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CHARACTER OF EXPANSIVE CEMENT CONCRETE
—SELF-PRESTRESS AND AN EFFECT OF RESTRAIN CURING
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Table 1 Tested Cement Paste

Type of Cement; Normal Portland Cement |
Expansive Admixture; DENKA CSA, 11, 13, 17%
Water-Cement Ratio; W/C=30, 35, 40%
Curing Temperature; 7=20, 40, 60°C

Temperature 20°C
WiC®% ~CSA%

40-17 5. >
_35-17 .
30-17 - .
35-13 403 0-330-11  Age indays
% 5 6 0 1 127137115 16 17 1B 19 20 2
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Temperature 40°C
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—ee 35-11
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Fig. 2 Volume change of cement paste
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Temperature 60°C
WICh —CS A%,
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8if 2517
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e
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Fig. 3 Volume change of cement paste
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— A EFER L. B AL F—X FOEA,
ZOffiix Table 1 O LR D THD, BEolE
BAPERIIHY 2% 10 HURICBIE &4
DD T, REOIERE & KIEKIR & B—E L 2
Poledd, TOBBIERLI. B AL M-
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AR 200C oL EiE, EPNREEE A bPR—-2 e
FIRICUAE L, BERE 2o, WXUHESR wo CRARLIZL ® 5,
INFED BRI T2 6 &, 20k ZOIHEE v,
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L. Temperaturs 40°
Temperature 20°C P ¢

40, 60°C »3HTH D,

) L AREE Mo BFRO BlERRET Fig. 1
~3 (TR LT, Fig. 13KiR 20°C, Fig. 2 1%
7KIE 40°C, Fig. 3 j3/kiR 60°C OBIERKET -5
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TR e ORGEBAEBENC TR LS 0B
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BHABEEROBEICORREE NS,

SR P CHE & Ko X B FEEHIRIZERN BT
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Table 2 Strength of Concrete Cured by Closed
Forme (R. Malinowski)

The Later ! Principal Curing Method (kg/cm?)
Curing | NC HC-OF HC-CF
Conditions 20°C 90°C 90°C
24 hrs, 28days 8 hrs, 28days, 4 hrs, 28days
Air 675 600 675
450 418 430
Water 750 650 770

“Note; NC=Normal curing 20°C, 70% R.H.
HC=Heat curing
OF=0pen form
CF =Closed form

3. Ik D BIRIKER

SHECTETAL THBRINEBAE LR 2 v FEL
ANOBMEERASLBENTIT - RRBTHE, NE 48
mm, RAE 1.5mm, X 1000 mm DNz, Table
3 OEREDEEE A NEAMEZLE BTAL, 40°C 0
ARHT 8 REEIEAE LRI £ 24°C ok G %4 L
Too AL UOKSEA LLERIZRERENRAS T
HDDTHD, MERRIIHMS 14 A, 21 HEB L1028
AT o7z, HEAKIIERO 2/ENEX 96 mm (2 HIH
L, EMANMERELELOTHS, SREOTIIIIE
Litnl, LanbotXFlLi, SF0RESIIRE
oK 14 ETH B,

BEEMEBERMEEREVEICE - 2O RBEENESRY
MBIZDHT, Ke A M ESEBLTZOZ, FOHE
BERONDIPEIDPEHEI DI D TH B,

[ERREIR Kt A M W/IC=50% o E61T H4r
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Table 3 Strength of Mortor Cured in Steel Pipe

Carin Strength (kg/em?®) 4 EJ'V )7%%%& I2& 6 A2y~ %ﬁ;f&@
mng
wic g}nd of Temperature Age in days it DHEE
pe o Sress =
) 1 | 2 | 28
" o Comp. | 457 | 510 | 580 AV I )= b0V SRRCBIETEM A b
ix. N "
- Ten. 38.6| — 35.9 N—=2 MDY IR D BB i BB TR
. o Comp. | 476 | 519 | 527 M, Tl 2@%R0 L5 BGERLSY,
ree
Ten. 33.2| — 38.0 EE.=1-,V,
N N Comp. | 461 | 444 | 430 + Vol = Vol —E4JEn}
1X.
Ten. 35.0 —_ 8T8 e i rerterrerrerer e eaeneas (2)
50
Comp. | 421 424 425 T
Free 40 A
Ten. 37.1] — 33.8 E,: B%tov o 7Bk
Note : Cement—Normal portland cement (Sumitomo) E,: AL bim 2 b (e hU s 2R DY
Specific gravity ¢.=3.14, Specific surface area "
=3440 cm?/gr. F3K
Initial set=2 hr-51 min, Final set=4 hr-56min, E.: N U NG
Normal consistency=W/C=27.5%, Stability ciAv7Y hOY 7 Vﬁ%\
=good Vo' BHMORER
Strength : Age in days 3 7 e . o \ ey . W
Flexure (kg/cm®) 32.2 45.5 AL x ){\/ hi—zbe 0)’?'/7 gL =7 Y
Compression » 122 214 oYU RS Lo BRI Fig. 8 DX 25T,

