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ABSTRACT

With the aim of reducing CO2 emissions, the cement industry has been studying the
possibility of increasing the amount of minor additional constituents used in ordinary
In this study, the authors evaluated the
properties of fresh and hardened concrete and durability of concrete using the test cement
that contained 10% minor additional constituents (100PC), and compared them with the
quality of concrete using the current OPC.

portland cement (OPC) from the current level.

The results showed that the fresh concrete
properties with 100PC were equivalent to those with the current OPC, with the setting time
being slightly earlier than that with the current OPC. With the fineness of cement increased,
100PC achieved the same compressive strength of concrete as the current OPC at any test
age at ambient temperatures of 10, 20C and 30°C. These results showed that the
properties of concrete using 100PC were equivalent to those using the current OPC, and
that concrete of the same quality as with the current OPC could be produced by optimizing
the cement design.

Keywords : Ordinary portland cement, Minor additional constituents, Limestone powder,

Fresh properties, Strength characteristics, Durability
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Lt 5L THS. Table 112 0PC-L5, HAC-L10 B
L OV HAC-L10-BL I Xk 5 & A > bk D JEHETR & bR
(JIS R 5201) Of5EHE-Z~7.
a7 Y — MNRBRIZEEH T 2884 Table 2 12,
Bl % Table 3 1Z7R. MURE/KIZ EAKEKE L,
MEMBLUHEMEEN TN I 2 Y

Table 1 Compressive strength of test cements
(FHAEEAY FOEMHERSE)

— MWA 2005 & L7z, fBZHREFAIE LCilio
AE BKAIB L NAE FlZ2EH L. 227U —Fo
KE AL R (W/C) 1%, 45%, 50%, FBLON55%& L
7. ary 7 V—ro7 by afEiRiE, #EYER
IZBWTATZ 7 12.0+1. 0cm B L UZEA & 4.5+
0. 5% %3 5 L9, AEBUKAIOUINEE CX1. 0%
ELT, ZNENHAKEL XU AE AlORNE%S
HEE LT,

Cement Compressive strength (N/mn?) 2.2 a0 )—rOERAE
emen 3days | 7days | 28days ay s U — NOBREIZIE, K HIE O HHE
OPC-L5 28.2 438 62.9 IXY (AMAREG60L) A L7z, 7ok, EHME
HAC-L10 27.2 42.3 58.8 (TERERATH L W FTE DI (10, 20, 30°C) ([Z&H
HAC-L10-BL 29.2 44.8 61.3 SNTERENCTREFR AT 7.
Table 2 Materials of concrete (3> % 1) — kDA ¥
. Density -
Materials Symbol (glem?) Type/ Characteristics
Water W 1.00 |Tap water
OPC-L5 3.15 |Test cement (OPC); SSA*: 3,080cm?/g; L SP content: 5%
Cement HAC-L10 3.11 |Test cement; SSA*: 3,130cm?/g; L SP content: 10%
HAC-L10-BL 3.11 | Test cement; SSA*: 3,400cm?/g; L SP content: 10%
) Pit sand; Kakegawa, Shizuoka;
Fine aggregate S 2.58" Absorption: 2.08%; Fineness Modulus: 2.87
Crushed sandstone; Sakuragawa, |baraki; Size: 20mm-5mm;
Coarse aggregate G 2647 Absorption: 0.80%; Solid volume percentage: 60.1%
) Polycarboxylic acid-based air entraining and water reducing
Chemical SP | agent
admixture AE — Air entraining agent

* Specific Surface Area by Blaine's method
** Saturated surface-dry condition

Table 3 Mix proportion of concrete (A >4 1) — FDEE)

wi/C ga Unit content (kg/mq) Chemical admixture Slump Alr
%) %) Cement (Cx%) (cm) content
W+ | C S G sP AE (%)
OPC-L5 164 | 364 | 767 | 1000
45 44.0 HAC-L10 164 | 364 | 766 | 998 1.00 Control 12.0£1.0 | 4.5+0.5
HAC-L10-BL | 164 | 364 | 766 | 998
OPC-L5 164 | 328 | 797 | 998
50 45.0 HAC-L10 164 | 328 | 796 | 997 1.00 Control 12.0+1.0 | 4.5+0.5
HAC-L10-BL | 164 | 328 | 796 | 997
OPC-L5 164 | 328 | 797 | 998
55 46.0 HAC-L10 164 | 328 | 796 | 997 1.00 Control 12.0+£1.0 | 45+0.5
HAC-L10-BL | 164 | 328 | 796 | 997

