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BIG CONCLUSION 1:
Remember this picture!!!
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BIG CONCLUSION 2:
Remember this picture as well!!!
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Geotechnical Engineering = Rock to Soil (and
everything in between.....)

EFFECTS OF SATURATION ON ROCKS AND ROCK-LIKE MATERIALS
Terzaghi’s Guides for Distjnguishing Rock, Weathered Rock, and Soil™

In
original
state

After repeated drying,
immersing, and shaking,
or upon prolonged
exposure to the
atmosphere

Volume change
produced by

saturating dried

fragments with
water

,\

unchanged

breaks up into small
hard pieces with
clean surfaces

breaks up into small
fragments with ''greasy"
surfaces pwing to the
presence of fine-
grained weathering
\Qroducts

beaks up into indi-
v ual sand or silt
pgrticles

imperceptible

a) solid rock )

C

H,;.gaggé%azgﬁaﬂfgd
or CrTr

unaltered rock

c) slightly de-—
composed fissured
rock

d) sandstone or
mudstone with
unstable cement

Areaks up into small
angular fragments with-—
out any indication of
chemical alteration

gradually transformed
into a suspension of
soil particles

gradually transformed

into a suspension of

vy particles and a

iment consisting of
ar rock fragments

se
ang

measurable

e) intermediate
between Trock and
clay, rock charac-—
teristics dominant

f) intermediate
between rock and
clay, clay charac-
teristics dominant

g) thoroughly
decomposed rock

complletely transformed
int a suspension and/
or loose sediment

imperceptible
to
important

> clay, silt, an
very fine sand in
dry or a very com-—
pacted condition

S —

From Professor Karl Terzaghi's course notes for Engineering Gedlogy

_aQ,Harvard University;

included with kind permission of Dr.

Ruth

Terzaghi (with minor editorial changes) and including revisions made
by Karl Terzaghi shortly before his death.

Dr. Edmund Medley, PE, CEG

Consulting Geological Engineer

Courtesy of Prof.
R.E. Goodman

emedley@bimrocks.com




Example of Rock and Soil Mixture
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Virginia Tech Univ website



Weathered Rocks

* Rock weathers into soil, saprolite and corestones
above intact bedrock

b

. Soil Layers :

Corestones, ledges,
wedges, blocks, boulders,
cobbles, etc... of rock
surrounded by soil

A Horizon (topsoil)

1
e :I E Horizon (eluviation layer) .
P 1

B Horizon {subsaoil)

- Horizon (regalith)

=y Be@rock:-

R Horizan (bedrock)

@Enchantedlearning.corm ;

University of Florida website
Enchanted Learning website



Example of weathered rock

! ] —

bloéks, boulders

Mixture with weaker soil and strong blocks
(decomposed granite at Hwy 50, California)



“Rock”: simple word, complex concept!

(1) ORDINARY (2) DENSE (3) LODSENING, (4)ROTATION, (5)MIXTIHG
JOLNTING FRACTURING EXPANSION THDEPENDENCE
GATNTIHG

“simple” geology but

challenging rock engineering

MIXED BRECCTA:
one={ragment
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BEDDED BUT COMPOSITIOMALLY HOMOGEWEDOUS LIMESTONE.
HMIXED BRECCTIA:
one-fragment
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TEICEXEIEVECA ). 5 ae ”
mﬂmgmﬁmmﬂ{] complex” geology and

;FMM/M@W% | REALLY challenging rock
engineering
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The complexity of a “simple” rock/soil mixture

T L e
. - * ! ¢ / g A
- Vel i ¥ GO N .
.-': -%:\--.t’r ,/',..u ‘) ..n__,il' J!

v

turbidite sequence - interbedded sandstones and shales

(Devil’s Slide, Pacifica, California) photo: Ed Medley



Complex poly-lithologic geologic mixture

mega-breccia, Death Valley, California



Fault Rocks
and Shear Roc

Fault zones and
Shear zones
may have blocks
millimeters to
100s of meters
wide:

BLOCK SIZE
DISTRIBUTIONS
TEND TO BE
SCALE
INDEPENDENT

Riedmueller et al, 2001
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A geological mixture with polylithologic blocks
ranging in size from sand to mountains:

