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Han, Dong-Yeop The central objective of this study is to curtail the leakage of mortar or cement paste, often resultant of
Tel : 82-55-772-1758 ill-constructed formwork, by implementing thixotropy in the formulation of high-fluidity, standard-
E-mail : strength concrete. When such concrete is utilized in smaller scale construction projects, instances of

donald.dyhan@gnu.ac.kr formwork gaps due to suboptimal construction precision may lead to significant leakage of mortar and

paste, a problem not typically encountered with traditional slump-flow concrete. In this investigation,
Polyvinyl Alcohol(PVA) and borax are incorporated into the concrete mixture to induce thixotropy.

Received : April 25, 2023 The experimental design includes varying methodologies for integrating PVA and borax, while
Revised :May 31,2023 assessing alterations in diverse concrete performances, including thixotropy and leakage reduction
Accepted : June 16, 2023 potential that simulates formwork gap conditions. Under the experimental conditions defined within

this study, it was found that replacing, rather than merely adding PVA and borax, aids in averting water
addition via suspensions. This approach yielded promising results in terms of concrete properties and
proved efficacious in stemming leakage in concrete possessing sufficient thixotropy. Notably, when a
6% PVA suspension was substituted, a significant reduction in leakage was observed. Consequently, it
is projected that construction quality can be ensured, even with lower precision formwork, by applying
thixotropy to concrete through the use of PVA and borax.
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Assessment of Formwork-Seepage Minimization in High Fluidity, Normal Strength Concrete Utilizing Thixotropic Properties

23 E0] ofahE ko] =F 185kg/m’ oA A5 HE 7394015} RP(Replacement)) 2 SHATE ZI | E Q] 1854
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Table 1. Experimental framework

Mixture conditions Test
W/C* 0.55
Unit water content Fixed 185,
(kg/m®) Variable 185%*%*
S/a 0.45
Gpee DType Polycarboxylate - Slump and Slump flow
0sage 0.5 - EIS(using data from slump and slump flow)
(% cement mass) . . . .
- : - Rheology(yield stress, plastic viscosity, thixotropy)
Type Diluted solution(6.53 %) . .
- Setting time(vicat needle)
PVA*** Dosage . :
0,3,4,5,6,7 - Leakage weight and length(before and after compaction)
(% cement mass)
Type Diluted solution(5 %)
Borax Dosage 50
(% PVA mass)

*Water-to-cement ratio
**Super plasticizer
***Polyvinyl alcohol
**%%Subtract water mass of the PVA and borax solutions from unit water content to keep the same unit water content

A o 2= 1A 1G5 ZIAYES] 5 5= /e o= Rlsty] 9lof %EJE%E—E—% ot PVA 2 5
Ab -8 B-S ARg-ote] whet Z 3.2 E Hjgte] U]iPE FF A= E w5 ol Amie of 5 westaAt A mie g
(CISHEIS)E o]-&-5to] At vig o F-& 75ttt 23 Eof thgt A o] A|qt, #-2 &4 H—q Amie] 2 AFH A0
2 F2 T 5 &E2 Aty wdste] F2 SAE Al wet-sieving) LEEFE 27 01]/\1 & 22 APL 55
FE-E, A E E QS SASH ok, 9] S Qo ARl = BAel &t -8 A A A E ERIsH] ¢

o S AIHE AT A S A 2 eI 16 Al Tk A B 20,30, 40mm

Q1 3EAR FEete] +& HEE Bk sk

22 ME8M= & A= ZH|
221 MNEXMZ
F32E iRk S i A9 SR ES ARSI O AW E = 15 B ZEHE AMIES AR5t AHEH
AHIE o] £2]-3}8}4 EAJ-Z Table 20 U At} 1485 A=Al EZE8AA 2 Ul DAY AlE-S AFgstglom 11
£4 ] ol g 8L PVAE AlSOllA T 4= Y 5 6.53%= A Z2H 4802 A
Bl FARe] A %*} E—‘?J% 1-20] Eof| =591 & A 5| A AESI O GAF =8N O] k= 5% E ol EAE
l Lefol s 7:3 v &R S7toto] B Yk Aol gh5o] ARgs o w2 A

=
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Table 2. Physical and chemical characteristics of cement

Chemical component(%)

Density(g/cm®)  Blaine(cm%g)  Soundness(%) Ca0 sio, Fe,0; SO, ALOs
3.15 3.390 0.05 63.4 22.0 3.44 1.96 5.27
Table 3. Physical attributes of superplasticizer
Phase Color Main component Specific gravity Solid content(%) pH
Liquid Brown Polycarboxylate 1.048 20 5.4
Concrete Concrete
Cement SP
+ +
+ + Mixing Stop Discharge
ng ng - Do P P
Aggregates ‘Water . ]
solution solution
Mid speed High Hand High speed High
30s speed 60s mix 40s speed 40s

Figure 1. Concrete mixing procedure
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RU= W— (PW+ BW)
7]A,

RU : Revised unit water content after replacement(kg/m")
W : Unit water content(kg/m")

PW : Water amount from PVA solution(kg/m®)

BW : Water amount from Borax solution(kg/m®)
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Assessment of Formwork-Seepage Minimization in High Fluidity, Normal Strength Concrete Utilizing Thixotropic Properties

Table 4. Mixture proportions of high fluidity concrete for thixotropy

No. Application of PVA and Unit weight(kg/m®)

borax w OPC S G PVA Borax SP
1 Plain(No PVA and borax) 185 336 770 868 0 0 17
2 3% 185 336 770 868 10 5 17
3 4% 185 336 770 868 13 7 17
4 % 5% 185 336 770 868 17 8 17
5 6% 185 336 770 868 20 10 17
6 7% 185 336 770 868 24 12 17
7 3% 171 336 770 868 10 5 17
8 4% 166 336 770 868 13 7 17
9 @ 5% 161 336 770 868 17 8 17
10 6% 156 336 770 868 20 10 17
11 7% 152 336 770 868 24 12 17
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Figure 2. Protocol for shear rate in hysteresis loop Figure 3. Hysteresis loop
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Figure 5. Slump flow of high fluidity concrete by thixotropy Figure 6. Electrochemical impedance spectroscopy(EIS) of
(Comparisons Made at Water-to-Cement Ratio 0.55 for Both high fluidity concrete by thixotropy(Comparisons made at
addition and Substitution) water-to-cement ratio 0.55 for both addition and substitution)
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Figure 11. Leakage tendency of high fluidity concrete by thixotropy in accordance with gap(Comparisons made at water-
to-cement ratio 0.55 for both addition and substitution)
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