
	16.0


Table A2 Effect of white Portland cement using RFA on workability
	Mix
	White cement
	SPFA
	RFA
	Water
	SP (%)
	Fiber (%)
	Workability approach (mm)

	
	
	
	
	
	
	
	1 (mm)
	2 (mm)
	3 (s)

	1
	100
	–
	70
	45
	–
	3
	70
	115
	9.0

	2
	100
	–
	70
	30
	0.3
	3
	65
	80
	10.0

	3
	100
	–
	70
	30
	0.6
	3
	115
	135
	11.0

	4
	100
	–
	70
	30
	1.0
	3
	140
	180
	12.5

	5
	70
	30
	70
	30
	0.5
	3
	110
	135
	14.5

	6
	70
	30
	70
	30
	1.0
	3
	167
	187
	16.5

	7
	80
	20
	60
	30
	0.8
	3
	125
	160
	14.0

	8
	90
	10
	70
	35
	0.5
	4
	140
	175
	15.0

	9
	100
	10
	50
	40
	1.2
	3
	155
	180
	16.0

	10
	80
	20
	50
	45
	0.4
	4
	120
	150
	18.0


Table A3 Mix design and flow time of SCC mixes with RFA and GRC
	Fiber type
	Initial flow time (s)
	Final flow time (s)
	GRC flow time (s)
	Flow performance

	X-1000 (2%)
	12.7
	12.5
	27.5
	good

	X-1000 (2.5%)
	13.0
	14.4
	85.1
	moderate

	X-1000 (3%)
	12.1
	14.1
	22.4
	good

	X-1000 (3.5%)
	11.7
	13.0
	18.2
	good

	EF-500 (2%)
	13.0
	14.4
	85.1
	moderate

	EF-500 (2.5%)
	14.0
	15.0
	90.2
	moderate

	EF-500 (3%)
	13.5
	14.2
	70.0
	moderate

	EF-500 (3.5%)
	12.0
	12.8
	60.5
	moderate

	MF-2000 (2%)
	21.3
	22.1
	40.6
	low

	MF-2000 (2.5%)
	22.5
	23.0
	50.2
	low

	MF-2000 (3%)
	23.0
	23.5
	55.0
	low

	MF-2000 (3.5%)
	25.0
	25.0
	65.4
	low

	UF-300 (2%)
	53.8
	53.8
	75.0
	very low

	UF-300 (2.5%)
	55.0
	55.0
	90.0
	very low

	UF-300 (3%)
	57.3
	57.3
	95.0
	very low

	UF-300 (3.5%)
	60.0
	60.0
	101.6
	very low

	SF-800 (2%)
	17.2
	17.2
	41.9
	moderate

	SF-800 (2.5%)
	18.0
	18.0
	50.2
	moderate

	SF-800 (3%)
	18.5
	18.5
	55.5
	moderate

	SF-800 (3.5%)
	19.0
	19.0
	60.3
	moderate


Note: X-1000 represents high strength fiber, EF represents eco-friendly fibers, MF represents macro synthetic based poly fiber, UF represents ultra-fine fiber, and SF represents high-performance fiber.
Appendix B: Compression strength performance of OPC, CSA cement with RFA and GRC
Table B1 Compressive strength results of CSA with RFA in GRC
	CSA
	SPFA
	NFA or RFA
	Water
	SP
	Fiber
	Strength (MPa)
	STDV (MPa)

