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1. Introduction 
 

The soft clays that generally refers to the clays with high 

moisture content, high compressibility, low bearing 

capacity, and low permeability are most widely applied in 

engineering, which is of great significance for the safety 

maintenance of buildings and structures. Thus, the 

characteristics of soft clays are concerned by engineers, 

especially creep. The creep process of soft clays reflects the 

variation law of strain with time under constant stress. 

Many engineering incidents are known to be caused by 

creep (Vialov 1987). For example, because the iconic 

Leaning Tower of Pisa is built on a soft foundation, the soft 

soil causes excessive creep deformation over time, resulting 

in uneven foundation settlement and tower leaning. A 

reinforced concrete viaduct erected on a clay slope in 

Switzerland was significantly distorted due to soft soil creep 

and had to be dismantled. Furthermore, the famous dam in 

France exacerbated the displacement of the dam foundation 

due to the creep of the soft soil, leading in the dam's 

disintegration. Therefore, in engineering applications, a 

creep model that can represent reasonable well creep of soft 

clays is required. Only by establishing a realistic creep 

model can the flow characteristics of soil particles be  
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objectively reflected and the prediction accuracy of soil 

creep be improved, resulting in fewer engineering accidents 

(Hessam and Mohammad 2012, Zhao et al. 2018).   

Scholars have presented several creep models in recent 

years (Thu 2015, Thu 2017, Alexander 2021), and the 

empirical model has attracted much attention because of its 

minimal number of parameters, unambiguous physical 

meaning of parameters, and easy formulations (Chen et al. 

2014, Mataic et al. 2016, Liu et al. 2019). The classical 

three parameters model, Singh-Mitchell model, was 

presented (Singh and Mitchell 1968) from the laboratory 

triaxial drained creep test results. The model describes the 

relationship of stress with strain by the exponential function 

and the relationship of strain with time by the power 

function. The model parameters, including Ar, α, m, can be 

determined easily, and the physical meaning of material 

parameters is considered to be rational and intuitive. The 

model, however, applies to creep tests with shear stress 

levels ranging from 20% to 80%. 

Other scholars (Mesri et al. 1981, Lin and Wang 1998) 

improved Singh-Mitchell model. Mesri et al. (1981), for 

example, proposed alternative combinations of the 

hyperbolic stress-strain and either power strain-time. The 

predictions of the model are lower at beginning of creep, 

the strain rate larger over time, which deviates greatly from 

the test data. Zhu et al. (2006) improved the Singh-Mitchell 

creep model of soft clays based on Mesri model and a series 

of laboratory triaxial creep tests of soft clays of the Pearl 

River Delta, and it was discovered that the model 

parameters' values vary with drainage conditions. 

According to the time line theory, the logarithmic creep 

equation proposed by Yin and Graham (1989, 1994, 1996) 

includes only two parameters ψ/V and t0 that can be  
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Abstract.  The soft clays are widely distributed, and one of the prominent engineering problems is the creep behavior. In order 

to predict the creep deformation of soft clays in an easier and more acceptable way, a simple creep constitutive model has been 

proposed in this paper. Firstly, the triaxial creep test data indicated that, the strain-time (ε-t) curve showing in the ε-lgt space can 

be divided into two lines with different slopes, and the time referring to the demarcation point is named as tEOP. Thereafter, the 

strain increments occurred after the time tEOP are totally assumed to be the creep components, and the elastic and plastic strains 

had occurred before tEOP. A hyperbolic equation expressing the relationship between creep volumetric strain, stress and time is 

proposed, with several triaxial creep test data of soft clays verifying the applicability. Additionally, the creep flow law is 

suggested to be similar with the plastic flow law of the modified Cam-Clay model, and the proposed volumetric strain equation 

is used to deduced the scaling factor for creep strains. Therefore, a creep constitutive model is thereby established, and verified 

by successfully predicting the creep principal strains of triaxial specimens. 
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Fig. 1 Sketch of the second assumption 

 

 

obtained by fitting creep test data. The model is convenient 

and practical, but with increasing t, the strain increases 

infinitely, which may be impossible. In order to overcome 

this limitation, a new nonlinear logarithmic function, which 

is essentially a hyperbolic function, was proposed (Yin and 

Graham 1999, Yin and Zhu 1999). The deformation of soils 

can be accurately described, but the starting point of creep 

calculation is still controversial. Furthermore, other 

researchers updated the EVP model by taking into account 

the creep limit (Thu et al. 2015, Chen et al. 2021). and test 

data and simulation confirm the efficiency and accuracy of 

the upgraded models in predicting creep of soft clays. 

