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The Application of Field Vane Test and Precautions for its use
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SYNOPSIS : In spite that vane test is known to be one of the best technology
in the field investigation practice to obtain the in-situ undrained shear strength, it
has not frequently been applied to the design of soil structure in Korea. For this
reason. a vane test method which has recently been developed is introduced and
is evaluated by the literature research in this study.

Especially, the effect of its size, strain rate, penetration depth and PI relationship
were summarized and the field application schemes of vane test was suggested.

In addition, the newly developed technology on vane test was introduced.
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Sutc triaxial compression test —_
Sute triaxial extension test

Supsa plane strain active test A Al Y
Supsp plane strain passive test —
Sufv field vane test —

Supm pressuremeter test A=A A1

Sucp cone penetrometer test
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2Asojew AT 53] Wroth(1984)o] o3 EAsA A= o

E, 4% YA PG ol gdte] AutAFE Tt sl o] &l 3l
&84S Campanella & Robertson(1983)e] 2]8] <Table 1>3 Zo] Z A7is
i A4

<Table 1> Perceived applicability of in situ test method - updated in 1982.
(after Campanella & Robertson, 1983)
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z = = x e = 5 £ 3
S 2 s 7 2 E ¢ = 3 E
~ £ L 9z I = £ = z £ i
2 Tz 2 ¢z £ ¢ § % Z % %
z 2 = v = . =T £ % z < 3z
= € : = £ ¢ 5 37 £ £ & 5 =z
& & 2 < Z & # 3 & < & =z Z
Dynamic conc C A B 4 ( - C — C
Static cone
Mechanical B A B « B — C B C - B
Electrical friction B A B « B — ¢ B C — B
Electrical piczo~ A A B B B A A B B A B B A
Electrical piezo/friction A A A B B A A B B A B B A
Acoustic probe C B B C C - C ¢ - - - - C
Dilatometer B A B C B - B B C - -  C B
Vane shear B C — — A — B — - - - - -
Standard penetration test B B B C C —_ - - C - - - A
Seismic cone penetration
test downhole C C C — — — — A — — - B B
K, blade _— —_ — —_ - B - - - - = -
Resistivity probe B B A B C — C C ¢ - - C A
Borehole permeability C — — — — A — — — B A - -
Hydraulic fracture — — — — — B B - — C C - —
Screw plate C C B C B — B A B c C B B
Seismic downhole C C C —_ - - - A -~ - - B B
Impact cone C B C C C — C C cC - - - C
Borehole shear C C — B B — C cC - - — C -
Ménard pressuremeter B B C B B — C B B — — C C
Self-boring pressuremeter B B A A A A A A A A B A A
Self-boring devices
K, meter —_ —_ —_ — — — A - - = = —_
Lateral penctrometer C C B B B — B B cC - - —
Shear vane B C — — A — B - - - - =
Seismic cross-hole C C B — — - .- A — —- — B B
Nuclear tests P — — A B —_ - = C - - - - C
Plate load tests - C C B B C — B A B C C B B

* A. high applicability: B, moderate applicability; C, limited applicability.
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<Table 1> e vie} o] HiQd APL vl ZEESE A= o 73
T AAE A€ F USS AEEC] Y& YE Ao ® gy
& Al o] <Fig. I>o Yehd vlel o] nujF AYFEe Ao A

YIS TR o PG ANY YL AdFo] e Fasiy Ay
Wi vl X <Table 2>0) ueld ule} 2o},

Undrained shear strength: kPa

0 40 80 120
0 T T T 3

T T

Undrained shear strength: kPa
Q 40 80
T

Depth: m
>
T
/
ka/
Depth below sea floor m

24+ —

CKoUE

CKyuUC (b)
DSS FV o

(a)

-

32

CKyUC Triaxial compression
CKoUE Triaxial extension
DSS Direct simple shear
FV Field vane
<Fig. 1> Profiles of the undrained shear strength measured in different tests at
two soft clay sites in Italy (after Ghionna et al., 1983) :