	100
	–
	70-NFA
	30
	0.8
	–
	67.4
	3.5

	100
	–
	70-NFA
	30
	0.8
	17 (1%)
	66.7
	3.2

	100
	–
	70-NFA
	30
	0.8
	34 (2%)
	65.6
	2.8

	85
	15
	70-NFA
	30
	0.8
	34 (2%)
	61.1
	2.9

	70
	30
	70-NFA
	30
	0.8
	34 (2%)
	60.2
	3.2

	100
	–
	70-NFA
	30
	0.8
	51 (3%)
	64.7
	3.9

	100
	–
	70-NFA
	30
	0.8
	68 (4%)
	64.2
	2.3

	100
	–
	70-RFA
	30
	0.9
	17 (1%)
	63.7
	3.3

	95
	05
	70-RFA
	30
	0.9
	34 (2%)
	62.8
	3.1

	90
	10
	70-RFA
	30
	1.0
	34 (2%)
	62.1
	2.7

	85
	15
	70-RFA
	30
	1.0
	51 (3%)
	58.7
	2.5

	70
	30
	70-RFA
	30
	1.0
	68 (4%)
	56.4
	2.1


Appendix C: Flexural strength performance of OPC, CSA cement with RFA and GRC
Box C1 Computer program developed in Compaq Visual FORTRAN 6.6
! Average of test results
	implicit none
	integer :: NumOfTest
	integer :: DataLength
	integer :: i,j,k
	real,allocatable  :: V(:)
	character(len=10) :: Fin, Fout
	write (*,*) "Please input the number of tests carried out:"
	read (*,*) NumOfTest
	write (*,*) "Please input the length of data array:"
	read (*,*) Fin
	write (*,*) "Please input the output data file name"
	read (*,*) Fout
		do i=1, DataLength
		if (.not. Eof(20)) then	
			read (20, *) V(1:NumOfTest)
			print *, V
			k=0
			Sum=0
			do j=1,NumOfTest
				if (V(j)/=0) then
					k=k+1
					Sum=Sum+V(j)
				end if	
			end do
			if (k/=0) then
				write (21, '(F8.3)') Sum/k
			end if
		else
			exit 
		end if
	end do
	close(20)
	close(21)
	stop
end
[image: A group of graphs showing different colorsAI-generated content may be incorrect.]
Fig. C1 Model load deflection curves of bending test.
[image: ][image: ]
(a)                                         (b)
Fig. C2 Histogram with fitted probability distribution plot for find out modulus of elasticity: (a) 3-parameter weibull; (b) smallest extreme value.
[image: ][image: ]
(a)                                         (b)
Fig. C3 Probability plot with 95% confidence level: (a) 3-parameter weibull; (b) smallest extreme value.
Appendix D: Bond strength performance of OPC, CSA cement with RFA and GRC
Table D1 Bond strength results of CSA with RFA in GRC
	Group
	Length, l (mm)
	Aging temperature (°C)
	Aging time (d)
	Peak load (N)
	Tensile, σ (MPa)
	Average bond, τ (MPa)
	Standard deviation (MPa)

	1
	4
	20
	28
	15.0
	153.4
	0.60
	0.10

	2
	4
	28
	28
	14.7
	150.3
	0.59
	0.07

	3
	6
	28
	7
	19.0
	194.3
	0.51
	0.06

	4
	6
	28
	7
	18.7
	191.2
	0.50
	0.05

	5
	6
	38
	14
	17.0
	173.8
	0.46
	0.04

	6
	8
	38
	60
	26.3
	268.9
	0.53
	0.05

	7
	10
	20
	150
	38.0
	388.5
	0.61
	0.09

	8
	6
	20
	28
	23.0
	235.2
	0.62
	0.06


[image: A group of graphs showing different types of loadAI-generated content may be incorrect.]
Fig. D1 Bond slip behavior results of CSA with RFA in GRC.
Appendix E: Long-term performance of OPC, CSA cement with RFA and GRC
[image: ]
Fig. E1 Time dependent performance of different matrices with the incorporation of OPC, CSA, RFA, GRC.

(a)                                         (b)
Fig. E2 Influence of fiber content, length, and type on LOP and MOR: (a) LOP; (b) MOR.

(a)                                         (b)
Fig. E3 Influence of fiber content, filament diameter, and strand integrity on LOP and MOR: (a) LOP; (b) MOR.
Table E1 Aging test results of GRC wire mesh with RFA
	Age of sample (d)
	Measured parameter
	Specimen

	
	