In conclusion, despite the fact that there have been 

several research on the empirical creep model, hyperbolic 

form was adopted in most improvements. Clearly, 

hyperbolic function is more reasonable to describe the creep 

stain of soft clays. Therefore, a hyperbolic volumetric creep 

model is proposed and verified based on a large number of 

laboratory test results. Compared with the Singh-Mitchell 

model, the proposed model captures the test data of soft 

clays reasonably well for shear stress levels less than 20%. 

 

 

2. The calculation starting point of creep strain 
 

The difficulty of establishing creep constitutive model 

of soils is how to determine the starting point of creep. At 

present, there are two main assumptions for the selection of 

the starting point of creep calculation. One assumption is 

that creep begins to happen when the load is applied, in 

other words, creep happens in the whole stage of 

consolidation. The total strain is the sum of an elastic strain 

and a creep strain, and can be written as Eq. (1). 

tpeε ε ε   (1) 

Where ε is the total strain. εe is the elastic strain. εtp is 

the creep strain of the whole stage of consolidation. The 

limitation of this assumption is that under constant total 

stress, the pore water pressure in the primary consolidation 

stage changes continuously, which resulted in the effective 

stress changing. According to the concept of creep, creep 

occurs under constant the effective stress, so the 

deformation of soils during this period cannot be called 

creep in a strict sense. 

Another assumption is to separate the primary 

consolidation and secondary consolidation compression.   

 
(a) Curves of ε-t 

 
(b) Curves of ε-lnt 

Fig. 2 Calculated vertical strain with time for creep of 

Daishan soft clays 

 

 

The secondary consolidation compression used to be 

referred to as creep compression occurring after the excess 

pore water pressure dissipates to zero. The whole 

deformation process of soils is divided into elastic-plastic 

deformation unrelated to time and creep deformation related 

to time, and can be written as Eq. (2). 

,
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Where εp is the plastic strain. εvp is the creep strain. T is 

the time of deformation. tEOP is the time of primary 

consolidation, as shown in Fig. 1. 

The second assumption can overcome the shortcoming 

of effective stress change, but the end time of primary  

consolidation is not easy to determine, which is affected by 

soil thickness, shear stress level, temperature and other 

external conditions. Therefore, some scholars (Hu 2013) 

take the inflection point of curve in the plane of ε-t under 

single-stage loading as the completion time of primary 

consolidation. This approach is simple to operate, which is 

also used to determine the starting point of creep calculation 

in this paper.  

Taking soft soils of Daishan as an example, its physical 

and mechanical properties are listed in Table 1. According 

to the Geotechnical Test Method Standard (Cai et al. 2019), 

the specimen is put into the oedometer for oedometer test, 

and the loads are taken 50, 100, 200, 400, 800, 1600kPa, the 

consolidation time is 7 days, and the deformation value is 

read according to the specification, and the curves of ε-t are  

Boundary of primary consolidation 

and creep tEOP

0

2

4

6

8

0 3000 6000 9000 12000

ε/
 %

t /min

Creep stage : the creep strain εvp
Elastic-

plastic 

deformation 

stage

εe+εp

tEOP0

2

4

6

8

0 2000 4000 6000 8000 10000

ε 1
/ 

%

t /min

σ3=200 kPa

 =288 kPa

 =192 kPa

 =96 kPa

tEOP
0

2

4

6

8

10 100 1000 10000

ε 1
/ 

%

lgt /min

σ3=200 kPa

 =288 kPa

 =192 kPa

 =96 kPa

616



 

A simple creep constitutive model for soft clays based on volumetric strain characteristics 

Table 1 Basic physical and mechanical parameters of. 

