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SOME FACTORS INFLUENCING IN-S1TU VANE TEST RESULTS

QUELQUES FACTEURS QUI INFLUENCENT IN-SITU LES RESULTATS DES ESSAIS AU SCISSOMETRE 

IIEKOTOPUE •MKTOPII, BJ1MHI0IUHE HA PE3yj|bTATM flOJIEBMX HC’flbrrAHHII KPUJlb'IATKOil

C . - E .  W IE S E L ,  C iv. Eng.,Sw edish  Geotechnical Institute, Stockholm, Sweden

SYNOPSIS. A  new field vane borer  which m easures the torque and the angle of rotation in -situ  down at the vane has been 

developed. Vane tests have been carried  out in a soft norm ally consolidated clay in order to study the effects of vane shape 

and rotation rate on the m easured shear strength. A ls o  the anisotropy has been studied. The results  indicate that the 

undrained shear strength is  low er along a horizontal plane than along a vertical plane. The relation between shear strength 

and rate of rotation was found to follow a power function. T here seem s to be a better correlation between the exponent of 

the power function and the modulus o f shear deform ation, as determined in -situ  with the new vane b o rer , than with the 

liquid lim it.

INTRODUCTION

Vanes o f different shapes can be used to determ ine the 

anisotropy of soft clays with respect to the undrained 

shear strength. Since friction in the ordinary vane borer 

and the degree of strength m obilization at the peak torque 

may influence the results (W iese l, 1968 and 1971), a new 

vane b o rer  which m easures the torque and the angle of 

rotation in -situ  at the vane has been developed.

P ractical experience has shown that the methods which are  

usually used to determ ine the tmdrained shear strength of 

organic and other so ils  with a high liquid lim it may give 

too high values. At the Swedish Geotechnical Institute (SGI) 

the undrained shear strength is  generally reduced when the 

liquid lim it of the clay is  higher than 80 %. The defor ­

mation rate is of importance for these so ils . Vane tests 

have therefore been perform ed at different deformation 

rates in order to determ ine its effect on the shear strength 

T h is effect has been correlated with the liquid lim it and 

a lso  with the modulus of shear deformation of the sofl clay 

a s determined with the new vane bo rer . It is  believed that 

this modulus is  a better indication of the stre s s -s tr a in ­

tim e properties of a so il than the liquid lim it.

T EST SITE

The tests  reported in this a rticle w ere perform ed at the 

SGI test field at Ska Edeby, located about 25 km w est of 

Stockholm . The sedim ents at the test site  w ere deposited 

during the Quaternary glacial and p o st-g la cia l time 

p eriod s. The total thickness o f the sedim ents is  about 13 

to 14 m . The p o st-g la cia l clay located at the ground 

surface is  about 5 m thick. The glacial varved clay con­

tains thin silt sea m s and near the bedrock lay ers o f sand. 

The clay contains also som e iron sulphide throughout the 

whole p ro file . The ground water surface is  located at a 

depth of about 0 .5  m . F ig. 1 Properties of the soil
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The clay is soft and norm ally consolidated below an 

approxim ately 1 .0  m thick dry cru st. The unit weight of 

the clay increases from  about 1 .3 9  t /m ^  at 2 m depth to 

about 1 .6 8  t /m ?  at 1 2 .5  m depth. The corresponding 

increase of the sensitivity according to fa ll-co n e  tests is 

from about 11 to about 27.

Fig. 1 shows the variation with depth of natural water 

content, plastic lim it, liquid lim it and undrained shear 

strength as determined by conventional field vane tests . 

The liquid lim it was determined by the Casagrande inethod 

and by the fall-co ne method (K arlsson, 19G1).

DESCRIPTION OF THE EQUIPMENT

The vane tests w ere perform ed with a standard vane borer 

(Andresen & B jerrum , 1957; K allstenius, 1957) and with a 

newly developed vane b o rer , which is shown in F ig. 2 .

----------------Earthed cable 3-conductor.

(220 volt A.C. single phase)

©

©

©

©

©

©

©

©

©

©

Generator, 1000 W

Driving motor with 
6 -geared gearbox

Flexible driving axle

Vane borer instrument 

type SGI

Extension casing 

Scraper

Driving axle with cables

Universal joint 

Displacement transducer 

(angle of rotation)

Axial ball bearing

Protective cap

Strain gages (torque)

@  Vo ne

© Screened coble, ¿-conductor, from 
strain gages to instruments

© Screened cable, 4 -conductor, from 

displacement transducer to instruments

The torque is m easured by strain gages fastened on the 

shaft just above the vane. The angle of rotation is recorded  

by a displacement transducer located about 1 .2  m above 

the vane. The relation between torque and angle of rotation 

is  traced by an x -y  reco rd er. The vane is  rotated by an 

electrica l motor attached to the vane borer instrument by a 

flexible driving a xle . The rotation rate can be varied with 

a gear box.

