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The purpose of this study is to examine the extent to which the deterioration in strength of high strength concrete of 60MPa replaced
by a large amount of recycled coarse aggregates (more than 60% to 100% of replacement ratio) could be recovered with steel fiber
reinforcement through material compressive strength test and shear failure test on short and middle beams and then to offer useful
data for aggregate supply system of a sustainable resource circulation type. This study first examined the results of previous related
tests. The results of the material compressive strength tests confirmed that when using a combination of steel fiber reinforcements of
volumn ratio 0.75% and high quality recycled coarse aggregates with an water absorption rate within 2.0%, the strength characteristics
of high strength concrete of 60MPa level were not only restored to the strength level of concrete made with natural aggregates, but
also showed superior ductility. And the shear failure tests on short and middle beams using recycled coarse aggregates more than 60%
with shear span to depth ratio (a/d) of 2 and 4 controlled by shear forces mainly confirmed that effects of superior shear strength
increase and ductile behavior characteristics were showed by steel fiber reinforcements.
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Keywords : Concrete using recycled coarse aggregates, Steel fiber reinforcement, Replacement ratio of recycled coarse aggregates,
Shear strength
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Table 1. Comparison of test results of previous researches for strength of concrete using recycled coarse aggregate and reinforced

by steel fiber

Recycled coarse aggregates SE*! CcS™2 S.T.S™ FS™
Reference | Densit *5 | Rep. 6 |Volume Dift.*7 Dift.*7 Dift.*7 Remark
3}’ Wateru efp.o R (MPa) 1o ¥ (MPa) 1o . (MPa) 10 .
(g/em’) | abs.(%) | ratio(%) |1ractio (%) (%) (%)
- - 39.50 - 4.04 - 431 -
Chung, H. S. 248 193 30% - 3340 | -154 | 4.03 -0.2 4.21 -2.3  |direct shear strength test: 20%~30%
(2006) ’ ’ 50% - 3460 | -12.4 | 3.65 | -10.9 | 4.01 -7.0 |reduction of shear strength
100% - 3130 | -20.8 | 329 | -18.6 | 3.84 | -11.0
Lee. W. S - - 37.05 - 3.45 - - - a/d=5, real size specimen, 10% reduction
Yo [’1 H D 249 299 30% - 3358 | -94 2.54 | -264 - - of shear strength, brittle failure at 60%
]'(]22)07') ' ' ' 60% - 3235 | -12.7 | 3.09 | -104 - - |replacement with recycled coarse
100% - 29.17 | -21.3 2.72 -21.2 - - aggregates
Lee. M. J - - 27.50 - 1.81 - - - bond strength test: bond strength
Your; H. D 249 301 30% - 22.82 | -17.0 1.94 7.2 - - reduction of 50% at upper reinforcement
(22) 08.) ’ ’ ' 60% - 2692 | -2.1 2.11 16.6 - - of beam replaced by 60% with recycled
100% - 2497 | 9.2 1.89 4.4 - - c. aggregates
- - 63.25 - 5.43 - - -
Kim, Y. L - 0.5% | 57.76 | -8.7 7.29 343 - - short beam(a/d=1.45), shear strength
Lee, Y. K. - - - 1.0% | 61.45| -2.8 9.10 67.6 - - increase of 50%, at steel fiber of 0.5%,
(2008) - 1.5% | 60.61 | -4.2 10.63 | 95.8 - - 70% at steel fiber of 2.0%
- 2.0% | 6232 -1.5 10.66 | 96.3 - -
- - 25.20 - 2.50 - - -
- 1.0% | 27.60 9.5 2.80 12.0 - - effect of steel fiber reinforcement,
Kim, J. S. 30% ] 2430 | 3.6 .50 0 _ R 5.0% increase of bending strength &
Shin, Y. S. 2.61 2.63 " " 18% increase of shear strength at
(2008) 30% 1.0% | 2650 | 5.2 270 8.0 - - beam replaced with recycled aggregates
60% - 21.50 | -14.7 | 2.10 | -16.0 - - of 60%
60% 1.0% | 2330 | -7.5 2.40 -4.0 - -
- - 36.97 - - - - -
Song, S. H 249 3.00 using mixed recycled aggregate, bendin;
g o M. 100% - 2917 211 - - - - = yeled aggregate, 2
Youn, H. D. strength reduction of 7% in beams
(2009) 548 301 - - |2677] - - - - © |with a/d=5
100% - 2385 | -10.9 - - - -
- 49.1 - 4.12 - 451 -
0.5% | 46.4 -5.5 423 2.7 5.17 14.6
1.0% | 55.1 12.2 4.41 7.0 6.53 44.3
1.5% | 62.0 | 263 5.13 24.5 4.10 -9.1
735 408 6.10 effect of steel fiber reinforcement with
- ’ - ’ - ’ . 1.0 vol. ratio(direct shear strength
0.5% | 69.1 | -58 | 4.68 9.3 5.17 | -15.2 |test): shear strength increas by a maxi-
1.0% | 84.4 14.8 5.92 39.0 5.70 6.6 |mum of 84% in 50MPa concrete,
Karl, K. W. : : : : : : —{shear strength increas by a maximum
Klr(r;,o I(l') S ) ) . - 627 - 3.77 . 407 - of 60% for a 70MPa concrete, shear
0.5% | 57.3 -8.6 4.24 12.5 4.60 13.0 |deformation capability improvement
1.0% | 66.3 | 57 | 453 | 202 | 7.00 | 72.0 |by a factor of up to 11 times, shear
15% | 563 102 6.04 602 772 89.7 stren.gth increas by a factor of up to
1.8 times
- 62.2 - 3.81 - 3.51 -
0.5% | 69.9 12.4 4.58 20.2 4.43 26.2
1.0% | 79.0 | 27.0 4.839 28.3 6.46 | 84.1
1.5% | 97.0 | 56.0 6.26 64.0 | 1335 | 280
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Table 1. Comparison of test results of previous researches for strength of concrete using recycled coarse aggregate and reinforced

