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differences between results from laboratory vane tests in the silt
layers of laminated samples and results from homogoneous silt sanples
were observed,

Results from laboratory vane tests on silt vith different proe-
perties froa those observed in the first test series indicated an ine
crease in maximus torque with increasiang grain size accompanied by

docreasing uniforiity coefficiont.



CHAPTER II

REVIEY Or' Tl LITLERATHRE

Humerous articles have appeared concerning tae theory of shear
strength of soils. In 1773,Coulomb introduced i: his essay concerning
the earth pressure theory, an equation to determine the resistance of

soil to shear (sze Golder, 1948)., His cquation
S=c+0;tan¢ (1)

stated that the shear resistance () may be considered as the sum of
cohesion (¢) and frictional resistance., The frictional resistance is
dependent on the normal pressure (0;) acting on a considered plane and
on the angle of internal friction of the soil (g).

Hvorslev (1937) discovered thaot cohesion is a function of the
water content., He was able to prove that soils had a characteristic
angle of internal friction.

The determination of the shear strength coefficients of soil
was complicated by the pore pressure, generated durinpg stress changes,
in the fluid occupying the pore space. Terzhaci (1923 and 1933), clari-
fied the pore pressure concept by introducing the principle of offective
stress, This principle stated that the effective normnl stress is equal
to the gifforcnce betwcen the applied normal stress and the yrejsure in
the fluid occupying the pore space. This was expressed as

- (2)
g, =0,
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TABLE 1.—~COMPARATIVE SOIL SHEAR VALUES;
VANE SHEAR versus DIRECT BHEAR.

20

Soil Laboratory Direct Soil Shear
Shear Test Strength, psi
E
< g3 | nie | 0| Weleht)c ey | piea
. - [ 0 fy CU- 1e.
Location 'g Type fg & sione," fig;- xbOSe_. lated Vane
g ﬁ e |C,psi Py deg N, psi
Banfield Expressway
Sta. 0 + 18..ccivcinannaes 19.5| Org. clay 242 1 2.0 b 8.94| 2.8/ 9.4
27.5 . 268 1 1.5 34 9.55| 6.9] 7.9
32.5} Org. silt loam { 115 | 1.5 | 37 | 10.31] 9.2| 8.7 and
9.6
Sta. 23 4+ 85......040 v....]27.5| Clayey peat 278 | 1.5 ] 34.5| 4.565 4.6/ 8.3
39.5| Peaty clay loam 154 | O 36.5| 6.04| 4.5 4.6
Oregon Coast
Astoria—W. Lake
Sta. 126 4 50..... eeees 4.5 921 2.5|24 3.28| 4.0| 3.6
3.2
11.5 . 96 ] 0.5 35 8.36| 5.0| 3.4
13 5| Peaty silty clay {| gg | 0.5 |35 | 6.68| 5.2| 3.6
15.5 961 0.5| 35 7.14] 5.5| 4.9
16.5 96 0.5 ) 35 7.34| 5.6| 3.3
Sta. 127 + 50....c0neens 4.5 80| 2.0] 13.5] 2.13[ 2.5 3.4
8.5/} Silty clay loam 109 | 1.0 | 32 2.80| 2.8] 3.7
117.5 60 | 2.0 | 30 4.55| 4.6/ 5.5
Sta. 145 4+ 00..... P 4.5| Silt loam 128 1 0.5 | 25 1.71 1.3] 2.2
15.5] Org. clay 54 |0 37 4.99f 3.9 3.1
Sta. 165 + 00........c00. 11.5| Silty clay 99| 2.0| 4.5/ 3.60] 2.3 2.6
15.5| Peaty silt 57|1.0] 31 5.24] 4.1 2.2
20.5| Org. clay loam 61|10} 33 5.94] 4.9] 5.0
Sta. 270 +..ceevenrones 6.5| Silty clay loam 91 | 2.0 7 2.58) 2.3/ 3.0
7.5 Org. clay loam 71| 2.0 | 30 2.81f 3.6] 7.4
Sta. 297 +00......000ne 9.5| Silty clay 158 | 1.5 | 22 1.28/ 6.7] 3.8
Sta. 310 + 00.....cccvte 9.5| Silty clay loam 8710 33 1.95| 1.3| 3.0
Beaver Slough—Bandon .
County Bridge........ 8.5| Org. silt 7011.6 |11 3.43| 2.2/ 2.8
Siletz Ri Depoe Bay
St.:za. 7?%0..? ......... 16.5| Silty clay loam 81 0.5 | 27.5| 3.50f 2.0| 3.0
Coos—Bay——Roset;urg
Coqui le Pt
oélt‘:.n;;-l;-{}(;:.?... ....... 15.5| Clay 34 (7.533 [11.70| 15.0(14.7
Co'i"vallis-—-Newport
oledo By-Pass
. 85| 2.0 24 1.04] 2.5| 2.6
Sta. 206 2=, ,..00000000r g:g}Sllty clay { 85 | 2.0 | 24 1.22| 2.5/ 2’8
Th}e{ lDulles—California
amth Falls By-Pass
Ap '54) 588 | 6.5 | 31.5| 1.59 7.5/ 5.3
Stn. 159 ............. cen 9-5 Rent EJIP'M) 392 1.6 30 1.71 2'5 2.2
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TABLE A
Natural Atterberg Limits |
Case Description of Soil water —_ Shearing Strength Comments
Content |
Lo Py
% % %
(a) Very soft uniform dark gray 70 57 25 Vane testa gave a strength of about 260 psf.while
clay the shearing strength from unconfined tests
averaged 100 psf.
b Soft blue- varved cl 40 40 17 Vane tests and unconfined tests agreed close!
®) %nd slille gray varv i and averaged about 700 %sf. o iy
Blue-gray silty clay 38 30 21 Vane tests averaged 1,300 while unconfined tests
gave about 600 psf. for shearing strength.
ilty cla. 32 40 22 Vane tests averaged about 950 and unconfined
© Soft blue-gray silty clay tests 700 psf. Data from a few tests indicated
that the vane results were about midway be-
tween those from triaxial Q and Q. tests.

