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A STUDY ON THE CORRELATION BETWEEN DAM FOUNDATION BEDROCK
GLASSIFICATION AND IN SITU SHEARING TEST VALUE

Etude sur la corrélation entre la classification des roches de fondation de
barrages et les valeurs deg essals de clsalllement in situ

Eine Studie Gber die Bezlehung zwischen der Felsgate von
Staudammgrindungen und Ergebnissen von in-situ Scherversuchen

Mitsuaki Mizuno, Tadahiko Fujisawa, and Kozo Saito
Public Works Research Institute, Ministry of Construction

SYNOPSIS

In Japan a bedrock classification method is used to reflect the bedrock mechanical property data obtained from the in
situ tests at the design stage. In the present state of the art, however, the results of bedrock tests conducted for the
same bedrock classification often vary. This paper analyzes fn situ bedrock shearing test data obtained from a number of
dam sites in Japan to deternine the causes of the variations in the test data and to study the relatfonships between the
bedrock classification of the dam foundation and those strength characteristics. This paper also discusses the proced-
ures for conducting the in situ tests.

RESUME

Au Japon, une néthode de classification des rockes utilise les caractéristiques mécaniques des roches. Les données sont
obtenues in sity av stade de 1a conception des travaux. Cependant, jusqu'8 présent, les résultats de ces essais. effec-
tufs pour une méne classification de roche, varient souvent entre eux. Cette communication analyse les donnes d'essais
de cisaillement obtenues in situ & plusieurs emplacements de barrages au Japon afin de préciser les causes des varia-
tions des donntes d'essafs et d'8tudier les rapports entre 1a classification de 1a roche d'une fondation de barrage
donn€e et les caractéristiques de résistance au cisaillement. On exanine &galement les procddés de réalisation des
essafs in situ.

ZUSAMMENFASSUNG

In Japan wird eine bestimte Xlassifikationsmethode des Gebirges von Staumauvergriindungen beniitzt, in die die mechani-
schen Efgenschaften des Griindungsfelsens entsprechend den in der Entwurfsphasy durchgefiihrten in-situ Yersuchen eingeht.
Der gegenwdrtige Kenntnisstand ist jedoch noch unbefriedigend, da hiufig verschiedenartige in-situ Yersuchsergebnisse
mit einer glefchen Gebirgsklassifizierungsgiite vérbunden sind. In vorliegender Arbeit werden Gebirgsscherversuche an ver-
schiedenen japanischen Dammbaustellen analysiert, um Hintergrinde fir die Varfationen der Yersuchsergebnisse zu gewinnen,
und um Bezfehungen zwischen Gebirgsgiite von Staumavergriindungen und Festigkeitscharakteristiken aufzuzeligen. Desweiteren

werden Yerfahren zur Durchfihrung der in-sfitu Yersuche diskutiert.

1. INTRODUCTION

In Japan, bedrock is classified according to
information obtained by boring, adit observation,
so forth, to evaluate the mechanical properties
of dam foundation bedrock. The physical prop-
erties used to evaluate the mechanical stability
of dam foundatjon bedrock include shear strength
and modulus of elasticity.

In Japan, dam foundations are usually classified
into several groups according to the bedrock
classification method. To improve design ac-
curacy, it is of great importance to improve the
correlation between the bedrock classifications
and physical properties, - At each Jan site, in
situ tests are made and a review of the bedrock
classification and test data is carried out
before and after the in situ tests.

Accordingly, the correlation be: -een the bedrock
classification and test data is usuvally good for
each dam site, The correlation is not always
good between different dams or under different
geological conditions, however. Although the
bedrock classification is intended as an abso-
lute classification of bedrock independent of
geology and petrology, rocks of the same class
often show different physical properties where
the geography or geology differs.

2, BEDROCK CLASSIFICATION AND IN SI1TU TEST

2.1 Bedrock Classification for Dam Foundations
and Classifying Elements

Dam foundation bedrock is classified into several
classes according to combinations of the classfy-
ing elements obtained mainly from observations

of adits and boring cores at dam sites, and
mechanical properties for each classified bed-
rock are evaluated. .

The classifying elements and their combinations
are specified in the Geological survey Methods

of Dars published by the Rock Mechanics Comnmittee
of the Japan Society of Civil Engineers. There
are three classifying elements: rock hardness,
spacing of fissures, and state of fissures.

Each e?cment has three levels: A, B, and C for
hardness; I, IX, and I1I for spacing of fis-
sures; and a,b, and ¢ for the state of fissures
depending on the adhesion, presence of inclu-
sions, and so forth. These are combined to
obtain four classes (A,B,C and D) in the overall
rating. The relationship between the combina-
tion of classifying elements and the four classes
is clearly defined.

Class € bedrock is subclassified into Cy. CH and
CL.