by steel fiber(Continued)

Recycled Coarse aggregates | gp*! CcS™2 S.T.S™ FS™
Reference DensiEy Water ™ Rep.*ﬁ Volu.me (MPa) Diff.*7 (MPa) Diff. 7 (MPa) Diff. 7 Remark
(g/em®) | abs.(%) | ratio(%) |fraction (%) (%) (%)
Kim. Y. C - 28.57 - 3.30 - 9.33 - test of beams: flexural strength increase
Kwal; Y K 259 1.95 30% 0.5% | 28.99 1.5 3.67 112 | 10.26 7.7 |of 8%~10% at steel fiber ratio 1.0%,
, Y. K. . . (] . . .
(2014) 0.75% | 31.03 8.6 3.95 19.7 10.87 14.1 |irrespective of using amounts of recycled
1.0% | 30.50 | 6.8 | 4.10 | 242 | 1098 | 152 |esresates,

Shin. 1. R - 29.27 - 365 - 10.17 - shear strength test of beams with
Kwi’ e 195 S0y, | 0% [3015| 30 | 387 | 60 | 1063 | 45 |ad=2, 3, 4, 20%-85% increasc of
N . K. . . () .

2015) 0.75% | 30.32 3.6 4.05 11.0 11.18 9.9 |shear strength by 1.0% vol. ratio of
1.0% | 3142 | 74 | 416 | 140 | 1131 | 112 [steetfier
Shin. W. C. - - 53.25 - 3.58 - 10.60 -
Kwak, Y. K. 2.50 2.84 30% - 4720 | -11.4 3.12 -12.8 9.42 -11.1 |bending test of beams with a/d=4
(2016) 50% - l41as| 227 | 287 | -198 | 824 | 223
- -] 281 - - - - -
Lee, H. H. . .
Lee. T. W 297 239 - 250 | -10.3 - - - - 15% increase of compressive strengh
(’201'6) ’ ’ ’ 30% 0.5% | 28.0 0.0 R R R R by 1.0% steel fiber reinforcement
1.0% | 29.7 5.7 - - - -

