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Flow Experiments and Analysis of Highly Flowable Concrete
Considering the Effect of Dosages of SP Admixture and W/C Ratios
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ABSTRACT In this research, flow experiments and simulation of highly flowable concrete has been attempted using a viscoplastic
particle method varying with dosages of SP admixture and water-cement (W/C) ratios. Rheological and flow characteristics of
flowable concrete manufactured in domestic products of cement, aggregates, and SP admixtures were investigated by experimental

programs varying with mix proportions. From experiment, the predictive model of rheological characteristics of flowable concrete
has been newly proposed considering with the effects of the W/C ratio and the dosage of SP admixture, and the effect of mixing
proportion has also been incorporated into shear stress and strain rate curve of flowable concrete in the current method. A series of

L-box flow test of highly flowable concrete varying with dosages of SP admixture and W/C ratios was compared with the proposed

model.
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HIEh S A AB(C:S) 1224, =4 ]EH](W/C) 45%, g BA57] f18te] SPAl Bl EAIHNEH] 9] ®igte] w
50% 2 55%, AHIEZ] ek SPAl 32 0.5~1.0% T 253 2 AR W) S B4 eI Al
= welshedrh Table 1914 SPAl E£F&91 25 ) Wi 3 Ashel AT, sPAl o] Fobel webd A
o AR e sPA| Eghgolrh W ARw = gugdHe A4 @—?@9_; Zaster. 2AME 3
Uit 15 B8 E5HE AME, 234 HHA5 0.15 mm Zhel Wt e AR 9 FEg o] dntetA A5
o] Zk= A, SP E3tA|l = EEFFEEAM AEAE AHESHS st o R sk S UEMITE SPA 2 E4]
o 7 g e deEA 54 APe Aads  wEwe) MEase deld dewd S4ge] A
Zl(Brookfield HADA II+) &*|& o]g3to] 743ttt or A AF A FAst e st F
Ao 3o 47 A, 7 gl hE sy Gkl Rew Hrh g
1 AdEE S48 Table 20 YERAATE ©]i= Fig. 1
3 o] 74 e HANEARYE S Ao 22 9SS MY
HEESE W Jd oM I59 oA, HIPES
7k AAEE B GBSO sl 1 olF9 /)% oF AelX 717 wige U 2A9 24F 2aE
g Agsste] A5a 7197 gol 2P Bk o distel REA% SHS W] Sdste] &Yz U
Zzko] Wigtadel W S48 dewA SA%S 4 LY vha 32ARS fast LY vao fAe
Z 200 mm, ¥°] 400 mm, ZA°] 820 mmo|t}'") EEAIY
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Table 1 Mix proportions © Table 337 7T} BEAFC|A =4E 7+ 5= 2o
Mix | W/C | | Cement | Sand | Water | SP e BAMEN 2 SPA HrhFl webi] BAHER
No | C0)  |Ggm) Ggm) gm) (@) o F7h 0 2YFEY ool debd PTH 2 38
4511 | 45 | 12| 15 30 6.75 (0.;5)%) #e] o7t Frkeh= s dERddth
45-1I1 | 45 | 1:2 15 30 6.75 112'05 3. HgHH40) I g22X| BN palzl
(0.75%)
45-IV | 45 |12 15 30 6.75 (1.1050(()%) B Ao E o AoA AlE HE&ER] EAAE 4
s $2 2AR sol, wghisel WE gewA 5 F4
SO-L S0 iz 15 30730 50 £ g mag Ak A% Astel A, spal
75 o Z7be] wFE FESY F L 2YAE 4B A5 B
551 | 55 [12] 15 30 825 | 0 50%) v :
Table 2 Rheological constants from test Table 3 Flow results by test
Mix No. | W/C (%) | Yield stress (Pa)| Viscosity (Pa's) Mix No. [W/C (%)| Slump (cm) L-box (cm)
45-11 45 8.5 1.02 45-11 45 36 31
45-111 45 5.0 0.92 45-111 45 45 46.5
45-1V 45 2.0 0.84 45-1IV 45 64 74 (full)
50-1 50 5.8 0.87 50-1 50 53 61
55-1 55 3.7 0.75 55-1 55 66 74 (full)
25 25 25
[ Meemmeema, L [ Memoe
Lol fisl- o8
N N !
o o M, | 0
00 ‘ 10 20 30 ‘ 40 00 ;0 ‘ 410 ‘ 60 © ‘ 25
Shear Stress (Pa ) Shear Stress (Pa ) Shear Stress ( Pa )
(a) SP =05 % (b) SP = 0.75 % (¢) SP = 1.0 %

Fig. 1 Shear stress vs. strain rate by test
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Table 4 Experimental constants for modeling rheological
characteristics
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Fig. 2 Predicted rheological constants vs. SP
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Fig. 3 Predicted rheological constants vs. W/C ratio (SP=0.5%)
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(b) Varying with SP

Fig. 5 Predicted viscosities
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Table 5 Comparison of rheological constants

Experiment Analysis
Mix | W/C | Yiel o Yiel o
Noo | 00 | smss | ViSO | o | Vst

(Pa) (Pa)
4511 | 45 8.5 1.02 8.6 1.05
45101 | 45 5.0 0.92 53 0.92
451V | 45 2.0 0.84 2.8 0.83
50-1 | 50 5.8 0.87 5.8 0.88
551 | 55 3.7 0.75 3.4 0.73
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Table 6 Predicted L-box flow by MPS

Mix | W/C L-box flow (cm) Error
No. | (%) Tested Predicted by MPS (%)
45-11 | 45 31 32.2 +3.9
45-111 | 45 46.5 42.7 -8.2
45-1V | 45 | 74 (full) 74 (full) 0.0
50-1 | 50 61 63.5 +4.1
55-1 | 55 | 74 (full) 74 (full) 0.0

Fig. 7 L-box flow test

Fig. 8 Initial state in L-box test
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(a) 45-IV (SP=1.0%)

Fig. 9 Simulation of L-box flow
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