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Study on Material Segregation of Grout and Filling Characteristic of
Grouting for Post-Tensioned Concrete Beam

Jun-Ki Lee,”* Joon-Ho Choi,” Jeong-Seob Yoon,” and In-Sung Cho”
YResearch Institute of Construction Technology, Samsung C&T Corp., 137-857, Korea
’Civil Division, Samsung C&T Corp., Seoul 137-857, Korea
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ABSTRACT This paper discusses a series of experiments including material improvement in order to ensure quality of grouting
for the post-tensioned structure. In presstressed concrete, grouting refers to the construction procedure of filling empty space of
duct enclosing the prestress tendons using cementitious material, To date, adequate quality control of the grouting has not been
established in Korea because the relationship between the grouting and durability of post-tensioned structure is not well-recognized.
The Korean standard does not consider the important material characteristic, wick effect, which is caused by tendons in the ducts,
and furthermore current standard testing method does not quantify reasonable material segregation. As a result, the grout material,
which satisfies the current material standards, may well exhibit excessive bleeding of water or shrinkage during construction. In
this study, international codes and standards related to grouting were surveyed. The mix proportions of the constituents and novel
admixtures were suggested to meet equivalently with these standards. Performance of this enhanced grout was compared with com-
mon domestic grouts using the international standard testing method. A series of mock-up specimens considering geometry of PC
beam was constructed and grout flow pattern was observed as the grout was injected. It was observed that the grouting performance
was highly influenced by material properties and filling characteristic can be varied depending on geometry of ducts.
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wela] PC FRENA Falo] X3=E AL & o st Table 2 Standard testing methods and rquirements by Korean

BV ofel gt 40l FAY A% FRE AR tandards

YAl L mA S kP Property Method Requirement
o] =R2 pC L ES =L BRE] Y3 A Fluidity KS F 2432 | Specified by construction plan
T= 71%3 2 A}t ageE 3 Bleeding | KS F 2433 0%

A7) v e T A A} Volume Expansive type : 0~10%

I8s TE
B7tste] B KS F 2433 Non-expansive type :

< Ak&ste] 3 change .
o A ES BEAD S QRS aBSEAY AR 1o Tequitement
TS AT EAE AUSACH olF AAB Compressive | o oo [P zg;a‘jsoivl‘:";?jf days
A S AREete] At sk Bl skt PC R strength 30 MPa@28 days
o HE S9ddAE A § aseES T Chloride ion | KS F 4009 | 0.08% by weight of cement
TARFEE B A5 TS HUrskAh contents appendix 1 (or 0.3 kg/m’)
2.3 - 2| A|YI|E v
el et 2E=A I 8187150l Aok 2EFE
SHAIHAES 22k Ee F45 154, EYHE, o] Agfele = AHES] Rel® B9 7 Y
WEE, A=, dk= drEe Tl AddEReE U I vlEsi, AsFE D AV Aok sl
FaL AT ARl oshd aEES KA Al < EY9 TS %= Agete] AEEgE YA
AR met A4 Em Y o TS %= A FAIRE 2] 7]Ee] B9 2BHE AEFEFS HEH L
ghetarl k. &3, aEkpEe] WAS H 10%7H4 3 2 38T F e ZFAEES A F7F =l s
&otm AMEB G e AEAstE 58kl ot o AGstRor B ES 0.0%= Rt A5 Algst
A A dmR oz WAY g EV) U ZLAE I Ytk o]E FEFAIFEHLE KS AlEHI F A9 3
A a2 E Algel AREEHI itk aEHE 4 ol7} =, A, 2THFE Al el £3HE o
Ak FHAIFFE 2 58271 Table 10 2oF= o] ) Aow, =4, FHol| o3 AHES} =9 #E 1LY
o} oo} Hlwste] Fe]7)Ee Bt B FEARGE g ke Aol 3 s EATIES 1T ES
I FA4% FH71EE AAst S aBE F4 7] WG 2 LR A R A7 Ak 3
T3 Hlaste] & A 878kal th Table 201& e A et ol And BEL aghES]
1)=+2] Post-Tensioning Institute,” UEEZ8}3]e] Z=g FrES 29 F oy Favks ) 52 53 3
E ZFAWALY f3 9 British Standard™’ 2% & A A Ao G mE & 7] dEelth
5, 22hE A F2AAR 51871E0] aokue] it dtzlo g TepES] WS HE Yo Jek¢d T4
AR 2 AR Y] TP E Apole AR Ae =ole Ao® AdAHA o, ofdf Bk A

