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Effects of Chemical Admixture on the Quality Characteristics of
Grout for Prestressed Concrete
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The study investigates the effects of the content and using method of chemical admixtures such as superplasticizer and viscosity
modifying admixture on the fluidity, bleeding ratio, volumetric change and compressive strength of the grout in order to provide basic
data for the development of high-quality grout for prestressed concrete. It appeared that the combination of superplasticizer and
viscosity modifying admixture decreased the fluidity of grout with small content of superplasticizer. On the contrary, Grout used more
than 0.1% of superplasticizer appeared to have significant effect on the improvement of the fluidity. On the other hand, bleeding of
grout reduced according to increasing the content of viscosity modifying admixture. Superplasticizer with less than 0.05% had
practically no effect on the reduction of bleeding, whereas superplasticizer with more than 0.1% appear to have significant effect on
the reduction of bleeding. Also the combination of superplasticizer with 0.15% and viscosity modifying admixture with 0.15% resulted in
satisfactory fluidity accompanied with fair reduction of bleeding and shrinkage of the grout.

}0

JIRE : JetRE, He|AEYAE 23LIE, 3

Keywords : Grout, Prestressed concrete, Chemical admixture, Bleeding, Fluidity

E3tM, Ecle, rsd
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CHer S50t XEAo=z Fl=1 Qlon, J2RES| 4 1
O2|AEMAE Z32|E(Prestressed concrete: PSC) L2 5 ANZEXF 2 AEHEEO| ™= QICHPTI 2013; AASHTO 2010;
= AE7IZH B0l olyEls HHE Ee S0 saHez FIB 2002; BS EN 445 2007),
e o~ UESE AS & IIEME 018510 232|E0] 0l2] 2 o ZLHOIIME |2 PSC A2 Z0|M T12fRES| B =%
S Jich= 2E0|C} PSC W2t 22 PSC RS0 ZIEY SOE ZIFMel SAIIF mEt A7t B3l QITHKoh 2016),
of A0 PlistH THAC S1| /g0 =52 RV UCE FUOIM MEBEE J2tREE EE S-ABIEH|7} OF 40%0H=
2 0|2 YA[oP| flel 12tRERZ HE £3 2A5| 0iR) ZIEXH HIWA =0, JIAS LA = 348 WA O Mgz
o] BAIZ HX[5H T}, J2MRES| ZH0| 2 ot/LT HatE S2/8 2l 7Is0] =11 82 #ePE o3z Aoz e qldt
TI2fRES 7Y H S30] YMY ZR0= 2IEe Aoz (Lee et al, 2010). 0|2+ &2 O|RE 2/=0M PSC u&HE 12t
L=t 2XI7t0F7 1= & 7| Z0l 1 S240] A A= Eof 344 Watel AEs FAlotl AUTHAASHTO 2010),
UCE 2A=0llM e 2Aof ofgt PSC 2£2E2| 2| AlRE ZlZ =0 A= TI2RES AMER} 87| D257,
Soll 12tREQ S B 0| Y #AVL U= A=z S2i0[ofA], H2l7tES E&6I0 Aot Wt A =4
EMERACHTRRL 1987; FDOT 2001). 0| 50|, 78, Y& S0l M=E AMEsI 52 MAAZ|E ot 2|0 ZEME AlZst
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Table 1. Standards specifications for grout for prestressed concrete

Korea America Japan EU
Propert
roperty Concrete specifications KS F 4044 PTI, AASHTO Concrete specifications BS EN 445 &447,
ISO 14824
L Specified by Cone : <60sec Cone : <25sec
Fluidity construction plan flow : > 225mm 11~30sec(cone) 6~14sec(Cone) flow : >140mm
. 0.3%@3hrs
0, 0, 0, 0,
Bleeding 0%@?24hrs 0.5%@20hrs 0%@3hrs 0.0%@24hrs 0.3%@3hrs
Non-expansion type : 0~0.2%
Volume change -0.5~0.5% < 0.40% @24hrs. 2§da s -0.5~0.5% -1~5%@?24hrs
Expansion type : 0~10% ? Y
Non-expansion type : 7.0MPa@1day
Compressive 30MP?1@28day 18.0MPa@3day 21MPa@7day > 30MPa@28day 27MPa@7day
strength Expansion type : 24.0MPa@7day 30MPa@28ay >30MPa@?28day
20MPa@?28day 35.0MPa@?28day
. 0,
Chloride ion 0.06% by mass of 5 0.08% by mass of Normal grout : 0.08% 0.1% by mass of
0.30kg/m .. . Prepacked grout :
content cement cementitious material 3 cement
0.3kg/m
- . Setting time:
Setting time - Permeability: >2500 Unit volume mass : > 3hrs(initial)
Other required g. N coulombs@28day +1.5% by calculated =
rope ) 2 hrs(initial) Initial setting time : values from grout mix < 24hrs(final),
property <10hrs(final) g time & Sulfate(SOs): <4.5%
>3hrs proportions
by mass of cement