Daishan clays 

Gs w/% ρ/(g/cm3) wl/% wp/% 

2.73 33.3 1.82 37.5 21.7 

 

 

Fig. 3 Sketch of the physical meanings of two parameters 

 

 

shown in Fig. 2(a). It should be observed that the inflection 

point of the curve is not easy to determine. The strain-time 

(ε-t) curve showing in the ε-lgt space can be divided into 

two lines sharply with different slopes, as shown in Fig. 

2(b), and thus the intersection of two lines in the ε-lgt space 

is used as the starting point of creep. This paper mainly 

studies the creep period, so, the creep starting point is 

denoted as zero time point in the εvp-t space. 

Fig. 2 shows it is little difference about time of primary 

consolidation of Daishan soft soils under the same 

confining pressure and different effective shear stresses. 

The reason for this phenomenon is that the specimens, 80 

mm in height, are thin, resulting in faster drainage speed. 

The primary consolidation time is shorter and closer under 

different effective shear stresses. However, in engineering 

application, primary consolidation time of soft soils with 

thickness of several meters or even ten meters may be quite 

various under different stress states. 

 

 

3. A hyperbolic equation for the volumetric creep 
strain with time 

 

3.1. The proposal of volumetric creep equation 

 

Based on the results of a large number of triaxial 

drainage consolidation creep tests, the variation trend of 

strain-time curve is analyzed, and a hyperbolic volumetric 

creep equation (3) is proposed as follows. 

0

vp

v

v v

t
ε

α t β t



 (3) 

Where 
vp

v
ε  is the volumetric strain of soft clays after 

the creep starting for a period of time t. t0(=1440 min) is 

adopted to allow dimensionless equation. αv and βv are two 

soil mechanical parameters, which can be obtained from 

triaxial drainage consolidation creep tests. Physical  

meaning and determination of the parameters will be 

discussed in detail as following. 

From Eq. (3), if the time is infinite, the limiting 

volumetric strain is the following, as Eq. (4) 

1
→∞

vp

v t

v

ε
β

  (4) 

From Eq. (4), if t→∞, 1/βv is equal to the limiting 

volumetric strain. Parameter βv is directly related to the 

limiting volumetric strain. The former equals to the 

reciprocal of the latter, as shown in Fig. 3. 

By differentiating Eq. (3) with respect to t, the 

volumetric creep strain rate is expressed as Eq. (5). 

0

2
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(5) 

From Eq. (5), if time is zero, the initial volumetric strain 

rate is Eq. (6). 

0

0

1vp

v

v

ε
α t

 

 

(6) 

0

vp

v
ε


 is the initial tangent slope in the plane of 

vp

v
ε -t, its 

physical meaning is the initial volumetric creep strain rate. 

Parameter αv is related to the initial volumetric creep strain 

rate. αvt0 equals to the reciprocal of the latter, as shown in 

Fig. 3. 

 

 

 
(a) σ₃=150 kPa 

 
(b) σ₃=200 kPa 

Fig. 4 Measured and calculated volumetric strain with 

time for creep of Cangzhou clay 
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Table 2 Basic physical and mechanical parameters of. 

Cangzhou clays (Liu 2020) 

Gs w/% e0/% ρ/(g/cm3) ρd/(g/cm3) 

2.65 30 1.1 2.12 1.63 

 

Table 3 Results of curve fitting by Eq. (3) of Cangzhou 

clays 

σ3 (kPa) q (kPa) p (kPa) R2 αv βv 

150 60 170 0.97 3.11 9.41 

 120 190 0.96 1.52 3.89 

 180 210 0.96 1.22 1.83 

 240 230 0.95 0.91 1.04 

200 90 230 0.94 2.06 5.42 

 180 260 0.97 1.48 1.78 

 270 290 0.99 0.91 0.94 

 360 320 0.93 0.63 0.62 

 

 

Fig. 5 Relationship of parameter αv versus q/pa 

 

 

Cangzhou coastal remolded clays is taken as an example 

(Liu 2020). The fitting results of Eq. (3) are illustrated, and 

its physical and mechanical properties are listed in Table 2. 

Hyperbolic formula is used to fit the results of triaxial CD 

creep test with confining pressure of 150 kPa and 200 kPa, 

respectively, as shown in Fig. 4. Conclusion can be drawn 

as followings from the figure: the development law of 

volumetric creep can be well described by Eq. (3), and the 

fitting values are in good agreement with the experimental 

value. 