Bl &
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base (3)e Jix tightening rods (4) serewed into the base held the upper

and lower cylinders in positions Air-tight seals between the upper and

lower cylinders and betucen the lower cylinder and the base were cnsured
by neoprene O-rings (5 & 6).

The apparatus was asscmbled for the deaeration of the slurry as
indicated in Figure 10, The slurry consolidation cylinder was sealed on
top by a lucite cover (9) which contained an outlet valve (10), an aire
tight bearing (11), for the motor shaft (17) and a rubber stopper {12)
to seal the vacuum line (13). The vacuum was applicd by a Speedivac
High Vacuum Pump. An air-tight secal between the lucite cover and the
consolidation ¢ylinder was ensurcd by a high vacuum grease f£ilm (14)
placed on the top rim of the upper cylinder. Stirring action for the
slurry was provided by two propellers (18 & 19) attached to the motor
slinft and rotated by a vari-speed motor (15). A bracket (16) connected
the vari-speed motor rigidly to the lucite cover which was held in posi-
tion by the vacuum in the slurry consolidation cylinder,

For the cousolidation process, the lucite cover with the stirring
device was rcmoved. The piston (101) was inserted into the upper cylinder
(Figure 11). A lucite cap (107) and two O-rings (103) around the piston
provided guidance for the piston; the O-rings also ensured an air-tight
seal, The slurry was consolidated by applying an axial compressive foree
to the end of tuc niston shaft (102) and by allowing the water to escape
through a top porous stone (104) attached to the riston and through a
bottom porous stone (7) embedded in tho base (Figure 10).  After the
sluiry vas consoliduted into the lower cylinders the upper cylinder wus

removad,
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represcnted the outer edge of the vane blade. This arrangement caused
gsome additional disturbunce, but improved pore-water pressure readings
could oaly be obtained by measuring it directly on the failure surface

