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Effect of drying-wetting on long term strength of mudstone 

L’effet de cycles d’humidification et sécage sur la résistance à long terme de la pélite

T.SHINJO, Professor of Agricultural Engineering, University of the Ryukyus, Okinawa, Japan 

Y.KOMIYA, Research Associate of Agricultural Engineering, University of the Ryukyus, Okinawa, Japan

SYNOPSIS Drained creep tests were carried out on both unweathered and weathered intact mudstone
with various axial directions in order to clarify the long term strength of anisotropic mudstone 
and the effect of the drying and wetting weathering on those properties. On the basis of the 
evidence found in these test results, a predicting method of the long term strength was proposed 
for anisotropic mudstone. The time dependent behavior of strength was remarked as a result of the 
drying and wetting weathering.

INTRODUCTION

It has been continued to make clear the 
strength and deformation characteristics of 
mudstone in connection with the construction of 
bridges and cut slopes on Tertiary sedimentary 
mudstone. There are also some engineering 
problems in the slope stability caused by the 
deterioration due to slaking, in particular, 
in tropical or subtropical enviroment. On the 
other hand, the deterioration of a cut slope 
due to alternate drying and wetting develops 
without slaking, except where mudstone exposed 
to the atmosphere breaks down in the near
surface zone. Therefore, in order to study a 
long-term stability of cut slope, it is 
necessary to investigate the mechanical 
behaviors of drying-wetting weathered intact 
mudstone.

According to the previous works, it was found 
that mudstone has time dependent or strain rate 
dependent strength; Adachi and Takase (1981) 
proposed a method to predict the long term 
strength of soft rock, and Nishi et al (1983) 
derived the relation of stress and strain rate 
on the basis of creep tests. Futhermore, it 
is required to make clear the effect of both 
anisotropy and drying-wetting on these strength 
properties. Thus, in this paper drained creep 
tests were carried out on both unweathered and 
weathered intact mudstone with various axial 
directions. We discussed the time dependent 
behavior of strength and the effect of drying- 
wetting. Moreover, we proposed a method to 
predict the long term strength of anisotropic 
mudstone ba-sed on the test results.

MATERIALS AND TEST PROCEDURE

The mudstone used in this investigation belongs 
to Shimajiri group of the Neogene period 
distributed in the central and southern part of 
Okinawa Island, Japan. Saturated block 
samples were taken from the unweathered strata. 
Cylindrical specimens of 5cm in diameter and

1 0 cm in height were prepared in three orientation 
of 0=0° ( V-sample ), 0=90° ( H-sample ) and 0= 
45° ( D-sample ), where 0 is the angle between 
the axial direction of specimen and the normal 
to the bedding plane. Physical properties and 
the preparation method of drying- wetting intact 
specimens have been already given in another 
report ( Shinjo & Komiya, 1987 ).

Drained triaxial creep tests were performed 
under the effective confining pressure of 98kPa 
after isotropically consolidated. Loading was 
conducted instantaneously for various prescribed 
sustained creep stress, ( ai - 0 3  ). A back 
pressure of 98kPa was applied during both 
consolidation and sustained loading processes.

TEST RESULTS

According to the creep test results presented 
previously ( Shinjo & Komiya, 1988 ), the 
visco-elastic behaviors of the anisotropic 
mudstone used in this investigation were as 
follows: (i) the instantaneous deformation set 
up immediately after the application of creep 
loading was anisotropic, (ii) the anisotropic 
behavior was not observed in a change of creep 
strain rate with time, (iii) the instantaneous 
deformation, the creep deformation and the 
creep strain rate increased as a result of the 
drying and wetting weathering.

Fig.1(a) and (b) shows data of creep tests in
which the failure occurred within the duration
of one week, where the creep strain rate and
time relations are plotted on log-log scale for
unweathered and weathered mudstone, respectively.
In the figure, an instantaneous elastic strain
is followed by transient state in which the
creep strain rate decreases continuously with
time. Thereafter in steady state, the creep
strain rate attains to minimum and stays
constant. Finally an acceleration in which the
creep strain rate increases with time leads
rapidly to failure. In the figure, the minimum
creep strain rate, , and the time to creep
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failure, tr , were obtained for the individual

specimen. Plotting those values on log-log 
scale in Fig.2, we can obtain the following 
well-known relation for both unweathered and 
weathered mudstone.

"1min
•t = 
r (1 )

where C is a material constant and the value of
-3 -3

C is 1.2x10 and 2.2x10 for unweathered and
weathered mudstone, respectively. It can be
found that Eq.(1) is uniquely valid irrespective
of axial directions.

Fig.3 shows the relationship between the minimum
creep strain rate, £. . , and the creep stress, 

1min r '
(0 i-0 3 ). From the figure, it is found that
there exists a linear relationship between
logarithm of minimum creep strain rate and creep
stress for individual axial directions; that is,
straight lines shown in the figure were drawn
by assuming that the magnitude of these slopes
is constant irrespective of axial directions
and also remains unchanged by the drying and
wetting weathering. The relation is expressed
as follows:

lo9 £1min = V ° i - ° 3 >  + B ( 2 )

in which A1 is the slope of a straight line,

a
a>
o
n
o

Fig.

