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Autogenous Shrinkage and Engineering Properties
of the High Strength Concrete Using Soybean and Waste Edible Oil
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Abstract

This study investigated possibilities for a new reducing shrinkage method of soybean 0il(SO) and
waste 0il(WO) to compare with shrinkage reducing agent(RS) and expansion additive(EA). There was
no big difference to flow, air contents, and compressive strength of plain to use SO and WO. For the
reducing shrinkage performance, SO and WO was more effective than RS and EA, because their fatty
acid reacted with calcium hydroxide of concrete to turn soap. For the pore distribution by porosimter,
0.01~0.1 um pores of SO and WO were 0 ml/g, and 10~100 gm also remarkably lower than any others.
In these results, it inferred that they filled up capillary pore and mitigated autogenous shrinkage by
their saponification of their fatty acid and calcium hydroxide.
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Table 1 Experimental plan )
P ’ ot FAFT Aol FAES] WATE 9 F5T
ftems Variables Zo| wAE G AR} Sk
W/B(%) 30
Flow(mm) 60010 22 AIEM =
Binder . B Ao AREe 4 AR =g -3y gdde
composition(%) OPC : FA = SF =70 = 20 : 10 Table 3~8%} Ztk
i = A o S == 7}
lﬁﬁ Shrink * SO (Soybean oil T OFCE =l Acprss e il e el
r dn iige * WO (Waste vegetable oil) of Bg BHYE 1 12 FF AMESIYoH, A= FA
A dfrﬁl)licturges * RS (Shrinkage reducing agent) 2 SF= 7kt BY) CAMRS ARM23514T)h SPAl= DARY =
A (Brpansive additive AR ALEIAT, AEAE EAS) AL A1831
= o] 5FH = gk o =
Dosages (%) 0, 1.0, 20 o BO= FAb o, \_WO FjellA dkHow u
= 2, RS= FARY 5474, EA= GALS] CSAA o4
* Compressive strength
1, 7, 28 days) Table 3 Physical properties of OPC
Test| Measurement |* Autogenous shrinkage ) ) Setting | Compressive strength |Sound-
(1, 2--28 days) I(DQ/HSRB); (Bla;;le) time(min.) (MPa) ness
" SEM (1, 28 days) e Thin. |3 days|7 days|28 days| (%)

* Porosimeter (1, 28 days)

315 | 3265|210 |300| 220 | 289 | 389 0.15

Table 2 Mixture proportions of concrete

Variables W/B Dosage*s Sla . Unit weight (kg/m’) AD AE

(%) (%/B) (%) W R C FA SF S G (%/B) | (%/B)

Plain 30.0 - 175.0 - 408.1 | 1166 | 58.3 | 687.3 840.0

BO1 29.0 169.1 | 5.8 | 4081 | 116.6 | 58.3 | 687.3 840.0

WO1 29.0 169.1 | 5.8 | 407.8 | 1165 | 583 | 686.8 839.4

RS1 29.0 10 169.1 | 5.8 | 408.1 | 116.6 | 583 | 687.3 840.0

EA1 30.0 450 | 175.0 | 5.8 | 404.0 | 1154 | 57.8 | 687.3 840.0 1.8 0.015

BO2 28.0 163.3 | 11.7 | 408.0 | 116.6 | 58.3 | 687.0 839.7

WO2 28.1 20 163.3 | 11.7 | 4075 | 1164 | 58.2 | 686.3 838.8

RS2 28.0 163.3 | 11.7 | 4082 | 116.6 | 583 | 687.4 840.1

EA2 30.0 175.0 | 11.7 | 399.9 | 1143 | 57.1 | 687.3 840.0

* BO, WO, RS substitute for water, and EA does for binder
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Table 4 Physical properties of fine aggregates

Density Absoroti Passing

) nsit sorption | amount of

Aggregates (g/erd) FM %) 008 mm

sieve

River sand 250 2.86 2.63 2.87

Crushed o5 | o6 142 3.00
sand

Table 5 Physical properties of FA

Density | Blaine | LOI Moisture Si0» | Activation

(g/em®) | (em¥g) | (%) | contents (%) | (%) |index (%)
221 3520 | 37 0.1 46.8 93

Table 6 Physical and chemical properties of SF

Density | Blaine Chemical composition(%)

(g/cm’) ((em”/@)| 01| S0, | ALOy| FesOs | Ca0 MOl SO K0

221 (160 000{1.38|96.65| 1.87 | 0.03 |0.38|0.19]0.32|0.56

Table 7 Physical properties of SP and AE agents

Agents Den51t3y Appearance | Color Basis
(g/cm’)