*1: SF - Steel Fiber, *2: C.S - Compressive Strength, *3: S.T.S - Splitting Tensile Strength, *4: F.S - Flexural Strength

*S5: Water abs. - Water absorption, *6: Rep. Ratio - Replacement Ratio, *7:
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Table 2. List of specimens and variables

Specimen | Specimen Replacement ratio of Use of
of Ist of 2nd recycled coarse aggregates |steel fiber
HN-1 HN-2 - x
HNF-1 HNF-2 - o

HR-1-30 HR-2-30 30% x

HRF-1-30 | HRF-2-30 30% o

HR-1-60 HR-2-60 60% x

HRF-1-60 | HRF-2-60 60% o

HR-1-100 | HR-2-100 100% x

HRF-1-100 | HRF-2-100 100% o

HRF-1-30: HN: High strength concrete using natural aggregate
HR: High strength concrete using recycled aggregate
F: use of steel fiber
1: Ist test, 2: 2nd test
30: Replacement ratio of recycled coarse aggregates

Table 3. Mixture proportion of concrete

Weight(kgf/m®)
Specimen Flow | W/C| S/a AE |Sili
(mm)| (%) | (%) | W | C | S |NA|RA “
agent| fume
HN-1 881.7| 0
HR-1-30 617.3|249.6
——1 380 | 25 | 42 | 165|660 [638.4 11.22| 66
HR-1-60 352.7|499.2
HR-1-100 0 832
*Specified compressive strength of concrete: 60MPa
*Volume ratio of steel fiber: 0.75%, 58.87kgf/m’
Table 4. Physical property of coarse aggregates
Natural Recycled Recycled
aggregate aggregates-l*1 aggregates-Z*2
Density(g/cm®) | 2.65, 2.67 2.50 2.59
Absorption(%) 0.60, 0.61 2.73 1.97
Fineness modulus|  6.56, 6.59 6.55 6.57

Maximum size of natural aggregates and recycled aggregates: 20mm
*1 Recycled aggregates-1: Ist strength test,

beam specimens of series 1, 2, 3
*2 Recycled aggregates-2: 2nd strength test,

beam specimens of series 4, 5
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Table 5. Comparison of compressive strength-1(1st test)

L acsT . . «p|CST . .
Specimen ' (MPa) Com-1"* Specimen 2 (MPa) Com-2"*| Com-3"7

HN-1 63.2 - HNF-1 65.2 - +3.2%

HR-1-30 | 54.8 | -13.3% | HRF-1-30 | 56.7 | -13.0% | +3.5%

HR-1-60 | 45.2 | -28.5% | HRF-1-60 | 51.0 | -21.8% | +12.8%

HR-1-100| 36.7 | -41.9% | HRF-1-100| 48.6 | -25.5% | +32.4%

*1: Non-use steel fiber, *2: Use steel fiber

*3: C.S - Compressive Strength

*4: Decrease rate of compressive strength by replacement ratio of
recycled coarse aggregates

*5: Increase rate of compressive strength by use or non-use of
steel fiber
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Table 6. Comparison of compressive strength-2(2nd test)

Fo=l 60% Old ALt

*3 *3
Specimen* ! (CI:\/ISP a) Com-1"* Specimen* 2 ngSP a) Com-2"*| Com-3"°

HN-2 68.4 - HNF-2 71.1 - +4.0%

HR-2-30 | 58.1 | -15.0% |HRF-2-30 | 72.3 | +1.6% | +24.4%
HR-2-60 | 63.1 | -7.6% |HRF-2-60 | 71.5 | +0.5% | +13.2%
HR-2-100{ 60.8 | -11.0% |HRF-2-100 [ 71.6 | +0.8% | +17.8%

