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Mechanical Properties and Carbon Emission Assessment of Steel Fiber
Reinforced Alkali-Activated Slag Recycled Aggregate Concrete
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Abstract: It will conform to the development goals of “carbon peaking and carbon neutrality” and sustainability to
reutilize industrial by-products such as slag and recycled aggregate(RA) to fabricate alkali-activated slag recycled
aggregate concrete(AARAC). The effect of RA content and steel fiber volume fraction on the mechanical properties
of AARAC were studied through 13 groups of basic mechanical property tests and the carbon emissions of raw
materials in concrete were evaluated. The results show that the mechanical properties of AARAC with 75% RA
content are comparable to those of ordinary Portland cement concrete. The negative effect of RA on the AARAC
can be alleviated by the addition of steel fiber (SF). In addition, the AARAC with 50% RA and 0.5% SF has
excellent mechanical and sustainability performance. Finally, given the effect of RA content and SF volume fraction,
equations are developed to predict the mechanical strength and elastic modulus of AARAC, whose calculated values
fit the tested values very well.
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Table 1 Physical characteristics indexes of coarse aggregates

Aggregate size/ Bulk density/

Type

Water absorption

Crushing value Specific gravity/

mm (kg-m ™) (by mass)/ % (by mass)/ % (kg-m ™)
NA 5-20 1431 1.68 9.7 2873
RA 5-20 1366 5.85 15.3 2655

SF# & (K4 %0) 8 0%.0.5% . 1.0%
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Table 2 Mix proportions of specimens
Unit: kg/m’
Specimen  Cement  Slag NA RA River sand SF Sodium silicate  Sodium hydroxide ~ Water =~ Water reducer
oprC 417.0 0 1086.0 0 724.0 0 0 0 175.0 3.3
RAO00SF00 0 417.0 1086.0 0 724.0 0 161.8 3.6 84.0 3.3
RA25SF00 0 417.0 814.5 271.5 724.0 0 161.8 3.6 84.0 3.3
RAS50SF00 0 417.0 543.0 543.0 724.0 0 161.8 3.6 84.0 3.3
RAT75SF00 0 417.0 271.5 814.5 724.0 0 161.8 3.6 84.0 3.3
RA100SF00 0 417.0 0 1086.0 724.0 0 161.8 3.6 84.0 3.3
RAS50SF05 0 417.0 543.0 543.0 724.0 39.3 161.8 3.6 84.0 3.3
RAS50SF10 0 417.0 543.0 543.0 724.0 78.5 161.8 3.6 84.0 3.3
RAS50SF15 0 417.0 543.0 543.0 724.0 117.8 161.8 3.6 84.0 3.3
RAO0SF10 0 417.0 1086.0 0 724.0 78.5 161.8 3.6 84.0 3.3
RA25SF10 0 417.0 814.5 271.5 724.0 78.5 161.8 3.6 84.0 3.3
RA75SF10 0 417.0 271.5 814.5 724.0 78.5 161.8 3.6 84.0 3.3
RA100SF10 0 417.0 0 1086.0 724.0 78.5 161.8 3.6 84.0 3.3
®3 KHHHFMERE
Table 3 Mechanical properties of specimens
f../MPa f./MPa f./MPa E./GPa
Specimen
3d 7d 28d 28d 3d 7d 28d 28d
OopPC 33.39 42.61 47.53 33.62 2.88 2.98 3.26 20.45
RAOOSF00 57.33 59. 64 65.50 45.23 3.79 4.05 4.57 21.08
RA25SF00 52.99 56.74 60. 10 43.30 3.74 3.94 4.68 20. 38
RAS0SF00 50. 89 53.82 59.40 44. 60 3.39 3.71 4.56 19. 54
RA75SF00  45.46 46.40 52.30 39.23 3.29 3.41 4.01 17.61
RAI00SF00  32.4 41.99 44.63 27.28 2.73 3.07 3.92 12.00
RAS50SF05 51.57 53.04 58.38 42.96 3.78 4.20 4.72 19. 81
RAS50SF10 53.30 54.44 61.05 45.03 3.98 4.42 4.91 20. 36
RAS50SF15  48.82 54.48 68.32 45. 80 4.03 4.95 6.16 20. 83
RAO0SF10 59.78 61.48 75.78 39. 64 4.40 4.86 5.23 21.44
RA25SF10 60. 55 63.33 65.58 46.61 4.03 4.55 4.77 21.19
RA75SF10  47.94 54.25 56.75 44.16 3.90 4.23 4.28 18. 66
RAI00SF10  30.94 43.07 45.12 31.42 3.38 3.80 4.18 15.01
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Fig.1 Comparisons between predicted results and test
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Table 4 Expressions between compressive strength and elastic modulus of concrete

Reference Equation Note
[22] E _1705 15 MPa<_f,.<<80 MP
C 2 24 34.7/1, > MPasyfis @

