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hject: Correlation of fisld penetrution and vene shear test for
saturated cobesive soils

sents the resuits of & ressarch study in which an

wes :
ght be & direct relatiopship, and the first objective of this study wae
or not this relationship existed. If the relation-
dp did exist, then the correlation could be used to make pevetration
more ve t

sistance data usable on & gquantitative bagis than it has been in
@ past.
# field pepetration test with split tube sampler bas been used for a

sber of years for estimating the denseness or firmness of soils. The
~place vane shear test has aleo besn used in recent ysars to determine
# in-place ahear resistance of saturated cohssive soils for the dssign
and of penetratiom
fistance holes and vane test holes have been drilled in the same areas
fev Reclamation projects. These adjacent, or nsarly sdjacent, drill
tests provided informstion for study. Such informstion was available
sodl igations of Willssd Dam near Ogden, Utah; Stanaker Dum
Vernal, Utah; and Crown Hill Cemetery in Denver, where a special
march project on subsurface explorstion was conducted.

!

DISCUBSION OF FIELD BQUIPMENT USED

shear tast apparatus and the standard split tube sampler are the
of equipment used to gather the field dats correlated in this
ort. The vane abear apparstus is described in Desigmation E-20 1/ and

ion resistance test equipment in Designation E-21 2/ of the
4h Manual, 1960 Edition.

3

“Wusbers refer O references at end of the report.
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out nev variables and empbasize the trends. Some
correlation points, .ad others show only clays aod
Some graphs exclude points considered to have low reliability
of all types.

DISCUSSIOR OF RESULTS

Most of the correlation points were cobtained from Willard Dam and
Crown Eill Cemetery. The Crown Hill Cemetery data were more essily
correlated than the Willard Dam dats, probably because Crown Hill tests
ve) - made specifically for research and extrsa precautions were taken.

As stated above, some correlation points vere grouped as baving low relia-
bility because of irregularities in the vane test, or great difficulty im
correlating strata between holes. However, all points. -3 sac2a of degree
of reliability, vere included in the tabulation 7 correlation points to
insure that no useful data were overlookasd.

Figuae 3 is & plot of all the correlation points. The presence of
severel unreliable points makes a trend Jifficult to distinguish, but most
of the points seem to lie in a belt vhicn trends upward to the right as
shown by the dashed curveas. A fev veiry finme sapds and zome silts were
included in this study, and it 1s intersting to note that almost all of
thess materials lie within the trend shown, It msy be that these sands
axd silts seem to conform only because relatively few tests were made in
these materials, since vane tests are not gemerally considered applicable
for cobesionless granular soils.

Figure 4 is similar to Figure 3, but excludes the poinis consicered to have
lov relisbility. A definite tren’ is more obvious on this graph. There
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greater than 20 feet and indi

|

widsning effect is probably dus to the inclusion of low relisbility poimts.
20-t0 125-foot dapths bave moved up and widened slightly.
balts, however, cover approximately the same area. This
conteins & curve which represents data published by Tersaghi
is based on one-half the unconfined compression strength

af penstration resistance versus cne-balf the unconfined
i of several clay soils testsed in the course of project
- It 1is interesting to note that these points temd to
ich is slightly higher than Tersaghi and Peck's correlation
also appears to start from the origin. The portion of this
repistance versus shear strength curve above sbout 15 psi and
foot penetrution resistance is in e similar range of wvalues
that of the wvane test correlation curves, presented i2 this report.
is may be axplained by the fact that these stiffer clays are better able
to retain their structure during sampling snd, therefore, the unconfined

compression tast more closely represents in-place shear streagth.




However, in soft soils the pepetraticn resistance test is critically
affected by the langth of drill rod, which causes & reduction in the
pemetration resistance values.

CORCLUSIONS

d. The results of this preliminery study indicats that a defimite relation-
ship between penetration resistance and in-place shear strength does exist,
although there is yst much to learm about the relstiomship. At this point,
it appears that shear strength of saturated cobesive scils is closely pro-

portional to pemetration resistance in the range of 1 to 13 blows per foot.

2. The correlation be'ts (Pigure 6) ssem to Jove wupward slightly with
incresaing depth, alt!wough a comparison of poiots obilzined at different
depth renges indicates that as depth increases, consistent results become
more difficult to obtain. Since most of the field tests were made in
relatively soft materials, it is likely that the ghift upward is partly due
to the increassd welight of drill rods.

w

« Bince all of the correlation poinmts for O- to 20-foot depths plot in
approxisatsly the same ares, it seems that for this depth increment, the
of depth is negligible. The exclusion of the low reliability
serves to eliminate many of the serious deviations from thwm trend,
does not narrow or shift the positiom of the correlation belt

g.!.i?

k. Terzaghi and Peck hli_/ published the following table showing the
approximate relationship between unconfined compressive strength and
penttration resistance in blows per foot.
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iminary work where conservatism is desirable.
; however, that for very soft soils where little
resistance is observed, the shear strength, as measured
, BAY be in the order of 5 pei. Pemstration with a few or
soils may be caused by the weight of the test apparatus.
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effect of rod weight and length upon penetration resistance
fully understood, and it bas not been definitely proven in this
penetration resistance is a fumction of shear strength alowe,
this study shows interesting and useful trends. Some of the
the above quagtions can probably e cbtained in future studiss
subdividing correlations into depth inmcrements. With this

as & beginning, further cbservations can be added to the

and programs can be specifically planned to evaluate some
items still in guestion.
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SGroupings are the opinion of W. N. Houston
REASONS FOR GROUPING SOME CTTRELATION POINTS AS LOW OR MEDIUM RELIABILITY

l. Limit of vane test apparatus reached before failuvre.

2. S8lippage in vapne test apparatus during test.

3. Promounced irregularity in vape readings.

k. MNecessity to interpolate for friction values in vane tests.

5. Interference by rocks.

6. Tests performed above or near the water table.

T- High probability that shear strength and pepetratiom resistance
vere not measwed in the same gtrata.
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STANDARD SPLIT TUBE SAMPLER 0I-N=- 169

Field Penetration Test liquipment
Used by The Bureau of Reclamation
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