Furthermore, the soil mechanical parameters αv and βv 

and correlation coefficient R2 of Cangzhou coastal clays 

fitted by Eq. (3) are given, such as Table 3. It is seen from 

Table 3 that the fitting correlation coefficients are above 

0.9. Implying that it is reasonable to describe the volumetric 

creep of Cangzhou coastal clays by Eq. (3). 

 

3.2 Parameters determination 

 

It is observed from Table 2 that parameters αv and βv are 

different under different confining pressures and different 

shear stress states, that is, two parameters are closely related 

to the stress state of soil. The author found that parameter αv  

 

Fig.6 Relationship of parameter βv versus q/p 

 

 

is related to the effective shear stress q and parameter βv is 

related to the effective stress ratio q/p, and the rule has 

universal applicability. In order to get dimensionless 

equation, the standard atmospheric pressure pa is used, 

pa=100 kPa. Using the data in Table 2, the two parameters 

αv and βv are plotted in the plane of αv -q/pa and βv -q/p, 

respectively, as shown in Fig. 5 and Fig. 6. 

It is seen from Fig. 5 that αv decreases with increasing 

q/pa. It is found that the points can be fitted well by a power 

Eq. (17), as shown in Fig. 5. The test points are slightly 

scattered, but the curve tendency is clearly seen. The 

squared-R is equal to 0.96, indicating good curve fitting in 

different shear stress states. The equation of the fitted curve 

could be expressed as Eq. (7) 

1

1( )
- vn

v v

a

q
α k

p
  (7) 

Where q is the effective shear stress. In triaxial tests, 

q=σ₁-σ₃. kv1 and nv1 are non-dimensional soil mechanical 

parameters. From Fig. 5, the two parameters, kv1 and nv1 can 

be determined. 

Similarly, it is seen from Fig. 6 that the more q/p, the 

lower βv. It is found that the relationship of βv versus q/pa 

could be best fitted by a power function relation curve, as 

shown Fig. 6. The correlation coefficient R2 is 0.93, that 

implies a good curve fitting in different stress ratios of q/p. 

The equation of the fitted curve could be expressed as Eq. 

(8). 
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Where p is the effective mean normal stress. In triaxial 

tests, p=(σ₁+σ₂+σ₃)/3. kv2 and nv2 are non-dimensional soil 

mechanical parameters. From Fig. 6, the two parameters, kv2 

and nv2 can be determined. 

Substituting Eqs. (7) and (8) into Eq. (3) results in Eq. 

(9), which is the final expression of volumetric creep strain 

a under general stress state. 
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There are four parameters kv1, nv1, kv2 and nv2. They are 

calculated by Eq. (9), kv1=2.54, nv1=1.22, kv2=1.20 and 

nv2=2.19. 

 

3.3 Validation of empirical equation 

 

To check the validity of Eq. (9), taking Hong Kong 

marine deposits as an example (Zhu 2000), physico-

mechanical properties of soils are listed in Table 4. Triaxial 

drainage creep tests were carried out under different 

confining pressures and shear stresses, as shown in Table 5. 

In this paper, the data at confining pressure of 400 kPa are 

used to calculate the model parameters, and then the 

experimental data at confining pressure of 200 kPa are used 

to verify Eq. (9). 

The calculated results under confining pressure of 400 

kPa and different shear stress levels from Eq. (9) are 

compared to the test data, as shown in Fig. 7. It is seen that 

the fitting value is significantly greater than the 

experimental value only when the shear stress is 495.4 kPa, 

whereas the fitting results are ideal under other stress states.  

The parameters of Hong Kong marine deposits are 

kv1=12.27, nv1=0.65, kv2=1.61 and nv2=0.55. 

The predicted results of different shear stress levels 

using the obtained parameters from Eq. (9) are compared to 

the test data, as shown in Fig. 8. It is observed that the 

curves of the proposed equation agree well with the test 

data, indicating that Eq. (9) has good applicability to 

describe the volumetric creep of soft clays. 