Sand ; River sand (Kinu River) Maximum size=2.5mm
Specific gravity ¢5=2.65, F.M.=2.61,

Absorption=2.2%

Curing; Pre-curing 1 hr, 40°C water-8 hr, Later curing

24°C water

Expansive admixture; Denka CSA 15%
Cement content; C=450kg, S/C=1.94

14~28 BOFHBETIZIF—EE T
HBNR, KeAv Mk W/IC=45
% DFE TS 14 BRI
niE, M4 21 BT 10%, M4
28 HTHI 18% DEMARD b
Bo /KE AV N O% OEREIH
4 28 HOBREIZHEDbhTWS,
SIRBREE RIS 14 HE 28 H &
TERIRPH LY, BIF—FEHE
Thd,
BERITROBEN K & WHE
X, AKeRv b B8 N EE
T, KRe AV PHIBEIBENEIN
MaL L bIBENEBL, BEL
TeHERR L 22 B, SREIREROE
WAL NDE, HELEL
ENEDREFRIBSLB D LE
ZbNhB, Led-T, #FIciX
MAERR, HHRE bIBIRES
MEBLTWBLDLEZ LR,
SENFECATNEN DD NiEa
Y7 Y—PRELTW3,

Ay hR—2 MNE{LEOHEOBENEEINS,

FIERE BRI BRI X » TLERREERE
7Y, =Y rPea bEERTIEELEIXTTH
Bo TDEAVIR—ZPOBEIRIL IV~ DT
VOBBIREDhBRT B, THIRALE LD =

Table 4 Mixture Proportion of Concrete

Max. size Air Sand Unit content
Mix. | Admix. co:rse Stump | sontent WIC R;';go w c s G
agg.(mm) | (em) | (%) | (%) | (%) | (ke) | ko) | (ko) | (k)
A 13 25 5 1.5 35 35.4 140 348 641 1169
B 17 25 5 1.5 35 35.4 140 348 641 1169
Note : Cement=Normal portland cement, ¢.=3.15, Specific surface=3210cm¥g
Agg. specific gravity, @F.M.  Absorption, Unit weight
() (%) (kg/m®)
Fine 2,54 2.87 2.1 1630
Coarse 2.62 7.05 0.8 1720
Table § Compressive Strength and Young’s Modulus (Cylinder tests)
Mix Cond. Temp. Age Dynamic Static Strength (];:;‘ﬁ?n:;g;’)
°C (days) Eq 10° (kglem?) | (kglem®) (%)
A Free 20 14 3.55 2.61 307 0.064
B » 20 14 3.17 2.55 259 0.432
A Restr. 20 14 4.12 2.38 392 0.060
B » 20 14 3.87 3.74 349 0.050
B Free 40 14 1.19 1.05 54 0.906
B Restr. 40 4 3.7 - 184 0.291
B ”» 40 7 3.89 — 337 0.324
B » 40 14 4,04 —_ 286 0.304
Side
B retrain 40 14 2.82 —_ 189 —_
B Close 40 14 4,15 — 455 0.050

Note : Specimen=15X30cm cylinder

Expansive agent=Denke CSA
Curing=Live steam
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10_.  Easyoung's modulus of agg.
Em= - paste

Ecx » concrete

Vgzvolume ratio of agg.

E/E=1-Na + Va

moc Na 1-{NaU-Ea/Em)

Vq=075

Ea/Em

Effect of elastic modulus of cement paste
on elastic modulus of concrete

[~ (mix.)-(tempec )~(cond.)
F~Free, R-Restrain, S-Side ,_5;@.
pIR="
time_, @ B-40-B5F =

. o . e
oollléllllllllll
10 15

Age, day

Fig., 3 Dynamic modulus of elasticity of
expansive cement concrete (An
effect of curing condition)
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Fig. 11 Expansion of concrete in the axial