Blocks in the Gwna melange, Anglesey, North Wales photo Ed Medley
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Melange
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Franciscan Complex melange, Mendocino California photo: Ed Medley



Simple model for origin of melanges

STRUCTURAL INFOLDING (KNEADING)

FOREARC BASIN

BEDROCK ' ESCRAP
FRAMEWORK OFFSCRAPED OCEAN

DEPOSITS (THIN)

Prof R E Goodman
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Even melanges are more
vlex than they seem...
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Laznicka, 1988
Cowan, 1985
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Melanges are in >70 countries

Approximate loc .on of several
melange bodies relative to countries

"N Mediey, 1094

__?—’—_.J
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Typical Melange Showing Diverse Elongate Blocks
and Irregular Foliated Matrix (S-M-C-Cataclasites)

Geotechnik
Graz ZTGMEH

Dr. Edmund Medley, PE, CEG Consulting Geological Engineer emedley@bimrocks.com
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Typical Melange Showing Diverse Elongate Blocks
and Irregular Foliated Matrix (S-M-C-Cataclasites)

Bolu Tunnel, Turkey
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Copyright: Dr. Edmund Medley, PE, CEG Consulting Geological Engineer emedley@bimrocks.com

'I

=l

Gruppe
Geotechnik

Graz ZTGMEH
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Sample 1:

Sample la:

Sample 2a:

3%

Sample 2b:

Smedctite 92%
Illite 8%

Smectite 87%
Illite 13%

Smectite 77%
Mixed Layer

Kaolinite 17%
Illite 3%

Sample 40%
Kaolinite 50%
[llite 10%

Fault Zone in Gneiss (,Zentralgneis®)
HPP MALTA — G618 Tunnel, Km 4,615

Gruppe
Geotechnik

Graz ZTGMEH




FINE - GRAINED LOZENGE - SHAPED
INTENSELY SHEARED BLOCKS OF NO
GOUGE DEFORMATION

Gruppe
Geotechnik

Graz ZTGMEH

Fault Zone Model, Blocks Show Fractal Dimensions,
from the Micro — to the Megascale (SCALE INDEPENDENCE)




Geotechnical Relevant
Characterization of Brittle Faults

Faults are elongated complex zones of deformation,
ranging from decimeters to kilometers in magnitude

» A significant internal structure of shear and extensional fractures
has developed, reflecting the geometry of the strain field
and, consequently, the orientation of the principal stresses

» The brittle deformation, such as particle size reduction by
crushing of grains and reorientation of grains by shearing,
generates the characteristic fine-grained gouge

» Low-temperature solution transfer contributes substantially
to the alteration of fault rocks, in particular gouge, through
transformation and neoformation of clay minerals

S

Gruppe
Geotechnik

Graz ZTGMEH




Geotechnical Relevant

Characterization of Brittle Faults

The significant geotechnical feature is a substantial heterogeneity,
reflected by the occurrence of more or less undeformed competent
blocks which are typically surrounded by a fine-grained matrix
consisting of gouge and highly fractured rocks. The matrix appears
to be flowing around the blocks in an anastomosing pattern

» The mainly lozenge shaped blocks exhibit a fractal distribution of
dimensions, ranging from the microscale to hundreds of meters in
length. Fault structures are scale independent

» A considerable heterogeneity of the stress field may exist.
Variations in the stress field might be an important cause of
segmentary fault zone formation

» Groundwater conditions are also highly variable. Water pressures
and flow directions may change dramatically across fault zones.
A fault zone acts as aquifer, aquitard and aquiclude

S

Gruppe
Geotechnik

Graz ZTGMEH




Geotechnik
Graz ZTGMEH




Foliated soft matrix showing — Lenticular stiff block showing
ductile and brittle compressronal '“" % extensron fractures

deformation features

Formation of Melange in an Foreland Basin Overthrust Setting, Gruppe

Geotechnik

Main Tunnel, Mae Kuang Irrigation Project, N — Thailand Sraz romc




Blocks of Serpentinite in an Ophiolitic Tectonic Melange Gruppe

Geotechnik

Egnatia Motorway, N- Greece Graz zrGwer
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Gruppe

Tectonic Melange in an Alpine Thrust Setting Cantachndc
Semmering Motorway, Tunnel Steinhaus, Austria
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Gruppe
Geotechnik

Graz ZTGMEH




Gruppe
Geotechnik

Graz ZTGMEH




Fault Classification (Classical References)

> Brekke T.L & T. R. Howard (1973):

Functional classification of gouge material from seams and
faults in relation to stability problems in underground openings.
U.S.Bureau of Mines Contr. H0220022, pp.195.

