An Experimental Study on the Hydration and Mechanical Properties
of High Strength Concrete with High Calcium Sulfate Cement
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Abstract

This report is the experimental study for manufacturing the pretensioned spun high strength
concrete piles (KS F 4306] using calcium sulfate cement for steam curing.

While the over 800kg /cm® compressive strength of concrete was developed, the developing
mechanism of high strength concrete was proved by using the relationship between porosity of
concrete and compressive strength,

And the relative equation between compressive strength and flexural strength was derived,
the durability of high strength concrete using high calcium sulfate cement such as anti-freezing
and thawing, drying-shrinkage and resistance to chemical attack were superior to those of con-
crete using ordinary portland cement.

Keywords : high strength concrete, high calcium sulfate cement for steam curing, pretensioned

spun high strength concrete piles, compressive strength, freezing and thawing, chemical
resistance, drying-shrinkage.
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Table 1 Chemical composition of high calcium suifate
cement

S]Ol AlgO:; F8203 Ca0 MgO NaQO Kgo SO;{ IgAIOSS Sum
03] 54 | 24 60929 1012/075] 60 ! 12 9997

Table 2 Physical properties of high calcium sulfate cement
mortar at steam curing

Blaine lSpecxﬁc Sound- |  Setting ¥ Comp, Strength:{(g/cgnj]
(cmz/g)[ gavty | ness | Ini | Fn | 1 s s | %ds

AW | 31 0w | w0 [T 89 [ ML | 7 | 6

* Steam curing condition 65°C, Shr
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Table 3 Chemical composition of ordinary portland cement

Chemical composition{%)
S0, | ALO; Fego_;‘ Ca0 | MgO [Na,O | K:0 | SO, [Ig.loss] Sum

191059 [ 32 620 30 [014 085 45 | 13 [99.99

Table 4 Physical properties of ordinary portland cement

88y Setting Comp. Strength
Specific | Blaine S(;‘tésnsd time (kg s B
gravity |(cm¢g) jon residue In, | Fin, s s | 28ds
3 3350 0.2 005 | 20 | 70 | 1% il ¥

Table 5 Physical properties of high range water reducing

agent
Name Appearance Spec. PH ASTM Ciy4
) o gravity Solid base
@1@11)"‘13{) dark bm»\jﬂ 1.2 ~9 IS

2.1.3 7



Table 6 Physical properties of aggregates

(20°C/hr)

Controlled Max. Temp(65C)
Max Spec. FM | Absorption | Losangels 1 -
Size | gravity (%) abrasion Pres_tgﬁnﬂ{_/i \\\Cooling
Crushed . | l
25 2.64 720 240 15.02
coarse Agg. ’ i ' ' 3hr Shr
Natural R 21 - - Fig. 1 Steam curing process
- D) 20 o . -
fine 8¢, 65C 2 5AI7E HAAIZ] & Al 2t e
Hao] Hi A 2k AR e FF LA
gt om o5 B A B4 & 63 @t & AA s
2.2 ggtgt‘g Table 7 Mix proportion of high strength concrete used
by high calcium sulfate cement for compressive
and flexural strength
221 AME F3E 4 ,
Unit | .
DA% wE ) 7LE pHsly] 98le naard Cement e Unit weight (kg/m®)
Al E QL v EAME o ZAIWEN] 40%9%] #H o) Content (05 |Cem- |Wa- Sund Gra- High range
Sar
~Ea bzt TEor )l 2ok A7l FR 7oA ikg/m’) ent  iter vel | Water reducer
Z} ZH X 7 7}0“ 2 X~ ;\_1 9_‘1 ’ﬂ -}-‘3"53] 7] = '}fﬁl"-"? 30 450 135 3 | 1142 | 1.5%( 6.75kg)
o xa = o - L3 7) 2 o ) 50 30 150 13 3 1 142 | 25%(11.75kg)
& skl foll Alabed 2 2 25 ' 360 450 | 162 | 75 1099 | L5%( 6.75kg)
‘335}01] uE RS v HESHCH B ] 450 L1 | s | 1099 | 250125k
olmj AJWlE o] 2B 3HaH 7]weS A 30| 550 | 165 | 688 | 1044 | 15%( 8.25kg)
Yol serdvel o9 v vEe 23 gm0 o 00 L6 |0 LI 2513 75ke)
B - - a6 - s 36 50| 198 | 65 992 | 1.5%( 8.25kg)
stef ZlgF s i Amitel At =& %S0 |1 | et | e | 25001375k
E}l 30 650 195 | 623 946 | 1.5%( 9.75ke)
S Z719p e 9 13 ol A% T AF ar o
N - ) _ - P - : £ y Rl A%l B 70KE
3ARE F AT 20C /hrE dle] Hugw v i o
1 # &85 bl A B RS0 | 23 | B | met | 25%(16.75kg)
Table 8 Mix propbrtion of high strength concrete for durability
Kind of Test e Cnit weight (kefm) AE
Cement ) W/C . ] ' . High range N
Concrete No Cement | Water | Sand | Gravel water reducer(C x) (CX%)
Nomap | H-33—Non| 33 500 165 | 704 | 1069 | 0.96 -
on- ! )
High crete H—30—Non 30 500 150 720 1093 2.13 —
concre ‘
calcium H-27—Non 27 500 135 736 2226 4.58 —
sulfate AE H-—33—Non 33 500 165 6h7 998 0.78 0.04
cement ) . H~—30—Non 30 500 150 676 1021 1.96 0.04
- oneree Heg7-Non| 27 500 135 | 689 | 1045 421 0.08
NON 0O—33—Non 33 500 165 706 1071 0.75 -
Ordine AE O-30—Non 30 500 150 722 1095 1.39 -
ol conerete | 027 Nen | 27 500 135 | 737 | 1119 129
sl O-33—-Non | 33 500 165 | 659 | 999 0.64 0.03
coment . 0—30—Non | 30 = 500 150 | 675 | 1024 1.26 0.03
Leoncre |
e N lo—p7=Non| 27 | 500 135 | 691 | 1047 390 | 007
—SIA 40%,. Slump 8+ lcm, Air content 4.540.5%
ex) H -33 —Non 0 —30 —AE
(High calcuim)—(W/C 9%,)—(Non AE concrete) (Ordinary)—(W/C ¢,)—(AE concrete)

