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Sensitivity Analysis and Numerical Simulation of J-Ring Test of
Self-compacting Concrete

LI Jingjun, TIAN Lei, QIU Liuchao

(College of Water Resources and Civil Engineering, China Agricultural University, Beijing 100083, China)

Abstract: Based on the moving particle semi-implicit method-discrete element method (MPS-DEM) cou-
pling model, the J-ring test of self-compacting concrete(SCC) was numerically simulated, the effects of the
plastic viscosity, yield strength and density of mortar on the simulation results of SCC J-ring test were
studied. The results show that the mortar’s density will not significantly influence the results of the J-ring
test. The plastic viscosity and yield strength of mortar can affect the expansion flow time and the expan-
sion form. And the sensitivity of mortar yield strength is greater than that of mortar plastic viscosity.
With the increase of the mortar’s plastic viscosity, the flow time of SCC increases, and the [illing distance
decreases. With the increase of yield strength, the flow time of SCC becomes shorter, and the filling dis-
tance decreases with the same viscosity of mortar. The mortar plastic viscosity has a greater impact on the
uniformity for the aggregate distribution inside and outside the J-ring, and the higher the mortar plastic
viscosity, the more uniform the aggregate distribution.
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540 je

WM B o

%24 %

TEA SCREA T W A B p S 1 800 kg/
m’, Ji IR « O 25 Pa BIMEREE 5 o 15 Pa « s3Hl
BORLE (B 50 2 3000, 8 R 2 680 kg/m”,
FEPERE I D 110" MPa. K ZHEON 0. 8, FEHE R R
0.3 B 2 g5 T OR[FI B 20 R T A ER R 50 A5 40 R

(a)0.20 s

ik

(c) 1.00 s

SE.E3HH T SCC MRAniERE. A 2.3
LR Ll T BUIR S R SCC MG B A 8o
ALY B BE R 535 mm, 0 i B R 60 mm, 7
SRR 3. 69 s. ML gl 3 B B 45 S ] 50 AR SC 5
HE R T 5 T DL AT A4 SCC 1 ] AU SRR 55

(6)0.40s

i

(d)3.50's

[ 2 IR TR] I 20 T A A i A 1

Fig. 2

3 SCC &t iR
Fig. 3 Final shape of SCC

3 HmMEXRSH

3.1 BURE

3 3 1 K b I e K R R R ke el AR D R Y
SAPEZE B A TR I 4 MR SRIBMERL B (2.5,
10 15 Pa =+ s) . [ % W0 2% i IR B « 2k 25 Pa, B ¥ p
4 1800 kg/m®.

B4 B T AR R MR T, ] B
i SCC [a)Sh - 4 v 5 gl i) « BYOC R, A
4 AT U AN AR HAh R ) 2R R I BT Bl R P 3K
SRR T 093G KL B R (L2 W D) 3
R D SR SR VE R R B A R AT AT I A P Y R 4 ) 1
s DT A ARG o7 O Bl

LGN T AR MIERET T 855 A5
AU R 1A UL, BB B VA R R R A B R
SCC 1y it 8l i 8] « O FF 53 37t 211 1) fre 28 I 45 14 B [
BTG 3 I K O Bl A 10 S SRR ARG T 3 K b 3R

Snapshot of J-ring test at different moments

1.8
1.6 n/(Pa-s):
14+ || —g
| -
~k2zeme e 10
[ U I 15
Eosifd
= b
0.6H &
04 4
1
0.2
) At emoatonoaso
S OO O = == AN AN A

4 N[ 9 SB 4k 6 B T T i 8 BE 15 3L Sl I 0] 13 5 3R

Fig. 4 Relationship between expansion speed and flow time

with different mortar plastic viscosity
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Table 1 Experimental simulation results of J-ring test
with different mortar plastic viscosity

L

77/(Pa e s) t/s T aen/ % aen/ % E/%
2 1.01 15.72 32.09 28.16 3.93

5 2.07 10. 96 31.63 28. 89 2.74

10 2.74 8.97 31.00 29.18 1. 83

15 3. 69 8. 87 30. 94 29. 22 1.72

i LI SCC 7R T AL#R 3 50 45 00 /9 O 45 1R
& ALPEF SCC AR E AL R R §2 T . B L/ H AE
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Fig. 5 Final shape of SCC with different mortar plastic viscosity
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Fig. 6 Partition diagram
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Table 2 Experimental simulation results of J-ring with
different mortar yield strength

L

7/Pa t/s H acn/ % aen/ % E/%
10 5.48 17. 30 31. 30 29.42 1. 87
15 4.42 14. 02 31. 39 29.25 2.14
20 3.12 10. 92 31. 26 29.15 2.11
25 2.74 8.97 31. 00 29.18 1. 82
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Fig. 7 Final shape of SCC with different mortar yield strength
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Table 3 Experimental simulation results of J-ring with
different mortar density

L

o/ (kg + m~ ) /s T acn/ %  aus/% E/%
1500 2.57 9.61 31. 36 28.97 2.39
2000 2. 20 9.92 31. 65 28.78 2. 87
2500 2.72 10. 82 31.78 28.78 2.99
3000 2.61 11. 44 31. 49 29.01 2.48
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Table 4 Results of multiple regression analysis

Factor  Sensitivity p/(Pa+ s) z/Pa o/ (kg s m™)
P 0.001 3 8.00X10~° 0.071 95
t/s
1| 0.153 6 0.163 3 0. 000 4
L P 0.014 8 0. 000 5 0.771 9
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=
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