 

 

Table 4 Basic physical and mechanical parameters of Hong 

Kong marine deposits (Zhu 2000) 

Gs w/% e0/% wl/% wp/% 

2.66 48.3 1.216 60 28 

 

Table 5 Creep test scheme of Hong Kong marine deposits 

(Zhu 2000) 

reference σ3/kPa q/kPa  

Hong Kong 

marine 

deposits 

200 98 158.1 28  
Model 

validation 

400 117.1 261.6 495.4 639.9 
Parameter 

solution 

 

 

 

Fig. 7 Measured and calculated volumetric strain with 

time for creep of Hong Kong marine deposits (σ3=400 

kPa) 

 

 
Fig. 8 Measured and predicted volumetric strain with 

time for creep of Hong Kong marine deposits (σ3=200 

kPa) 

 
 

In order to further verify the general rationality of Eq. 

(9), the triaxial drainage test data of soft soils in different 

regions in China are analyzed. The parameters obtained and 

the fitting correlation coefficients R2 are shown in Table 6. 

Table 6 draws that the coefficient of determination R2 for 

the correlation between the test data and predictions are all 

above 0.9, indicating good curve fitting. The rationality of 

Eq. (9) is verified. 
 
 
4. Creep constitutive model 

 
4.1 The proposal of constitutive model 
 
The total incremental strain dεij under general stress 

state is the sum of an elastic incremental strain 
e
ijdε , a 

plastic incremental strain 
p
ijdε  and a creep incremental 

strain 
vp
ijdε , and can be written as Eq. (10). 

= + +e p vp

ij ij ij ijdε dε dε dε  (10) 

The elastic strain increment can be derived from the 

generalized Hooke’s law (Derivation is shown in the 

Appendix A.), and can be written as Eq. (11) 

0 0

1+
= -

3(1- 2 ) 1+ (1- 2 ) 1+

e

ij ij ij

μ κ μ κ
dε pdσ dpδ

μ e μ e
 (11) 

Where μ is Poisson ratio. σij represents the stress value 

under general stress state. δij is a Kronecker symbol, when 

i=j, δij=1, otherwise 0. e0 is initial void ratio. κ is the slope 

of the reloading curve after the rebound of the isotropic 

consolidation test in e-lnp plane. 

The plastic strain increment Eq. (12) can be obtained 

from the modified Cam-Clay model(MCC). 
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Where λ is slope of the loading curve of the isotropic 

consolidation test in e-lnp plane 

There is a plastic potential surface in the study of plastic 

strain rate. Similarly, there is a flow surface Q in the study 

of creep deformation. Similar to the flow rule proposed by 

Perzyna (1966), the components of creep strain are 

described by Eq. (13). 

vp

ij

ij

dε Q
dS

dt σ





 (13) 

Where Q is the creep strain rate flow surface function. 

dS is the creep scaling function. 

It is assumed that the Q in Eq. (13) have the same form 

as the elliptic yield surface function of the MCC model, that 

is, Q=f. Eq. (13) becomes Eq. (14). 
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By differentiating Eq. (9) with respect to t, volumetric 

creep stain rate is described Eq. (15). 
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t can be obtained from Eq. (9), and is given as Eq. (16). 
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The creep scaling function can be derived by combining 

Eqs. (14)-(16), and is written as Eq. (17). 
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Eq. (17) is substituted into Eq. (13). The final creep 

increment under general stress state can be obtained as Eq. 

(18). 
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(18) 

Final creep constitutive model is obtained combining 

Eqs. (11), (12), (18) and (10) (Derivation is shown in the 

Appendix B.). 

The time parameter t0 and the initial void ratio e0 of this 

constitutive model are known. As described above, 

t0=1440min, e0 can be obtained from survey data. Thus 

there are actually eight parameters in the constitutive 

model: Parameters M, λ, κ and μ, related to elastic-plastic 

nv1 and nv2, related to creep deformation, are obtained by 

deformation, are obtained by laboratory conventional 

triaxial test and compression test data. Parameters kv1, kv2, 

laboratory triaxial creep test, as shown in the 3.2 section. 