	1
	2
	3
	4
	5
	6
	7

	10
	LOR (MPa)
	7.70
	7.75
	8.45
	7.90
	8.45
	7.65
	8.95

	
	MOR (MPa)
	8.45
	9.00
	8.50
	8.70
	9.00
	10.00
	8.30

	
	STF (%)
	0.35
	0.95
	0.55
	0.60
	0.60
	1.05
	0.70

	20
	LOR (MPa)
	7.70
	7.75
	8.40
	8.10
	7.80
	7.80
	7.70

	
	MOR (MPa)
	18.50
	16.00
	18.30
	14.60
	7.70
	9.90
	8.40

	
	STF (%)
	0.30
	0.28
	0.55
	0.60
	0.47
	0.45
	0.75

	30
	LOR (MPa)
	7.10
	7.15
	7.60
	7.90
	7.75
	7.65
	7.60

	
	MOR (MPa)
	7.65
	7.95
	15.50
	8.50
	7.70
	8.40
	7.80

	
	STF (%)
	0.22
	0.26
	0.33
	0.27
	0.29
	0.50
	0.63

	40
	LOR (MPa)
	6.80
	6.80
	7.00
	6.90
	6.95
	7.30
	7.10

	
	MOR (MPa)
	13.50
	13.80
	9.20
	10.20
	7.30
	7.80
	8.40

	
	STF (%)
	0.12
	0.72
	0.35
	0.70
	0.43
	0.45
	0.50

	45
	LOR (MPa)
	6.75
	11.20
	6.70
	5.90
	6.85
	6.55
	6.10

	
	MOR (MPa)
	11.50
	12.60
	9.00
	8.50
	8.65
	9.20
	6.80

	
	STF (%)
	0.08
	0.47
	0.42
	0.52
	0.31
	0.49
	0.35

	60
	LOR (MPa)
	6.60
	6.15
	6.55
	6.80
	6.60
	6.90
	6.80

	
	MOR (MPa)
	11.80
	11.50
	9.90
	10.30
	10.00
	9.60
	8.90

	
	STF (%)
	0.38
	0.43
	0.41
	0.43
	0.40
	0.36
	0.42

	75
	LOR (MPa)
	7.50
	8.40
	8.20
	8.60
	8.80
	9.10
	8.85

	
	MOR (MPa)
	8.90
	22.80
	19.70
	8.90
	21.80
	21.00
	14.60

	
	STF (%)
	0.43
	1.20
	1.55
	1.05
	1.30
	1.50
	0.90



13PH901X	2.0000000000000011E-2	2.5000000000000001E-2	3.0000000000000002E-2	3.500000000000001E-2	4.0000000000000022E-2	5.9417346549720094	6.2714340777750355	6.7774955430752364	6.7840501761391696	7.059008775822547	19PH901X	2.0000000000000011E-2	2.5000000000000001E-2	3.0000000000000002E-2	3.500000000000001E-2	4.0000000000000022E-2	5.9520193983685168	6.3435292947294863	6.9484904160367691	25PH901X	2.0000000000000011E-2	2.5000000000000001E-2	3.0000000000000002E-2	3.500000000000001E-2	4.0000000000000022E-2	5.697190830355475	6.4070942400098385	6NSH	2.0000000000000011E-2	2.5000000000000001E-2	3.0000000000000002E-2	3.500000000000001E-2	4.0000000000000022E-2	6.3882740277476699	6.6874418548659333	6.6005886225086297	7.3216957727640501	6.8958920165510866	12NSH	2.0000000000000011E-2	2.5000000000000001E-2	3.0000000000000002E-2	3.500000000000001E-2	4.0000000000000022E-2	7.2427077749314135	7.0876255843826925	Fibre content

LOP (MPa)



25PH901X	2.0000000000000011E-2	2.5000000000000001E-2	3.0000000000000002E-2	3.500000000000001E-2	4.0000000000000022E-2	7.0815062744229795	8.7221047924397972	12NSH	2.0000000000000011E-2	2.5000000000000001E-2	3.0000000000000002E-2	3.500000000000001E-2	4.0000000000000022E-2	9.5997922255031547	10.66339584856477	13PH901X	2.0000000000000011E-2	2.5000000000000001E-2	3.0000000000000002E-2	3.500000000000001E-2	4.0000000000000022E-2	7.1892192878336134	7.7066769623233524	8.2770490542970165	8.7818419272889621	9.5069562761358046	19PH901X	2.0000000000000011E-2	2.5000000000000001E-2	3.0000000000000002E-2	3.500000000000001E-2	4.0000000000000022E-2	7.1298849377996376	8.3781008233033027	10.00158815340952	6NSH	2.0000000000000011E-2	2.5000000000000001E-2	3.0000000000000002E-2	3.500000000000001E-2	4.0000000000000022E-2	6.7883768357942573	7.6911462318116515	7.5494385769905445	8.7423788605560215	9.1155694527717674	Fibre content

