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ABSTRACT

In response to the growing demand for environmentally friendly concrete in the
construction industry, Taiheiyo Cement has been selling Portland blast-furnace slag cement
type C since September 2025. As part of preparation for the launch of the product,
technical documentation was developed to promote its proper and effective use.

This report presents the results of evaluations of the fresh properties, strength
characteristics, and various durability aspects of concrete produced using the Portland blast-
furnace slag cement type C (BC) product of Taiheiyo Cement.

The admixture dosage required to achieve the target slump and slump flow for BC-
based concrete was found to be within a standard range at all ambient temperatures, being
lower than that required for concrete using ordinary Portland cement(N).

Although the compressive strength was lower at early ages compared to N-based
concrete, the BC-based concrete showed greater long-term strength development. In
addition, higher ambient temperatures resulted in greater 7-day compressive strength.
The increase in compressive strength after 7 days was similar between 5°C and 20°C, but
was significantly smaller at 35°C.

Regarding the durability, the BC-based concrete exhibited a lower mass loss ratio than
that of N-based concrete in drying shrinkage tests, and its length change at 26 weeks of
drying was equal to or smaller than that of N-based concrete. = Furthermore, the BC-based
concrete was found to have significantly higher resistance to sulfuric acid compared to N-

based concrete.

Keywords : Portland blast-furnace slag cement type C, Fresh properties,
Mechanical property, Durability, Sulfuric acid resistance
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Table 1 Materials of concrete

(a7 )— LOFEAME)

Materials Symbol I(Dge/grsnlg Type/Characteristics
Water w 1.00 Tap Water
Cement N 3.16 Ordinary Portland Cement
Blast furnace slag BFS 2.91 Ground Blast furnace slag;SSA*:4,430 cm?/g,S03:2.15%
Fine aggregate S 2.57** Pit sand; Absorption:2.10%; Solid volume percentage:68.7%
Coarse aggregate G 2.64% igfc‘)rr]sgo?agizgzngoﬁliziozlgnr:z pirrT:Zr’nage:Gls%
sp1 i Polyf:arboxylic acid based air entraining and water reducing agent for high
admixture content concrete
_ SP2 — Polycarboxylic acid based water reducing agent for concrete products
;h;ir;':j‘:i SP3 — Polycarboxylic acid based air entraining and water reducing
AD . Lignosulfonate acid and Polycarboxylic acid based air entraining and water
reducing agent
AE — Air entraining agent

*Specific Surface Area measured by Blaine’s method
**density in saturated surface-dry condition

Table 2 Cement quality test results

(£ A2 bDOREHABRIER)

Setting Soundness test Compressive strength (N/mm?)
Cement | DeNsity SSA* Water Initial Final Le Chatelier
(glem?) (€M*9) | content | setting | setting method 3d 7d 28d
(%) (h-min) (h-min) (mm)
BC 2.98 4110 30.9 3-35 5-45 1.0 13.3 28.2 49.8
N 3.16 3340 274 2-15 3-20 — 30.3 451 61.6

*Specific Surface Area measured by Blaine’s method
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Table 3 Mix proportion of concrete
(A9 )= ~DES)

Bulk . Chemical admixture
. Unit content (kg/m?3)
Ambient volume of (Cx%)
WI/C |Cement sl/a* .
temperature coarse Curing Test
. (%) | type (%)
(°C) aggregate W C S G SP or AD AE
(m3/m3)
BC 160 356 837 922 1,2
5 45 0.570 — Control | Control Water
N 160 356 856 922 1,2
BC 160 457 750 922 1,2
20 35 0.570 — Control | Control Water
N 160 457 774 922 1,2
Water 1,2, 4
BC 160 356 837 922 Control | Control
Steam 1,2
20 45 0.570 —
Water 1,2, 4
N 160 356 856 922 Control | Control
Steam 1,2
BC 160 267 915 922 1,2
20 60 0.570 — Control | Control Water
N 160 267 928 922 1,2
BC 160 356 837 922 1,2
35 45 0.570 — Control | Control Water
N 160 356 856 922 1,2
41 BC 160 390 808 922 3
20 0.570 — Control | Control Water
50 N 160 320 885 922 3
BC 160 350 766 1001 5
20 46 — 44 Control | Control Water
N 160 350 774 1012 5
BC 160 300 820 989 5
20 53 — 46 Control | Control Water
N 160 300 828 998 5
BC 160 250 877 976 5
20 64 — 48 Control | Control Water
N 160 250 883 983 5