 
4.2 Validation of constitutive model 
 

Calculation of elastic-plastic strain by the MCC model, 

its applicability to soft clays has been verified in relevant 

literature (Roscoe and Burland 1968), and creep strain 

increment thus verified in this paper. The creep starting 

point is denoted as zero time point in the εvp-t space. To 

check the validity of Eq. (18), triaxial drainage creep tests 

of Zhuhai clays were carried out under different confining 

pressures and shear stresses. Triaxial drainage creep test 

data fitting from Eq. (9), the parameters of Zhuhai clays are 

kv1=26.47, nv1=1.55, kv2=2.04 and nv2=4.18. 

The predicted results of major principal strain and minor 

principal strain using the obtained parameters and relative 

tress under confining pressure of 200 kPa and different 

shear stress levels are compared to the test data, as shown in 

Fig. 9. 

Fig. 9 shows the predicted values agree well with the 

experimental values under various stress states. Indicate that 

the creep constitutive model has good applicability to 

describe the volumetric creep of soft clays. It is found that 

the fitting values of major principal strain are significantly 

greater than the experimental value only when σ3=200 kPa, 

q=264 kPa. The reason for the result may be that the flow  

Table 6 The parameters and the fitting correlation coefficient R2 of soft soils of different regions in China 

Soils kv1 nv1 kv2 nv2 R2 

Soft soil of Zhuhai ( Hu 2013) 26.47 1.55 2.04 4.18 0.98 

Dalian IMT clays (Zhen et al. 2019) 11.00 1.43 1.43 -0.04 0.96 

Soft soil of Cangzhou (Liu 2020) 2.54 1.22 1.20 2.19 0.99 

HongKong marine deposits (Zhu 2000) 12.27 0.65 1.61 0.55 0.91 

Pearl River Delta clays (Zhu et al. 2006) 0.46 0.84 0.098 1.13 0.91 

Soft soil of Guangdong (Chen et al. 2007) 0.41 1.17 0.22 1.19 0.99 

Shantou to Jieyang high-speed soft foundation  

(Dong 2007) 
1.23 0.80 0.11 1.69 0.96 
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(a) Major principal strain of Zhuhai clays 

 
(b) Minor principal strain of Zhuhai clays 

Fig. 9 Zhuhai clays σ3=200 kPa 

 

 

surface equation in creep stage is a little unreasonable to use 

the yield surface equation of the MCC model for reference. 

Therefore, the flow surface function in creep stage needs to 

be further studied. 

Furthermore, triaxial drainage creep tests of Guangdong 

clays were carried out under different confining pressures 

and shear stresses. Triaxial drainage creep test data fitting 

from Eq. (9), the parameters of Guangdong clays are 

kv1=0.41, nv1=1.17, kv2=0.22 and nv2=1.19. Taking the creep 

data when the confining pressure is 100 kPa as an example, 

the parameters and related stress are used in Eq. (18) to fit 

data points in Fig. 10. 

For major principal strain, it can be observed from Fig. 

10 that the fitting curves using Eq. (18) are in good 

agreement with test points under various stress states. 

Indicate that the creep constitutive model has good 

applicability, but, for minor principal strain, the predictions 

deviates from the experimental data. Especially, when the 

stress level is high, with the passage of time, the predictions 

are larger, and the predicted trend is different from the test 

data. The predictions gradually increases whereas the 

experimental value first increases but then decreases. It is 

possible that under high vertical pressure, the soil becomes 

more and more dense with the passage of loading time, as 

shown in Fig. 11, which leads to the decrease of 

deformation. 

 
(a) Major principal strain of Guangdong clays 

 
(b) Minor principal strain of Guangdong clays 

Fig. 10 Guangdong clays σ3=100 kPa 

 

 
Fig. 11 Curve between density and shear stress levels 

(Liu 2020) 

 

 
It is found that the points can be fitted well by a line 

from Fig 11, as shown in Fig. 5. Eq. (19) can be used to 
illustrate fitted lines. Fig. 11 shows that density increases 
with increasing shear stress level Dr. The shear expansion of 
soft soil is slightly enhanced with the increase of density. 
After the density reaching a certain degree, that is, the shear 
expansion rate being greater than the compression rate, 
volumetric strain of clays transitions from shear contraction 
to shear expansion. The hyperbolic model can only describe 
the situation of single increase or single decrease, which  
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(a) Soft soils of Zhuhai, σ3=200 kPa, qf=480 kPa 

 
(b) Soft soils of Guangdong, σ3=100 kPa, qf=300 kPa 

Fig. 12 Comparison of measured and computed strain 
 
 

cannot describe the characteristics of first increase and then 
decrease. 

