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Effect of Blast Furnace Slag Fine Aggregate for Freezing-and-Thawing

Durability of Mortar and Concrete under Salt Existence Environment
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Cement concrete using blast furnace slag fine aggregate (BFSA) has been found to have excellent freezing-and-

thawing durability, in case mixture conditions are appropriate. In this study, freezing-and-thawing durability under salt

existence environment was investigated for mortar and concrete using BFSA, and testing of fatigue durability of

concrete slab was conducted. Resistance of concrete to freezing and thawing in NaCl (aq) was improved by using

BFSA. Reaction between BFSA and cement paste boundary and suppression of salt penetration might have a role for

the improvement. BFSA concrete with compressive strength of 70 N/mm? showed enough load bearing ability after

88 000 tracks in wheel loading fatigue test with applied load of 200 kN under wet condition.
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Table 1 Properties of blast furnace slag fine aggregate

BFSA sample A B C D
CaO (%) | 41.0 | 41.8 | 43.4 | 42.5
S (%) 05107 ] 08 | 09
SOs3 (%) |<0.11<0.1]<0.1|<0.1
FeO (%) | 03 | 03 | 0.3 | 0.5

Chemical composition

Density in oven-dry (g/em’) 265|277 | 273 | 2.64
Density in saturated surface (g/cm3) 2.69 | 2.78 | 2.75 | 2.68
Water absorption (%) 1.35] 0.21 | 0.69 | 1.42
Bulk density (kg/L) 1.56 | 1.63 | 1.58 | 1.55
Material ratio =75 um 1.3 [ 39 | 3.1 | 20
Finess modulus 3.53 | 2.13 | 2.60 | 2.43
Glass phase content (%) 95.8199.5 1995 | 99.2
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Table 2 Mix proportion of cement mortar

B (kg/m?)
WIC (%) S
w C
CS BFSA
40 274 684 1350 0
50 300 600 0 1390

CS: Crushed sand stone sand
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Table 3 Mix proportion of typical cement concrete

Unit content (kg/m3)
W/B|BFS/S|Air| s/a B S HWRS| AE
(o) | (%) [()|(Y0)| W G | (Bx%) |(Bx%)
OPC|BB|CSS|BFS
0.0 438 883 913| 0.5 |0.004
0.0 438|876 906/ 0.4 0
40 | 33.3 |2.0]5.0|175 4381590 (290 |906| 0.4 0
66.7 4381292 (593906 0.4 0
100.0 438 0 [889(906| 0.4 0
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Fig. 1 Size and dimension of concrete slab for wheel load running
fagigue test
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Fig. 2 Schematic diagram of wheel load runnning fatigue test
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Fig.3 Residue mass ratio of mortar using several types of fine
aggregate after small size freezing-and-thawing test
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to freezing and thawing action in NaCl (aq)
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Fig. 5 Effect of cement types on resistance of concrete to
freezing and thawing action in NaCl (aq)
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after freezing and thawing test in NaCl (aq)
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Fig.7 Polarizing microscope photograph of mortar surface
using BFSA after freezing and thawing test in NaCl (aq)
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Fig. 8 Transmission microscope photograph of boundary area
between BFSA and cement matrix
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Fig.9 SEM and Ca-mapping images of mortar surface after
freezing and thawing test in NaCl (aq)
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Fig. 11 Displacement of concrete slab specimens during wheel
load running fatigue test

$7.86 S5 4 S3_S2 SI CL NI N2 N3 NA N5 NG NI
S

57\56 S5 54 3 §2 S1 CL NI N2 N3 N4 N5 N6 NT

12 50000 [EH&TEEDY S 7 INZ—>/
Fig. 12 Crack pattern of concrete slab after 50 000 times loading

W HuRE, 3EMEKIORES ¥ 2 2 itiihEimDy o
100 mm D& & THILYIA 4 > Pt S h, k1 4>
O R OYEEURENE 2.65 e’/ TH o 72—, HMEH
WEIR 2 T SR R DTS, YA 4 s DRI
D> 5 30 mm FEEDOAIE 2 TICE 2 - TWwic, "ol
BUFBZ 032 em’™/4E e KRS IRRLTHY, &7, il
MAMERZIFEEFL T3, Zhs DR, aifios
A2 Z7HBEMPRIGLTWwE 2 e aEL, HEEMGED
UEEIZ LS LTV B HBEEDS E O,

3.3 EAETEEITHRER

B 11 wimfer BB TR O RER A IR D 7o b A B OHER
¥, DuCOM™ Iz & 3 JERIE FEM AT R A 7. RBR A
DichARIGETEDPEZ 212 Lch-> THL, S
12mm IZFE#E L THHE L 72, 2 oWERRIE, DuCOM ®
IR THY T aL—2 a b fERY B —BL T, —
77, S2134990 000 FIOEITET Y 7z AL 6 mm LUR Y
S1D¥PLLFTH -T2,

