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Abstract—Global energy demand is on the 
increase yearly. Understanding the behaviour of 
offshore wind load on turbines will help in 
building stable foundations for it. Results of cyclic 
shear test in direct simple shear machine is 
presented for the explanation of the effective 
stress cyclic behaviour of the Nigerian deltaic silty 
sand. Relative density used in the work are 65% 
and 70% and behaviour of the tested soil is with 
regard to cyclic shear strain amplitude, relative 
density, cyclic stress ratio and number of loading 
cycles.  
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Introduction: 

Offshore geotechnical problems could be largely 
solved if the if the marine silty sand behaviour could 
be understood. Dynamic behaviour of sand and clay 
have been studied by many workers (Vucetic et al 
1988, Wijewickreme et al 2005, Anderson 2009, 
Soren et al, 2012) against which the present work is 
compared.  

Simple shear test 

This method is very reliable for measurement of 
undrained shear strength, in the same way as in 
carrying out the consolidated undrained triaxial test. 
Simple shear test simply measures shear stress and 
vertical stress acting on a sample predetermined 
surface, while constraining all other displacements. 
The bottom boundary of sample is theoretically fixed 
with zero radial strain. 

The sample was tested in accordance with ASTM 
D6528-07; in which the sample is consolidated with the 
vertical load and sheared horizontally on completion of 
consolidation, in order to keep the volume constant. 
The sample height is also maintained continuously 
throughout the shear. The sample is not completely 
saturated, therefore, the generated pore pressure is 
inferred from the vertical stress change, which is 
constantly monitored (Baxter et al, 2010). In so doing, 
it is assumed that the changes in the applied normal 

stress (𝜎 v) is equal to the generated excess pore 

water pressure (u) if it were undrained test with 
measurement of pore pressure (Finn, 1985, Dyvik et al 
1987). 

 

Figure 1: Simple shear Condition (Dyvik et al., 
1987) 

 

Figure 2: Wire Reinforced Membrane and Stacked 
Rings (Baxter et al., 2010 

The stress condition applied could be cyclic or 
static stress or a combination of both. Wijewickreme 
(2010) studied cyclic shear response of river silt using 
constant – volume direct shear apparatus; while 
Anderson (2009) studied clays in cyclic triaxial and 
simple shear conditions. The presentation in this 
paper shows result obtained from cyclic simple shear 
tests with zero statics or mean shear stress. 

Preparation of test sample 

The sample height and diameter were carefully 
chosen in other to achieve height to diameter ratio of 
less than 0.4 in accordance with ASTM D6528-07.  
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Figure 3: Stress-stress responses of NC Fraser 
River silt under constant volume cyclic DSS loading 

(’v = 97 kPa; CSR = 0.20;  = 0; OCR = 1.0) 
Wijewickreme (2010). 

Experimental program 

The behaviour of deltaic silty sand were analysed 
with regards to relative density, number of loading 
cycles and cyclic stress ratio.  

Relative density effect of 65% and 70% were 
studied for the various parameters. In order to 
simulate insitu (ko) stress conditions prior to shearing, 
a normal consolidation stress of 100kPa was applied 
in all the samples tested. 

 

Figure 4: Stress-path responses of NC Fraser 
River silt under constant volume cyclic DSS loading 

(’v = kPa; CSR = 0.20;  = 0; OCR = 1.0) 
(Wijewickreme, 2010). 

 

Figure 5: Stress-strain behaviour under various 
loading conditions (Andersen, 2009) 

Test Results 

Fig 6, shows that the shear strain reaches the 
failure criterion of 4% double amplitude shear strain at 
nearly 290 cycles; while Fig. 7 and 8 show stress 
paths for 0.1 and 0.2 critical stress ratio respectively 
and shows that the effective stress is inversely 
proportional to the cyclic stress ratio; and Fig. 9 and 
10 show stress strain responses for cyclic stress ratio 
of 0.12. 

Fig 11 shows results from four test (void ratio of 
0.896, Relative density 65%) and another four tests 
(void ratio 0.845, relative density 70%) and in both 
group of tests, cyclic stress ratio of 0.10, 0.12, 0.14, 
0.16 and 0.20. Results show that samples reach large 
shear strain faster at high cyclic stress ratio; and that 
the higher the relative densities of samples the higher 
the number of loading cycles required to reach the 
failure criterion. Also, the number of loading cycles to 
reach 4% double amplitude shear strain is reduced by 
increasing the cyclic stress ratio. Increasing loading 
cycles degrade the silty sand which is a useful design 
information. 