The new vane borer  was calibrated in a vertical position in 

a special calibration apparatus. The relation between 

torque and torsion (twist) o f the part of the rod located 

between the vane and the transducer was a lso  determ ined. 

The results  from  the field tests  w ere corrected  with 

respect to this torsion (twist).

Five vanes, all with 65 mm diam eter , were used. The 

heights of the vanes w ere 130, 6 5 , 3 2 .5 ,  or 1 6 .2 5  m m .

Two vanes with a height of 130 mm w ere used. One of 

these was a standard vane while the second vane was a new 

stiffer  m odel. A ll vanes had 4 blades except the low est 

vane, which had 8 blades.

TESTING PROCEDURE

The distance between the boreholes was at least 2 .0  m .

The vane tests w ere perform ed for each borehole every  

0 .5  m.

The standard vane tests  as w ell as the tests with the new 

vane borer with vanes of different heights w ere perform ed  

at the standard rotation rate o f 6 ° /m in . Each test was 

started a s soon as possible (within a few minutes) after the 

vane had been pushed out of the protective cap down to the 

test lev el.

Four different rotation rates w ere used with the standard 

vane bo rer  and with the standard vane, nam ely 6 0 ° /m in , 

6 ° /m in , 0 .6 ° /m in  and 0 .0 6 ° /m in .  The rotation did not 

start until at least 15 hours had elapsed after the vane had 

been forced out of the protective cap down to the test lev el. 

This procedure was followed since ea rlier  tests  by the 

author at the standard rotation rate and at the sam e test 

field have shown that the strength of the clay is  changed 

during this period and that this change probably w ill 

influence the results at the different rotation ra tes .

EVALU ATIO N  PROCEDURE

The vane test was evaluated from  the assum ption that the 

failure surface is  a cylinder with a diam eter and height 

equal to those of the vane and that the shear stres se s are  

uniform ly distributed along this surface during a ll stages of 

the te st . It was a lso  assum ed that the shear strength is  

fully m obilized at the peak torque along vertical and hori­

zontal surfaces of the failure cylinder. A  rectangular stress  

distribution was assum ed for the two horizontal end sur ­

faces of the failure cylinder.

T ests with vanes of different heights w ere perform ed in 

o rder to evaluate the anisotropy of the clay with respect to 

the undrained shear strength along vertical and horizontal 

shea r planes. Denoting the total torque by M , the torque 

from  the vertical surface by Mv and the torque from  each of 

the two horizontal surfaces by M ^, the following relation is 

valid

M = M 2 M. (1)

F ig. 2 Diagram  of the new vane borer
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If the height of the vane is denoted by H and the torque 

from  the shear stres ses  along a unit height o f the v ertical 

surface of the cylinder by mv , Eq. (1) can be rewritten as

RATIO T hf/ l vf

M  = Hm + 2 M, (2 )

Since the tests were perform ed with vanes with the sam e 

diam eter , the values o f m v and M|j w ill depend only on the 

angle of rotation and not on the dim ensions of the vane. In 

a graphical plot with the vertical and horizontal axis 

representing M and H ,respectively, Eq. (2) w ill be a 

straight line which intersects the vertical axis at 2 Mjj and 

has an inclination equal to mv . The values on m v and 

can be used to determ ine the shear stres ses  T v and 

acting along the vertical and horizontal surfaces of the 

failure cylinder. The procedure was repeated for different 

angles of rotation until a peak value of X v j- and was 

obtained. Results from  tests with at lea st two vanes with 

different heights are however required. This method, un­

like that proposed by A a s (1965), can be used even if the 

peak values are not reached at the sam e angle of rotation.

The values on m v and w ere in this investigation 

determ ined with the least square method. In order to check 

the consistency of the resu lts , m v and w ere evaluated 

from  three different combinations of v an es. Combination 1 

consisted of the vanes with 1 6 .2 5 , 3 2 .5  and 65 mm height, 

Combination 2 of the vanes with 3 2 .5  and 65 mm height and 

Cbmbination 3 of the vanes with 3 2 .5 ,  65 and 130 (new vane) 

m m  height.

The modulus o f shear deformation o f the so il was obtained 

with the new vane bo rer  using the new 130 m m  vane from  

the relationship between average shear s tres s  and angle of 

rotation. The modulus was defined a s the secant modulus 

at a shear s tres s  equal to 4 k N /m  and w as calculated from  

the follow ing equation (Cadling & Odenstad, 1950)

G - (3)

where G = modulus of shear detorm ation, kN /m  

T = shear s tr e s s , kN /m  

0) = angle of rotation, radians.

