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Evaluation of Concrete Applicability for Coarse Aggregate of Dense Blast
Furnace Slag with Low Water Absorption Ratio
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Abstract:

The coarse aggregate of the conventional air-cooled blast furnace slag (BFG) has high porosity. Therefore, the
water absorption ratio is high and it is difficult to control the water quantity of concrete. In order to reduce the water
absorption ratio, JFE Steel has developed new coarse aggregate of dense BFG with low water absorption under 1%
equivalent to natural aggregate. The concrete of dense BFG coarse aggregate has the same workability, strength and
durability as that of natural coarse aggregate. Applicability to reinforced concrete parts is comparable to natural
coarse aggregate. The drying shrinkage of the concrete with dense BFG is better than that of the concrete with
limestone. In the test construction of actual plant, we confirmed that there is no problem with pump ability, filling

property to formwork and surface finish.
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Table 1 Quality of dense BFG
Type of coarse | Absolute dry | Water absorption | Solid volume percentage for | Crushing Compressive Young's modulus
aggregate density (g/cm3) ratio (%) shape determination (%) value (%) | strength (N/mmz) (kN/mmz)
Dense BFG 2.84 0.66 62.4 13.8 149 87
Limestone 2.70 0.52 63.1 22.4 71 73
Sandstone 2.66 0.62 61.7 11.7 118 53
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Table 2 Results of formulation test for ordinary concrete
Formulation conditions Test results
Unit amount (kg/m3)
No. | Type of coarse | Water cement . Admixture (X C) Slump | Amount
aggregate ratio (%) W\e)t&er Cergent Fine Coarse AE water (cm) |of air (%)
aggregate S aggregate G ‘ AE agent
reducing agent
1 45 379 782 1031 0.0080 0.000040 | 18.0 4.5
T Dense BFG 55 309 839 1031 0.0075 0.000035 | 17.0 4.4
T 65 262 894 1014 0.0115 0.000035 | 17.0 4.8
4 45 378 782 980 0.0065 0.000060 | 18.0 4.4
? Limestone 55 170 309 839 980 0.0075 0.000050 | 19.0 4.1
T 65 262 894 964 0.0100 0.000050 | 18.5 4.5
7 45 378 782 966 0.0080 0.000040 | 17.0 4.6
T Sandstone 55 309 839 966 0.0075 0.000035 | 17.0 4.3
T 65 262 894 950 0.0115 0.000035 | 18.0 4.7
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Fig.1 Relationship between cement water ratio and compressive
strength of each formulation
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Fig. 2 Dry shrinkage test result of each concrete
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Fig.3 Relationship between material ages and compressive
strength of ultra-high-strength concrete

UGS & Tz B L TiT» 72, &3 1213, HEsm
JEar 2y — FORARBER L RT, SRR 7 2
B, Ak, BIUHERSEZFWIKE X > FH20%
D7Vyaarsl)— K3, HEADKEER—EIZL, REAH
PREMA LGS, SEEHCLMEOR S > 7 7uo—fEs
FUELREDPELN, Thbb, BEEF 25 27HEM
PHOIES D RIRMEM % oG8 Liktao 7
Btz vy v aiRTd -7z, B3 I12i3, ik ko
> 2 ) — MEMBRIE Y OBRE R T, K3 &0, @S2
Z7HEMERWICEEEE > 2 ) — ~ OJEFERE L,
AR A%, aRAaHERARE Y &SI ey
D5,

IClo IEFi#ia> 2 ) — o E IR 12he-
T, BEEF RS B e HvicEEmEas 2 ) — k
OH U 2T, B4 IRT 51, a2 s

2 oo — Dense BFG i
% ~_ ---- Limestone
§D ~200 ‘:\\ ——————— Sandstone
f_:% =300 [+ \\1_:\\__
E B T
B 500
—~  —600
1 4 8 13 26

Age (week)

4 SEERED Y- OBDIEHRER

Fig.4 Results of autogenous shrinkage test of
each ultra-high-strength concrete
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Fig.5 Dry shrinkage test results of each ultra-high-strength
concrete
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Table 3 Results of formulation test for ultra-high-strength concrete

Formulation conditions Test results
Unit amount (kg/m3)
No. | Type of coarse | Water cement . Admixture (X C) S}lllor\r:]p Amount
aggregate ratio (%) Water | Cement Fine Coarse AR of air (%)
W C aggregate S aggregate G water |\ g agent (mm)
reducing agent

1 | Dense BFG 934 621 X 604 2.3

2 Limestone 20 155 775 632 888 0.0095 0.0001 |613 %606 2.5

3 Sandstone 875 614 %592 2.5
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Fig. 6 RC beam specimen and loading situation (Unit: mm)
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Fig. 7 Stress condition at each load
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Fig. 8 Relationship between load and displacement of ordinary
RC beam
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Table 4 Mechanical properties of concrete of each RC beam specimen

Strength (N/mmz)