Priorities for further research includes obtaining 
more detailed dynamic properties of the Nigerian 
deltaic silty sand by extensive laboratory testing. 
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Figure 6: Peak-Peak Shear Strain versus No. of 
loading cycles for CSR = 0.10 and ec = 0.896 

Conclusion 

Results obtained from this study show that 
samples reach large shear strain faster at high cyclic 
stress ratio; and that the higher the relative densities 
of samples the higher the number of loading cycles 
required to reach the failure criterion. Also, the 
number of loading cycles to reach 4% double 
amplitude shear strain is reduced by increasing the 
cyclic stress ratio. Increasing loading cycles degrade 
the silty sand, which is a useful design information. 
Priorities for further research includes obtaining more 
detailed dynamic properties of the Nigerian deltaic 
silty sand by extensive laboratory testing. 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: Stress Path during constant volume 
cyclic DSS loading of silty sand for CSR = 0.10 and ec 
= 0.896 

 

 

 

 

 

 

Figure 8: Stress- stress response of deltaic marine 
silty sand under constant volume cyclic DSS loading 

(’v = 100 kPa; CSR = 0.12; ec = 0.845  = 0; OCR = 
1.0 

 

Figure 9: Stress- stress response of marine silty 

sand under constant volume cyclic DSS loading (’v = 

100 kPa; CSR = 0.12; ec = 0.896  = 0; OCR = 1.0) 
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Figure 10: CSR versus No. of Loading cycles to 
reach 4% double amplitude shear strain 

Acknowledgement 

This research came as a result of a contract award 
by the Shell Petroleum Development Company of 
Nigeria to the lead author to carry out offshore soil 
investigation for the Stability of jack up barge 
ballasting for pipeline repair. 

REFERENCES 

1.Anderson K. H (2009) “Bearing capacity under 
cyclic loading offshore, along the coast and on land”. 
The 21

st
 Bjerrum lecture presented in Oslo, 23 

November 2007”. NRC Research Press web site 
(www.chj.nrc.ca) 

2.Baxter C.D.P, Bradshaw A.S., Ochoa-
Lavergne M. & Hankour R. (2010) “DSS Test 
Results using Wire-Reinforced membranes and 
stacked Rings”. GeoFlorida 2010 ASCE. 

3.Boulanger R.W & Seed R. B. (1995) 
“Linquefaction of sands under bidirectional monotonic 
and cyclic loading” Journal of Geotechnical 
Engineering ASCE Vol. 121, (12), 870 – 878 

4.Bjerrum, L., & Landva, A. (1966) direct simple – 
shear tests on a Norwegian quick clay, Geotechnique 
16 (1), 1-20 

5.Dyvik, R., Berre, T., Lacasse, S., & Raadim, B. 
(1987) “Comparison of truly undrained and constant 
volume direct simple shear tests” Geotechnique 37(1), 
3-10. 

6.Idriss, I. M., & Boulanger, R.W. (2008) Soil 
liquefaction during earthquakes monograph MNO – 
12, Earthquake Engineering Research Institute, 
Oakland, CA. 

7.Soren K. N., Amir Shajarati, K.W. Sorenson, 
L.B. Ibsen (2012) “Behaviour of Dense Frederikshavn 
sand during cyclic loading” DCE Technical 
Memorandum No. 15 

8.Vucetic M. & Dobry R. (1988) “Degradation of 
marine clays under cyclic loading” Journal of 
Geotechnical Engineering ASCE Vol. 114, No 2pp. 
133-149 

9.Wijewickreme D. (2010) “Cyclic shear response 
of low plastic Fraser River silt” proceeding of the 9

th
 

U.S. National and 10
th
 Canadian conference on 

Earthquake Engineering  

10.Wijewickreme D., Sanin M. V. & Greenaway 
G. R. (2005) “Cyclic shear response of fine-grained 
mine tailings” Canadian Geotechnical Journal Vol. 42 
pp. 1408-1421 

11.Wijewickreme. D., Sriskandakumar, S., & 
Byrne, P. (2005) “Cyclic loading response of loose air-
pluviated Fraser River sand for validation of numerical 
models simulating gentrifuge tests. Canadian 
Geotechnical Journal 42 (2), 550-561. 

 

0.24

0.22

0.20

0.18

0.16

0.14

0.12

0.10

0.08

0.06

0.04

0.02

   0

1                                                        10                                                     100                                                  1000

No. of loading cycles to reach double amplitude shear strain = 4%

e =0.896, =100kPac  v’

e =0.845, =100kPac  v’

http://www.jmest.org/
http://www.chj.nrc.ca/