(a)Porto Tolle; (b)Panigaglia
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and Morita (1985), test data reported by Ladd (1973)

<Table 2> Undrained strength for various testing methods (after Ohta, Nishihara

0c’*(142K0) Mexp(-A) (1)
i 3/3(coshg - sinhBcos28)
i OCRA(142X0) M exp(-A) (2
. 3/5(£osh’8-sinh’8c0512u-sinthinZu )
6sind' 3(1-Xo) A
. t = ] -C Ng =—"—— = Q
3-sing’ * AR T T
Type . - 8lue marine clay
g? Reduced esuilhon for]§gec1fled teSUpPI=26 ¢'=33° Koro.§
test on normally consolidated clay measured [predicted
Ko-consolidated Plane strain Comp .,
KoPUC
A S_u ) (1+2Xo) Mexp(-A) 0.34 0.347
(A) & 3/(coshg- sinha) '
Xo-consolidated Triaxial Comp.
KUC g, 142k An
29 . Mexp(2e-4) {0.33 0.318
Ovo M
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%o 373 .
Direct Simple Shear
0SS
22 _S;~ (1+2Ko) K exo(-4A) 020 0224
(D) ol 3/3coshg
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SB[ E su | paowestn 019 | 0165
' oy 37/3(coshB+ sinhs)
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KoUE S
._Ll’. = .]_+.2_K_2 Hexp(-ﬁb-,\) 0.155 0.135
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w FV Sh _ (142Ka) Mexp(-A)
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Swedish Sounding A|go] MeH 1 Ut} = HAAHe o]guTr} wx @
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HAA P 19193  Olssonol] 23] A& AlL5Uctz  Flodin &
Broms(1981)7F AlAlst gle uF diAH o2 19289 Hol Agula SYoA
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A W HAZE e 4HA AFRY Fo o))

Cadling & Odenstad(1950)= ®|lo] 3| @ 3o] wal Torque momentE QI3

TEHE JAGAE7 488 BEHAAM 9 ge Eds A g

Su=—*L5+

nDz(H+€)

T : Torque moment
H : il 27l Fo]
D : HQl g7 27
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2AAE 0, %o shEA Swix ANGL BT Be 4L A
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et F A9 g v 5% FT9 Aols Yeye o 4
Cadling & Odenstad(1950)= A utol] |2 AY3IE 2 Qs WA= o
BAEE By st Wi Frlvl(perimeter ratio)E AjA YL, W<
Azt 7t met AeRErt F43e =gy
Aas(1965), Torstensson(1977) T % HG&E7F vjul: ZEo nxjEs 93

o

S A A4 5L, La Rochelle, Roy and Tavernas(1973)% #ol 7je] %] y]o
wet vlujg ADFE] H2FHE FAHOE A7)t Aas(1965, 1967)
T ER Y golgt Eo Aolz QF oL YEIE £ e WL
At 3} o}

Menzies & Mailey(1976) 20° oA 70° 7z A2 g2 7158 zt:= 4| o]
= AFst] dEFEE Ao, Bjerrum(1972)& 24 x| 52 o] &5t
NEZEE BAStD ddxubge] 29 HES AANS AHrlet:s =
A2 ARE A

Wroth(1984)= Rankine lecture ‘FH =20l ojwj7tx] oA Fe] uxz}
Aol g e AMAUA Hstd Ao, Davies & Parry(1982)
C HAEFAYE AHEEt W HAdFEe WIE AZsto 2 x| Ay
e H Fo ZE7t oj$ AYS BRI

Morris & William (1993) & A9 Fol FE3H9 & 5 uaid )
EE EES oo AAsE P& AEd v Qo)