in this fashion,

B) Pore Pressurc Apparatus

The pore preosure apparatus was & 'no-flow" device as developed
by the MNorwegian Geotechnical Institute (Aindersen, Bjerrum, Dibiago,
Kjaernsli, 1557). It was modified (Figure 16) by replacing the 1/2 inch
0.D, copper tubing and ldinger valves by glass tubing and high vacuun
stop cocls. The 1/8 inch 0.D. copper tubing connecting the probe with
the pore pressure instrument was replaced by 1/8 inch 0.D. plastic tub-
inge. These modifications were necessary so that trapped air bubbles in
the apparatus could be obsc.ved. The 1/8 inch 0,P, plastic tubing also
provided a flexible connection between thie pore pressure instrurent and
the probe, which rotated with tho vane. The deacration of the watcx
used in the pore pressure apnaratus was accomplished by stirring at the
vapour pressure of water in a thrce gallon bottle by a 'Magmestir' until
air bubbles ceased to appear. Using this procedure, it was possible to
reduce the air ¢ontent of the water to lesc then one willigran per litre,
as deternined by random checks., The entire pore prescure device was
flushed with this water continuously until it was possible to reduce the
internal pressure to the vemour pressure of water by the cerew control,

As pore-wator pressures generated by the vane were confined to a
small volume éf pore~-vater, the "no-flow" condition of the pore preossure

apparatus was investigatcd. It was attempted to control flow of pore~
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Procedure:

(1) To check the response of the pore pressure device and
the saturation of the sample, the confining pressure was increased in
steps of 2 psi up to 16 psi and the pore-water pressure was recorded at
each steps Confining pressure and pore-water pressure vere tien reduced
to zero.

(ii) The axial load was applied. Deformation, pore-water
pressures and load were recorded at 1/2 minute intervals until the axial
load started to decrease.

The strain ratc for the triaxial tests on silt was approximately

5 per cent per minute, The tests were conducted without an applied con-

fining pressure.
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ing from 1.5 to 0.8 psi due to the limitations of the testing equigaent,
if the test had been conducted at the ordinary angular speed of the
torque dial of 3 degrees per second.

Photographs in Figure 25 indicated the development of a shear
failure surface during vane tests. As these tests were conducted at a
depth of insertion of 1 inch, it was possible that for tests at a greater
depth a different type of shear failure existed. To investigate the fail-
ure conditions at a greater depth, a silt sample was prepared in a brass
cylinder 5 inches high and 1.4 inches in diameter. The vane was inserted
to a depth of 3 inches and the torque wes applied until the angle of rot-
ation of the vane was about 20 degrees. The sample then was baked and
broken up, Yhe soil fragments (Figure 26) showed the same features as
indicated during vane tests at a depth of 1 inch, Consideravle deform-
ation (up to an angle of rotation of the vane of 15 desrees) took place
during a vane test, as the material detached itself from the back of the
vene blades creating a void, before a shear fuilure swiace was visible,
(Figure 25). Compressive stresses exerted by the vane blades caused tiis
deformation. These compressive stresses were also indicuted by the in-
crease in pore-water pressure up to an angle of rotution of the vane of
12, 16 and 10 degrees (Figure 24), (Cadlin; and Odenstad (1950) cowld
not satisfactorily explain the fact that rupture in cley did not occur
until an angle of rotation of the vane of about 15 dejrees was reuched).
The maximum torque of 1.4 inch-pounds (Figure 25) measured at an angle
of rotation of the vane of 10 degrees could be caused by coumpressive
stresses only as it was recorded before a shear fuilure surface appearcd,

The torque was smaller (1.3 1nch-pound8) when a shear fuilure surfuce
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TARLE II

Colibration of "o Mou' Pore Pressure Device for Voluvme Chrnpes in Tlestic “ubing Connectin: Pore Freseure

Instrinzent and Frobe,

1) Plestie Tvbinz: Pelvethylene, 2 ft. lenz, 1/8 in. 0,D. 2) Tlastic Tubing: Tygon, 5 ft. lon-, 1/C 3-. 0.D.

