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A Study on Characteristic of Autogenous Shrinkage of High

Strength Concrete

Young-Jae Lee’

<Abstract>

In case that W/B is 20%,30%5,40% respectively, the effects of additive and shrinkage
reducing agent on the autogenous shrinkage for high strengthen concrete through the
substitution of FA and SF analysis were obtained as following conclusions. When the
ratio of FA increased, the compressive strength of high strengthen concrete is
decreased in the early times. As the ratio of SF increase, the compressive strength
also increased. Comparing with PC(Portland Cement) for 7 days curing, the strength
is 13.8% of FA10 + SR0.5 and 19.2% of FA15 + SR0.5 decreased when W/B is 20%,
and 6.196 of SF75 + SR05, 48% of SF15 + SR0.5, the strength are increased. In
case that W/B is 30%, 13.1% of FAIO + SR0.5 19.1% of FAI5 + SR0.5 the strength
1s decreased and 4.19%6 of SF 75 + SR0.5, 7.2% of SF15 + SR0.5 the strength are
increased. In case of W/B 40%, 4.3% of FA10 + SR0.5, and 87% of FAI5 + SR0.5,
the strength is decreased and 3.3% of SF75 + SR05, 63% SF15 + SR0.5 the
strength is increased. When the ratio of SR is 0.5%, autogenous shrinkage strain of
OPC concrete appeared -417x10-6 in 56days curing, the shrinkage strain is decreased
23.7%. The reducing effects of autogenous shrinkage when the mineral and shrinkage
agent are used are the same as ones when only shrinkage agent used.

Keywords : Autogenous shrinkage, Drying shrinkage, High strength concrete, Silica
fume, Shrinkage reducing agent
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Table 1. Physical & Chemical Properties of Cement

Chemical composition(%) Ig loss | Specific
Ca0 | SiOz | AlOs| FexO3| MgO | SO3 | (%) | gravity
62.66(20.61| 532 | 2.86 | 4.21 | 262 | 1.39 3.14

Blaine [Setting time(hrimin.)|
(em%g) | Initill | Final
3462 3:50 6:40

Table 2. Physical & Chemical Properties of Fly ash and

Silicafume
Items Chemical composition(%)
Igloss | Specific Blaine
CaO | SiO | ALO; | FeO; | MgO | SO; | (%) | gravity | (cm7/g)
Types
OPC | 6245 | 2555 | 562 | 2838 | 4.16 | 2.72 1.41 3.15 3452
FA 341 | 61.21 | 26.16 | 4.28 | 0.86 | 0.38 2.86 2. 3654
SF 0.29 | 97.8 | 0.46 | 013 | 0.10 | 0.28 0.18 2.21 27000

Table 3. Physical & Chemical Properties of

Superplasticizer
Ttems| Main Specific A N Standard dosage
Type composition gravity ppearance (Cx%)
HRWR | Polycarboxylic 1.05 Transparent liquid 0.5~3.0
Table 4. Physical Properties of Shrinkage
Reducing Agent
Main Specific Standard Density | Solubility
Item ingredient | gravity Apperance | dosage | color (emd | in water
- ‘ (Cx%) .
Shrinkage .
r:i‘zci:li‘ Polypropylene 111 Trar‘]spfintnl 20~40 | White| 3.18 Soluble in
oent glycol liquid water
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Table 5. Physical Properties of Aggregates

Itemg Max. size of | Specific |Absorption |Unit weight| Fineness
Types coarse agg. gravity (%) (kg/m”) modulus
Fine aggregate - 2.59 1.81 1,566 217
Coarse aggregate 13.0 2.62 0.66 1,541 6.78
. . 3
Table 6. Mix Proportions of Concrete per 1m
Unit weight(kg/m3)
De Target | Target B e
ot w/e | g | Stump | Air [HRWR | SR AE
(o ||| Flow | content [ (B<29) | 09 W | SR S| G|Bos
@ (mm) | ©6) C |FA | SF
00 851 0 | 0] 0 052
798 (1315 0] 37 0%
80 | 2 | 41| w0 | 35 | 24 | (175 [788 88 [ 0] 4] 52| 746] 02
-2 73981 0 1314 37 052
806531 0 [656] 41 -2
00 58]0 [0]o0 052
~ (4B 18715 [0 [25 om
W | 45| 40 | 35 | 21 | (| 1% [G2I{583 [ 0] 0] 74| &5 22
2 5211 0 [583[ 26 052
498 | 0 [875] 25 -
0.0 37510 [0]0 052
B 3699 (657 | 0 [ 19 052
43 |40 |49 | 400 | 35 | 18 | |17 3017 [458 | 0 | 2 | 842|872 0>
> 3699 [ 0 [657] 1.9 052
47 10 T80 o
23 48 TH
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Fig. 1. Experimental setup for measuring length
change of concrete.
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Table 7 & £9=Z Z2$ 9 I7|HF 5 &4
g ZAYES AAS yE Aotk W/B7L
20% 79 %71 OPCY &#H2x 250mm, &7]%
45%, FA10+SR05 ¢ £H2Z 262mm, 37| %
4.0%, FA15+SR05 ¢ £H2Z 278mm, 37| %
3.8%, SF75+SR0.5 4% &7 2 243mm, 37| %
4.7%, SF15+SR0.5 4§ &7 2 237mm, 37| %
49% = YeElWTh 1A A & Z2aYE] &
dAx 3 I E e OPC 225mm, 4.3%,