1:Fresh property, 2:Mechanical property, 3:Durability, 4: Sulfuric acid resistance, 5: Thermal property

*sand-total aggregate ratio
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Table 4 Test item and method

(HBRIEE & L VHBRLE)

Ambient Chemical
Test T hod temperature admixture R ‘
est item est metho °C) WIC (%) emarks
5 20 | 35 | 35|45 | 60
Slump asa1101 | O | O | O |sp1|sp1|ap | A98 Of measurementO min after
mixing
Slump flow ISA1150 | O | O | O |sp1|sp1|ap | A98 of measurementO min after
Property of mixing
fresh concrete . :0 mi
Air content asa1128 | O | O | O |sp1|spi|ap | A98 Of measurementO min after
mixing
Age of measurement:0 min after
Concrete temperature | JIS A 1156 O | O | O [SP1|SP1|AD mixing
Compressive strenath Specimen:100x200mm,N=3
(SVater curing) 91 Jisa108 | O | O | O [sP1|sP1|AD Age of measurement:
9 7,28,56,91days
BC: Specimen:100x200mm,N=3
Mechanical | Compressive strength SP1 P ¢ T
roper (Steam curing) JISA 1108 — | O | —|— N | Age of measurement:
property 9 ’ 24hours,7,14,28days
SP2
Static modulus of . . _
elasticity JSA1149 | — | O | — |sP1|sP1|AD SApo;Tem”e':SlSrZﬁg:tgg’gf
(Young’'s Modulus) g ’ y
Thermal | Adiabatic Femperature JCI-SQA3 — | O | = SP1 Age of measurement:~14days
property rise
Specimen:100x100x400mm,
Drying shrinkage JISA1129-2 | — | O | — SP1 N=3, Age of measurement:
1,4,8,13,26weeks
Carbonation depth Specimen:100x100x400mm,
Durability of (Accelerated JIS A 1153 — | O | — SP1 N=3, Age of measurement:
concrete carbonation) 1,4,8,13,26weeks
BC: .
sp1 Specimen:@75x150mm,N=3
Sulfuric acid resistance — — 1O | —|— N Age of measurement:
SP'3 28,35,42,56,84days

FEENVERE O FEA & U CWrBMEE BB (JCT-
SQA3) &M L7, MHAMEDORHE & LT, FoiE
PER (JIS A 1129-2), fRiER M LRER (JIS A 1153)
B EOWERRIEIC X D iithiEe el g 5 U7z,
et BR X FAE = > 7 U — MEEY O 8 i
B R OB~ ==2 7L Y28 EICER L, =
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IRIERT (M 28 H) D O BRI X 0 FEE L
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Table 5 Experimental results of fresh concrete
(A2 )—=rDI7 Ly aiAEBRER)