SP agent | 1.05 Liquid Brown |Polycarboxylate

AE agent| 104 Liquid Brown | Negative ion

Table 8 Physical properties of shrinkage reducing

admixtures
Kinds SO WO RS EA
Density (g/cm’) 0.99 0.98 1.01 2.87
Appearance Liquid | Liquid | Liquid | Powder
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Fig. 1 Specimen set-up for autogenous shrinkage
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Fig. 5 Autogenous shrinkage depending on
shrinkage reducing admixtures

o
o

9 T 1%/B
= = 2%/B
O100p g "~~~ TTTTTTTTTTTTTTTTTTTTmmemmmemomees
©
(0]

o

®

X

£

c

w

122

>

o

C

(o)

(e}

=

)

<

X 28 days
s m
E

(0]

(@]

©

X

£

c

w

12

>

o

c

(0]

(o]

o

Z

RS EA

Fig. 6 Autogenous shrinkage ratio depending on
shrinkage reducing admixtures

A= 5 T ERI8E SURTHCA0N 7
Aol A BEAE YA s

of

2
>
X
_{

_@:
f-

o
o
o o |
2
N
-0,
o
>i



0.007

— = = Plai 28 d ——PI

§ 0 g 0.006 -y .\i‘ ——c

& =50r s £ 0.00 L et =8 1

o Q

= o

100 f j}ﬁ o £ 0.004

Z c )

o150 ° E o003}

© )

<-200 M é 0.002

= ] o© 2 J

G250} ™ 3 o.001

%) o 3

3-300 M 0.000

c

S .ol 0.007 . . . .

3 [ y=—104.049+0.34482x (R=0.69549) | —anl | s 5

2_400 L L L L L L L 0.006 —¢%oz ——so2
—400 —350 —300 —250 —200 —150 —100 -5 0 0005 1

Autogenous shrinkage (x107°) (1%)
0.004

Fig. 7 Comparison of autogenous shrinkage depending on
dosages of shrinkage reducing admixtures

0.003

0.002 }

Dispersion of minute pore(ml/g)

0.001

“‘}o 0 0.000

X [y=354.4417+-9.03099x (R=-0.67665) | 0001 . . . . . .

~ 0.01 0.1 1 10 100 0.1 1 10 100
é, 100k Size (um) Size (um)

@ Fig. 9 Pore distribution by porosimter depending on shrinkage
S 00f —9° N reducing admixtures

2 T —

§ T —~— 0.10

£ B B
< -300f ~—

» )

>

o

5 \ .

8 0% 65 70 75

2 Compressive strenght at 28 days (MPa)

Fig. 8 Relationship between autogenous shrinkage
and compressive strength

Accumulated dispersion of minute pore(ml/g)

7145 Zoliskge] FRUAE tehd Zoltk . 2 =
g Wl 1%0] ASRTE 2%0] ATGE Bl Ll i, | 75

wakgo] o A Uehgout AgF 3 ol 2 2o ¢ |

& ol ggen, gEgwse] WE 4wk © LN

FAEEE AGE AolWstgo] AXE AL AT T R

F gl

34 HZEE I DM Ha G LT L
Fig. 9= Z2AMElE B3 S4E AE 197 28Ye Fig. 10 Accumulated dispersion of minute pore depending on

7} 2z ZIPE YR nAE2EIE Jeld Aol substitute materials

U, Fig 102 A% 104 898l 2 48 wAdwRE )

= e lolok T T9e FFAE Edle AR UEhhow, EAS 7%

O

o] Byal= Ao ula SO 2 WO AS X3k 1] SANE 7120 A7gE AloPERiRl 7 5 BT Plain#t
HlwE ol BEHo) gl A ¢ ULk

o2 Uehton, 10~100 m AJolze] F50] BlHlahl 2 = A
ol gle Ao ven} §A%7t 2azse] nHERe Age) AdTS AES] &
Sl 998 she Aow wasPRin Rog) Age) O THSE Ukl AR



F7F 7180 AREEAA FEATA S} AN HT AL
AE YepiTh

Photo 1:& 7+ =58 A|F 1, 28Yoll SEMe 93t 2=
YE YR ot

SEM AMXl #¢ A7E ®BY SO EE WOS A3
- Plainol] gl wAlF727} B 2deta, EAE
o2 AlEHE Fito] dA3] A #FHUh

weba, SO 2 WO F&] APFAF Aol ARE 314
B9l Ca(OH),2te] w07 ZIz|EYe RABAZTTS
A

14 o

ARG 7P A2 F AU
oY TF FANTL ZAEY A5 WAYS

% 0g 8% gdow o8
S0} A7l Aol 2A) A 4 Ye 54

3l 4 5
ZaYE] WA e A 7198 = AS
2 e,

4

Zaz|ES] gety 74, el 2 T3 S

o

N
[N
rhu

Ay AL AMR2E A7FS Ao RS THs
9e AESA FEALA 2 AAAAL AL - B8
o], 7 2= oS3 2k

1D SO ¥ WO= Plaind] Hlg| f%54d0] &% AsES
oy FIIFAME & AolE HolA] e ZoE FQly
Aok A=A AT 28Ul FAFONAM gk Azt
ISR O] FolA FEst ZoE et
2) T3 T/ 4 X3S wistel BE S A7
A= WO, SO, EA, RSe| o2 ¢sate] SO Woe
RS & FARCT w7 EI8EQ A= A7adr}
oS 78s 2 & 5 e, ol SO WO +
AE}] AAte] AHIE £k F FRAAEES] AR