(b) Weathered intact mudstone

1 Creep strain rate versus time curves 
in the case of creep failure

Fig.2 Relationship between minimum creep strain 
rate and time to creep failure

Fig.3 Relationship between minimum creep strain 
rate and creep stress

Oi-Os 

3.28MPa
3.23

1 0 °  1 0 1

Time

(a) Unweathered

_c unweathered 
10 L

o V

A D

□ H

1 0 2

t

intact

____L_
1 0 3 

min

mudstone

552



6/9

whereas B1 is dependent on not only the axial

direction, but also the drying and wetting 
weathering. This means that the strength is 
anisotropic and strain rate dependent.

Fig.4 shows the relationship between the creep 
stress, (Oi-Oi), and the axial strain at 
failure, where, in addition, the results of

drained triaxial compression test in the case of 
the constant strain rate f 1 =0.005%/min are plotted

simultaneously ( Shinjo S Komiya, 1987 ).
From this figure, the following observations 
can be made: (i) the axial strain at failure 
shows anisotropic behavior and increases as a 
result of the drying and wetting weathering,
(ii) the magnitude of axial strain at failure 
is regarded as approximately constant 
irrespective of creep stress intensity.
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Fig 4 Relationship between axial strain at 
failure and deviatoric stress

PREDICTION OF LONG TERM STRENGTH

The failure criterion can be represented as the 
form of power relationship.

D
q/2o0 = a (o '/do)

fl3

CU
£

0^=(0i+03)/2 MPa

Fig. 5 Failure criterion for mudstone with various 
orientation ( Shinjo & Komiya, 1987)

O
value of (0i-03) at £^=10_ (1/min) shown in Fig.3

and the value of B shown in Fig.5. In this case,
the value of a * , which also can be regarded as
the degree of strength anisotropy, is as follows:
on unweathered mudstone 2.19, 2.08 and 1.98 for
V, H and D-sample, respectively, and similarly
on weathered mudstone 1.23, 1.17 and 1.27.
Replacing (0i-03) by a / a * in Fig.3 gives a linear
relationship between the logarithm of minimum
creep strain rate, £. . , and the normalized 

r  imin
creep stress, a / a * ,  as shown in Fig.6. The
relation is written as follows:

log t
1 min

A2(a/a*) + B-, (5)

and B2 , ar 

A_=16, B2=-24

in which the material constants,

determined as A2=59, B2=-67 and

for unweathered and weathered mudstone, respectively. 
The relation is uniquly valid irrespective of 
axial directions similar to that in Eq.(2).

(3)

where q=(0 i-ca), 0 ^=(oj+o3)/2, o0=0.1MPa and a ,

8 are material constants. Fig.5 shows the 
failure surface obtained from the drained 
triaxial compression tests on the mudstone used 
in this investigation ( Shinjo & Komiya, 1987 ). 
It has been found that there are marked drop in 
the parameter a and a little increase in the 
parameter 6 due to the drying and wetting 
weathering, as shown in the figure. Furthermore, 
we assume that the parameter a is regarded as 
rate dependent, whereas the parameter 6 remains 
unchanged. Thus, Eq.(3) is represented again 
as follows:

a( )

in which o0 in Eq.(3) 
of convenience.

( q/2 ) / ( Ojlj ) (4)

is neglected for the sake

Now we denote the value of a at £^=10 (1/min) 

as a * ,  where a *  is determined by using both the

1.05 1.10
Normalized stress

Fig.6 Relationship between minimum creep strain 
rate and normalized creep stress state
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Eliminating ¿lmin from both Eq.(1) and Eq.(5)

yields the relationship between the time to 
creep failure and the corresponding creep 
stress state as follows:

log(C/tr ) = A2(a/a*) + b 2 (6)

By using the parameter a obtained from the 
equation for the given time to creep failure, 
the corresponding long term strength can be 
predicted through Eq.(3). Fig.7 shows the 
relationship between the time to creep failure 
and the corresponding long term strength for 
V-sample of both unweathered and weathered 
mudstone. It is obvious that the drop in 
strength due to the increase of the time to 
creep failure is remarked in weathered mudstone 
more than in unweathered mudstone.
In the case of constant strain rate test the

(ai+oD/2 MPa

relation of the magnitude of the axial strain 
at failure, e1f, and the time to failure, tr ,

is expressed as e..,=£.|- t , hence Eq.(6) is

written as follows:

loglce^E^) = A2(a/a*) + B2 (7)

in which is given in Fig.4 for individual

axial directions. Fig.8 shows the comparision 
of the strength predicted by using the equation 
and the results of drained triaxial tests at 
constant strain rate £1=0.005%/min. From the

figure, it can be found that the dependence of 
strength on the strain rate for anisotropic 
mudstone is illustrated by means of Eq.(7).

CONCLUSIONS

The conclusions are summarized as follows:
(1) According to the results of the drained 
creep test, the relation of the minimum creep 
strain rate and the time to creep failure is 
uniquely valid irrespective of axial 
directions.
(2) On the other hand, there exists a linear 
relation in the relationship between logarithm 
of the minimum creep strain rate and the creep 
stress for individual axial directions.
(3) The magnitude of the strain at creep 
failure is anisotropic, whereas the failure 
strain in the same axial direction has a 
constant value irrespective of the creep stress 
intensity.
(4) On the basis of the above evidence, the 
predicting method of the long term strength was 
proposed for anisotropic mudstone.
(5) The time dependent behavior of strength is 
remarked as a result of the drying and wetting 
weathering.

Fig.7 Time dependent strength of anisotropic 
mudstone ( V-sample )

cu
x

(O 1 +O 3 ) / 2 MPa

Fig.8 Comparison of predicted strength by
Eq.(7) and results of drained triaxial
compression test.
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