H 53 15, 1993.3.
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Fig. 2 X-ray diffraction patterns of each cement paste in
standard curing condition
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Fig. 3 X-ray diffraction patterns of each cement paste in
steam curing condition [65C, 5hr)
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Fig. 4 DTA curves for paste at each ages in standard
curing condition (W/ C 0.4]
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Fig. 5 DTA curves for paste at each ages in steam curing
(65, 5hr, W/ C 0.4)
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Fig. 6 Relationship between total pore volume and age
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Table 9 Test results of total pore volume and comp,

strength at each ages

Table 10 Equation of high strength concrete relationship
between comp. strength and pore volume

cement Cement | Equation Coefficient of
endwon . - | corelation
I Poe | 02301 Ordinary | Y=—3M8818x +aT757 | r=-0975
Volume ‘ Steam High ‘
(mlig) curing ‘Calcium Y=—5696.21 x +1353.1 r=—0.96()
Ordinary b |
. omp Sulfdte
Standard . [ . e
! Stength | 215 \ Moo | Ordinary | Y=—4470.13% +1326.2
omE k Standard {High
31) | tkgiem?) I - tandar g \
h Pore i 0.1936 (J.lM)h (J1189 0.1750 curing Calctum Y=—12646.60 X +2686.0 r=-(1493
Hgh I { iSulfate J;
volume Ul
caloum P R —t— R
sulfate ‘ 3% 1% 308 Where, Y : Comp. Strength(kg/cm?)
o ,,45”6”’3“‘ . X : Pore Volume(ml/g)
‘ Pore | om0 | oLl | 0MI7 | 013
Ordinary |/Olume ] B .
N A Comp. 105 %a 7 o] F=ritast dEHEAE Slol ok 27% F4HA
eam ‘ !
Strength -
i Pﬁrmg{ Ql6l0 | 0150 ﬂf;h*oiv" +
wer Hgh | ¢ ol 10 17 o)l Anpz e Aykal e 1§ 109 o)
| (volume
lcaloum o
o Comp. | 138 68
T S | | 33 DEtAAIMES] DAEET2|E S4
800 Bl ds4de 2 Hux
DRHGAAES o] §oted F7] b4 2ol A
oy o] SOIA M E et 3 AN WS g e
o > = = = N 5 - =
" Al AN vsel e dEHPE ¥ AR &
00 k
~ A Ao M 117 go] WAIMER 450kg /
N [a]
5 200 F o
& ° o . Table 11 Relationship between comp. strength and flexura!
33 100 F * strength at each ages
5 2 ; T
& Unit Comp. flexural
é. 300 F o " . cement W/C | Admixture | Slump |strength strength
S " m content (%) T(Cxwt %) | (cm) | (kg/em?) (kgfem?)
200 F . tkg/m’) 7ds | 28ds | Tds | 28ds
30 L5 0 766 1 836 | 8l 95
: 2° 5. 7 | 86 5| 9%
100 b 50 3(? “? 50 | 787 | 86l 8'6 9
36 15 70 1701 170 | 731 91
N , L , - L% | 25 210 | 69 787 | 77 | 8
0.05 0.10 0.15 0.20 0.25 (1.30 30 1.5 50 816 | 904 | 92 98
pore volume(?) - 30 2.5 125 [ 737 | 862 | 91 | %
> % 115 82 | 686 |89 | 78 | gl
sno0co ordinary cement Y steam 36 J 25 L4 | 705 | 734 | 82 | 86
szoco high calcium sulfate cement / curing R T or T oo T
®eees  dinary cement 3 standard 30 15 9.0 784 | 836 | 80 | 93
BEEER pioh caleium sulfate cement L curing 650 \ 3 2.5 200 | 749 | 803 | 77 88
o 15 220 16511755 | 71| 83
Fig. 7 Relationship between total pore volume and comp. ] L % | 925 %.0 ih%w ‘ 2 62 | 8l