/? %\
L] Strand
(51?1:1'1.!;11) | (12.7mm) ‘pﬁcﬁ\
£ g ~ E
2 g Strand S
o (12EA, 152mm)f| G
Inlet
’ Grout
- (800ml) 1
ASTM C 940 BS 445
KS F 2433 JSCE-F535 BS 445 ISO 14824
ISO 14824 JSCE-F535

Fig. 1. Test method of bleeding and volume change for grout
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Table 2. Using amount and combination of chemical admixture

. Viscosity modifyin
o | S | VR
(water amountx%)
1 0 0
2 0 0.05
3 0 0.10
4 0 0.15
5 0.05 0
6 0.05 0.05
7 0.05 0.10
8 0.05 0.15
9 0.10 0
10 0.10 0.05
11 0.10 0.10
12 0.10 0.15
13 0.15 0
14 0.15 0.05
15 0.15 0.10
16 0.15 0.15
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Table 3. Test results
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Fig. 3. Fluidity according to content of chemical admixture

Parameter Fluidity Bleeding ratio(3h, %) Volume change(3h, %) |Compressive strength(MPa)

(E/E) \E})\//‘][;A t}i:r}r?ev;sigcg) Flow(mm) No strand Strand No strand Strand 7days 28days
0 27 155 0.2 1.9 -0.6 2.6 33.7 55.1

0.05 38 160 0.2 1.9 -0.3 2.3 45.0 57.2

0 0.1 43 160 0.2 1.8 -0.1 2.2 39.9 54.3
0.15 49 170 0.1 1.3 -0.4 -1.2 41.0 56.3

0 21 195 0.4 3.8 -0.5 -4.1 42.4 56.8

0.05 24 190 0.1 2.5 -0.1 2.6 37.0 53.2

005 0.1 36 185 0.1 2.1 0.5 2.1 40.9 547
0.15 98 175 0.1 1.7 -0.2 -1.9 382 52.8

0 12 270 0.3 2.9 -0.3 -32 37.7 51.9

ol 0.05 16 255 0.1 1.6 -0.2 -1.7 442 56.7
0.1 17 225 0.1 0.9 -0.3 -1.2 452 54.3

0.15 24 220 0.0 0.9 0.0 -1.1 43.0 53.6

0 10 310 0.2 1.8 -0.4 -2.0 323 452

0.05 15 290 0.1 1.8 -0.2 -1.8 29.8 44.1

013 0.1 19 260 0.0 13 0.2 -1.2 30.5 46.8
0.15 18 420 0.1 0.7 -0.3 -0.7 30.1 46.1
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Fig. 4. Fluidity of grout with combined chemical admixture
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Fig. 5. Relationship between flow and flowing times with chemical

admixture
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Fig. 6. Bleeding and volume change according to the type and
content of chemical admixture