In Japan, Class B and C bedrocks are usually

used for dam foundatfons, and bedrock is selected
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4. STUDY OF ROCK CLASSIFICATIONS BY GEQLOGICAL Mohr'!s-Coulomb theory was applied to figures and
ORIGINS AND SHEAR STRENGTH CHARACTERISTICS the shear strength (%) and the angle of internal
Figure 2 thows a replot of Figure 1 according friction (#) were obtained as listed in Table 2.
to geological origins and bedrock classification, In addition to mean values, envelopes are drawn
and it also shows that the rocks of different for the upper and lower limits except the

geological origins have a different range of singutar points.
strength so that they reduce the data varfations. it {s found that, for each geological classifi-
Tab’ 2 cation, there is correspondence between the
te ;g::rﬁgia;il;gt:;:e:g::rg?:qa:glthgfrock bedrock classification and shearing strength.
classification by geological origins According to Figure 2, however, Palacozoic and
91 Mesczoic sedimentary rocks; metamorphic rocks
he e100srtacatave and plutonic rocks seem to have a large variatior
b ameisqused eriguns even in thehsame bedrock classl(ic:tlon‘ The
v [ causes of this varliation were studled.
swte Sreer ’ The factors of variation to be considered are
“":.'.: " as follows.
e e oy 0 (1) As there was no significant geological
fromr ¥ ¥ difference in the bedrocks, classification was
e 1¢ difficult
R U AT XLATN 1 (2) Differences in test methods.
T o B u W s  wi ) (3) Effects of the direction of the fissure
fameens mmicans "‘“;"‘" [ITICE S NS SO TS MM M TN | prevalent in the bedrock against the shearing
e KR I N o | direction.
[icret Rerinig =R Ty B e T — The Palaeozoic and Mesozolic sedimentary rocks,
e e Vi Tl 31 6 W R metamorphic rocks and plutonic rocks were
Corarad svareee R R T | examined with respect to the three above
factors.
Fig. 2,1 Palaeozoic and Fig. 2.2 Metamorphic As regards factor (1), bedrock whose lower limit
Mesozolic sedimentary rocks of ' largely overlaps with the upper 1limit of
rocks t, of those bedrocks which come a class lower
: are considered to be difficult to tell apart

from the latter.

(See Table 2)

The rocks showing the largest overlap are
plutonic rocks, most of which consists of granite,
and the large dispersion mav be due to the lack
of clear difference in the rock hardness and the
weathering of fissures. As regards factor (2},
two shearing test methods are available: The
block shearing test method in which the bedrock
is tested via a concrete block placed upon it,
and the rock shearing test method in which a
block is cut out of the bedrock, shaped and

Fig. 2.3 Igneous plutonic rocks
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according to the height of a danm to be Sedimentary rock ~ Palaeozofc and Mesozoic

constructed, sedimentary rocks
2.2 In Situ Bedrock Shearing Tests - Volcanic sedimentary
The in situ bedrocks shearing tests are divided rocks
into a block shearing test and rock shearing Igneous rock ~ Plutonic rocks
test (both being practiced in Japan) according - Volcanic rocks
to the Guidelines and Exposition for in Situ Regional metamorphic rocks
Bedrock Shearing Tests published by the Japan Table 1 gives a geological classification of -
Society of Civil Engfneers in 1979, the sites where the in situ test data for dam
The test data discussed in this paper was - foundation bedrock was collected.
obtained according to the test methods specified Table } Dam site and rock classification of"
in the Guidelines. geological origins
). RELATIONSHIPS BETWEEN GEQOLOGY, BEDROCK foea =T trpe sasprian, Sree ot 7ice
CLASSIFICATION, AND MECHANICAL PROPERTIES L8 Pelasoxess bl Mesosaie Sefrmentary pacis
3.1 Processing and St dying In Situ Test Data I R o B N
A considerable number of shear strength test IS S R
data on Cy, Cy, and Cg bedrocks of recently HEE- L
built concrete dams were processed. 1ot e am o, et e
From the in situ test data, a stress Vs dis- 1. L€ 4 8§ Senduions, slere
placerent curve was obtained, and the physical HEE
p:opetties of classified bedrocks were deter- - *
mined. n.
3.2 Necessity of Geologlcal Classification :
Study DHE H S sy woha Maca st
The shearing failure points obtained from the . N "?Hﬂ‘
shearing stress VS displacement curve were . e s
plotted on the shear strength V5 normal stress O B T Bttt o R
curve for each bedrock classification to produce o ‘ ‘ln .T"n
Figure 1. 20acue platonsc seze
qure 1 shows the distribution of shear otk 3N Guaeiie euacd dierine
strengths assuming the angle of internal fric- . 'y e,

tion to be 45°, Figure 1 shows that the shear
strength is greater in the upper class of bed-
rocks than that in the lower class. As the
variations are generally widely spread, it is
not proper to marshal the data based on arith- .

metic mean values., For this reason, the bedrock - e )b

classitication Vs shear strength relation ship
was studied from the standpoint of geological
origins having common features in the physical
properties of rock-forming minerals, state and
characteristics of fissures, and so forth.