*Control with slump vaue
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Table 4 IZFHiTEH B L a7 ) — NikBRTIE
Zod. o)=Ly vathiRELT, R
Z 7 RER (JIS A 1101), 285 &7kBR (JIS A 1128),
7YV =7 ¢ 73 Bk (JIS A 1123), 3 K OV IRFH]
B (JIS A 1147) 29772, B, A7 7R R
[ZOWTIE, B0 ERICINZ T, EY 25 30 47,

Table 4 Test item and method

60 43, 90 723l L 7= sl B W T HEHIIZ 1T,
REE ORI D 2T U FEOZE b AR LTz, =
7 ) — FDOJIEEE L LC, EMEFRE (JIS A 1108)
ZMER3H, 7H, 28 HB X9 BIZBWT, ##
SRR (JIS A 1149) 28 7 H, 28 HEB L W91
HizbBWwTEnEn#draFEmL 7=, 227 U —Fh
DAL LT, #EIHEE (JIS A 1129-2), {eik

(RERIEB & & UVHBRAE)

Temperature
Test item Test method (°C) Remarks*
10| 20 | 30
Age of measurement:
Property of Siump ISATIOL | © | © 1O 15730 60). (90) min after mixing
fresh Air content JSA1128 | © | © | © |—
concrete Bleeding JSA1123 | O | O | O |—
Setting time JSA1147 | O | O | O |—
. ecimen: ¢100x200mm, N=3
Mechanical Compressive sirength JISA 1108 ©1@|0 i%e of mea(zurement: (3),7,28,91d
property | Static modulus of elasticity JISA 1149 © Specimen: ¢100x200mm, N=3
(Young's Maodulus) Age of measurement: (7), 28, (91)d
Specimen: 100x100x400mm, N=3
Drying shrinkage JISA 1129-2 O Age of Measurement:
1, 4, 8, 13, 26w after drying start period.
Durability Carbonation depth JSA 1152 o Specimen: 100x100x400mm, N=3
of concrete (Accelerated carbonation) | JSA 1153 ,;F?e gf Mealsct;(:erfoetowt: 42,04, 8, 1|\? §6w
. , ecimen: 100x100x400mm, N=
Freezing and thawing test | JISA 1148 O Age of Measurement: ~ 300 cycles
Apparent diffusion JSCE-G572 o Specimen: ¢100x200mm, N=3
coefficient of chlorideion | JSCE-G574 Age of Measurement: 6, 12months
©: WIC=45, 50, 55%; O:W/C=50%
* (number): measured by W/C=50%
15.0 I I
[ =0=-0PC-L5
120 j \ O HAC-L10 -
\ ¢ HAC-L10-BL
9.0

N

— \\ga

| b) 20°C
|
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Fig.1 Changes of slump after mixing (W/C = 50%)
(RZ U TEORERFEIL (W/C=50%))
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KA ZAT > 7. T O OFRERICHE 5 RBRIA 1T,
TN OFRERITIEICHEIL L CFE i L 7=

3. RERIER
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Table 5227V — D7 L v v o HIREERES
Rz, Fig.1 ZA T o FEORE 2R b2 ~d. Lk
DERZIZBWNT, BEET D7 Ly v a Rk A e
THEODOHBMAKREBL L AR ARNEX, ZhT
NOREIRER L OB EGRFICBNT, BA L ME
HIZEDEFTRBO LN o1, AT T ORGE
fbix, A L7z 2y MEEOREITRD bNT,
BRUORFRBOKTETOL Z 2R L. 71
vaaryy V=07 V=7 0 7 EIE, Wi
DERBERFEIZBW T HAC-L10-BL=HAC-L10<OPC-

Table 5 Experimental results of fresh concrete (A9 )—rD 7L v L a1 HBRIER)