stet 27t PSCE 12t2E 22 S0l 0lxls S

1 WHE 0|xl= Foct, ZEMet 18 d4HIE 2ot
0 AZTt BR0l= SEMQ ALZZ0] 2AIG0] 18s deHl2l
AEH 0.05%2t et 12tRE HigloM HEHoz 22|35
I 50| 25 B7f6ks A2 LER 419 R4 Z1of
m=H ds darel MEH0| YE Ol=t 2| AZsiH
SHAN0| Llicto] SEHQ S W 2E0| L2|=[X| Lot
s demlel 2o A8& FX| 67| mizol 221301 E7tst
11, 30| w2t = 7R A2 24En, 8L 1ds
A AEH 0.1% OlFE SEMQ AZZ0| S7Hee= it
Hoz 22|51 £520| LAl ZES HOIL, Yol 2
AHETHBIEA Ids Zre] MBI H[2{5HK| 42 Aoz
LIEFRCE 221 o] Aol M SEXet nds HrAel Faftt
C2 FItol7| s WHIHt 20| S=MUMZE AMEoHK| ¥
1, BN HIXIGIR7 | w0l Y ool S2|FEn 50|
S Ao WEED) 0] ZUERH S|8N 52 MY
NZ17| ®lall SEMLE 18s daHel MEHE 242t 0.15%2]
ZE0| 71y BuHe = LIERRICE
Fig. 82 SEMet 185 H+HE 2EAET 12HRENM
Sc2|FEu WHEUC| 20|t ZEMt nds AeHE 28
4.5
40 Content of superplasticizer(%)
L1} =005 |01 0015
3.5
g 3.0
2 25
L=
; 20
0 15
1.0
0.5
0.0
0 0.05
Content of viscosity-modifying admmlure(%
(a) Bleeding
-4.5
40 Content of superplasticizer(%)
EH) m005 m01 0015
— 35
=
= 30
@
2 25
w
5 20
g -15
=]
g -1.0
-0.5
0.0

Content ofwscosny modifying adm|x1ure(%}
(b) Volume change

Fig. 7. Bleeding and volume change of grout with combined
chemical admixture

BRI BINIRISE| =27 20171 38 73



"
=

- or L ® Strand
& 5]
k=] ] 0O Non strand
®-20 | i m
5 L] =]
2
5 30 m
o
g
w

40 m

5.0

0.0 1.0 2.0 3.0 40 5.0

Bleeding(%)

Fig. 8. Relationship between bleeding and volume change of
grout with chemical admixture

AFESt D2tREAl A BRI 2AIGI0| ST EN HAE
O] AT US S AH0] el 0] ZUERH J2RES =
2IYE0| B7184E +52E Zoletn USS ¢ 4 AUt
4.3 UY=L
OPAEYHAE ZIZ|E AXS0A I2fREQ| U=UE=
0]

S 232|EQ ZIHME LRSA7 |= FAYERL 2 A
oo, KS 74 & 232|E BEALM S0ilM st T
Teble 201| LIEHA Sl 2olMS AlEet 22IRES| YEdes
o] AEBE0] 0.15% AgoIM HEHo=
7O+57+ &g NO=Z LIEHGITH J2fLt KS F 4044011 5ot 1
71} T 280 7|ZEO1 242t 24MPat 35MPa 014, 232]
£ ERAMOIN E3H T 2820l 71%7} 30MPa 042
[m]

5.2 E
= g0 ME PSC 228 UEH J2tRES JHEs|
ot 7= A== 28oly| ffol 12tRES ds gt S
Mol ot MBS0 75d S2lYE AEHe H YL
0jxl= kol thell EoIUCt thaat 22 288 2T
1. SEHIRL 1ds dalt wsdol DIxls G tish Z=
of 21, SEMLt 1ds HrAIE ZeAEe ER0ls 11y
S YT MEH0| HT Mol S0 Lot 73
H0[ Motellf, s ol AHZE 0.1% 045 EH R580I

3 eEls Aoz LET,
2. SHHMIS A2E0| S7HEE 223 E0] dAciH, 1
|. C|

| —
Is)
UMz 0.05%7tK| E2|ZE0| B7fotLt, 0.1%2H E2|dE

74 vol. 5, No. 1 (2017)

Al =
2 O7s ST |E TP FeAY “PSC BEC ADLE
M| Ti2| Y DR J312E 712 L X0 ofsH 433

References

AASHTO (2010). LRFD Bridge Construction Specitications, 3rd
Edition, American Association of State Highway and Trans—
portation Officials,

Aitcin, P, Ballivy, G, Parizeau, R (1984). “The use of
condensed silica fume in grouts, innovative cement
grouting,” SP-83, J. P. Welsh, ed, American Concrete
Institute, Farmington Hills, Mich, 1-18,

BS EN 445 (2007). Grout for Prestressing Tendons—Test

ethod, British Standards Institution, BSI, London,

FDOT (2001), Mid—Bay Bridge Post—tensioning Evaluation,
Final Report, Corven Engineering, Inc., Florida Department
of Transportation, Tallahassee, FL, USA,