and radial direction
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Fig. 12 Self-prestress due to expansion
of concrete
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Table 6 Compressive Strength of Expansive Cement Concrete
Cured in Closed Form (Denka CSA)
Exgs::ive Curing condition : “ Exfgaenrftive Curing condition
Age [COm: . Age [COM-
Mixture A dmix- [ ‘\ g perssxvi Mixture | 7 Admix- I & pressxvc}e1
Brand ture Tem. ’ Time Later ‘strengt i Brand fure Tem. | Time Later ;strengt
@ | O | an | (days) | i | S | o | an (days) |
— 0 75 2-1/2 | Air imm. \(_5'2 Denka 10 20 o4 Air 1 80
o : 6 Csa (water) 3 264
z 389 7 26
89 367 27 444
_ 0 75 2-1/2 | Water | imm 60 . 10 20 24 Water 1 101
1 égg ! (water) ! 3 278
5 7 433
— 0 75 5 Air imm. 1632 27 474
i 2 .
" 15 20 24 Air 1 99
28 424
8 4 (water) g us
— 0 75 5 | Water | imm 1;8 ! 28 384
1 2
2 . 15 20 24 | Water 1 102
28 569 (water) 3 216
89 571 e 536
- 0 75 7-1/2 | Air | imm 2(7)3 28 399
1 2 . .
28 454 — 0 90 2 Air 1rr2118n 4??
89 474 )
— 0 75 | 7-12 | Water | imm 23 - 0 0 2 |Water | imm. | 63
1 25
28 466 Denka| 19 90 2 | Air | imm. 27
89 488 ! 28 354
Denka| 14 75 | 2-1/2 | Air | imm 9 " 10 90 2 | Water | imm. 2
SA
1 Zég 28 494
27 4 . .
30 445 - 0 90 4 Air m;gn ig?
” 10 75 2-1/2 | Water imin 251%2) _ o 9% 4 | 'Water | imm. 196
wiC= 27 518 | WIC= | 28 473
50% 90 614 50% | CoA 10 90 4 Air | imm. 144
" 10 75 5 | Air | imm 254 8 416
slump= 1 340 | slump= | 10 90 4 | Water | imm. ™4
5mm 27 584 5mm 28 472
9 549 - 0 9 6 ! Air | imm.| 251
C= ” 10 7 5 | Water | imm 237 C= 28 129
1 i 400 k. _ .
400 kg 27 gr | 2 0 30 6 | Water m'zxg: igé
W= VLW Delal g g 6 | Air | imm. | 28
X ” 10 75 7-172 | Air | imm. 287 2001k A ! -
200 kg 1 64 g 28 491
S= 3(7) 6'&9) = ” 10 90 6 Water m%xén 238
580 ! 494
1013k
1013k | 10 75 | 7-1/2 | Water | immn. | 258 R - o | = 5 | Air | imm. | 166
G- 21 569 G= 28 457
z e _ .
761 kg = 28 | Telkg | — 0 75 5 |Water| imm. | 166
sia= ” 15 75 2-1/2 1 Air im::n 2(132 il sla= Bgrg{a 10 75 5 Air imm. 155
57% zé 485 } 57% 28 450
93 419 ” 10 75 5 Water | imm. 155
" 15 75 | 2-u2 | Water | imm 65 28 516
[ 1 180 - 0 60 3 | Air | imm. 52
. 28 505 28 378
80 809 — 0 60 3 | Water | imm. 52
” i5 7 5 Air | imm. Zslsé Denlk . 28 466
1 2 enka . .
28 545 CSA 10 60 3 Air m;gn 4%2
% 96 10 60 3 W i
” 15 75 5 | Water | imm. 231 ” ater | imm. 29
fi 500 28 508
28 602 — 0 60 6 Air | imm. 122
90 627 28 453
» 15 75 7-1/2 | Air | imm 256 — 0 60 6 | Water | imm. 122
K - AR
enka . .
50 256 CSA 10 60 6 Air u'rérsn égg
” 1o 75 TU2 Water | imm. | 292 - 10 | 60 6 |Water | imm. | 187
28 512 28 507
9¢ 585 — 0 60 9 Air imm. 172
- 0 20 24 | Air 1 83 28 443
(water) 3 213 — 0 60 9 Water | imm. 172
7 370 463
28 527 Qenkal 10 60 9 | Air | imm.| 2%
— 0 20 24 | Water 1 100 = 28 528
(water) 3 a4 » 10 60 9 |Water | imm. | 225
28 524
28 369
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Table 7 Compressive Strength of Expansive Cement
Concreted Cure in Closed Form(Denka CSA)

Mixture : Normal Portland Cement; ¢.=3.15, Max. size of coarse
agg. 10 mm, Slump=5cm, W/C=50%, s/a=57%
Sand; g.=2.64, F.M.=3.26, Absorption=2.0%, C=400
kg, W=200kg, S=1013kg, G=761kg
Expansive agent replaced by cement