*1: Non-use steel fiber, *2: Use steel fiber

*3: C.S - Compressive Strength

*4: Decrease rate of compressive strength by replacement ratio of
recycled coarse aggregates

*5: Increase rate of compressive strength by use or non-use of steel
fiber

= 75
73
7
6o 68.4
67
65
63

(MPa

59
57

Compressive strength|

HN/HNF HR-30/HRF-30 HR-60/HRF-60 HR-100/HRF-100
Replacement ratio (%)

Fig. 1. Change of compressive strength reduction by recycled aggregates
replacement and compressive strength enhancement by steel
fiber reinforcement(2nd test)
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Table 7. List of beam specimens test

Replacement
S ratio of recycled St.eel ﬁ?er Tension bars
coarse reinforcing
aggregates
*2HN-D16 0% X SD400
Series |[2HR-30-D16 30% X 2D16
. - 0,
1 |2HR-60-D16 60% X (5.=0.0164%)
2HR-100-D16 100% X
2HNF-D16 0% (6] SD400
Series [2HRF-30-D16 30% (6] 2-D16
- - 0,
2 |2HRF-60-D16 60% (0] (1,=0.0164%)
2HRF-100-D16 100% O
*2HN-D19 0% X
. |2HNF-D19 0% O SD400
Series
3 HRF-30-D19 30% 0 2-D19
2HRF-60-D19 60% O (p,=0.0238%)
2HRF-100-D19 100% O
*4HN-D19 0% X SD400
Series [4HR-30-D19 30% X 6.D19
- - 0,
4 |4HR-60-D19 60% X (5.=0.0529%)
4HR-100-D19 100% X
4HNF-D19 0% (0] SD400
Series [4HRF-30-D19 30% O 6.D19
- - 0,
5 |4HRF-60-D19 60% (0] (9,=0.0529%)
4HRF-100-D19 100% O

* Standard specimen made of natural coarse aggregates and non-
reinforced by steel fiber

1@1 3241(a) . 1021 324 1 100
Load Cell-500kN —-PEZ ald=2
L= 1[4
e i*umnnnm o 150
100 375 | ars | 100
| 100] 750 100
950

