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An Experimental Study on the Physical Properties of High
Strength Concrete Used by High Calcium Sulfate Cement

9 & owx oo o® o

Park. Seung Bum Im, Chang Duck

H oagredae wio] KS F4306 740l Algsel Saeke] ¢h&7drer)

kgt o1 45 5615t 5101 ol A Sokgfem? o] ol A7k 7k A2l Aew Bt
Aok whebd gl At g E wE A Re) A gelo] 915 gael Awme] dud
qlipia) Al Ak

R R RS WA} 1% RadEe A B S0 v 9
& argehizdl Bl itk Apzabe Aagzigel Fusiw

75% o4 B7hAlel o3 2n A apE bl
Mt me SFEE FEe oA ax g

FHE LT 7L Ay Rk,
Jebht Ao wAsRion, Sel velum
7o 2

i o~_1

H
-
iy
ot
-
3
o
e

sl A bEAE BEe MR HIY 5~7.59% H7bel de AW E #F 500~540kg/m® & ol A
v -

b T1
800kg/cm? ol4el A E A7t vHedg #els
Abstract

The revision of KS F4306 recommend the over 800kg/cm® compressive strength to manufacture
pretensioned spun high strength concrete pile, there are many limitations to raise the over 500
kgjem? compressive strength of concrete in Korea.

The objective of this study is to represent the various mechanical properties of high strength
concrete made by high calcuim sulfate cement mixed with gypsum. and to evaluate the effects
of mixing proposioning and curing condition.

On the basis of experimental results of this study, the strength properties of concrete are incr-
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eased with the more added gypmsum, but in the case of the over 7.5% of gypsum the strength

of concrete is decreased.

The high strength properties of concrete used with high calcium sulfate cement is not much

influenced with the unit cement contents.

Therefore. it is concluded that the optimum mixing compositions to make the over 800kg/cm?

of high strength concrete are 5.0~7.5% weight percent of gypsum to the cement contents and

500~540kg/m® of unit cement contents.

Keywords : High strength concrete, High strength cement for steam curing, Pretensioned spun

high strength concrete piles, Compressive strength, gypsum.
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Table 4. Physical properties of high calcium suifate cement
mortar for steam curing

Specific - Sound- ‘\ Settmg e "‘Comp Strength(kg/cmz)
gravity | ness P Im Fm 1(‘ 1 ads ds | 2
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= name [A arance Spec, 'ASTM C494
. gg‘%‘"ﬂ . ppe > gravity i Solid base
Mighty-150 | dark brown | 12 [7~0]  45%
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Table 1. Chemical composition of portiand cement
I _ Chemical composition (%) I
S0, | A0, | F MgO | SO, | NaO | KO | Ighss | Sum
2 1 s | Bl | a4 013 | 08 13 | 999
Table 2. Physical properties of portland cement
“oecific | Blaine 88 on . Setting time Comp Strength(kg/cm?)
: ; R Soundness - T T - T Tr——
ravity (c@f{g) E§{ng B ) Im (mm) ' Fin, (hrmm) 77_3ds | 7ds 28ds
Wi | oMo 02 | 003 210 6:50 352 A 4™
Table 3. Chemical composition of high calcium sulfate cement for steam curing
00, * ALO, FeO, | CaO | MgO | NaO | KO [ SO, | Iglss | Sum
20.3 | 54 24 609 2.9 0.12 i 0.75 60 12 99.97
Table 5. Chemical composition of gypsum for high calcium sulfate cement in steam curing condition
S0, A0, FeO, ~ CaO | MgO | NaO | KO | SO | Iglss Sum
76 32 R 416 0z Lol 0.02 430 31 | 999
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Table 7. Physical properties of aggregate
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Table 9. Steam curing condition
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Table 10. Mix proportion and test result