FIB (2002). Grouting of Tendons in Prestressed Concrete,
International Federation for Structural Concrete, FIB bulletin
20,

Koh, KT, (2016). “Direction on improvement of specification
criteria on grouting for PSC bridges,” Proceeding of KSCE,
42 [in Korean],

Koh, KT, Ryu, G.S,, Ahn, KH., Kang, S.T. (2014). Effects of
mineral admixture on the characteristics of grout for psc
bridge, Journal of the Korean Recycled Construction
Resource Institute, 2(1), 2633 [in Korean],

Korea Concrete Institute(KCl) (2004). Advanced Concrete
Engineering for Special Uses, KCI-B—04—001 [in Korean].

Korea Institute of Construction Technology(KICT) (2013),

Development of Void Zero Grouting Technologies for



Prestressed Concrete Bridges, KICT 2013—219 [in Korean],
KS F 2433 (2014). Standard Test Method for Bleedig and
Expansion Ratios of Grouting Mortar, KS Standard, Korea
[in Korean],
Lee, J.K, Choi, J.H., Yoon, J.S, Cho, IS, (201

material segregation of grout and filling characteristics of

0). Study on

grouting for post—tensioned concrete beam, Journal of the
Korea Concrete Institute, 22(3), 419-426 [in Korean],

Lee, J.S,, Koh, KT, Ahn, GH,, Kang, S.T., Kwon, SH, (2016),
Effects of diameter of cylinder and the number of strand on
the bleeding of cement paste, Journal of the Korean
Recycled Construction Resource Institute, 4(1), 38—46 [in
Korean].

Post—Tensioning Institute(PTI) (2013), Specification for Grouting
of Post—tensioned Structures, 3rd edition, PTI M55, 1—12,

Saric—Coric, M., Khyat, KH., Tagnit-Hamou, A (2003)
Performance characteristics of cement grouts made with
various combinations of high—-range water reducer and
cellulose—based viscosity modifier, Cement and Concrete
Research, 33(1), 1999-2008,

= x|

sfet a7t PSCE J2IRE B2

Schokker, AJ., Breen, J.E, Kreger, MH, (2001). Grouts
bonded post—tensioning in corrosive environments, ACI
Materials Journal, 98(4), 296 —305,

Shimushi (1988). Technologies and Market of Admixture for

for

[in Japan].

Trejo, D, Hueste, M.B.D., Gardoni, P, Pillai, R.G. (2009), Effect
of voids in grouted, post—tensioned concrete bridge
construction, FHWA/TX-09/0—4588—1.

TRRL (1987). Seventh Report of the Committee for The Two
Years Ending July 1987 EA/88/4, Standing Committee on
Structural Safety, Transport and Road Research Laboratory, UK

New Concrete

Yahia, A, Khayat, KH, (2001). Experiment design to evaluate
interaction of high-range water—reducer and antiwashout
admixture in high—performance cement grout, Cement and
Concrete Research, 31, 749-757,

Yoo, D.Y., Ryu, G.S,, Yuan, T.F,, Koh, KT, Yoon, Y.S, (2015).
Cracking behavior of posttensioning grout with various
strand-to—duct area ratios, Journal of Materials in Civil
Engineering, 27(6), 1-9.

atst ZatRl7t PSCE JRIRE BM SN0 0jkls B

2 70| DelAEAE Z32IE8 DB JRIRES NS 9t IE KRE 285 i) 12KRE0] S5t 23t
Mz D45 Z4Hel BRAC YTk MBSl S5, 2alUE, MNHE U YSLT0| 01X Yol thel ASSHACY
St A5 Z4AE 50 0lxls ol el AES 21 SHHSH TMS ULHS TEAIRS Z20IE n&s
Z47lo] ABRO| LIS MOB STISA0| LASI0! RSH0| XIBHEIL, TS LT ALY 0.1% OLALE| R540| 3
SAEl= 2102 ekt SR MBZO| 571842 2alS0| 24510, 145 24XE 005% 711 22/280| 57}
BiL, 0.1%2E] Z22IB0| UASHE HO= Uekith Eot TS 24K BHRS 22 0 15%S ZEEH IAHLEQ #i0]
QEtAL B2 Selg o AHE SN Tk YEs oz BAER

=271 20174 3% 75