The geology of foundation bedrocks for dams 0
recentlvy built in Japan is classified by origins 138§ dereces eraved e
as follows: A1 sk daa, €1 Granity far

-

e

Duwey e Uhgianh

% 0 X & x

vuf‘ r—’% rqv:o. ot e G i tamt t—- v Crglemt T .
Fig. 1 Relationship between shearing strength and normal stress
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directly tested. Both methods are widely used.
Figure 2 shows the test data plotted for two
test methods. According to Fiqure 2 there

is no definite difference in the resuvlts by

each methods. As regards factor (3), the

spacing of fissures and the weathering of fis-
sures are used for classification. These in-
clude thz standardization of bedrock classifica-
tion method. Among Palacozoic and Mesozoic
sedimentary rocks with fissures, slate often
have the prevalent in the direction of the fis-
sures. In the melamorphic rocks, many of
schists and phyllites show similar schistosity,
In addition, they vary greatly in shearing
strength. .

Taken altogether, it is inferred that in addition
to the above-mentioned classifying element, the
direction of fissure against the shearing direc~
tion has an influence on the shearing strength.
For this reason the direction of the fissure

and schistosity of the Palaeozoic and Mesozolc
sedimentary rocks and metamorphic rocks against
the shearing direction was read froam the observ-
ed diazgram of failured plane; and was classified
into five major categories (figure 3) and :
plotted as shown in Figure 4. Figure 4, shows
that the sedimentary rocks with flssures at

19 2Be ks ..:;""'*K"f" "T--e\wv'
S 1
77 2N
© tem Coe

A e 1O boct tormt
Fig. 3 Models showing fissure angles
4.1 Palaeozoic and 4.2 Metamorphic rocks

Mesozoic sedimentary {CM class)
rocks (CM class)
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Fig. 4 Relationship between ffssures,
shistosity, and rock strength
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nearly right angles with shearing direction or
intact rocks have a larger shearing strength,
and that those with fissures nearly parallel to
the shearing direction have a smaller shearing
strength, The metamorphic rocks sometimas show
almost the same tendency as the sedirmentary
rocks; but some rocks with fissures at nearly
right angles with the shearing direction show a
small value. 7This is probably be due to the
fact that the schists are liable to separatc
parallel to the schistosity even when the
fissures are at nearly right angles with the
actino load.

5. SUMMARY

The bedrock classification method practiced in
Japan is based on observation of adit walls and
Loring core samples., Namely, it is based on
combination of qualitative elements, and is
prone to errors due to differences in personal
evaluations. So far as the surveyed data is
concerned, the mechanical properties generally
coincide with the bedrock classification. As
they correspond to the classification of rocks
by geological origins; it is possible to cor-
relate the bedrock classification with the
shearing strength in some degree. Rocks such
as slate and metamorphic rocks show large
variation in test values even within the same
class of the same rock type. '
The shearing strength of these rocks is, in many
cases, influenced by the prevalent direction of
the fissures in the rock against the direction
of the acting load. 1t was found that rocks
with fissures at nearly right angles with the
direction of the acting load have a higher
shearing strength than those with fissures are
alpost parallel to the direction of the acting
load.

Accordingly, these kinds of bedrock should be
evaluated after close observation of the pre-
dominant directions of fissures and joints and
by the direction of the acting load.

1f rocks of the same class show a large variety
in test values, shear failured plane may have
the different class of bedrock.

In such an event, the bedrock classification
should be reviewed.

Feferences

1) No. 3 Technical Group, Rock Mechanics
Committee, Japan Society of Civil Englineers:
*A Survey Report on the beformation and
Shearing Characteristecs of Rocks™, Journal of
the Japan Society of Civil Engineers, Vol. 57,
No. 9, 1972,

2} The Japan Society of Civil Engineers,
*Classification of Dam Foundation Bedrock
{Geolocial Survey of Dam Sites)®, September
1977. .

3) No. 3 Technical Group, Rock Mechanics
Cormittee, Japan Society of Civil Engineers:
®In situ Bedrock Shearing Tests- Guidelines
and Exposition®, March 1979.

4) No. 3 Technical Group, Rock Mechanics
Committee, Japan Soclety of Civil Engineers:
*In situ Bedrock Deformation Tests - Guidelines
and Exposition®, January 1981.

T, g —




il g
S
3¢O|.u i
s <
S m R
Sl
= &
z & B £
AEES
2HEN

2
n

X

iR o R N
)

B (58

Par 7)) — T A, JEEEEAR,

FEM 2k cii: 5

X—7—F

|

|

|

|

|

|

|

{

,

_ LD

{

_ \’é

L% O

|

o QD)
=

!

— -

|

!

|

I premreseeeseemcac—ns
i o=zeose
| Pl
| Poxu s

— lllllllllllllllllllllllll
"

|

4

|

|

' No.

"

|

| Bofm kR A&

BC A5 R EFT

HREHKERE

XS EHER M

il

N




TSR ER20135

LREDEBYRMLF L 7,

A & ()

K % ED