e L

Seale Disnlzcement of Right Branch Sezle Dicplacament of Rijut Tranca
Reading of I'ull Indicator Reading of NHull Indicntor
K c::a ' o) Kr,/cm2 !
+0.5 +k,0 +1.4 +1.0
+0.4 +3.5. +1.2 +049
+0,3 +2,0 +1.0 +048
+0.2 +1.5 +0.5 +Ced
+C,1 +0.5 +0.4 +0ulk
+7,0 0.0 +0.2 +0e2
~0.1 =0,1 0.0 0.0
=0,2 ~0.3 =0.1 =041
=0.3 =-1.5 =0.2 0.3
=04 «2,0 =0.3 ~0.5
=045 ~3.0 0.4 =047
=05 ~1.1

Tisplacenents coused by negative ceale recdinps are downwords and are indicated by a negative signe

L8



TATLE III

s . " s
Surmory of Vane Tects Conducted on Homogeneous Fort Dover 3ilt Samples of the D-Test Seriese.

Vone Dimensions 1 inch x 3/4% inch diamcter. Torsion spring lio. IV (0.04k in-lb/deg)e Probe mounted on

the vane (Figure 15 b)

Sazple Test Depth of Ange Jpecd  Jiaxe Porc-tater I'ressrre
lio. lice Insertion of Torque ‘“orque After Insertion After Vaiting Applied At Failure
of Vane Dial of Vane Poricd to vample
i dep/see in-1b i i vei 7ol
Dy 1 3 4 1.75 +1,0 not recorded -0.6
2 3 4 1.75 . «0.15 not recorded =Gl
3 2 b 1.55 0.0 not rece o€ Q.0
4 3 4 1.55 =0.15 not recorded 0.4
5 2 4 1.65 0.0 not recorded 0,85
6 2 4 1.55 0.0 rot recorded C.0
7 > 4 1.95 0.0 rot recorded 0,0
DZ 1 2 i cel -0,6 not recurded «0.35
2 2 4 1.95 +1.h not recorded ~0¢3
3 3 b 242 +0.15 not recorded 0.0
4 3 4 1.7 40,15 not recorded 0,15

€3



Sarmiple Test Depth ¢f  Ang. opecd  llaxe
Yoe Ho. Insertion of Torque Torgue
of Vane Dial

n

der/see in=lb

E=

2.3
2.
2.6
2,35
2,0
2.1
2.0
2.75
2.35
2.6
2.6
2.3
2.3
2.45
2.0
1.75
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TABLE III (continued)

Somple Test Depth of Ang. Speed HMax, Pore-tiater Pressure
o, No, Insertion of Torque Torque After Insertion After Vaiting Applied At Tailure
of Vane Dial of Vane Period to Sample

in derr/sce in-1b psi psi ol rsi

Dg 1 2 3 1.5 +1.2 0.0 +1.1

2 2 3 1,7 +1,2 0.0 -0.3

3 2 3 1,7 +1,2 0.0 0.0

b 2 3 2.8 -2.9 -3.8

5 3 3 2,45 4.3 =35

6 3 3 2,2 _ -1.7 -1.4

4 3 3 1.95 +0,6 =0.1 -0.6

8 3 3 2.35 +0.6 0.0 -1.7

9 3 3 1.6 0.0 -0.1 0.0

10 3 3 1.5 +0.3 0.0 0.3

11 3 3 1.55 0.0 0.0 0.0

by 1 3 3 1.65 +0,6 0.0 0.0

2 3 ] 1.55 +0.7 40,1 +0,7

3 2 3 1.65 ~0.3 Ho waiting poriod +0.3
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TABLE IIXa

Summary of Vane Tests No, 5, 6 and 7 of Port Dover Silt Sample Dg,

Torque and pore—~water pressure readings were taken in stages of 5 degrees
of rotation of the vane, duration of each‘stago was about 15 scconds.
This test procedure would correspond to an average angular speed of the
vane of about 0.3 deg/sec and an average angular speed of the torque

dial of about 1 deg/sec.