5 N 3
Unit wi;\;/g'ht(kg/m) . Comp. Strength(kg/cm?®)
No ot Gypsum ; ater high range S/A Slump 7ds 7ds
o (Cxwtoy) (\;/12 ‘te:t water ©) (cm) 1d standard air
i %) reducer ! curn, url
1 125(25%,) 10.5(2.1%) 35 0.0 66 76! : g
. 250 250 o kY . 661 763 835
: 50.) 140(26°%) 12.0(2.4%) 40 0.0 395 724 862
_ 3 155(31%) | 135(2.7%) | 45 212 | 53 758 858
: ” 75 : 125(135:0) 12. 0(2 4%) 45 0.0 687 910 916
;.; ki (7.5%) 140(: :li %0) 3.5(2.7%) 35 5.0 361 785 822
) L | 12) 5 m/o) 0.5( z 1 i %) | 40 50 | 52 885 900
’ 0.0 “(() ’ o) 3.5(2. :00) 40 Q.() 614 794 825
g (10%) r rNi.x ) 10.5(2.1%) 45 0.0 409 | 720 742
B 1 155(31%) 12.0(2.4%) 35 10.5 594 693 845
() Y - " . fod ;
o 27.0 130(125310) 1’1.3( 2.1%) 35 0.0 598 843 859
, (5%) 151(28%) 13.0(2.4%) 40 11.2 375 774 888
_______ 17 i I 167('51""0) 14.6(2.7%) 45 23.0 608 822 783
1B 105 135(25% 13.024%) | 45 00 | 550 713 779
o g . ;
1: | 540 7.5%) 151(2 ,‘,) 14.6(2.7%) 35 13.0 545 734 781
LL B L 167(31%,) 11.3(2.1%) 40 16.5 555 664 768
: 5 oo ;
gl 4.0 ;:1 f;:n) 14.f)(f.7z(,) 40 (}.() 510 650 843
v Ay 5 (f‘ t,)fu) 1'1.3(9.1 o) 45 0.0 668 785 875
167(31%) 13.0(2.4%) 35 137 | 663 710 806
19 9.0 145(25%) 12.2(2.1%) 35 0.0 375 784 809
zo 5%) 162(28%) 13.9(2.4%) 40 4.1 490 776 820
21 ., | i 180('31"»0} 15.7(2.7%) 45 21.5 416 725 5
" = .76 ‘ 1.5 | 725 785
2; 435 452 13.9(2.4%) } 45 0.0 507 782 816
')‘1 580 (7.5%) 1 )2(28‘,’"(,} 15.7(2.7%) 35 14.0 521 746 855
i I N | ifﬂ“fﬁﬁ” 12.2(2. 1%) |40 8.7 575 688 847
” 58.0 1;\;;:;;“{ iz : %) 40 0.0 730 735 841
O . i 45 3
- (10%) l) : 00) ‘ Z((Zl o) 45 0.0 588 694 782
( 80(31%) 13.9(2.4%) 35 181 | 657 694 737
Zti i i 125(25%) 12.0(2.4%) 45 0.0 600 504 702
?.) 500 0 140(28% ) 13.5(2.7%) 35 13.7 559 584 627
.(30 155(31%) | 10.5(2.1%) 40 8.8 533 542 645
.4%41 135(25%) 13.0(2.4%) 45 0.0 525 587 | 713
%Z 540) 8] 151(28%) 14.6(2.7%) 35 20.9 531 552 | 663
3 L IR7EI%) | 11321%) 40 169 | 405 586 622
31 145(25%) 13.9(2.4%) 45 0.0 381 337 697
i =4 i
35 580 0 162(28%) 15.7(2.7%) 35 22.5 556 640 670
36 31 2.2
36 ) ] ) 180(317) 12.2(2.1%) 0 | 217 431 j 575 609
3.1 ATAHE IO 232|E S50 iR ol vhehvbar A@2)9 8 A e »
= ¥ Mol E Fglih i Eaf st vt
QA b ske) Wit A 7 2 s G CasO, 32RO
| i’Hi— o128k ot alwbE o ~»C;A - 3CaS0, - 32H.,0 0))]
P ] SIS = ™ . g
Ao Aaris CA Buul whgate] () 2C,A+CyA + 3CaSO, - 32H,0-+4H,0
. ) O Bl T M FLNL 5] A g - . i
| 1—-.‘14012 Fabwo] HAdEwAl g7 —=>3[CA - CaS0, - 12H,0] (2)
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Fig.1 Relationship between comp. strength and gypsum
content at 7 days in standard condition.
(a) cement content : 500kg/m®
(b) cement content : 540kg/m?
(¢) cement content : 580kg/m?*
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Fig.2 Relationship between comp. strength and gypsum
content at 7 days in air condition.
(a) cement content : 500kg/m®
(b) cement content : 540kg/m®
(¢) cement content : H80Okg/m’
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Fig.3 Relationship between comp. strength and gypsum
content at 7 days standard condition in each W/C

ratio.
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Fig.4 Relationship between comp. strength and gypsum
content at 7 days air condition in each W/ C ratio.
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Tabie 11. Regression of equation at each condition

o Regles:lon equauon
Fig5 (@) ! Y= >74 %38i8+18 8190J1X. —20.45 7111()xs+17 1()6

‘ —3.5625X, X+ 5.416515X"

(b)  Y=756.9142~8.723809X, - 19.82857X:+17.1165X,*

17.1665X,° — 3.5625X,Xy+5.416515X,°

|
(¢) | Y=759.095975 —22.495239%, — 19.514284X,+

‘ 17.1665X." — 3.5625X,X; +5.4165150%,

(d) ‘ Y =701.87365 - 36.266669%, — 19. 1999‘984)(34-

| 1716652 3.5620 0+ 5416515,

Figh (@) Y=782804509+91.31051%,—19.5285 mw
1188082+ 062857 15, +-5.41655 1575

{(b) | Y=756.9142+63.76765X, — 19.82857X,

-1 18.8()8312 “+0.6285716X:X:+5.4165X,*

fe) | Y =765.356891+-36.22479%, - 23.39107X,

11880822 +0.6285716X,;+5.41655151,°

Fig? 1) ‘ ¥ =782, 159585 - 5. 161309%,4-63. 1390784,

| 1716658 — 27.54286X X, 1 18.8082%"

(b)  Y=756.9142—8.723809%,+63.76765%,

+17. 16652, 27 54286X.0— 118.8082X,°

(c) ‘ Y ==742.502145 - 12.28630%:-+64.3962216X,

M4 3&, 1992.9.

+17.1665X,° — 27.542861,2, — 118. 80822(2

Where -
\Y L()mp Strengrh (kg/un)

% Cement Content (kg/m?

‘\ Xt W/C %

) Y ---- (,omp 7Streng{h ﬂ(lkg/cmf)w
| % : Gypsum Content %,

[ % W/C %

4

; Y;':Cromf').' Strengﬁh (kg}cm”)
}X, : Cement Content(kg/m®)

i . N
X, : Gypsum Content %,
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Fig.5 Relationship between cement content and compressive strength at each gypsum content
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Fig.6 Relationship between gypsum content and compressive strength at each cement content.
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Fig.7 Relationship between cement content and compressive strength at each W/ C ratio.
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Photo 1. Microscopic analysis of cement hydration compared ordinary cement with high calcium sulfate cement
at steam curing condition(65<C, 5Shr)
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