Ambient Bulk volume of Chemical admixture Slump .
temperature \g//o(): Cement | coarse aggregate (k %3) (Cx%) S(l(ljnT)p flow ('ﬁ‘/'or)
(°C) (m¥md) 9 SPorAD | AE (cm)
5 45 BC 0.570 160 0.70 0.001 21.5 41.0 4.1
N ' 0.80 0.002 21.0 40.5 4.8
BC 0.90 0.021 22.0 43.0 43
20 35 0.570 160
N 1.25 0.004 22.0 40.5 4.9
BC 0.75 0.004 21.5 42.0 4.4
20 45 ....................... 0570 160
N 0.95 0.004 22.0 445 5.0
BC 1.15 0.010 21.0 40.5 4.0
20 60 0.570 160
N 1.30 0.009 22.0 40.5 43
BC 0.75 0.005 215 435 438
35 45 0.570 160
N 1.00 0.004 21.0 425 4.3
Table 6 Compressive strength
(329 ")— bDIEHERE)
Compressive strength (N/mm?)
Ambient W/C _ Steam curing
Temperature | Cement Water curing - - - -
C) (%) Precuring period 2hours Precuring period 4hours
7d 28d | 56d | 91d | 24h 7d 14d | 28d | 24h 7d 14d | 28d
BC 8.49 | 27.9 | 34.1 | 40.0
5 45
N 29.4 | 52.4 | 58.0 | 63.5
BC 35 35.6 | 63.3 | 68.4 | 76.3
N 57.1 | 78.0 | 79.5 | 85.6
20 BC 45 229 | 40.2 | 474 | 536 | 19.3 | 25.7 | 28.8 | 314 | 21.9 | 27.0 | 295 | 31.6
N 40.3 | 545 | 59.6 | 63.0 | 20.5 | 31.6 | 35.0 | 36.8 | 22.1 | 329 | 36.3 | 37.3
BC 60 12.8 | 26.9 | 33.4 | 41.2
N 229 | 34.2 | 37.2 | 39.0
BC 30.5 | 416 | 46.9 | 485
35 45
N 40.3 | 50.9 | 57.4 | 60.0
120 120
_ 20°C 91days = 56days . WI/C45% 91days » 56days
T = 28days m7days T m 28days m 7days
g 100 g100
:-:; WIC35% ?_:
£ 80 € g | 5C 20°C 35°C
o o
E WIC45% E
@ 60 6o
2 WIC60% 2
2 2
8 40 g 40
j=3 o
£ E
3 20 S 20
0 0
BC N BC N BC N BC N BC N BC N

Fig.2 Compressive strength at 20°C for each

W/C ratio

(20°CTDE W/C D IEHEEE)

Fig.3 Compressive strength at various
temperature
(BREBETOERERE)
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Table 7 Young’s Modulus

(R RED
wiC Young’s Modulus
%) Cement (KN/mm?)
28d
BC 36.5
35
N 38.2
BC 31.8
45
N 34.3
BC 27.9
60
N 30.2
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E, = (2.2 + 0020 ) x10* @, < 30N/mm?
E—(28+0‘_30)x104 30 = o
e\ 33 < 40N /mm? =
o, — 40 40 < o, (2)
E, = (3.1 + ) x 10* ,
50 < 70N/mm
E—(37+0‘_70)x104 70 = o
c T 100 < 80N/mm?

Fo =335 x 10 x (1) x (&)’ K(3)

2.4 60

E: 227 U— oY 2% (N/m?)
Doay s U — FOBMNFEEE (t/m)
o: 327 U— hOEMEARE (N/mn?)

3.4 WrEAVEE LR E

BC 2 L, BRBEIR B 20°C O TR Y 24T -
7mar 7 U — hOWEGEE EARBRE R %2 Fig. 10
R HICIE, 28 L LT, Yo' A MR
AEMER O SN ANEFHA L7 ) —
N OWENRE EREART. BCEFEM L2
— M OWEVEE R8T, LTFICRTH () B LUK
G)EHWTEIFL, TR ERD 7. REHIMTER
Tk, KWL viEEPXEZEH I TWSD N, BC %
R L2581, MY ORE EAPESHTH
0, X@EEHLGEIIEEZE GRE) nAkEL
7eofetz®, GV EYGE L. BiEE EHC

DOEREE W T/ b 3R BlF L CRO 7= B4R & B
At Ay FEOEFRZ Fig. 11 53X O Table 8 12/~
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BC ZfEH L7227V — DR~ A FEIC
BT HWEGEE FREIINOES LR L TNEL,
HERMENRE FA &2 RTKIEIXBCZEH Lo a
DIFTDINESWFER & o7z,

Qv =K1 —-e) @)

Qo = K(l _ e—atB) 2 (5)

QoMb B ECOWTENELEE 154 (C)
K WFBRLEE L5 RO R (°C)

a, BRI B R R
ERHR (1)