strength

134

—Steam cured at 657, 5Shr and then standard water

cured until each ages
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Table 12 Test results of relative dynamic elastic modules of high strength concrete at steam curing condition
(65, shr)
‘\ Lycle number Durabihity
Ie\t N() }_”,,,,“, — ,,,,_‘,,,;,,,_ ——— N _],; - e .
L0 30 60| 80 | 120 | 150 | 180 _,,,,v,vvﬁ,%éé..‘..?fi-fla)‘__
_ H-33-NON 100 11005 ) 96.7 ) 967 | 959 946 | 95.7
; H ~30--NON_ JQQ,, ,,,,, 996 | ;.E:’_%j_ﬂ?ﬁ 992 | 981 985
H-27-NON | 100 99.4 1 92| 993 | 995 | 982 | 976
CH=-33-AE | 100 | 998 | 992 99.6 | 989 = 493 | 997
H-30—-AE | 100 | 997 999 _1»04(;_}1_ 98.5 | 991 994
H-27-AE | 100 | 995 | 101.3 vlg(ﬂ».;i 99.8 | 997 | 100.3
N()N} 100 | 9553 940 | 948 | 913 | 696 | 61.6
_O=30-NON . 100 | 97.2 | 969 | 94.1 | 925 . 769 | 685 | 457
-;N()N 100 994 | 9541 942 | 825 ] 763 636
- 100 99.7 | 9951 995 | 997 99.1 | 98
E 100 | 998 999 997 | 995 | w97 | 993 | 9.
() a/ AL LNU() ________ 1013 | 1(0r N c;% fagt) d)()h 997 | 994

H5H 1%, 1993.3.
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Fig. 10 Drying shrinkage of high strength concrete at each

W/ C ratio in standard curing condition
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Fig. 11 Drying shrinkage of high strength concrete at each

W/ C ratio in steam curing

Table 13 Drying shrinkage of high strength concrete at each W/ C ratio and curing condition

Cement Ages Standard curing condition Steam curing (65°C, 5hr)
o W/CC) 14ds J 28ds | 7ds | 1dds | 28ds | 9ods
high e 3 | -158 | —1.96 | —2.54 | —2.55
calcium i 30 L —147 | —193 | =219 | =221
sulfate I 27 142 | ~158 | ~213 | ~2.14
ordinary | 0-33 | 33 —187 | —235 | —281 | —2.84
portland o-3 | 30 | —234 | —243 | —2.46
_cement 027 27 —157 | —2.34 | —234 | —235
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Table 14 Test result of weight loss at 35% sodium sulfate
solution

Test |[W/C Standard curing Steam curing
condition condition(65%, Hhr)

NO | [%) | 7ds [ 14ds | 28ds [ 90ds | 7ds | 14ds | 28ds | 90ds
H""j.'ii% 33 1083 195|328 |615]021]0.25] 0.95 1 217
H-30] 30 | 0.72 | 1.28 1 315 | 613 0191 0.24 1 0.93 | 2.15
H~270 27 | 069 ] 1.85 | 3.13 | 6,11 | 0.19 | 0.2 ‘().89 2.29
0-33 33 | 181|303 | 493946034 | 0.93] 1.94 | 395
O~300 30 | 168 | 294 | 4.84 1 9.21 | 0.31 1 0.92 | 1.89 | 3.87
0-27 27 | 142290 | 476 |9.07 | 031 | 0911 1.7 | 354
ex) H-33

High calcium sulfate cement — W /(C 33%

M5 H 1%, 19933

—

welght 10ss(9,)

(A) standard curing  _k
condition

(B) steam curing

condition(65¢C .5hr)

-~

3~
§'6

BT R ST}
age{days)

age(days)
12 Relationship between weight loss and kinds of
cement at 35% sodium sulfate solution