Type of coarse Young's moczlulus Poisson’s
Type of RC beam aggregate Compression Tensile | Bending (kN/mm”) ratio (%)
Age 4th week On the test day 4th week
. Dense BFG 38.5 423 29 4.4 32.7 0.20
Ordinary strength -
Limestone 39.2 41.7 3.2 4.6 28.6 0.20
. Dense BFG 73.7 76.3 4.8 6.3 43.6 0.21
High strength
Sandstone 74.1 79.0 44 6.2 35.1 0.18
— 65— JFE £ No. 40 (2017 428 )
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Fig. 10 Compressive strength of curing concrte
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Fig. 11 Strain of curing concrete
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Table 5 Formulations for concrete in test construction and actual work
Formulation conditions
Unit amount (kg/m’) Slump ?Hpuy
Type of coarse Water cement - - (cm) of air (%)
aggregate ratio (%) Water | Cement Fine Coarse AE water reducing
W C aggregate S aggregate G agent
Dense BFG 55 173 316 782 1057 3.16 15 4.5
Limestone 55 173 316 746 1053 3.16 15 4.5
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Fig. 12 Slump test result of each concrete
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Fig. 13 Amount of air test result of each concrete
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Fig. 14 Pumping pressure measurement result of each concrete

74—, BLUEMREYGRET, 2> 27— roXiHt L

FIZ LR -T2,

5. BHYIc

APFFETIE, BoKR 1%L T ORE G A 7 7 EM «

Wizar 7Y — b OHEAPERERRHM - BR LT, 1557

R, IS 5,

) #BesEn 2 7 2 HEHM & iz 30~50 N/mm” 0%

War 2z ) — FOFEMEEE, MEEar 2 ) -k
FETHY, GIRGa> 2V — b LESENTH B,

Fig. 15

2

€)

@

)

6)

M

40
35 b Strength for proportioning

-
—_

-O-Dense BFG
-0 - Limestone

Compressive strength (N/mm?)

14 21 28
Age (day)

X 15 &3> — hOMin—ERGRERR

Relationship between material ages and compressive
strength of concrete

16 EMETIcHIF5a>7 ) — MTR

Fig. 16 The placement of concrete in actual work

SR 2 5 2 HIEH % b7z 100 N/mm? # o) s
fEas 2V — OIEKEREL, WERSEa> 22—k
FAZETHY, kA2 ) — &b bEV, B
=3, RAHEM (MErE, ARkA) a2 Y-+
IDELLINSCENTH S,

100 N/mm” ik o @ sh i b &%, 30 N/mm” L Eo 2
> o) — FEREOYS, B2 7 2 HEM 2R
fear o) — kg, RAHEMERARCHRL T LY
> 2 MRIR N OSSR O Tk’ 72\,

WEElF 2 s 7a> 2 ) — Mg, BUFRIERE2H
LTWw3,

a2 Y — FEEE 40 N/mm® #% 3 & 08 75 N/mm’ § o
RCREVERIL, Z0O% 4 sithiTsifratin % S0 L 7o ks
B, Bz o 2 RC B, M LR E
S @M, O RRMEM & AV aic b
LRIV wIGELT,

ar 2 )= FZREFORSICEWT, BEsFA T
ZHE M RO 77 DS IRIRG IR & D baRED & <,
OTALNSL, WIS ERar 2 ) — Rk
Holz,

RSO EIF A 7 7 HEM 100%EHDa> 2 ) — T
WBEMELED RS 7 hd - 128, BEEF 25 28

JFE % No. 40 (2017 4 8 F1)



ERKR O G A 27 a0 2 > 2 ) — S EERH

HH100%HH0a> 27 ) — F ClEMERCETL TS %

ZEWIEETET,

BEXH

D e, bR, SHIEE, bR, AR SR 2 oM
T e fvrcas 2 ) — s OXNFERFTEARRG~ DOV T (2
D 1) —HARRE CEAEIC OV T AR

THEFEELE. 2002, vol. 55, no. 5, p. 858-859.

2) EEME, AT, EOER, Falndsh, NEER, HPEes.
ARG R 7 7 OKLREIOBREE S, 2 #2013, vol. 99,

no. 8, p. 30-39.

3) FIL B, REEREER, SRR, TR BEELLicsitRim A 7
SHEMERWIza > 2 ) — F OB & OZERREICE T 2 gt
ar 2 ) — b LEAEGRSCHE. 2015,37 %, 15, p. 79-84.

4 R, T B K fEEFRZ SHEM a2 - o
PEREIC R 2 SEREIITSE. 2> 2 Y — P ARG R, av o) —

JFE £ No. 40 (2017 4% 8 H) 68—

Copyright © 2017 JFE Steel Corporation. All Rights Reserved. ZXfE iz

kL2223, 2016. 7, no. 1008.

5) #REEIER], —E—, whRZE, AWEE. sHior 74— 2
Far sy —FrTIcciESEsSnicar 2 ) — F ORI ICHE T 2
FHLE. a2V — bR, 2008, vol. 30, no. 1, p. 483-488.

6) (fh) AAHERIGE. ESERGE - RSV, miERERE. 2002.3.

: ‘.\' & ‘J.ij .
5 Eod
Asw d3
ik M Mok



