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ABSTRACT

As a measure to reduce COz emissions during cement production, a special formulation
of ordinary Portland cement (OPC) was prepared with the content of minor additional
constituents increased up to 10%, and physical properties of the concrete using the cement
were evaluated by laboratory testing and also in the exposure to natural environments.

The cement, named "10 OPC", contains 10% limestone and has an increased amount of
the aluminate phase (C3A). Both in cement and concrete evaluations, 10 OPC demonstrated
comparable performance to conventional OPC which typically contains 5% limestone.  The
exposure tests which were conducted at three different locations across Japan revealed no
signs of deterioration or visible damage in any of the concrete specimens over the course of
one year. Furthermore, no significant differences were found in compressive strength
between the two types of cement. Additional evaluations included indoor saline immersion
tests and exposure tests in environments containing stagnant seawater. The results of
these tests confirmed that the chloride penetration resistance of 10 OPC was equivalent to

that of conventional OPC.

Keywords : Ordinal portland cement, Minor additional constituents,
Limestone powder, 10 OPC, Exposure test
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Table 1 Physical Properties of the trial-produced cement
(FHEt A2 DY)

Base Cement .
No. Name Type Mineral Composition (Bogue, %) Amou(r:;)())f LSP (fnsg;) I(D;;:%/ Ig(.OIA)c;ss 2(/2)3
CsS C2S CsA C4AF
1 N_05 N 60.1 134 8.6 9.0 5 3,120 3.15 2.9 21
2 HA_10 61.1 10.5 9.9 8.8 10** 3,270 311 5.2 2.2
3 HAHBL_10 HA 59.7 121 10.2 8.9 10** 3,440 31 51 21

*SSA: Blaine specific surface area, **five percent of the L SP was added afterwards
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CC = M.(CC)/(44.01/100.09) (3)

Mc(CH) : 450°CAHir OE & 3, M(CC) : 600~
700°CHHEDE &R, 18. 02 : H0 D&, 74. 10 :
Ca (OH) , D&, 44. 01 : Co, DE, 100. 09 : CaCOs; D
K&

ik b7 ) — FORBERBOBRIZ, AV
h =2 FRBRIRIZ SN T RIRFIZ R TR IS L,
TG ORBIKIT L CHORAERNELZIT- 72

3.2 a9 ) — bOEES L UVERNRR

(1) =27 U—hoki

227 U — hOVERUKUEIT Table 2 (2”34 7K
WThHY, KELIZTEA L MEEEKE A M
KIS LTWD. Kt A R 40, 50 B L TN60% &
L, HAHBL_10 Z& A > MZHWDKUETAKE A > B
H 50%D 6 DDOIMER L T=. — iR 7 U — b
BAEEZBRELT, 7Ly atbRo BHEEIZAT
7N 12+2. 5em, 2R EN 4.5+1.5%E L, HfTKE
EALFRFNF OV L - THEE L7z,

Table 2 Mix design of concrete and target fresh

properties
(A9 )— bDKELEEEML)
Name wic | ga Fresh Prop.erties
(%) | (%) | Slump | Air content
(cm) (%)
N_05_40% 40 43
N_05_50% 50 45
N_05_60% 60 47
HA_10 40% 40 43 12.0+2.5 45+15
HA_10 50% 50 45
HA_10 60% 60 47
HAHBL_10 50% | 50 | 45
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Table 3 Materials of Concrete

@ )= rOERIZER LM

Type Symbol Name/Description
Water W Tap Water
Cement C As specified in Table 1
Fine . o 3 .
Aggreete S Mountain sand, oven-dry density: 2.56 g/cm? water absorption 2.10%
Coarse G Crushed stone, oven-dry density 2.63g/cm? maximum aggregate size: 20mm,
Aggregate water absorption 1.78%
AE Water- o
Reducing Agent AD Lignin sulfonate-based
AE Agent AE Alkyl ether-based
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Table 4 Results of the physical testing of the trial-produced cement
(A2 FOYERBRER)

L Compressive strength
Setting time (N/mim?) h1 (Jg) h2 (Jg)
Name o .
water initial final 3 7 28 7 28 7 28