MOR (MPa)



12-13 mm
350Y	2.0000000000000011E-2	2.5000000000000001E-2	3.0000000000000002E-2	3.500000000000001E-2	4.0000000000000022E-2	7.5945505925043211	6.5887243007730714	62/2	2.0000000000000011E-2	2.5000000000000001E-2	3.0000000000000002E-2	3.500000000000001E-2	4.0000000000000022E-2	6.9676155494442265	6.1946413105797555	NSH	2.0000000000000011E-2	2.5000000000000001E-2	3.0000000000000002E-2	3.500000000000001E-2	4.0000000000000022E-2	7.2427077749314135	7.0876255843826925	901X	2.0000000000000011E-2	2.5000000000000001E-2	3.0000000000000002E-2	3.500000000000001E-2	4.0000000000000022E-2	5.9417346549720094	6.2714340777750355	6.7774955430752364	6.7840501761391696	7.059008775822547	530X	2.0000000000000011E-2	2.5000000000000001E-2	3.0000000000000002E-2	3.500000000000001E-2	4.0000000000000022E-2	6.1941208815674562	6.7593373441700804	7.05082391849011	60/3	2.0000000000000011E-2	2.5000000000000001E-2	3.0000000000000002E-2	3.500000000000001E-2	4.0000000000000022E-2	6.6407169107425945	6.1745458668008952	6.3077382044224715	6.7629022525944045	6.8890372429939051	Fibre content

LOP (MPa)



12-13 mm
350Y	2.0000000000000011E-2	2.5000000000000001E-2	3.0000000000000002E-2	3.500000000000001E-2	4.0000000000000022E-2	10.603982413192169	9.1256979635885713	62/2	2.0000000000000011E-2	2.5000000000000001E-2	3.0000000000000002E-2	3.500000000000001E-2	4.0000000000000022E-2	10.344117191063461	10.355353732180939	NSH	2.0000000000000011E-2	2.5000000000000001E-2	3.0000000000000002E-2	3.500000000000001E-2	4.0000000000000022E-2	9.5997922255031547	10.66339584856477	901X	2.0000000000000011E-2	2.5000000000000001E-2	3.0000000000000002E-2	3.500000000000001E-2	4.0000000000000022E-2	7.1892192878336134	7.7066769623233524	8.2770490542970165	8.7818419272889621	9.5069562761358046	530X	2.0000000000000011E-2	2.5000000000000001E-2	3.0000000000000002E-2	3.500000000000001E-2	4.0000000000000022E-2	7.8100220581687267	9.1141710956217139	10.834087522674508	60/3	2.0000000000000011E-2	2.5000000000000001E-2	3.0000000000000002E-2	3.500000000000001E-2	4.0000000000000022E-2	7.1889049032419665	7.3944361549528779	7.2203986005301424	9.0952879403876725	10.430953621008083	Fibre content

MOR (MPa)
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Appendix A: Mix designations and details of 
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Mix  RFA/cement  Water/cement  Water/dry  materials  F iber   (%)  Workability approach  

1 (mm)  2 (mm)  3 ( s )  

1a  0.500  0.45  0.3  4.5  135  190  9.0  

1b   6.0  135  180  10.0  

2a  0.625  0.45  0.28  4.9  130  190  11.0  

2b   6.0  125  180  12.5  

3a  0.750  0.45  0.26  5.3  120  185  13.0  

3b   6.0  125  180  14.0  

4a  0.875  0.45  0.24  5.6  115  185  14.5  

4b   6.0  85  175  16.0  

5a  1.000  0.45  0.22  6.0  95  170  15.5  

5b   6.0  95  160  16.0  

5c   6.0  65  150  16.0  

Table   A2   Effect of white Portland cement using RFA on workability  

Mix  White  cement  SPFA  RFA  Water  SP (%)  F iber   (%)  Workability approach (mm)  

1 (mm)  2 (mm)  3 ( s )  

1  100  –  70  45  –  3  70  115  9.0  

