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Dr. Edmund Medley, PE, CEG, F.ASCE is a Senior Consultant in the GeoEngineering
practice of Geosyntec Consultants, Oakland, California, USA (www.geosyntec.com). Dr.
Medley has broad experience in geological and geotechnical engineering, geophysics and
mineral exploration. He specializes in the site investigation and subsurface characterization
of spatially and mechanically variable heterogeneous soils and rocks such as melange,
breccias, colluviums and glacial tills. He has worked in remote regions of Canada, and also
in Hawaii, California, Papua New Guinea, Iran and the United Kingdom. Dr. Medley has
experience evaluating geotechnical/geological engineering vulnerabilities and the causes of
civil engineering failures, and has provided testimony for attorneys, insurance companies,
contractors and municipal clients. Projects include investigation of major landslides, rock
fall hazards, expansive/collapsing soils, tunnel failures, coastal erosion, sinkholes and other
ground movements in the USA and overseas. He is licensed/registered/chartered as both an
engineer and a geologist in the USA, Canada and the United Kingdom

Dr. Medley has contributed to over 30 professional publications. He has presented more
than 100 lectures, and taught several Short Courses. He has appeared in TV documentaries
featuring the investigation of the 1995 Sea CIiff Incident in San Francisco. He is member of
the Editorial Boards of Felsbau and the International Journal of GeoEngineering Case
Histories, and has been a peer reviewer for several professional papers.

EDUCATION: University of California at Berkeley: 1994: Ph.D., Geotechnical
Engineering with Minors in Geology and Ocean Engineering, University of California at
Berkeley; 1991: M.S., Geotechnical Engineering, University of California at Berkeley;
1978: University of British Columbia: B. Applied Sc., Geological Engineering,
Geotechnical Engineering Option with concentrations in Fluvial Geomorphology, Ocean
and River Engineering, and Oceanography.
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BIG CONCLUSION 1:
Remember this picture!!!

Matrix T ’
‘ Blocks, inclusions, enses‘

Scale: 1:2222??  Matrix
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Here is a simple picture to show the fabric of a complex geological mixture, one of two
pictures which summarizes an important message I present on this website.

Complex geological mixtures are ubiquitous. Think of isolated blocks, blobs, lenses,
inclusions, zones (or whatever) with certain physical, chemical, geophysical, geological
(again, or whatever) properties contained within a surrounding field (or matrix) of
contrasting properties. Examples include glacial tills with boulders and cobbles embedded in
clays; groundwater lenses within unsaturated strata; mineral ore deposits within uneconomic
host rock; contaminated soil zones within uncontaminated soil, and so on.
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BIG CONCLUSION 2:
Remember this picture as well!!!

Apparent Distribution of B.

Copyright: Dr. Edmund Medley  http:/bimrocks.geoengineer.org Willis, 2000

But what we see by drilling and mapping is considerably less, as shown in this slide.
Most important still: when working in bimrocks we must resist the temptation to draw
straight lines between our boring contacts and mapped outcrops!!

To understand better how little we actually see of underground conditions, try this simple
exercise: put your hands in front of your face leaving a narrow gap to look through. Now
take several “slit image” mental photographs of your surroundings. Imagine now that you
transmitted those images to a colleague and asked her/him to reconstruct your surroundings
from the images. Difficult, right? Well, it is the same difficult problem that geologists and
geotechnical engineers must solve all the time. But realize how wrong we can be before we
start believing our geological characterizations based on our interpretations of borings.
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Bimrocks

Bimrocks: block-in-matrix rocks
mixtures of rocks composed of
geotechnically significant blocks
within a bonded matrix of finer texture

Often severe spatial variability and
mechanical/lithological heterogeneity:
cost someone $$$$

e.g.. melanges, fault rocks , weathered
rocks, etc.
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I coined the word simple and non-genetic term “bimrocks” in 1992 to focus attention on the
similar geotechnical properties and common construction difficulties encountered when
designing for and excavating in rock/soil mixtures with diverse geological origins.
(There are over 1000 geological terms for block-in-matrix and fragmented rocks
(Laznicka, 1988). The abundance of terms, and geological implications of those terms, is
confusing for the average engineer). The definition of “bimrocks” came after I coined
the word (Medley, 1994): “mixtures of rocks composed of geotechnically significant
blocks within a bonded matrix of finer texture”.