FA10+SR0.5 729 247mm, 3.5%, FA15+SR0.5
73 260mm, 3.4%, SF7.5+SR0.5 79 235mm,
45%, SF15+SR0.5 7%~ 230mm, 4.6%% %
o W/B7} 30% % 7d-5-¢F W/B7}F 40%64 75
of H= gt grIFe] wskel v FdE
LR



DR BaAE AN5E SA HF AT

Table 7914 R%o] W/B7} 20% 4% <9
2= OPC  25mm, FA10+SR05  15mm,
FA15+SR05  18mm, SF7.5+SR05  8mm,
SF15+SR0.5 7mm, W/B7F 30% 7% OPC
22mm, FAI10+SR0.5 26mm, FA15+SR0.5
29mm, SF75+SR0.5 20mm, SF15+SR0.5
2lmm, W/B7F 40% 7% OPC 34mm,
FA10+SR05 35mm, FAI5+SR05  33mm,
SF7.5+SR0.5 29mm, SF15+SR0.5 29mm <=4 o]
skt F71Ee W/BEE FAE OPC R
o} ZHAdkal SFE S7kske o8 UEwT

FAS A&3tH OPC wH& Ab&3 dnk 2=
JE Hlg E¥x g 29Ut Frrste] 2
JAol 3 uAT FAYES ARV 7tE
g Zlo® AR
OPC ZAYES Fds F54S Frstr] 9

ki o2

At

Table 7. Properties of Fresh and Hardened Concrete

il

FAI5+SR0.5 0959, SF7.5+SR0.5  1.06,
SF15+SR0.5 1.084 < 7}aF i .

Table 8. AHE ¥ =(W/B=20%)

v} g OPC FA10+ FA15+ SF7.5+ SF15+
A SR0.5 SRO.5 SR0.5 SR0.5
7 59.8 515 48.3 63.4 62.7
28 68.9 66 64.9 74.3 T
91 T 75.6 73.4 81.6 83.1

©
=)

Compressive strength(MPa)
N w B %] D ~ o]
o o o o o o o

=
o

OoPC FA10+SR0.5 FA15+SR0.5 SF7.5+5R0.5 SF15+SR0.5

Fig. 2. ARl ®& ¢F3=(W/B=20%).

SR0.5 (540x560) | (370x360) 49 47 28 11:02

32 ¢EA=E
Table 8& A= = s YeEididlx
Fig. 29} %ol £ o AE 91d A$

OPC ZA¥E v  FAI0+SR0O5  0.984,

Slamp (Flow) oo SAAT Table 9% A#E¥E A=A =E YeEUA D
(mm) (KS F 2436)
) . - o
o[ e . Fig. 3% #o] ®EAsAth A#E 91d H§
0 L. . . . =4 4
%) Initial 60min | Initial | 60min (hemin)| (hrimin) OPC -Eiﬂ E] 1= EH H] FA10+SRO5 097‘3H ’
OPC 250 225 45 4.3 10:00 11:47
o FAI5+SR0O5  096W, SF75+SR05 103w,
1SRO5 | (610630 | Ga0xe200 | X0 35 | 92 11:25 SF15+SR05 1.06W =7}8+9l o
FAILS 278 20 |38 | 34 | 1020 | 12:24 o ° e
20 | *SRO5 | (670<650) | (630x610) : . : ’
SE7.5+SR)| 243 235 . " Q= =200
05 20510 | Glos | M 45 | 92 | 1057 Table 9. ABE 4574 =(W/B=30%)
SF15+ 237 230 " .
SRO.5 | (510x520) | (480x500) 49 46 905 10:30 vl gt OPC FAL0+ FALS+ SF75¢ SF15
OPC 270 248 46 4.4 10:10 12:10 LE SRO5 SRO.5 SRO5 SRO5
FA10 281 255 . . — = .
YSRO5 | (8000 | Gz | 38 | 1130 | 1331 7 50 434 404 52 535
FALS 287 258 : : 28 54 52.8 50.7 60.2 65
a0 |ISROS5 | 800790 | (570<570) 43 36 | 1000 ) 1212
SF7.5+SR| 261 241 , . 91 66 64.1 63.4 67.7 70.2
0.5 630610 | 5200500 | 8 45 | 1040 | 13:20
SF15+ 254 233 " .
SRO.5 | (540x530) | (490x500) 48 38 1020 12:00
OPC 288 254 48 | 45 | 920 | 1130 100
FA10 295 260 . . LR 280l Mgpof
YSRO5 | (560560 | 0wy | O 44 | LIS 1325 % - = = =
FAIS 301 268 ; ) 80 -
o |SRO5 | Groar0) | @100 44 38 | 9 10:59 "
SEF7.5+SR| 279 250 " .
0.5 60570 | Gooeaon | 7 46 | 931 1113 60
SF15+ 270 241

