
Developing confidence in critical state 
soil mechanics

2.  Calibration of Fraser River Sand

Dr. Dawn Shuttle, PEng
Mike Jefferies, PEng
January, 2015



Elasticity

� Slight detour required – as we do not have time to calibrate 
elasticity in this workshop………..

� BUT – elasticity is important.

� ELASTICITY
� This is the small strain value – “Gmax”
� Forget strain-dependent elasticity as this doesn’t exist.
� “Measured” by bender elements in the lab
� “Measured” by the seismic CPT in the field
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Fraser River Sand Benders

� Bender elements were used with 7 triaxial tests
� 5 bender tests overlap with data in NorSandM_txl_FRS.xls
� 2 bender tests were on “crushed” FRS 
� Measurements taken during both consolidation and shearing stages

� Fitted equation of the form
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….to the shearing portion of the uncrushed triaxials.
where A, emin and b are fitted soil properties 
pref is 100 kPa (or equivalent in same units as p¢)



Goodness of fit – fitting data shown
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Goodness of fit – incl. consol. & crushed FRS
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Elasticity - fit
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Elasticity – simpler equation for workshop

� For simplicity the workshop spreadsheet adopts the simpler (but less 
accurate) equation:

…where a and b are fitted parameters, pref = 100 kPa.
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Elasticity – simpler equation for workshop
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Elasticity – simpler equation for workshop
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Elasticity – end notes

� Elasticity is easy to measure – especially as part of a CPT testing 
program.

� For calibration measuring elasticity is important because both elasticity 
(Gmax) and hardening (H0, Hy ) have a similar effect on the measured q-e1
and ev –e1 response.

� Finally – although NorSandM_txl_FRS uses the simple equation:  

…it is not difficult to modify the spreadsheet to use the more accurate 
equation for future use if you have laboratory bender tests including void 
ratio measurement.
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NorSand Calibration - Purpose

� Purpose of the calibration ?

� Engineering ‘hand’ calculations (e.g. Mtc for stability)
� FE / FD analysis
� CPT interpretation, etc, etc, etc

� What’s NOT the purpose of the calibration ? 

� Getting a fantastic match between the experimental and theoretical 
curves for a single test (although it is tempting to use the best fit for 
technical articles….) 
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NorSand Calibration - Purpose

� A SINGLE SET of material properties is required

� It should fit all of the tests reasonably well

� Where necessary bias your “best” fits to in situ conditions

� If you want to make an exception you must be able to recognize the 
relevant condition in situ

� This requires ENGINEERING JUDGMENT…….
and while you’ll find silly fits exist, there is no unique “correct” fit. 
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NorSand Calibration – “data summary” sheet
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NorSand Calibration – GGGGand lll l 10
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NorSand Calibration – “Data Summary” sheet
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Example of data  (CIU_L_200kPa)
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NorSand Calibration – GGGGand lll l 10
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Now you estimate GGGGand llll
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NorSand Calibration – stress-dilatancy
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NorSand Calibration – M tc, Ntc and cccc
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NorSand Calibration – “Data Summary” sheet
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NorSand Calibration – M tc and N tc

February 11, 2016 28

“Data Summary” sheet



5��! �

5��2�

5��1�

5��� �

��� �

��� �
5���� � 5���� � 5���� � 5���� � ���� � ���� �

�%
��

�� �� �� ��

State parameter ( yyyy ) at Dmin 

Fitted trendline 
 

NorSand Calibration – cccc

February 11, 2016 29

“Data Summary” sheet

c

(0.0, 0.0)

1



5��! �

5��2�

5��1�

5��� �

��� �

��� �
5���� � 5���� � 5���� � 5���� � ���� � ���� �

���



��

State parametery at Dmin 

Fitted trendline 
 

NorSand Calibration – cccc

February 11, 2016 30

“Data Summary” sheet

c

(0.0, 0.0)

1



Now you estimate 
M, N and cccc
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NorSand Calibration – finally to H……
Soil properties….

CSL parameters
GGGG = = = = 0.8  ---
lll l = = = = 0.030  on base e

l 10 = 0.069
Plasticity

M tc  = 1.2
N  = 0.3 (typ 0.2 - 0.3)

cccc tc  = 3.5  often taken as 4
H0  = 200 > H c = 30
H yyyy            = 0

(H = H0 - Hy .y ...) 200 (typ 60 - 400)

Elasticity
Gmax @ p0= 50 MPa 50.0

G_exp = 0.72 elastic  exponent
nnnn     = 0.2

(Ir …) ���  ---
k= �������  ---

Initial soil state…
yyyy 0000  = 0

� � �� � �� � �� � �
p 0  = 100  kPa
K 0 = 1  ---

(sig1…) ���
OCR ("R") = 1  ---

February 11, 2016 32

for first 
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NorSand Calibration – finally to H……
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NorSand Calibration – finally to H……
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small changes 
to y 0 allowedK0 = 1 apart from 

CIU_M_200 may increase for 
CIU if needed



NorSand Calibration – H
DRAINED TXL….
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NorSand Calibration – finally to H……
Soil properties….

CSL parameters
GGGG = = = = 0.8  ---
lll l = = = = 0.030  on base e

l 10 = 0.069
Plasticity

M tc  = 1.2
N  = 0.3 (typ 0.2 - 0.3)

cccc tc  = 3.5  often taken as 4
H0  = 200 > H c = 30
H yyyy            = 0

(H = H0 - Hy .y ...) 200 (typ 60 - 400)

Elasticity
Gmax @ p0= 50 MPa 50.0

G_exp = 0.72 elastic  exponent
nnnn     = 0.2

(Ir …) ���  ---
k= �������  ---

Initial soil state…
yyyy 0000  = 0

� � �� � �� � �� � �
p 0  = 100  kPa
K 0 = 1  ---

(sig1…) ���
OCR ("R") = 1  ---
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NorSand Calibration – H
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� $�$%� 
 � � ����� � 
 � ����&� � � ������ ����� �%�

�$
$ ������
' � � / 1 � 2 � ! 0 �� �� �� �/
���(�(�� ���(�(��� ���(�()�� ���(�(��� ���(�(��� ���(�(��� ���(�(��� ��*(�(��� ��*(+(��� ��*(�(��� ��*(�(��� ��*(�(��� ��*(+()��

M tc  =

N  =

cccc tc  =
H0  =

H yyyy            =

(H = H0 - Hy .y ...)

Gmax @ p0=

G_exp =
nnnn     =

(Ir …)

k=

yyyy 0000  =

���� � ��

p 0  =

K 0 =

(sigV…)

OCR ("R") =

� � ) ,&: � 4&� � ) ,&: �

On “data summary” sheet



NorSand Calibration – H
DRAINED TXL….
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NorSand Calibration – H
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Type H0 and Hy
next to chart to 
fit trend line



NorSand Calibration – check on elasticity
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� If time – run through calibration using trend line for Hardening…. 
� Tweak if necessary……

NorSand Calibration – final pass
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� CALIBRATION COMPLETE !
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NorSand Calibration – GGGGand lll l 10
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Each of the undrained tests 
includes a deviator stress plot

CIU_L_200kPa