> Zhang Xian-Gong, Han Wen-Feng & Nie De-Yin (1986):
Engineering geological classification of fault rocks. 5th Intern.

IJAEG Congr. Buenos Aires, 479 - 486.

~ 4
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|
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Gruppe

Engineering Geological Classification of Fault Rocks GEdlEENOE




An early Geotechnical
Classification of Complexity

T

) Ordered sequences of more or less fissured and jointed layers
of rock and clay or shale, geotechmical complexity depending
on heterogeneity, mineralogy, and stress history (mainly
vertical loading). Example: Keuper Marls.

Scale: 1 mto 10 m

Dhsarranged layers of rock. and highly fissured and jointed, to
sheared clay or clay shale; geotechnuical complexaty depending
upon heterogeneity, mineralogy, and stress history (flexural,
torsional and shearing loads) Example Panagopoula Shde
Scale: 1 mto 10m

As B9, but with chaotic structure; geotechnical complexity
depending on heterogeneity, mineralogy and stress history
(repeated cycles of flexural, torsional and sheaning loads with
large displacements). Example: Irpinia variegated clay shales
{Evangelista and others, 1977)
Scale: 1 mto 10m

depending upon heterogensity and mineralogy Exampies

residual and collinaal smls
Scale: ITm1o 10m

From Medley, 1994

Copyright: Dr. Edmund Medley, PE, CEG Consulting Geological Engineer emedley@bimrocks.com
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afier Manfredini and others { 1985), D'Elia and others (1986}
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..and > 1000 geological words/terms for
fragmented rocks and complex mixtures

Emcrusion  rudc
576, M0, U,
imkricats bk,
FLEr;  gapeen

Me;  imls

dasleted frapmes
dselated pillow

SR HkulBla

lapilli

collapse bx,

bx, 481;

485;

pseudoconglomerate, 416;
426, 507%;

limestone/sulphur bicepigenetic bx, 405;
inclusion bx, 477; lithic lag bx, 113;
fragments in

300; lunar bx, 64; lunar bx, 715, 7106F,

debrié, 271;

_ _ landslide hematitie bx,
il ' : - lapilli pumice bx, 459; lapilli suevite, 695;
T e tuff bx, 485, 522;

relic bx, 418; lateritic rudrocks, 324-5;
latite intrusive bx, 585F; lava autobreccia, 459, 481; 1lava channel
joints crackle bx, 422F;
contraction bx, 4163 lava crackle bx, 416; lava flow autobreccia,
457, lava flow bx, 485; lava flow frent rubble, 422F:
lava friction bx, 416, 422F;
lava lake crust

417, 424F;

layered bx, 112,

granoblastic matrix bx,

fragmentites, 715-722; lunar soil b,

Rt T T M Macrobreccia, 9; mafic bx dikes,

id in . 9,

martite-magnetite

399F;

(lunar),
469,, 479, 596,

Copyright: Dr. Edmund Medley, PE, CEG

marble matrix bx,

Consulting Geological Engineer

lava cooling

lava inclusion
bx, 417, 422F;
lava tube collapse bx,
lime mylonite bx,
lithic fragments
lithic tuff bx, 482:; local
lodgement 1411, 203, 290,
TLIR, 719-211, 7221;  lunar

collapse

lava rubble, 232;

stockwork bx, 491;
matrix-free bx, 362;
matrix-supperted chaotic bx, 338;
716, 717F; megabreccda, 9, 41%, 119*-1241,T, 279, 339,

604, 667, 675, 692, 696, 673, 700; mélange, 18, 21

326; landslide megabx,
lapillistone, 66, 522;
laterite/calcrete bx, 319F;
latite flow sole bx, 491;

mafic block tectonite bx,
LY

marl-flaser bx,

massive sulphide bx, 594,
matrix-supported bx,
magmatic-supported

Laznicka, 1988

emedley@bimrocks.com

laterite

lava flowtop

bx, 459, 481,

supported

polymicric

31



Melanges: (French melange) .