50
40

30

Compressive strength(MPa)

20

10

0opPC FA10+SR0.5 FA15+SR0.5 SF7.5+SR0.5 SF15+SR0.5

Fig. 3. ARl @& ¢F3=(W/B=30%).
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Table 10& AEE $FAEE HEUAX
Fig. 4¢ #Zo] A&t A" 919 4§
OPC Z=Z4E uH FAI0+SR05 0.95H],
FA15+SR0.5 0928, SF7.5+SR05  1.03#H,

SF15+SR0.5 1.059 < 7Fst ot

Table 10. B }=F7F=(W/B=40%)

3 FA10+ FA15+ SF7.5+ SF15+
OprPC - - = =
A7 SRO.5 SR0.5 SR0.5 SRO.5

7 43.7 418 39.9 45.1 46.4

28 48.5 46.6 455 55.2 59
91 58.2 555 53.7 59.9 61.3
100
"y Fasy "ory

2 U @ N ® W
S © & o o o
T T T

w
=]

Compressive strength(MPa)

opC

Fig. 4. AR ®& 53 =(W/B=40%).
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Fig. 6 W/B
Apg-o] ZAg
Hlaske] vebd Fojth. W/B7F 20%Y 74
¢ OPC WlH] FA10+SR05 85%, FA15+SR0.5
1525% A7 5P Eo] FAae ¥k SF7.5+
SR0O.5 545%, SF15+SR05 10.89% #}7]<=3w
HEo] Frtsle Ao w yehyta, W/B7F 30%
2] 4% OPC WMl FAIO+SRO.5  20.29%,
FA15+SR0.5 30.43% #7]4%WE & o]
WA SF75+SR05 5.80%, SF15+SR0.5 11.59%
A71FEHPEC] FUHEE Zo® UEE A,
W/B7} 40%Y 7% OPC thH] FA10+SR0.5
25.17%, FA15+SR0.5 47.55% A7]55 W& & o]
723 v SF75+SR0.5 16.78%, SF15+SR0.5
37.06% A7|FEFWMEEC] Ttk Ao® o
Byttt W/BYE #4EH

tlo oo

e

of A&k OPC ZAHEc] H]&|
A715% MEEol s LAsE Ao e
Pre=g
200
—-0p

1o O-5R0.5

2

" 0r L

ki

g 100 ¢

JE =200 +

é \D\D\j‘\j\j\

% -300 j—D\D_D

3 -400 +

-500

¢ 01 1 5 7 13 17 23 28 30 40 50 56 60 70
Age(days)

Fig. 5. SR effect of autogenous shrinkage.
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-200

-300

Autogenous shrinkage( x 107)
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-800
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(a) W/B=20%

200

—O-0oPC
—FA10+SR0.5
—#—FA15+SR0.5
—&—SF7.5+5R0.5
—B-SF15+5R0.5

100

-100

-200

=300

Autogenous shrinkage( x 107)
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-500

-800
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(b) W/B=30%

200

100

-100

=200

=300

—O-0PC

—400 F —FA10+SR0.5
—®—FA15+SR0.5
—4—SF7.5+SR0.5
—B-SF15+5R0.5

Autogenous shrinkage( x 107)

-500 -

-600

0 01 1 &5 10 15 20 25 30 35 40 45 49 56 80

Ageldays)

(c) W/B=40%

Fig. 6. Effect of admixtures and SR use for

autogenous shrinkage.
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W/B=20%< w FA10
+SR05 13.8%, FA15+SR0.5 19.2% 7H438HSlaL,
SF75+SR0.5 6.1%, SF15+SR05 4.8% %7},
W/B=30%% ® FAI0+SR0.5 13.1%, FAI5
+SR05 19.1% #43sk3lar, SF7.5+SR05 4.1%,
SF15+SR0.5 7.2% Z7F, W/B=40%< w FAI10
+SR05 4.3%, FA15+SR05 8.7%
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Ao Ryt
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