(%) (h-m) (h-m) days days days days | days | days | days
N_05 27.2 2-35 3-50 28.2 43.8 62.9 321 387 312 376
HA_10 27.9 2-05 3-10 27.2 42.3 58.8 334 401 317 380
HAHBL_10 28.9 2-15 3-20 29.2 44.8 61.3 348 409 330 388

hi: heat of hydration of ignition-base,  hz:

heat of hydration of unignition-base
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Table 5 The results of laboratory tests of concete
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) ) Chemical Compressive | Changein | Carbonation
Unit quantity . . .
5 admixture Air strength length ratio depth
) W/C |da (kg/m®) Slump , .
Mix (Cx%) content| (N/mm?) (x10%) (mm)
(%) | (%) (cm)
wlelslaelap AE (%) 7 28 26 26
days | days | Weeks Weeks
N_05_40% 40 | 43 |164|410|733|992 0.0010 | 105 43 | 388 | 523 —706 0.7
N_05_50% 50 | 45 |164|328|797|996 0.0010 | 125 46 | 323 | 4438
N_05_60% 60 | 47 |164|273|854|983 0.0020 | 140 48 | 185 | 30.1 —740 20.2
HA_10_40% 40 | 43 (168(420|723|978| 1.0 | 0.0010 | 105 47 | 376 | 510 —705 2.7
HA_10_50% 50 45 (164|328|796|993 0.0010 115 4.1 311 | 430
HA_10_60% 60 47 [164|273|853|982 0.0010 115 4.1 19.8 | 29.8 —735 209
HAHBL_10 50% | 50 | 45 [164|328|796|993 0.0015 | 13.0 48 | 316 | 437
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Table 6 The amount of calcium hydroxide (CH) and calcite (CC) in cement paste before
and after the exposure test
(REBAIRIZEITD AV MR=X FhDKBIEAIL L DLELZUVAIILTA FDE)

CH (%) CC (%)
Cement Before After . After ' After . Before After ' After . After '
exposire exposurein | exposurein | exposurein exposre exposurein | exposurein | exposurein
Mombetsu Tokyo Ishigaki Mombetsu Tokyo Ishigaki
N_05 74 12.2 134 14.0 29 19 2.0 16
HA_10 8.7 11.7 13.0 13.2 84 6.1 58 6.1

Table 7 Compressive strength of concrete after the exposure test (Unit : N/mm?)

(REARE D EMERE EA - N/mm?)

Mix Mombetsu Tokyo Ishigaki
N_05_40% 73.8 72.1 71.2
N_05_50% 57.8 61.0 63.7
N_05_60% 439 46.3 475
HA_10 40% 71.6 715 73.3
HA_10 50% 55.8 59.8 60.8
HA_10 60% 424 438 47.9

HAHBL_10 50% 55.7 58.8 58.5

MR Z £ D & A b2 TR HEHE & MR8 L7z
ZORERITRER T2 L5 5 bxAET T
RN EHRIBLTERY, EEE, BRICE o TRBR
EWREEBEZ LR TXOENSAr—1 7
FITRO N oo, FE 1 FERATIENThoO
KELRRIDRETH Y, BRSO FIRESE
W& DMMANE EORBEIZA T TWAnEEZ 55
72, A% bl L CTRIBBIZET 2 TETHS.

(3) ME/HRFBHES
6 7> A B OB NHE KR IERARBRE X OV 1 /RN
THRE LI-%I2BUVW T, EPMA B2 X v JlE L -

70 m | abolatory (28d) EMombetsu = Tokyo = Ishigaki

Compressive strength (N/mm?)
8 8 8 8 83

=
o

N_05_50% HA_10 50% HAHBL_10 50%

Fig. 5 Compressive strength comparison under
various exposure environments
(RBRENERLZDIGEADERERE)

WA F o DWREESAR % Fig. 6 (R d. ENRBRO
FGRBREARIZE WIS S b b TS REEIT K
TV, ZAUTRIBEIR O P IRE O 2R T 5
EEZOND. BAY MEEICLDZEEITNEL,
N_05_50%& HA_10_50%DWNT 4L & B2 B TE S X[
BETHD. R—IESICBTAEMA A BEL
BBLERZETHY, ENREBRTIT HA_10_50%D 5
D3, BB~ BB 7R ER TIL N_05_50%0D J7 233 MC
BWRETHD. ULEOENEIZERE~DORE
HEROFER LV, 10 0PC O3B HGTIE I D
ARVET U REAVRERIETHD EBZOLND.

a7 U — NIFET D8 5ITIE, PHIZEp

N_05_50% (Laboratory)
,,,,,,,,,,,,, HA_10_50% (L aboratory)
N_05_50% (Mombetsu)
77777 HA_10_50% (Mombetsu)

Exposed in
|aboratory for

15

10

e
.yaw,‘
AR g4
[

Chlorideion concentration (kg/m?)

5 Exposed in "‘.\J':V,M
Monbetu for e
1 year
0 <
0 10 20 30 40 50

Depth (mm)

Fig. 6 Concentration distribution curve of
chloride ion
(B A 7 > DIRESMhER)
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