CHILE mixtures of competent

blocks composed of sedimentary/
metamorphic blocks in weaker matrix of
sheared shale or serpentinite

Bimrocks: block-in-matrix rocks

mixtures of rocks composed of geotechnically
significant blocks within a bonded matrix of
finer texture

Similar Bimrocks: Saprolites, Breccias,
Fault Zones, Lahars, Tillites, etc.



Trying to organize the complexity....

Classification of Fault rocks and
melanges

by Riedmueller et al (2001)

Copyright: Dr. Edmund Medley, PE, CEG Consulting Geological Engineer emedley@bimrocks.com
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Classification

Engineering Geological Classification of Fault Rocks
(Riedmdller et al., Felsbau 19 (2001) No. 4)

Blocky Rock Mass

olumetric Bloc Tectonic Bimrock
Proportion

Cohesi

Particle Size
<63mm Fine- M-Cataclasite *

grained
<0,063mm ¢ C-Cataclasite =

Ferritic

Cohesive Cementation Type of Cement

Fault
Breccia

Carbonatic

1Block size depends on scale of engineering interest =
Siliceous
2 Subsequent differentiation is based on grain size and grading

Pseudo-
tachylyte

# Further differentiation according to USCS standard procedure el
assy
4 Differentiation is based on plasticity index and liguid limit (A-line)




Problem$$$$ with bimrocks

Often severe spatial variability
Heterogeneity in properties

Design and construction
shortcomings In characterizations
cost someone $$3%, (usually the
Owner and/or Contractor)



So, YES: bimrocks ARE chaotic...

But Practitioners should NOT say:

“those rocks are too chaotic, let’s
design for the weak matrix...”

Copyright: Dr. Edmund Medley, PE, CEG Consulting Geological Engineer emedley@bimrocks.com
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So What? Who Cares*?
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Some elements of CHARACTERIZATION

‘Block/matrix discrimination Matrix lithology,
*block lithology, block size, block shape,
*block orientation

*Block size distribution

‘Block discontinuities

*EtcC...

ALL are straight forward geological

engineering during field investigation...

Copyright: Dr. Edmund Medley, PE, CEG Consulting Geological Engineer emedley@bimrocks.com 38



the importance of scale

independence in our work
with bimrocks

Copyright: Dr. Edmund Medley, PE, CEG Consulting Geological Engineer emedley@bimrocks.com
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Scale independence

------

o
.......
‘‘‘‘‘

[
.......

'''''''

Copyright: Dr. Edmund Medley, PE, CEG

Consulting Geological Engineer

-----
-------
® ® ¥ a

-------

Cowan, 1985

emedley@bimrocks.com
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Q: What is Block Size??

Ground surface
maximum observed dimension

Buried blockexplored by a boring

A: Rarely the “diameter”



Measuring block
sizes

(and size
distributions)

in 2-dimensions

Outcrop scale of
interest

A<1 m?

Y

— partial blocks
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0.065 0.13 0.25 0.5
d: max. measured dimension of blocks (endclass; m)
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Area = 7.9 m?2
—T Number blocks =173

“1 max. block size = 1.98 m

=
S .
=
L
=
b
)
2
£
=
=

0.1 1 10
maximum observed dimension (m)
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GRAYWACKE
SANDSTONE BLOCKS

I AR I Wil e

o SRy

/- HYDROTHERMAL SHEARED

ALTERATION -4 MATRIX  BASALT/GREENSTON
METAMORPHOSED FAULT
SHALE BLOCKS  ZONES SHEAR ZONE BLOCKS

TYPICAL FFIANCISCAN ROAD-CUT (NOT TO SCALE)
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Dlstrlbutlons look 3|m|Iar
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W L
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0.016 0.031 'I]'I]kﬁ'-'. 013 0.25 05 1
d: max. measured dimension of blocks (endclass; m)
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image areas