Table 1 Summary of international standard testing methods and requirements

Propert PTI ouide specification Standard specifications BS EN 445 &
perty & P for concrete structures (Japan) BS EN 447
Testing method ASTM C 939 JSCE-F 531 Cone method
L . 11~30 sec (non-thixotropic) Specified by
R 2
Flu.ldlty/ equirement 5~11 sec (thixotropic) construction plan 5 see
consistency -
Testing method - - Grout spread
Requirement - - 140 mm
Testing method ASTM C 940 (modified) JHS 420 Wick induced test
0.3%
Requi t 0.0% 0.3%@3 hr
Bleeding equiremen ) 0.0%@24hr o@3 hrs
Testing method Shupack pressure bleed test - Inclined tube test
Requirement by standard chart - 0.3%@3 hrs
Testing method ASTM C 1090 JHS 420 Wick induced test
Volume change . 0.0~0.1% @24 hrs o o
Requirement <02%@28 days -0.5~0.5% -1~5% @24 hrs
h, CI
. S.tregr?t » € conterilt. ) Stregnth, CI" content,
Other required property setting time, permeability, Stregnth, CI' content . . . .
. . setting time, seive, density
accelerated corrosion, wet density
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Fig. 1 Comparison of standard testing methods
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Fig. 2 Series of modified ASTM C940 test

Table 3 Grout mix proportion

Sample 1 2 3 4 5 6
wlc 0.50 | 047 | 045 | 0.42 | 0.40 | 0.35
Admixture (%)* | 1 1 1 1 1 1

*% by weight of cement
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Fig. 3 Evaluation of common grout with different w/c ratios
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Table 4 Grout mix proportion (% by weight of cement)

y Super- Shrinkage- Additional admixture
we plasticizer| reducing agent | Al A2 A3
0.3 1.2 0.8 0.1 0.05 0.3

S H
lo

N

e
o
o o
O{N
i
=
i
_\1
o
W

e
Ap
O
I
lo ™
ol

E a
aHkek % quOlwﬂ 7“”0} E} At 2
ok DRZF WHA|Zko] AQEJ o M 2y
EAEN] 7} Yol oF sE7F witA|7ko] AR 9
o FUL F =0l 2m F ZFFEZF 1.8m Eo|o
< o FEIT AEHES 21HFE EolE 1.5m
2 A5 0, o] Al AlsEEE TR
st A5l A =olE 300 mm F7FsSTh
A olF 3AZHES M= EEY S Al £EH
< ARt T Ve AFAE AFsiAon ol
I A7 dER} dthFig. 4). G133 G2 A=
T3 2 AHE AFH] 245%Z st AlgAlolH, G3
Feske vl EsAE AHE A7) %2 )
&gk Al A ol G2°ﬂ“ Od*d% RIS 0=

3@

=

75‘1_\_
Adge wﬁmmow /\}%EJ SoeE 279 ﬂow_
o 7o w2 Grme] we Holsk Uitk 531 G
Gae ALgAEe] Holo ola] G3oh G4o} xﬁif?ﬂ
9] zolE YERNATE G29] A T 3AZF o] %
99 s S agkont Feje) Gl <) 0.1%
Al g =55 Ueinh sARE Gleld e £l
0.3% HT—/K(E{S}_O:]OU:] 0.6%2] F=&o| LA} o]%
ZFAdel ok ]Z]EJJ—(chk effect)ol] ¢J3fe] k¢
Fol S7HEINE2 omlgtt. o]} Wlaste] G3
o Ga we el Heln o ARsEY] i el

strand(7TEA)

transparent
pipe

1,800mm

grout
Specimen| w/c |Strands|  Grout
hut-off
M alve Gl 03 O | enhanced
—- G2 0.3 x enhanced
. ]—b= “““ G3 042 o} Cormmon
pump inlet (1 042 o] COMIMON
(a) Geometry (b) details
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Table 5 Final bleeding and volume change (@3hr) (unit:%)

Gl G2 G3 G4
Bleeding 0.3 0.0 7.2 6.5
Volume change -0.6 —0.1 -3.7 -3.0
1900
Gl !l}eeding water
E ; . .
E 1800
S
2 1700
1600
0 1 2 3
Time(hr)
1900 ¢
BT g water
— wa
E 1800 &
£
= &
=
=
2 1700
1600
0 1 2 3
Time(hr)

Fig. 6 Material segregation until 3 hours
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Fig. 8 A series of mock-up test in large scale
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