TEST RESULTS

The undrained shear strength and the angle o f rotation at 

failure decreased with decreasing vane height. The strength 

obtained with the 65 mm vane was roughly 95 % and with 

the 16 .2 5  m m  vane 80 % of the strength obtained with the 

new 130 m m  vane. W hile the angle of rotation at failure 

below 4 .5  m  depth was about 2 .5  degrees for the new 

130 m m  vane, it was only 1 .3  degrees fo r  the 1 6 .2 5  mm 

vane. Above the 4 .5  m level the angle was much la rg er , 

it exceeded 5 degrees for  all vanes at a depth of 2 .0  m .

The angle at the peak strength was much larg er for the 

standard vane than for the new 130 m m  vane because of the 

relative ly  low stiffness of the standard vane. The angle 

increased from  about 2 .8  degrees at 4 .5  m depth to about 

4 .5  degrees at 1 2 .5  m depth. These results  w ere therefore 

not used for the study of the anisotropy.

The values of the ratio T ( ,f /  Tv f  shown in F ig . 3 corre ­

spond to the depths where at lea st two tests  w ere perform ed  

with each o f the four vanes. Combinations 1 and 2 gave 

s im ila r  results  except for a few le v e ls , while the results 

from  Combination 3 differed from  the other two com bi­

nations probably because o f the relative ly  high flexibility of 

the vane with 130 m m  height. It can be seen that the aver ­

age value o f the ratio T ^ f /  t vj  obtained with Combinations 

1 and 2 is  about 0 .6 .  If a triangular s tres s  distribution is

F ig . 3 Variation with depth of the ratio at three

different combinations of vanes
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F ig. 4  Variation with depth of shear strength at different 

rates of rotation
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assum ed along the two horizontal end surfa ces at the 

m aximum value of Mu the average value of x ^ f /  ly f  w ill 

increase by 33 % to  about 0 .8 . DISCUSSION O F THE TEST RESULTS

The shear strength obtained at different rotation rates is  

shown in F ig. 4 . Each point represents in general the 

average of two values. It is  c lea r that the low est strengths 

were obtained at low rotation ra tes . When the shear 

strengths from  each lev e l a re plotted in a double-logar ­

ithm ic diagram  as a function of the rotation rate, the 

results  a re located approxim ately on a straight line of the 

following form

I f --- kjW  k2 (4)

2
where t f = shear strength, k N /m

2
kj -  constant, kN /m

(I) -  rotation rate , deg rees/m inu te

k^ = exponent.

The test results  indicate that the ratio T j^ /  Tv f is  about

0 .6  to 0 .8  for  the Skâ Edeby clay while the tests in Norway 

by A a s (1965) gave values of 1 .5  to 2 .0  for  norm ally con­

solidated c la y s. The low ratio obtained for the Skâ Edeby 

clay may at lea st partly be caused by m icro -structura l 

anisotropy. Pusch (1970) has observed a preferred  

particle orientation parallel with the horizontal plane for 

the relatively  large p articles  in the glacial S ki Edeby c la y . 

T h ese particles may contribute to a la rg er dilatancy when 

the clay is  sheared along a vertical than along a horizontal 

plane. The glacial varved clay contains som e silt la y er s . 

T h ese la y ers may contribute to the discrepancy at a depth 

of 10 and 1 0 .5  m between Combinations 1 and 2 in F ig . 3 

and to low er coefficients of correlation for the exponent k2 

in E q . 4 at som e levels  in the g lacial c la y . The shear 

strength d ecreases with decreasing rotation rate in spite of 

the drainage which takes place during a vane test.

The exponent k2 was determ ined by the lea st square 

method for the investigated depths. In F ig s . 5 and 6 the 

exponent k2 is  com pared with the liquid lim it and with the 

modulus of shear deform ation ,respectively. It can be seen 

that the correlation with the modulus of shear deformation 

is  better than with the liquid lim it.

CONCLUSIONS

The following conclusions have been drawn for  the Skâ 

Edeby clay:
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1. The shear strength and the angle o f rotation at failure  

w ere both found to depend on the vane shape.

2 . The ratio X ^ /  T vj  was found to be low er than one when 

the degree of strength m obilization at the peak torque 

w as considered .

3 . The strength value was found to depend on the rotation 

rate according to a power function. A  better corre ­

lation was found between the exponent k2 and the 

modulus of shear deform ation than with the liquid 

lim it.
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The new vane b o rer  was designed by B . Lennberg, who 

a lso  perform ed the field tests  together with B . F arestad . 

The investigation was supported financially by the National 
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