Fig. 2. Specimen size and loading position of series 1, 2, 3
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Table 8. Ultimate shear force comparison of test results with theoretical values
Test results (8) Ashour et al. (9) Oh and Kim (10) Karl et al. )
mlole| e e () Tthe.r h h Failure
Specimen X ©) KBC Fy, | the.—exp. | the.F,, | the.-exp. | the.F,, | the.-exp. mode
(%) (MPa) exp.F,, %) |6 (kN) exp. (kN) exp. (kN) exp. an
(kN) i * (%) * (%) *2 (%)
*1 2HN-D16| 0%| X | 63.2 |0.0164| 64.4 - 344 | 53.0 -17.7% 63.2 -1.9% 58.6 +9.0% | C-SF
Series | 2HR-30-D16 | 30%| X | 54.8 |0.0164| 42.7 | -33.0%]32.3| 50.5 +18.3% 59.9 +40.3% 55.9 +30.9% | C-SF
1 2HR-60-D16 | 60%| X | 45.2 |0.0164| 41.5 | -35.6%|29.6| 474 +14.2% 55.8 +34.5% 52.4 +26.3% | C-SF
2HR-100-D16|100%| X | 36.7 |0.0164| 41.4 | -35.6%|27.1| 44.2 +6.8% 51.7 +27.9% 48.9 +18.1% | C-SF
2HNF-D16 0%| O | 65.2 |0.0164| 72.9 |+13.2%|34.9| 90.0 +23.5% 88.3 +21.1% 92.7 +27.2% FF
Series |2HRF-30-D16| 30%| O | 56.7 |0.0164| 77.1 |+19.7%)|32.8| 87.5 +13.5% 83.3 +8.0% 90.0 +16.7% FF
2 |2HRF-60-D16| 60%| O | 51.1 |0.0164| 76.5 |+18.9%|31.3| 86.0 +12.4% 79.9 +4.4% 88.1 +15.2% FF
2HRF-100-D16|100%| O | 48.6 |0.0164| 62.2 -3.4%|30.6 | 85.2 -37.0% 78.3 +25.9% 87.2 +40.2% FF
*1 2HN-D19| 0%| X | 63.2 |0.0238| 57.5 -135.7| 59.4 +3.3% 69.3 +20.5% 65.7 +14.3% | C-SF
Series 2HNF-D19 0%| O | 65.2 |0.0238] 106.5 |+85.2%]|36.1 | 98.8 -7.2% 94.1 -11.6% 99.6 -1.1% | F-SF
3 2HRF-30-D19| 30%| O | 56.7 {0.0238| 98.2 |+70.8%]|34.0| 96.1 -2.1% 89.2 -9.2% 96.6 -3.0% | F-SF
2HRF-60-D19| 60%| O | 51.1 |{0.0238] 101.1 |+75.8%]32.6| 94.2 -6.8% 85.8 -15.1% 95.3 -5.7% | F-SF
2HRF-100-D19|100%| O | 48.6 |0.0238| 98.2 |[+70.8%|31.9| 93.3 -5.0% 84.2 -14.3% 93.4 -4.9% | F-SF
*1 4HN-D19| 0%| X | 68.4 |0.0529| 84.8 -150.9| 69.0 -18.6% 87.0 -2.6% 95.3 +12.4% | F-SF
Series | 4HR-30-D19 | 30%| X | 58.1 |0.0529| 77.8 -8.3%|47.5| 653 -16.1% 82.8 -6.4% 90.3 +16.1% | F-SF
4 4HR-60-D19 | 60%| X | 63.1 [0.0529| 81.5 -3.8%(49.2| 67.1 -17.7% 84.9 +4.2% 92.8 +13.9% | F-SF
4HR-100-D19{100%| X | 60.8 |0.0529| 67.5 |-20.4%|48.4| 66.3 -1.0% 83.9 +25.2% 91.7 +35.9% | F-SF
4HNF-D19 0%| O | 71.1 |0.0529| 124.5 |+46.9%|51.7| 94.8 -23.9% 122.1 -1.9% 141.5 +13.7% | F-SF
Series |[4HRF-30-D19| 30%| O | 72.3 |0.0529| 121.3 |+43.6%]|52.2| 95.2 -21.5% 122.9 +1.3% 142.0 +17.1% | F-SF
5 |4HRF-60-D19| 60%| O | 71.5 [0.0529| 123.5 |+45.7%|51.8| 94.9 -28.6% 122.4 -0.9% 141.7 +14.7% | F-SF
4HRF-100-D19|100%| O | 71.6 |0.0529| 119.5 |+41.0%|51.9| 95.0 -20.5% 122.4 +2.4% 141.7 +22.2% | F-SF

(1): Replacement ratio of recycled coarse aggregates, (%)

(3): Compressive strength of concrete, (MPa)

(5): Experimental value of ultimate shear force, exp. 7

su?

(kN)

(7): Max. shear force calculated by KBC (Korean Building Code), (kN)
(9): Throretical value of ultimate shear force calculated by Oh and Kim (8): Theoretical value of ultimate shear force calculated by Ashour et al.

(2008), formula (7), (kN)
(11): C-SF : Compressive — Shear Failure
FF : Flexural Failure
F-SF : Flexural — Shear Failure

*1: Standard specimen made with only natural coarse aggregates and

non-reinforced by steel fiber

414 vol. 4, No. 4 (2016)

(2): Steel fiber reinforcement or not, (O, X)
(4): Ratio of tensile reinforcement, use SD 400

(6): Ratio of increase or decrease of max. shear force to that of standard

specimen using only natural coarse aggregate, (%)

(1992), formula (8), (kN)

(10): Throretical value of ultimate shear force calculated by Karl et al.

(2010), formula (9), (kN)

*2:the. F,, : Ultimate shear force calculated by prediction formula, (kN)
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