Test No, Degrees of Torque Pore—iater
Rotation of Pressure
the Vane in—1b poi
5 0 0.C +0.7
5 0.9 +0,85
10 1.3 +1.1
15 1.5 +1.25
20 1.4 +1.25
25 1.4 +1,1
20 1.k +1.0
35 1.4 41,0
40 1.4 +0,85
6 o] 0.0 +1.1
5 1.1 Al
10 1.5 +1.5
15 1.4 +1.4
20 1.4 +1.3
25 1.4 40,95
30 b 40,95
25 1.k +0.95

L0 1l.b4 +0.8









TADLE V

Summary of Vane Tests Conducted on Homogeneous Lilt Sanple Cl

The cilt was Fort Uover silt with the fine praine removed (Fisure 9).
Vune dimensions 1 inen x 3/4 inch diameter.

Torsion spring ho,IV (C,G4h in-lb/des).

Frobe inserted besice the vane (Figure 15a),

Angular speed of tho torque dial 15 dez/cec.

Water content 24,3 per cent.

Test Depth of Maxe Pore-Yuter Tore~later
No. Ingertion Torque Fressure Iressure
of Vane After Insertion Ab Failure
in in~lb roi psi

1 2 3.55 ~0.3 -0.6

2 2 3.9 +0.8 0.0

3 2 3.7 ~0,8 0.0
4 2 4.55 0.0 -0.85
5 3 L7 0.0 -1.05
6 3 3.5 0.0 -0.35

7 3 2.9 ~0.85 ~0,3

3 3 2.9 0.0 0.0
9 3 3.3 -1.1 85
10 3 4,1 -0,3 =085












TABLE Vila

Logdine Data of Undroined Teiodal (0) Towts Conductod on Semple D,

5
Test Noe 1 Date: June 25, 1962,

Confiring prossure 0.1 pei (hydrostotic pressure of water in trimdial cell)

Time Idapsed Load Defornation Sirain Corrected Total Forc~iater

Tire Srea Stress Gi Pressure
P min 1b in o/o in2 »si ped
12:40 0.0 C.0 0,000 0.0 1,54 0.C0 0.0

0.5 1.6 0.055 1.6 1.57 1.12 0.0

1.5 2.6 0.172 6.2 1,64 1.68 +0,15

2.5 3¢5 0.234 103 1.71 2.1k +0.15

e 3.7 0,400 1k,5 1.50 215 0.0

4.5 L. 0.520 12.5 1,90 2.25 =0,15

Seb L 0,640 23.2 2.00 2.30 -0.25

6.5 L7 04745 27.0 2.10 2,33 =0.25 mex. deviator stress

75 L9 0.872 31.7 2420 2632 =0425

€5



TAOLE VITh

Loadinm Data of Undrained Triesrindl {0) Tects Comducted on Sruple D

2
3
Test iios 1 www s Tune 22, 1962.

Confining presaure 0.1 psi (hydrostatic pressure of waver in triaxial cell)

Tine Glapsed Load Deformation Ltrain Corrccted Total Pore=tlater
Tiice Area Stress O 1 Prossure
p o min 1h in o/o :S.n2 pSi =1
3:20 04,00 U0 0.000 0.0 1.54 0,00 0,0
3:20 0.25 1.50 0.040 1.5 1.55 1,10 0.0
3120 0450 34110 0.115 k2 1,61 2,21 0.0
3:21 1,00 4,50 0.191 6.9 1.05 2.82 0.0
3:21 1.50 L,00 0.270 9.3 1,71 2.96 ~0.3 max. deviator
stress
3:22 2,00 bo93 0.370 13.4 1.78 2,88 ~0.55
3123 3400 5400 0,540 19.6 1.01 2.7k =047
32k 4,00 5,20 0,730 26.5 2.C9 2.59 -0.7
3:25 5.00 5.60 0.917 333 2.30 2.5% =0.7

00T



TABL™ VIXI

Loading Data of Undrained Trisrvicl (C) Test Conducted on Szomule }5

Tect Nce 1 Cate: ouly &, 1552,

Confining preszure 0.1 psi (hycrostatic prcasure of weter in triaxial cell)

Tie Llapced ILoad Defcrmation Corrected Total Pore=iiater
Tite Area Stress Ui I'ressare
pnm rin 1b in in2 noi nsi
0.Q0 0.0
0.30 =043
1.40 =0.3
1.78 ~0.3
2,14 0.3
2.90 ~0.3
325 -0.38
3,80 «Ou
Las =055
k.00 0.6

T0T