[e]

o2 ey T UHCaO) AR W3S Aol AP B
& A SE, o)% BEEe] 2aE A3
el BAR 3FE FAAA FEAE 480 710 A
oz AlzHth

3 BFLE 2425 AP 1994 Plangl 55 001

li{e3

L

o

Photo 1 Fine structure of concrete depending on shrinkage
reducing admixtures

e Zo=Z ey, SO 2 WO A% 0.01~0.1 um A} ~0.1 i Apo]=e] B=o)l RABgZo] HlwE wo| By
ojze] TRl BEAlEESe] FXF Uk SV AL ke Ao vls) SO ¥ WO AREE A9 X3HE Wil
2 YERRTh Aagle] BE 0.01~01 wm Apo]=e] FFe FE7F 0

A F5%E - = e 78 AFFIM=E /A4 ml/go 2 VERoH, 10~100 i Ato]=e] 3ol uwlH]s}

B A7dNE 484 449 TES AL AR A |

1 16 SHRAM5IRIRISHS] 2011.09

J



1) Tazawa E., Miyazawa S., Experimental study on mechanism
of autogenous shrinkage of concrete, Cement and Concrete
Research, Vol.25, No.8, pp.1633 ~ 1638, 1995.12

2) Zhang M. H, Tam C. T., Leow M. P., Effect of water-to-

cementitious materials retio and silica fume on the

autogenous shrinkage of concrete, Cement and Concrete

Research, Vol.33, No.10, pp.1687~1694, 2003.10

Hua C., Acker P., Ehrlacher A., Analysis and models

of the autogenous shrinkage of high performence

3

concrete, Proceedings of the International Workshop

on Microstructure and Durability to Predict Service

Life of Concret Structures, 2004

S P iR, $89 el R, B0l oRd

o] E5 W) BE 1% REEe] B4R, 3=
A8l sl - Ve s] =53] Vol7, No2, pp.6l
~64, 2007

5 IR, U, ANERE A3

49

3= FEHe Ak

=
pp.97~102, 2010
6) T, AT A

1y

2 3 B, A=paaesdskElA, Vols, Nol,
w83} Polymer Modified Cement©]

%7] 48} A mechanismol] #IIAF, STz ES)S]

7R sEsl=E4] Vol.2l, No., pp.221 ~ 222, 2009

o S, 35 Ul BisE, EAEstE, 3RduUA|

sl mE FITE S, dEAES] =77,

Vol.22, No.2, pp.131~138, 2008

7

8) ZHY, &% visg; olFY, A, v AE
< 283 I FATES VESA U3 A, =7

Aeldels] sleli=Rd Voll0, Nol, pp.179~182,

2010

H73E, 88| AVIE I 9 AZE AR §

8x1918k8)7), Vol.3, No.l, pp.d ~9, 2007.

10 787), 887 HFEAR] X3k Helel] we
B4 24, SzdegiAdsls]A], Vold, Nod,
2009

9

2

BZElR]

pp.99 ~ 104,

AN FX ¥ HASHE A8 12x E32EQ AV |s&F U 38H 5o
B AToNE 27180 A0 ADE A0 AR A2 Al5E AgUtenAel AeaS A EsuA
FEALA B Bt v EAs e, 2 2des g5 2o SO 9 WO+ Plainell B8] #8540 &% A
SEaol BFNE 2 Aol nolx| dgtm, BEATE AL 28°el FAFAA el Adhh BARAA
gE RS A FEd d3E vehllg 2SS AfEdes SO WOZE RS B EARY $-3hs 24l
& 4 Y=, ol 807 WOSl Akl AME 5348 % Ca(OH):5 /Hrial Wes Aol At 24
Qe A Hed, oldd RS ZAE A AR FHE FANA £Ee8 Agel 7197 A
oz AR FIEE 3347 SO 2 WOl F% ABge] Fugel 0.01~0.1 m Aol=e] EFo] 0 ml/s
o vEpten, 10~100 m Aol 28] FFo] W A AR veh} fAF/F 2aeEe MATTE FAAF
E 9% e oz AddEn
N2Y 87 U HABSE MBS T2= Baziee Aples w2 sy |17