Otha et al.(1993) 52 Cam Clay Modelol Q3 AutA42 o=y w <l
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ulof H=2Do]W, 7T=3.67DS, °lt}.
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<Fig. 2> Method of determining soil anisotropy (Aas, 1965, 1967)
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Chandler(1987) EZ Wil g U2 983 2o AAsn 9ok
(i) 47h¢] ¥l SNE A2 HEsn
(ii) =ol¢k &9 vl 211 #X
(1) H=130mm, D=65mmE EF o7 A}L3 1
(iv) /0 57A1=2mm § =
(v) B3H<12%
(vi) Rode] v} &£
(vii) 2ol 49l 3 EXAZk=58 B
(vii)) 12° / min £52 37
(ix) Ak

3.0 Ndol 9P wxe

Sis
2
U

(1) ¥lQle] =]

oMo Jgg vul: 2ESE 257 Q= ARs 379 d] 2l
= Adsor gt AP HFY Lo stHHE ze siQlo]l FA
AR A2 HWeol 50mm, Eo] 100mm o] Ao wole o)A AT
st glow] yolo] 209 o] zt= AL J|Roz Hostq At
SGI= ZrZ} 65X 130mme} 55X 110mm 2359} wj9e ALE3EE a3 9
25, Chandleres & W9l AP0 2 65x130mm F2<S HAastn Jo. a2
2tk BS 1377:197501 & EZF w[<le) 27| S <Table 353 o] Fo day
=ol meh Pt A8 =R Anetn QYo F dokd x|z = ]
de 255 27830 Avh E v]FL Casing A7)0 whel #) ol azrtg ¢
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<Table 3> Standard dimensions for the vane by BS 1377

Vane dimensions

Soil shear strength (kPa) Rod Dia. (mm)
height (mm) | width (mm)
< 50 150 75 <13
50 ~ 75 100 50 <13
> 75 Not suitable

<Table 4> USA Specification for vane blades

(mm)
) ) ) ) Blade Dia. of vane
Casing size Vane dia. Vane height ]
thickness rod
AX 38.1 76.2 ‘ 16 12.7
BX 50.8 101.6 | 16 12.7
NX 635 1270 | 32 12.7
I

4 inch 92.1 184.1 ! 3.2 12.7

I Menzies et al.(1980) 52 120x240mme] )& AL A}L3}d A3}
2.0, Kirkpatrick et al.(1984)2 A7 & o2 12.7x12.7mme] AHAlz}E A
d0& ALE3tE AldE Sl

ot Kl

(2) MRle] =7

Hlel FAE W Addl we e g FAeo FFL vlA wus
AuREe Aol & Aols YA Bk Wl SAd ae Yy
0@ §qL <Fig. 3>o] UEhd viel 2 F4e e 53 ol we
3 gelo] WA AW AREAL A Roju Ak

I La Rochella et al.(1973) &2 Aol 23t i FAo) o3& nujs



Az WHste Hd T et EF 42 9FE VA<
gelsta Yt vH<Fig. 4> FZ), 4 EY EF JE7 md o

4.70mme] w1} F7 1.6mm¢<l

21

o

$2 vasd wuF AVFETL F

2 50% AE 74A%TS Yz o

e ?
Perimeter ratio,

=4
a e/nD

| Fallure surface
p

Disturbed

<Fig. 3> Diagrammatic illustration of vane insertion disturbance

(after Cading & Odenstad 1950 and La Rochelle et al., 1973)

N
~depth &m
N

n
o
T

A

o

2

]
=
A&

W
()]

Undrained shear strength, kPa
~
T 7 C? T—7
/., //
/R /
/ A
/ /g
//.