Fig.
6.13%2] ,¢;g:a3:-::» wolil glont wigAlwEe
Aol 9.25% 91 @S Lhehd oF 34% 8het A &
J R sk o

ol iz jli.*-\ff‘oé‘*g A e el 507 g =
) = ok

SR HAS Y

°ﬂ A 9] *l ] B o‘n'?oﬂ 91 g A
Al ket o vl g 1ol Fvlo

1 3

Woi A4

729 NFAF A E = o ] «o]k abi i
L} AE %1}.”_ 1]\]] O-L;L” o]Ci-i /‘ 3_*‘510:] zz__Q] /‘q% /}
1§t o) i olal sheba o NI Aok
shgtE ot

42 E

(1) gkt Azl e Ay 1309
27) Aol M A AYel olE ol Sk
o] HYMAME R vhuk ALY g A3l
of b W=t Ak stlew At el
7)atiz oz Rlapol B A g Al 32wl ] bRt 4
getoss AldlEWe] EAwEY] hagabet
WitEare] A sta b dwrh b AeR

dlEH o) o] F

) A ] 4 'L.O. gudo]
Zhghell ket & Ak 7 o) L—w 7 7o) 2] a—wn

Y oY rIo)E Srabi i R Aol A ;
guko] #rs AN At F /l ki) H-ek
Ay kAol wig- s 9 ’#P"’ A wil

I.CLH[;]. zH

L 27% 9]

el A9 Eagon
]

137




(3) LZ=TAYE Jaty E4F G2 gx
= #1 904kg /cm?, BAE 9lkg /cm?e] TP E
= glo

04
& ©
2
)
o
=
-
o
rlo

PRI EE= T ]AE
TANER *ﬂiElOJOk IR

(4) FAYHel wha} AzxF30] A 45 o
ST A BEGUARTG AFH 90U
F4Fo] of 28% TAHILL oy AWE 53
3102 g Zrgds AdEn] wala 27
A e AdxaEe N EY) a w8
AHMEZFHEE B 130G HE S BEAY
ER PASS -4

Ao Aoz JokE )
(5) 35% %“Wr

AW o 0% A E
dl ol BRI E Sl o3

7} uraw
TR 32w ARt Atsle HAWE
¥l Zaz AT RRFFo] Auste 71e4 Adg
o} AF7H Bvtate] shetA gyo] -FakA Lhe}
W Ao AeEy

20z s
L BN, “17% S38E", 28 E 32 392

13, 1991, 3, pp.18~22,
2. HHE S g AMRY uyx 2agE
o] AlF #el”, FaelEds|%), Vol 4, No.l,
1992, 3, pp.48~57.
“EP I AE T AE

3. HEF 9, Y AE Zq)

138

10.

11.

12.

13.

14.

. ISR,

. BRI,

BRUE:S 8

. FAREE, EEE,

. ZEE(EH,

. ~FRHE,

. RAREE,

E vt 22 wgke] dAlet Al g7, 238 E 83
A, Vol 4, No.3, 1992, 9, pp.34~42.
‘B 7Y — F ERMMEOF
1IR3 SR, £ x> b)) —k, No.466,
1985. pp.7~15.
“ESsE Ty 7)) — b EIRAARHZES
A", $4Ela s 7 ) — P THEERR RS
£, 1982, pp.109~112.
“1000kg /cm’=z > 7 ) — F OEA{EA
DHE”, X bar Y-+, No.508, 1989,
pp.31~32.
“EEEBY AMEZ MAS B
B Fas B BREEE Hitol M BB W
%7, 2AESS =83, A47 335, 1992, 9,
pp.135~145,
“EBRENME RO SWE DY &
U— bR BEHEKRT, 37— b8 Vol 18,
No.4, 1980, pp.23~29.
“ESREALO - D DRAM OBET, b 2
>hay =1+, No.546, 1992, 8, pp34~40.
R. Jones, “Relationship between flexural
strength of concrete beams and compressive
strength”, Magazine of Concrete Research,
Vol.9, No.26, 1957, pp.89~94
G.J. Verbeck, “Pore structure”, ASTM, SP.
tech., No.169, 1956, pp.136 —142.
MK, "t Ay ME{LBOMEEEY 2 &
U —bodEs”, a2 7 - T4, Vol19 No.
11, 1981, pp.36~42.
A M.Neville, “Properties of concrete”, Pit-
man publishing, Bath, 1977, pp.22~263.
HIFfRER, “ZEEEEL-8@EI. 7Yt
MBS @A D0 T, LK ER 36, 1972,
pp.251.
"BEEL Y7 - oA E
B HEEROBE", YiHFH 40, 1986, pp.431~
434.

(M 4UX} : 1993, 1. 6)

Thi
1
il
in
Lo
o
i
HO
el