. Curing condition
Adggxure Age Strength
Temp. | Time Later
(%) C) (hr) (days) | (kg/cm?)
0 20 24 Air, RH 80% 1 73
28 492
90 494
10 20 24 » 1 51
‘ 3 192
! 7 353
] 28 503
; 90 578
10 i 20 24 Water, 20°C 1 51
3 192
7 353
28 491
90 558
0 60 3 3days 20°C imm. 52
water-Air 28 488
91 530
10 60 3 ” imm. 29
28 528
91 541
0 60 6 ” imm 122
28 586
91 559
10 60 6 ” imm 187
611
91 634
Q 60 9 ” imm 172
531
91 551
10 60 9 ”» imm. 225
28 634
91 666
0 75 5 » imm. 166
28 499
90 556
10 75 5 ”» imm. 155
28 566
20 578
[ 90 2 » imm. 63
28 598
89 667
10 . 90 2 ”» imm. 27
28 624
89 716
0 2 4 » imm. 196
28 586
89 589
10 90 4 ” imm. 144
28 564
89

fl

FHRED EACTRETIHAE, BEMORNE
BAESLLTY, ZOGENGFETES, LiL, 1
ZRORFEM © {LEMERR I ALO,, Ca0, SO; 70 ¥z
ERH2OT, FRERME, BEBELNER XCHEE
BOBBEEEL 2N L6V —fRICNWL B &
%, WERBEAETKEYAZ LE, THCIBERELTES

600,

admix.=10%, temp=20°C
air 80°%RH. -

Compressive strength, kgfcm?

0
Age, day

Fig. 13 Development of Compressive Strength of
Expansive Cement Concrete (Principal
curing; 20°C-24 hr in closed form, Addi-
tional curing; in air 20°C-80% R.H.)

Table 8 Compressive Strength of Expansive Cement
Concrete Cured in Closed Form (Asana
Zipcal)
Mixture : W/C=50%, Slump=>5cm, C=400 kg, W=200kg,
S=1013kg, G=761 kg

Admixture Curing condition
Asano . Age Strength
Zipcal Temp. | Time Later

(%) C (hr) (days) | (kg/em?®)

10 |20 | 24 |6days in 20°C 1 55

water-Air 4 182

7 248

91 392

10 20 | 24 . 1 55

4 182

: 7 248

| 28 358

| 91 481

10 60 6 Air imm. 129

28 393

10 60 6 Water imm. 129

28 497

10 60 6 3days in 20°C imm. 129

water-Air 28 490

90 541

10 75 5 Air imm. 170

28 454

10 7% 5 Water imm. 170

28 507

10 75 5 3days in 20°C! imm. 170

water-Air 28 557

90 594

10 90 4 Air imm. 134

28 422

10 90 4 Water imm. 134

28 519

10 90 4 3days in 20°C imm. 184

water-Air 28 545

90 566

Note : Cement=Normal portland cement (Sumitomo cement),
¢.=3.15, Specific surface area=3 200 cm¥gr
Sand (Kinu River sand); ¢;=2.64, F.M.=3.26, Absorp.
tion=2.0%
Coarse aggregate (Kinu River sand); 5~10mm
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Licay sV — b oM#E->< Y, ROBEL THEE
LUTEERE, 50K RERITIZ LTS,
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admix=10%, temp=2
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Compressive strength, kglcm?
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Fig. 14 Development of Compressive Strength of
Expansive Cement Concrete (Principal
curing; 20°C-24 hr in closed form, Addi-
tional curing; in water 20°C)

Table 9 Compressive Strength of Expansive Cement
Concrete Cured in Closed Form (Onoda
Expan)
Mixture : W/C=50%, Slump=>5cm, C=400kg, W=200kg,
S=1013kg, G=761 kg

Admixture Curing condition
gnoda Age | Strength
Xpan Temp. | Time

@ | CO | G Later (days) | (kglem®)

10 20 24 6 days in 20°C 1 76

Water-Air 4 228

7 299

28 435

91 447

10 20 24 1 76

228

7 299

28 437

91 578

10 60 6 Air imm. 120

28 373

10 80 6 Water imm. 120

28 479

10 60 6 3days in 20°C imm. 120

Water-Air 28 439

90 527

10 75 5 Air imm. 162

28 403

10 75 5 Water imm. 162

28 497

10 75 5 3days in 20°C imm. 162

Water-Air 28 517

90 575

10 90 4 Air imm. 140

28 383

10 90 4 Water imm. 140

28 438

10 90 4 3days in 20°C imm. 140

Water-Air 28 491

90 543

Note : Cement=Normal portland cement (Sumitomo cement),
g.=3.15, Specific surface area=3200cm?/gr
Sand (Kinu River sand); ¢5=2.64, F.M.=3.26
Coarse agg. (Kinu River sand) ; 5~10 mm, Absorption=
2.0%
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Table 10 Suitable Accerlerate Curing Condition
(in Closed Form)

Type of agent l Curing condition

Brand % Principal Additional
60°C-9 hr 3days in 20°C
Denka CSA 10 . water, therafter
90°C-2 he 80% R.H. air
70°C-5hr
Asano Zipcal 10
90°C-4 hr
75°C-5 hr
Onoda Expan 10 ”
90°C-4 hr
8. #% B
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