0

 r

ρ
aD b

ρ
 (19) 

Where Dr=(σ1-σ3)/(σ1-σ3)f is shear stress level. ρ is the 

density of a clay. ρ0 is the initial density of a clay. a, b are 

material parameters. a is the slope of a line in ρ/ρ0- Dr 

plane. b is the relative density at shear stress level 0. 

 

4.3 Comparison with Singh-Mitchell model 
 

The creep values of soft clays of Guangdong and Zhuhai 

in laboratory tests are shown in Fig. 12. In the meantime, 

the creep values inferred from Singh-Mitchell model and 

the proposed model are given. In normal triaxial 

consolidation drainage test, Singh-Mitchell model can be 

written as Eq. (19). 

1

0exp( )( )m

r r

dε
A αD t t

dt
  (19) 

Where Ar, α, m are material parameters. m is the slope of 

a line in ln(dε1/dt)-lnt plane. Ar is the strain rate at shear 

stress level 0 and reference time t0. Based on test data, 

values of three parameters of Zhuhai clays are Ar=-3.9E-6, 

α=5.08, m=1.41, and values of three parameters of 

Guangdong clays are Ar=-6.61E-5, α=5.85, m=1.4 

Fig. 12 compares the test results with the calculated 

values of the two models. The results show that predictions 

of models are both very close to the experimental data. 

However, the calculations of the model proposed in this 

paper is closer to the test data, especially, at a lower or a 

high shear stress level. Studies have shown that the Singh-

Mitchell model is suitable for the experimental results with 

shear stress levels of 20%-80%. Therefore, it is found from 

Fig. 12 that the Singh-Mitchell model is applicable no 

longer when the stress level is lower than 20%, such as soft 

clays of Guangdong at Dr=9.3%, or higher than 80%, such 

as soft clays of Zhuhai at Dr=85%. The model calculation 

results proposed in this paper are in good agreement with 

the laboratory data. The comparison results illustrate that 

the proposed model can more satisfactorily descried creep 

behaviour of soft clays in different shear stress levels, and 

the proposed creep model has better suitability. 
 

 
5. Discussion 
 

In recent years, various construction projects have 

developed rapidly. Due to the wide distribution of soft 

clays, the post-construction settlement of soft foundation 

has always been a topic of great concern to engineers. 

Therefore, it is necessary to predict post-construction 

settlement. 

In this paper, the assumption that elastoplastic 

deformation and creep deformation are clearly divided is 

adopted. The method is easy to understand and master. 

Addresses the limitation of effective stress varying with 

time. The analysis and calculation of test data are simple. 

Clear physical meaning of model parameters is beneficial to 

engineering construction. However, it has to be admitted 

that this assumption has some limitations. It is possible that 

creep occurs in the primary consolidation period. However, 

most engineers focus on post-construction settlement. The 

primary consolidation stage of soft foundation of the 

buildings has been completed in the construction period. 

The post-construction settlement is dominated by the creep 

deformation stage assumed in this paper. Therefore, it is 

reasonable to divide creep and primary consolidation 

completely. 
Of course, it is important to select the appropriate model 

in this process. Predictions of the proposed constitutive 
model of this paper and experimental data of different 
regions show close agreement. It is implied the proposed 
creep model has good suitability. However, there are still 
some shortcomings in the creep constitutive model 
proposed in this paper. The creep of soft clays has its own 
development characteristics. The flow surface equation of 
modified Cam-Clay model may be difficult to fully reflect 
the creep properties of soils, so the flow surface function of 
creep stage needs further to be studied. 

 

 

6. Conclusions 
 

In this paper, the creep volumetric strain behavior and 

creep model of soft clays are studied, the conclusions are as 

follows: 
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•The triaxial creep test data of soft clays indicated that, the 

strain-time curve showing in the ε-lgt space can be divided 

into two lines with different slopes, and the time referring to 

the demarcation point is named as tEOP. Therefore, the 

model is based on this simplification: when the loading time 

is before tEOP, only the elastic and plastic strains occur, and 

can be predicted by MCC; when the time is after tEOP, the 

soils has reached the creep stage, the strain occurs in this 

stage can be regarded as the creep components. 