TR mmﬂil

—+H -’llll‘%

0.001 0.01 0.1
d: max. measured dimension of blocks (endclass; m)

Cumpllatmn uf all block size data measured from cliff face at Caspar

Dr. Edmund Medley, PE, CEG Consulting Geological Engineer

emedley@bimrocks.com
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Ayz = square root o

the area of that porti

of the photo image

containing all the
locks measured

d= max. measured
dimension of blocks (m)
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Franciscan Complex blocks in maps

I N area containing
blocks in Franciscan

Pacific Ocean

B  Blocks in
' Franciscan
(various lithol.)
San Francisco

0 scale in miles 10
AR S T S S

Regional
map scale
of interest

A~1000 km?

From Medley, 1994;
after Ellen and
Wentworth,1995
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| (r2=0.996)
! 11t

max. measured dim. of blocks (km)

Block size distribution for Franciscan Complex
blocks of Marin County, California

Copyright:

Dr. Edmund Medley, PE, CEG

Consulting Geological Engineer

emedley@bimrocks.com
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Copyright:

. dﬂcent limb “““

number of blocks

Dr. Edmund Medley, PE, CEG Consulting Geological Engineer

emedley@bimrocks.com
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Scale-independent block size
distributions of Franciscan melanges
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Medley, 1994

Plotted as a Log-Histogram



Another reason to select the 5%

block/matrix threshold

M T ———

f0 i Number of loeks

e |

"]

a1

| ey

— :
u [ 1 blocks Niicun
: e

s

7 |
A 95% of

E
T B

b0

| surfece and cross-
seclion ares ~

7 /

/
/f number of
voume  DlOCKS are

dll

T ~

.

smaller than

L

cumulative percent

0.05d,,,, but

(TR ]
1 vd

— represent

e

< 19 of

total volume

ll 02 K
_ aj.,a-as*.r,.,.,,
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Consulting Geological Engineer

s of blocks
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Blocks in Franciscan Melange

Blocks range in size between mountains
and sand and will always be found

Block size distributions are scale
independent and fractal (power law)

Largest reasonable block is:

0.75\/A aka d T

Block/matrix threshold is 0.05VA

Characterization must take blocks into
account



AND: findings from studies of

many bimrocks at small scale
ARE
relevant for large scale bimrock masses!!!

REG

Copyright: Dr. Edmund Medley, PE, CEG Consulting Geological Engineer emedley@bimroc® s 8 55



Use these guidelines at any scale of
interest

smallest blocks are:
0.05L_ or 0.05 VA or 0.05dmax

largest block is:
0.75Lc or 0.75 VA or 0.75dmax



We look at other aspects of

Characterization in the other Lectures....

Copyright: Dr. Edmund Medley, PE, CEG Consulting Geological Engineer emedley@bimrocks.com

57



	  �Lecture 1��Characterization and Classification of Fault rocks and Melanges
	BIG CONCLUSION 1: Remember this picture!!!
	BIG CONCLUSION 2: Remember this picture as well!!!
	Weathered Rocks 
	“Rock”: simple word, complex concept! 
	Fault Rocks�and Shear Rocks 
	Melanges
	Even melanges are more complex than they seem…
	Melanges are in  >70 countries
	An early Geotechnical Classification of Complexity
	..and > 1000 geological words/terms  for fragmented rocks and complex mixtures
	Melanges and Similar Bimrocks
	This is a one line title slide
	Scale independence
	Q: What is Block Size?? ���
	Measuring block sizes �(and size distributions)  �in 2-dimensions ��Outcrop scale of interest��A< 1 m2
	Histogram of block sizes
	Log Histogram of block sizes
	Block measurements at many scales
	Histograms at several scales
	Log Histograms at several scales
	Normalization by Square Root A
	Franciscan Complex blocks in maps
	Log Histogram at km scale
	Compare Log histograms at different scales
	Scale-independent block size distributions of Franciscan melanges
	Another reason to select the 5% block/matrix threshold
	Blocks in Franciscan Melange