B 12 12 50 000 [ TR RIS TR 2 Z 9 788 — >

JFE % No. 40 (2017 4 8 F1)



2 ZHEMIc k2 VY, a2 )=+ O

i1 R C O BRSBTS 5

ERd. 27y 20d, ABBEBYIEHICET A RAL,
BT a—F—ohduzis I a2 7 v 2, Hillg
WD 2 Zy ZWIERE >72. 2D, EITEPHEZ 5L
125 C o Ty ZEEDEEINL T e DR Sz, S1
2T 2, S2DIFHID LTy rBEIIEKL, il
BALDEEHZE L EI TH I EEZ NS
DEofERLY, a2y —toE@Ebick->Tlcbsk
PSR ERP I ETE2 e EZ bR, 272, &
D & 9 T mREE RIS S 2 5 2 a2 5w L b
SRR DHBT % Z ¥ DR S Tz,

4. HbHYIC

EIR 2T SHIBEM R Wz EVZ L, a2 ) — R IOWw
T, ST N COURSRURES T O FHM 35 & OV far 8 E
Rl a 2 L, DLRORERZ 1572,

D) @FRAZ7MEMERVE 22L& > C, HKEREET
DUFSBRRE D E S NS e, BRI, av

27— T bICHERRS NIz,

(2) FSRLRRE ORI, BM-=—2 PRI - 7o R
THERL T2, AT 7 HlE Hf;ﬁ@L%Tﬁ
ISHEE Z B 2 ¢ THasFE SR L 3 4, BB E S
INfce R Ing,

3 ar 2V —FIBVTUL, BF 2RI ZHEHMOBERER
PE < 72 513 S AE N T OSSR S ek
INTe. Fio, BREREINEVL X > FEIF Y RIET
HoT1,

@) H/KEBREFEOE NV 2 VNOIEYIA 4 2123512, &b
2o 7MBEMERVE ik TEBEICe Y Ey, B
U OILEUREUS 1/5 LRI R L7z,

(5) EIFAS ZMBEMEHCEREZ A TOF L F v 2
FRRMREFRIEL, RATEEITRABRICHE L 7SR, fTE
PEFTR L CHRIER L 2 e DR S T,

AWTEE, WERFRARARIN - 4 7 R—2 a v 2D
[SIP A > 7 ZHEFFEIL - T - =2 X > M) CEPRL
N INEDO) 2k > THEMLI, &7z, AUIFEOFIMICEEL
T, WLRAES sl BIR )AL JHRE, TS R EVI,
JZICHiERRLET,

JFE £i# No. 40 (2017 /£ 8 H)
Copyright © 2017 JFE Steel Corporation. All Rights Reserved. ZXfE iz

BE R
D - - FEEAEEERS R S EHaE RS E O BIAR A N OV
D& Y BT 2 BRI R 2SS, 2014,
2) tARYZar Y- bVREER. SR EMaY 2 ) — TR
1993.
3) HAEFYER. WIFA 7 7EM e AT 23> 2 ) — Foiia#EET-
fiti TGS - [FIfER. 2013,
4) EEERF, KZNH, PEES, BT 2220 — F L¥FER
FSCHE. 2009, vol. 31, p. 139-144.
5) BFHEL, A —, WHETH, KHHOHEK. 3> 20— T7PHEX
GisCHs. 2014, vol. 36, p. 520-525.
6) #& ?ﬁﬁ":\ B, Jariythitipong P, #E5as. a2 ) — F L
FEIGE X 2015, vol. 36, p. 1078-1083.
7) KBTI, %J—HS?EE ARSI B2, 2014, vol. 70, p. 417-422.
8) &Ear s — FURBEEICE. v E e R a2y — ML,
ORIAFAI R 2 RS T BGENEER WYY FERIREREE, 2011
9) ML, RG> 2V — FRIRIROIEST ¥ BREHEICBI T 2 Wigt.
KK, 1985, (it
10) TC 117-FDC, CDF Test—Test freeze-thaw resistance of concrete—tests
with sodium chloride solution (CDF), 1996.
1) PR, AMUEE W, e, PRREL e x> bear2zy—
FERSCHE. 2015, vol. 69, p. 433-439.
12) Ayano T; Fujii T; Niitani K.; Takahashi K.; Hosotani K. J. Disaster Res.
2017, vol. 12, p. 456-469.
13) A, $a > 2) — MEBERE. 1964
14) Maekawa K.; Ishida T.; Kishi T. “Multiscale Modeling of Structural
Concrete”. Taylor and Francis, 2008.




