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Phase transition properties and rheological model of soft clay in South China
Sea in steady rheological tests
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Abstract: Study on the phase transition properties and rheological model of submarine sediments during rheological testing is of
great significance to the safety assessment for submarine structures. Using the soft clay in South China Sea, five group samples with
different water contents were prepared, and a series of rheological tests under different temperature was carried out using the
MCR302 rheometer. The results show that shear stress increases rapidly then increases slowly with increasing shear rate, while
apparent viscosity decreases rapidly then decreases slowly. The shear stress and apparent viscosity decrease with increase in water
content, and they increase with decrease in temperature. Phase transition happens in soft clay during shearing and can be divided into
static and dynamic yield stresses, and the models for static and dynamic yield stresses were established on the basis of experimental
results. In addition, Dual-Bingham rheological model considering effects of water content and temperature for soft clay from South
China Sea was established, and the efficiency of model was verified. The results of this paper can provide basic model for the
numerical analysis of submarine structure stability in South China Sea.
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Table 2 Specifications of MCR 302 rheometer
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Table 3 Fitting parameters of Dual-Bingham model

ToKkE R 7 o z, . 7
% /C /Pa /(Pa * s) /Pa /(Pa * s) /57!
1 106.12 32.26 932.50 4.37 29.63
5 88.97 28.75 852.22 3.75 30.53
9 88.06 25.46 763.92 3.97 31.45
40.0 13 74.54 23.75 705.36 3.80 31.62

17 66.93 21.64 602.95 4.10 30.56

21 43.87 19.38 567.64 2.71 31.42

25 46.03 16.66 466.09 3.35 31.56

1 47.96 17.69 225.83 0.91 10.60

5 44.44 16.00 220.68 0.82 11.61

9 44.55 14.61 215.72 0.75 12.35

50.0 13 41.18 13.84 209.54 0.69 12.80
17 37.57 12.82 202.15 0.63 13.50

21 32.42 11.35 189.02 0.58 14.54

25 28.26 8.96 156.18 0.61 15.32

1 20.72 10.94 90.96 0.33 6.62

5 18.94 9.38 86.35 0.27 7.40

9 17.00 8.55 83.40 0.24 7.99

56.7 13 15.66 7.50 79.67 0.21 8.78
17 13.85 6.39 72.72 0.18 9.48

21 12.10 4.90 61.42 0.18 10.45

25 10.90 3.36 46.73 0.20 11.34

1 6.56 3.21 17.27 0.09 3.43

5 5.74 233 15.10 0.08 4.16

9 4.92 1.98 13.79 0.07 4.64

66.7 13 431 1.59 12.72 0.07 5.53
17 3.73 1.43 11.53 0.06 5.67

21 3.08 1.15 10.23 0.06 6.56

25 2.95 1.00 8.50 0.04 5.78

1 438 2.11 9.14 0.06 2.32

5 3.77 1.72 8.37 0.06 2.77

9 3.35 122 7.49 0.05 3.55

73.3 13 3.25 0.96 724 0.05 4.37
17 2.99 0.87 6.59 0.04 4.34

21 2.63 0.74 5.75 0.04 4.44

25 2.53 0.54 4.90 0.04 4.71
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Table 4 Fitting results of relationship between model
parameters and water content, temperature

Y DaZH R
R WA

a 0.365

7, b 4.053 0.927
a 0.188
a 0.758

1y by 3.579 0.941
e 0.160
a3 0.266

T, bs 6.072 0.980
o 0.157
a 223273

., by 7.533 0.984
s 0.083
as 0.992

7e bs 3.620 0.989
cs ~0.045

K 7 & /KEN 40.0%F 73.3%RFEAE
1 CHI 25 “CHF ARG 45 5 5 i 25 51 be s,
MBI LA B, ENASRAER /N, T2 5K

104

1C 25T
=l e il
—O-TRN e~ TR

BN /7/Pa

10! 1 1 1 1 )
0 20 40 60 80 100
BT RAR /571
() FKRFEN 40.0%
10
1 C 25 C
iR it
T o=
& i)
R10' [
)
=
10° 1 1 1 1 1
0 20 40 60 80 100

B RAR A /7!
(b) HIKEN 73.3%

B7 AREKEZRGTEREANL CH25 CHARERE
TR R B
Fig.7 Comparison between test results and predictions for
samples with different water contents under temperatures
of1 CH125 C

TR AR HRNARRFAT, g5 R AL
SR ARV G . BT AR AL AR BE A8 IO A [R]
B 7K ER TR E 2 A NI BY B ) - AR R OE R
4.3 HEBIIE

Xu P 7R FAFRIREE 24 N % = s
WA R MW FT, R SCER[21] R R AR FE N
0.179 F1 0.150 (F7/KFHN 105.8%F1 142.7%) i
B BRI UE A SO R AR, R R S UE
x5 fR. HTSCRR217EH IR FEHTRE, #A
2 IR XA R B e, DR A R B I B AN
eI LT

Kl 8 BT A& /KE N 105.8%M1 142.7%H 1557
g R 5IRIE LG R, aTULES], Kihs
L gs RIEARY G, U8 nT DUE AR SO 7
SERES RSB AT AT M . BRAh, TR,
BRI s =, HIGIE 7&K RHRARAT N
IRZMR, AR BEIIEIR X AR AT NI R . (R0,
J SR T F AN R 264 T AR R, DASRIE
AR A A

S5 BESHEHE

Table 5 Values for parameters in model
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