e=160 195

310

A
- NGI ston\dom\

. L.'{Omm

0

5

Permeter ratio, a, %

10

15

<Fig. 4> Effect of field vane blade thickness(e) on measured undrained strength

(La Rochelle et al., 1973)
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o= _‘71?% ......................................................... 9)
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<Fig. 45 AU 1% FES dehia v J9REE 30% ol
Begrte 4 4ge BAFD Aok Wk T 2mm, % T5mme) ¥lg
AR a=34%8) FANE 2 A9 BT
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A HolM Rode] Aol 0ojatwl 5 u](Perimeter Ratio)= ™ A H|(Area
ratio)®} 123 22 & oujdth = YHES oy hald g wig)
AIR(BS 71¥)e] mo] mlx e JFL the <Table 4>0] LepY upo} 7o)
AR—MHZE R Bolls £10% Fxo] w4 Augce] was Hazy
AVHF 22 B 20~30% Z2FE UYeblT Qo) ouin)s} 2 x| uhe)
Aol A AE Agdl Fo7t Wo e Ueulm Ut} (Chandler, 1987)

<Table 4> Postulated effects of insertion disturbance on the undrained strength

measured by the field vane

Measured value of c,
In 'Standard’ With no After 24 hrs.'rest'
Sensitivity test insertion ('consolidated-
' disturbance undrained' c)
Low - medium +0.9 1.0 +1.1
ligh 0.7 - 0.8 1.0 +1.1

(3) w1 Al 9%

HA AFE Adzel A AY AYNA AHsts B Ao
Qo7 AFE AP F oude AYsts By So] Agwch o] A%
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4) WY FH&EE

VEZE NEolM 5 AstE T S0 2 A4S vxA "coh Uut
oz =3 £52 Y& 7teid JUAER Z2sE AFS ey @
. Torsrensson(1977)2 o] 4m A ukol A w|Qlo) A& T wet AGAE
o W3E <Fig. 5>9 o] BAFYY. JHSEE WA P A2
2~3" o AN HAZEE Jelds oluf wluj4d AUBEZE o
ARE A5 vAdY JAEE7 A RS vAL =AY g2 4
L2 027 /sec HEE HAANF AL A3 Yoy, BSAAE 6 ~12°
/ming A3t o ASTM D2573-72%& 6° /ming& 2751 9o},

rlr

o

Cadling3} Odenstad(1950)2 0.1° /sec ~ 1.0° /sec A}o] A AdRes &
A3 F7heE #ARAL, NGIE 02~04° fsec® L7383 1~32 A}o]o|
Grjel Ed@vin sk £ AgHoZE 15m ojule AR 02°
fsece] AAYF SE2 HAAINAW 1 o) HoldNE AT} 207}
dastrta s

Bockepol; depth & m

30

L
] 2 t=7s
: 3 =1 m
] 3 \ ) & t=10min
20 \ N ; S ':1“)"’8.1?
3 \ H 6 t=1000min
2 : 7. +=%0000mn
» 7 .Q’s
S i e
é 10 %{\: ~ l
] — — ;
? 7
|
0 1
n S 10 15 20 30 L 0 0 N

angular rotation, dearees

<Fig. 5> Effect of testing rate on the 'stress-strain’ curve for a vane test

(Torstensson, 1977). (t=time to maximum torque)
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(5) Thixotropy <3 &

Flaate(1966)= & Awtfol AUAL w +T5o] AdswiA
thixotropyoll o\ % YEZES Z717F debdtin stk gebq wog Al
& F WY Aol ARG F AYL AN = BAE AsA 8
Aolth & W2l AT AGARAIZ Abolo] AP “BEUI) A0 Ba
e om e,

Kimura & Saitoh(1983)9] <Fig. 6>3 Z+-& Al@atZ AT wole] Abjebm
Aol 7bd 2 3ol FAHD ow of 3B AFeN HIigte] d
Y gastEs AR AL vAFT Yok

8O

’3 - Kawasan clay
© 60+ \\ﬁw
a. [
~ % ! %ee
o
z &5 / ‘.\0’5“‘””“
B 40t < ¢
§ = = Chav cant crashed
a . - C e ety e
g -Q'
& °0f !
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|1 —— A
5 = 0 200

Tene man

<Fig. 6> Variation of pore pressure during and following vane insertion

(adapted from Kimura & Saitoh, 1983)
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9l Ao A] = Plastic Index(PDoll whet Wate ko2 <Fig. 7> o8 7
& & ok oju i wde AT APAES oA wt H-H

= golth

L

Correction Factor,

<Fig.