[23] E.=4.24/f. —0.09R, + 1. 1¢(SF) Alkali-activated slag concrete
[24] E.=4730/f. Normal-strength concrete and f,<<40 MPa
[25] E.= 3320/, + 6900 21 MPa<<f<83 MPa
[26] E.=9979.4£.%% /<80 MPa
[27] E.=5.5056 X 0.75 X /f. Steel fiber-reinforced alkali-activated slag concrete

% E.=3.26./f., +0.372R,— 0.042R,  (7)
£l . Zi | SFRAARAC I ) 5 B oW RE 2 £
&} - RN N S
S - #; I 2 PR 2 R 6 P BB B 3 O 1 T
EE N TRt B 6 HE b 5 B SR HT SERAARAC (1) 3 1k 5 I
2 P it i % 3 2t
gf 20 - # . Re?[27]

Ref[28 B
. RZ£{29% 4  FRHEBUTERL
10 20 30 40 50

Experimental value/GPa

P03 SRR G AR R TN 5 3 6 9 SRR L
Fig.3 Comparison between model predicted value and
experimental value of elastic modulus
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Table 5 Carbon emission factors of materials in SFRAARAC

Unit: kgCO,-eq/kg

Slag NA RA Sand SF Sodium silicate Sodium hydroxide Water PC

o 0.0022%"  0.001 1% 0.002 5% 1.496 55 0. 700 0%H 1.514 0¥ 0.000 25! 0. 735 0"
%6 SFRAARAC #if R HE B &
Table 6 Carbon emission of materials in SFRAARAC
Unit: kgCO,-eq/m’

Specimen  Slag NA RA Sand SF 2(1)1(]1;2: Sodium hydroxide Water pPC Total
RAOOSF00 0 2.3675 0 1.817 2 0 113.2250 5.4353 0.014 3 0 122.859 3
RA25SF00 0 1.7756 0.2959 1.8172 0 113.2250 5.4353 0.014 3 0 122.563 3
RAS50SF00 0 1.1837 0.5919 1.8172 0 113.2250 5.4353 0.014 3 0 122.267 4
RA75SF00 0 0.5919 0.8878 1.8172 0 113.2250 5.4353 0.014 3 0 121.9715
RAI00SFOO 0 0 1.1837 1.8172 0 113.2250 5.4353 0.014 3 0 121.6755
RA50SF05 0 1.1837 0.5919 1.8172 58.7376 113.2250 5.4353 0.014 3 0 181.005 0
RAS50SF10 0 1.1837 0.5919 1.8172 117.4753 113.2250 5.4353 0.014 3 0 239.742 6
RAS50SF15 0 1.1837 0.5919 1.8172 176.2129 113.2250 5.4353 0.014 3 0 298.480 3
RAOOSF10 0 2.3675 0 1.8172 117.4753 113.2250 5.4353 0.014 3 0 240.334 5
RA25SF10 0 1.7756 0.2959 1.8172 117.4753 113.2250 5.4353 0.014 3 0 240.038 6
RA75SF10 0 0.5919 0.8878 1.8172 117.4753 113.2250 5.4353 0.014 3 0 239.446 7
RAI00SF10 0 O 1.1837 1.8172 117.4753 113.2250 5.4353 0.014 3 0 239.150 8
OPC 0 2.3675 O 1.8172 0 0 0 0.0298  306.4950 310.709 5
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Table 7 Environmental efficiency of SFRAARAC

Specimen L, L, L. Specimen L, L, L.

OPC 6.54 95.31 9.24| RAS0SF10 3.93 48.83 5.32
RAOOSFO00 1.88 26.88 2.72| RAS0SF15 4.37 48.45 6.52
RA25SF00 2.04 26.19 2.83| RAOOSF10 3.17 45.95 6.06
RAS0SF00 2.06 26.81 2.74| RA25SF10 3.66 50.32 5.15
RA75SF00 2.33 30.42 3.11| RA75SF10 4.22 55.95 5.42
RA100SF00 2.73 31.04 4.46||RA100SF10 5.30 57.21 7.61
RAS0SFO05 3.10 38.35 4.21
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(1) 25 5 A B BHBORC 3 235 2 506 .75 % ),
3 AR TR E + (AARAC) 1Y 28 d 57 7 IR $T JR 5t
B K IR EE £ (OPC)#E R T 25% .10% . AW £F 4
FA M 422 A ROk T T2 BRI G B s Y 5
T CAAC) 7 W 7 2 1 6l 14 11 55 VR T, AR 4F 2 X 4t
PR B Y 1 SR AR AL T e e B

(2) 5N 2F 4t ¥ 9 ok o0 & B AR R B+
(SFRAARAC) J&—Fh Z M5 G e b R . 5 T4 3
FIURH O SCk il 50 45 2, 51 A T A BRI 26 FAN 2F
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(3) AAC Yk HE il B i 2 35 KT OPC, i s HE
BT ) EBAE T il U K e AAC /9 Bk HE i
HAUA OPC 19 39.54 % , 7 i B K U ff A HE ik £ %
X 17 60.46 %0 . FiAE - RHBUR 2 50 % H AN LR 445 &
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