Unit Chemical _ L
Temp. | WIC content |  admixture Siump Alr Bleeding Sett ng.tl me
o Cement value | content P (h-min)
(°C) (%) of water (Cx%) 0 (cm3/cm?)
kgm?) | s | A | ©™ (%) initia | final
OPC-L5 157 0.0025 [ 125 4.8 — — —
45 HAC-L10 157 | 1.00| 0.0025 | 115 4.4 — — —
HAC-L10-BL 157 0.0025 | 11.0 4.1 — — —
OPC-L5 160 0.0025 [ 115 4.7 0.27 16-35 | 21-00
10 50 HAC-L10 160 | 1.00 | 0.0025 [ 12.0 4.9 0.19 15-35 | 20-10
HAC-L10-BL 160 0.0025 13.0 4.2 0.18 15-10 | 19-45
OPC-L5 160 0.0020 [ 115 4.2 — — —
55 HAC-L10 160 | 1.00 | 0.0020 [ 12.0 4.1 — — —
HAC-L10-BL 160 0.0020 | 11.0 4.0 — — —
OPC-L5 162 0.0020 [ 120 4.6 — — —
45 HAC-L10 164 | 1.00 | 0.0020 | 125 4.3 — — —
HAC-L10-BL 164 0.0020 | 13.0 4.1 — — —
OPC-L5 164 0.0020 [ 13.0 4.3 0.19 8-10 | 10-35
20 50 HAC-L10 164 | 1.00| 0.0020 | 12.0 44 0.15 7-40 | 10-05
HAC-L10-BL 164 0.0025 13.0 4.6 0.16 7-45 | 10-15
OPC-L5 164 0.0020 12.0 4.9 — — —
55 HAC-L10 164 1.00 | 0.0020 125 4.4 — — —
HAC-L10-BL 164 0.0020 12.0 4.3 — — —
OPC-L5 164 0.0017 [ 11.0 4.8 — — —
45 HAC-L10 164 | 1.00 | 0.0017 | 11.0 4.6 — — —
HAC-L10-BL 164 0.0017 11.5 4.3 — — —
OPC-L5 164 0.0010 [ 11.0 4.2 0.11 4-45 | 6-00
30 50 HAC-L10 164 | 1.00 | 0.0010 | 11.0 4.7 0.09 4-20 | 5-50
HAC-L10-BL 164 0.0010 [ 11.0 4.3 0.06 4-05 | 5-20
OPC-L5 168 0.0017 115 4.5 — — —
55 HAC-L10 168 1.00 | 0.0017 125 4.2 — — —
HAC-L10-BL 168 0.0017 12.0 4.1 — — —
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HAC-L10 38 X OVHAC-L10-BL 2 L7==2> 27 U — b Table 6 |2 20C CIERIB LA ZIT T2 7
DUEEAERFIE, W OREEIREICHB VTS 0PC-L5 U — b D SRR, Fig. 2 [C&KIRE TR HEAZ
L L TR o Tz, 1Tolza> 7 U — NDOIEME®REZ, Fig.31220CT

Table 6 Mechanical properties of concrete at 20°C (20°CIZEI1T5a 9 1) — L DEERH)

w/C Cement Compressive strength (N/mm?) Young's Modulus (kN/mm?)
(%) 3days 7days 28days | 91days 7days 28days | 9ldays
OPC-L5 — 34.8 49.6 50.5 - 315 -
45 HAC-L10 — 35.3 50.3 57.7 — 317 —
HAC-L10-BL — 37.8 514 50.5 — 315 —
OPC-L5 19.3 29.9 447 53.0 27.8 30.2 33.9
50 HAC-L10 17.2 28.1 43.7 52.6 26.0 30.2 33.2
HAC-L10-BL 20.9 32.3 44.8 511 275 30.6 335
OPC-L5 — 23.9 374 45.7 — 29.7 —
55 HAC-L10 — 24.4 36.4 42.9 — 295 —
HAC-L10-BL — 26.8 37.7 45.0 — 305 -
60 T T T
- @) 10°C 1 b) 20°C % 1 ©) 30°C

| | yaR .k
30 - - v I /E/
T N

Compressive strength (N/mm?)

20 -0—-OPC-L5 i
0| ' | O HAC-L10

I | 4 ¢ HAC-L10-BL
0 | | |

3 7 28 91 3 7 28 91 3 7 28 91
Age (days)
Fig.2 Compressive strength (W/C = 50%)
(a9 )—rDOEMERE (W/IC=50%))

80 : ; .

| a) 7days | b) 28days | ©) 91days
60

40 /@/é/ 1
—F
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0 , , , , , , , , , P P R
1.6 1.8 2.0 2.2 24 16 1.8 2.0 2.2 24 1.6 1.8 2.0 2.2 2.4
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20
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Fig.3 Relationship between compressive strength and Cement-water ratio
(EfeRE L A Y FKEDOBER)
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Table 7 Apparent diffusion coefficient of Cl~
(R4 A4 > D B T DHLEZRED

Apparent diffusion
coefficient of chlorideion
Cement 5
(cmelyear)
6 months 12 months
OPC-L5 3.49 2.93
HAC-L10 3.72 3.3
HAC-L10-BL 343 3.12
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