Empirical correlation established

10 / from embankment failures, f.
' Estimated effect of
0-8r anisotropy
06 |- : :
Estimated time effect, ,JR N
Modified
4 -
0 (cu) field = (culvane bybg | (AZZouz et al.1983)
02 1 | 1 1 B | J
0 20 40 60 80 100 120

Plasticity Index, Iy, %

7> Factors relating vane and field strengths (Bjerrum, 1973)

Mesri(1975) Bjerrum(1972)2] @3 il BRIl 2749 APAE %7}
sl PIS} uSwo. o BAE UEhAY. (<Fig 8> FZ)
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T /
v a) Trerds for vane strengths
field vane 0.4 // - of normally consolidated - lavs.
/ oungP_’__‘______ )
0.2 ]
oy
0.0
0 20 40 60 80 100
Ip
20
f Aged
d ge ,>/ r,—-—'
vC
" / b) Effects of ageing on apparent
o 1.5 . X
v : overconsolidation
Young
1.0 /

0 20 40 €0 80 100
Ip *t

0.4 T
._(.:‘i Aged /‘L’;_‘ "¢) Trends for Cu/c' from vane
dvt 0.2 tests on low Ochcclays
fieldvane F-Ym{ng (combining a) and b))
0 20 40 60 80 100
Ip *le
0.4
i S_LL d) Trends for field strengths for
0! 02 low OCR clays (combining c).
ve with Figure 3.10

0
0 20 40 60 80 100
Ip *l

<Fig. 8> Reinterpretation of Bjerrum's data (after Mesri, 1975)
o] Z3tol] oatd AW HHe] HEEE Suo, = 022014 A I
3 e vz 2ee etz lth 2y Pl-Su/e, BAE 4% T

7bats @Al QQobs siAlelA OCRel wat 1 geizh dolg aAZA o

¥ oyt A= AT
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eglue Aue Asiere] A4S PI=10~209) WFOl =& Ao wm ¢
sjore] 29 PI=20~30 AES Aol B AL 1A W RAAF u
S1e AHSE 2 e ez gtk 2y ¢del AP el Pzt
o] YR WAYS FAstal oo iy AES wesolop @ Rolth

4. 8 2 A&

Ao 47 e £ Ae WA Aol A ATEFH FAL Y
2 2EANe 5 FIsdd. fAdBdN 2AHE F8ES A7 Wy
AGRESo] YRE AEFAF, AEUAF (KU0), AHAE AF 5 AW A
Pojat ojEdte AL GFd Y Ag AY/RBAEE 71ed vFo 77
gabaich Wi AP AW Age BEAANE SEITE HAEG vy

N5

7} He AL oz Adsoor &

Wel Aldo] mig HEE WHYAE BRstm AP r71e AF, 4A,
AE By SoA A FAF 78l ¥od AARE a=2d £ Ao
o2 95t JAE AlY 71Fol AAFHjoF e w2t At giF
2 i HAE AuwAdS Zste ol dig 848 wRsE A7l
AUt 82 AF AxE 7t xn Agsojol ¥ ZHelth. 53 OCREAH}
Sulo, P Pl BA, 3A Azbz}t zgke] ojHbdo] mE RAAFe] HA,
<17} Piezocone AlE L ZAF AU A¥FH HAAH AT Fol 2F4 I
= AMEAN G nstd HgF ool & Holn.

£ o= Wiesel(1973) Soll 2 AI¢td dzka] dd AlF717F A%
B zoln 3 AFAZ A2y F35AdS FHste FASo] BaH
T glon uFg Fole AMEE FAEo] MEFHT Qo MEE ZAPYH

AMg Aot SAULE ol dd A7r sl k4
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