•The proposed hyperbolic equation expressing the 

relationship between creep volumetric strain, stress and 

time shows good applicability. Several triaxial creep test 

data of soft clays has verified that, it can well predict the 

creep volumetric strain under different confining pressures 

and different shear stress. Meanwhile, the 4 parameters can 

be determined easily by triaxial creep test data. 

•The plastic flow law of the MCC model can be used as the 

creep flow law. On this basis, the expressions of the creep 

strain components are deduced, and are verified by 

successfully predicting the creep principal strains of various 

triaxial specimens. The sum of the deduced creep strain 

components and the elastic and plastic strain components in 

the MCC model can be regarded as the proposed creep 

model for soft clays.  
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Appendix A. Derivation of elastic strain increment 
 

The elastic strain increment Eq. (A1) can be obtained 

from the generalized Hooke’s law. 

0 0

1+
= -

1+ (1- 2 ) 1+

e

ij ij ij

μ κ μ κ
dε pdσ dpδ

E e μ e
 (A1) 

Where E is module of elasticity. μ is Poisson ratio. σij 

represents the stress value under general stress state. δij is a 

Kronecker symbol, when i=j, δij=1, otherwise 0. E is 

generally expressed as a function of the effective mean 

normal stress p in the modified Cam-Clay model, as Eq. 

(A2). 

01+
= 3(1- 2 )

e
E μ

κ
 (A2) 

Where e0 is initial void ratio. κ is the slope of the 

reloading curve after the rebound of the isotropic 

consolidation test in e, lnp-plane. From Eq. (A2), Eq. (A1) 

becomes Eq. (A3) 

0 0

1+
= -

3(1- 2 ) 1+ (1- 2 ) 1+

e

ij ij ij

μ κ μ κ
dε pdσ dpδ

μ e μ e
 (A3) 

It is assumed the yield function is equal to plastic 

potential function with the employment of associated flow 

rule. According to the theory of plastic potential function, 

plastic incremental strain 
p
ijdε  is described by Eq. (A4). 
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Appendix B. 
 

The constitutive model 
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Major principal strain of creep strain 
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Manor principal strain of creep strain 

  2

1

2

23

3 2 2 2 -

1 0

1 ( )31

3 ( )

v

v

nvp

v vvp

n

v a

ε k q pp σ p
dε dt

M p q k q p t

    
  

     

 (B3) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

625



 

G. Chen, J.G. Zhu, Z. Chen and W.L. Guo 

Nomenclature 
 

 
 
 
 
 
 
 
 
 
 

 
 

 
 

σ1, σ2, σ3 effective major, intermediate, and minor principal stresses; 

ε1, ε3 major and minor principal strains; 

ε, εe, εp, εvp total, elastic, plastic and creep strains; 

εtp the creep strain of the whole stage of consolidation; 

p effective mean normal stress, 1 2 3

3
p

 

  

; 

q effective shear stress,      
2 22

1 2 2 3 3 1

1

2
q            ; 

d e
v  increment in the elastic volumetric strain;  

d e
ij  increment in the elastic strain; 

e
v  elastic volumetric strain; 

d p
v  increment in the plastic volumetric strain;  

d p
ij  increment in the plastic strain; 

p
v  plastic volumetric strain; 

d vp
v  increment in the volumetric creep strain;  

d vp
ij  increment in the creep strain; 

vp
v  volumetric creep strain; 

d v  increment in the volumetric strain;  

κ slope of the reloading curve of the isotropic consolidation test in e-lnp plane; 

λ slope of the loading curve of the isotropic consolidation test in e-lnp plane; 

μ Poisson ratio; 

T, t time of deformation and creep; 

tEOP time of primary consolidation; 

Es input energy during shearing; 

Gs gravity density; 

w water content; 

wl liquid limit; 

wp plastic limit; 

e0 initial void ratio; 

ρ density; 

ρd dry density; 

M critical state stress ratio; 

g plastic potential function; 

f yield function; 

Q creep strain rate flow surface function; 

dS creep scaling function; 

δij Kronecker symbol; 

χ parameter of the yield function; 
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