3.5 AN

3.5.1 MAMRRICERALzaY ) — bOERYHE

R SRS RRBR 38 L OMIRdE (LR BRI L, A4 n 28 H
JEMEFREE DY 40N/ mm? FE2E & 72D K DT W/C Z2FR L
THE L. RBRICEHLZa 7 V-7 Ly
Vot X OVEAETRE % Table 9 (2779, BC %1l
MUz 27— Ot 28 HIZIIT 2 M8
ILNOHAELD HRO0KREL 2o T,

3.5.2 RZIRINHE

a7 U — b OERIGHERBR O R & Table 10,
Fig. 12 5 XU Fig 13 1Z/”3.BC 21 L7561,
N D& LB LT, Kokie TERNETLHE
WA RP/NES <, FRE 26 HICBT DR SZEL
RIZFRFUTFTHD Z & a2 L.

Table 8 Relationship between unit cement content and the coefficients in the adiabatic temperature rise equation
(Bt A2 F2EMEBEELRKICE T 5FHOE KR

relationship C=300 kg/m?
Cement
K~C a~C p~C K a B
BC K=0.100C+7.35 0=0.0004C+0.450 =0.0010C+0.985 374 0.570 1.285
N K=0.117C+12.6 0=0.0028C+0.392 — 47.7 1.232 —
Table 9 Compressive strength of specimens used in the durability test
(Mt A TEERER THEA L - A D I HE8 )
W/B Chemical admixture (C X %) Property of fresh concrete Compressive Zstrength
Cement (%) (N/mm?)
SP AE Slump (cm) Air (%) 7d 28d
BC 41 0.80 0.0070 22.0 4.6 26.6 45.9
N 50 0.85 0.0030 20.5 4.9 29.4 41.2
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Fig.11 Relationship between unit cement
content and the coefficients in the
adiabatic temperaturerise
equation : BC
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Table 10 Drying shrinkage

45

(BZ R UNHE)
Rate of length change (x10) Rate of weight change (%)
Cement Drying period (weeks) Drying period (weeks)
1 4 8 13 26 1 4 8 13 26
BC -230 -378 -465 -538 -596 -0.97 -1.25 -1.42 -1.53 -1.63
N -186 -387 -501 -595 -645 -1.16 -1.70 -1.97 -2.17 -2.29
Table 11 Carbonation depth
(FREERS)
Carbonation depth (mm) Carbonation rate
Cement Acceleration period (weeks) Coefficient
1 4 8 13 26 (mm/Nweek)
BC 3.0 7.0 9.9 11.5 14.9 3.13
N 3.4 4.9 6.5 7.7 12.0 2.32
0@ 0.0 @

=O=—BC(WI/C=41%)

~O=BC(W/C=41%)

g -100
= R —e=—N(W/C=50%) 0.5 —o=N(W/C=50%)
< 200 9 2
> )
s -300 | 5
. =
bt ]
€ -400 | £
© 2
8 7} —{]
% 500 | z
© (=]
& -600 5
© —9
-700 L 25 1 L 1 PRI SR L 1 n.l
01 01 8 13 26
Drying period (weeks) Drying period (weeks)
Fig.12 Rate of length change Fig.13 Rate of mass change
(REZeE) (EEZLFR)
40 10
- —=BC(W/C=41%)
= —o=—N(W/C=50%) I o0 [.\
30 | o
E °g"a @ J
o=
225 S 10 }+
E, S 10 ®
c 20 | 3 \
o o
Z $ 20 °
c o
8 2
:i ]
o & -30 —O—BC(W/C=45%)
—e—N(W/C=45%) (]
-40 . . . . l
4 13 26 0o 7 14 _ 28 _ 56
Acceleration period (weeks) Immersion period (days)

Fig.14 Carbonation depth
(RHEERS)

Fig.15 Mass change due to sulfuric acid immersion
(FRERZEICLDEEEL)
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Table 12 Mass change due to sulfuric acid
Immersion
(FREEZEICLHIEELL)

Rate of mass change (%)
Cement Immersion period (days)
7 14 28 56
BC 0 15 24 2.3 -5.7
N 0 -5.6 -10.7 | -19.7 | -354

Fig.16 Photograph of specimen after 56 days
of immersion (Left : BC, Right: N)
(REHME 56 BIZH TS HAKEE
£ : BC, K : N)
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