To be geotechnically significant, blocks in bimrocks require:

1. a mechanical superiority of blocks over matrix (strength considerations), e.g.:
ratio ¢block/¢pmatrix > 1.2 (for instance, but not extensively researched!!!)
2. asize range which influences bimrock mechanical properties

e.g.: if block size is characterized by d then a bimrock has a range of blocks that at the scale
of engineering interest (as scaled by a characteristic engineering dimension (Lc))
conforms to:

0.05 Lc <d <0.75 Lc

for example, if Lc = 100m, then blocks < 5 m are assigned to matrix; and blocks > 75 m, are
considered blocky rock;

3. a volumetric proportion of blocks which influences bimrock mechanical properties.
Based on the work of Lindquist (1994) a reasonable range of block volumetric
proportion (Vv) for a bimrock is:

25% < Vv <75%,

Or: if Vv Vv<25% treat the material as matrix (and analyze as a “soil”’) and if Vv >75%,
treat material as blocky rock (or rock mass with wide, in-filled joints).

Copyright: Dr. Edmund Medley, PE, CEG http:\\bimrocks.geoengineer.org 5












NOTES FOR "AN INTRODUCTION TO BIMROCKS" 7/11/2006

USEFUL REFERENCES:
Strength of Melanges and Similar Bimrocks

1. Goodman R.E. and Ahlgren, C.S., 2000, Evaluating safety of concrete gravity dam on weak
: Journal of Geotechnical and Geoenvironmental Engineering, v. 126, p. 429-442;
H. Hovland, E.W. Medley and R.L. Volpe; and Authors) in Vol 127,

."004 BN Bu\turundursnn i rpentinite
4k , Geomechanics and

ion of colluvium in
Govt. of Hong Kong

Relatlomhlp Between \ olumtem Blm]\ I’mpom

Felsbau, J eering Geology, Geomech:
C it: Dr. Edmund Médley  http:/

For highlighted references: see “Resources” page on http://bimrocks.geoengineer.org

Goodman, R.E. and Ahlgren, C.S., 2000, Evaluating safety of concrete gravity dam on
weak rock: Scott dam: Journal of Geotechnical and Geoenvironmental Engineering, v
126, p. 429-442; with Discussion (by J. H. Hovland, E.W. Medley and R.L. Volpe; and
Authors) in Vol 127, October 2000, p. 900-903.

Glawe, U. and Upreti, B.N., 2004, B.N. Better understanding the strengths of serpentinite
bimrock and homogeneous serpentinite, Felsbau, J. of Engineering Geology,
Geomechanics and Tunnelling. v. 22 no. 5 (5/2004)

Irfan, T.Y and Tang K.Y, 1992; An engineering geological characterization of colluvium
in Hong Kong; Technical Note TN 4/92, Geotechnical Engineering Office, Govt. of
Hong Kong (publication is not freely available, except by special request).

--------------- , 1993; Effect of the coarse fraction on the shear strength of colluvium; GEO
Report No. 23, Geotechnical Engineering Office, Hong Kong; 21p.

Lindquist, E.S., 1994a; The strength and deformation properties of melange; PhD
dissertation, University of California at Berkeley; publ. University Microfilms
International, UMI Dissertation Service, Ann Arbor, Michigan, USA.

-------------- , 1994b; The mechanical properties of a physical model melange, in Proc. 7th
Congress of the Int. Ass. Eng. Geol. (Lisbon, Portugal); A.A. Balkema, Rotterdam.

Lindquist. E.S., and Goodman, R.E., 1994, The strength and deformation properties of a
physical model melange, in Proc. First North American Rock Mechanics Symposium
(NARMS) (Austin, Texas); ed. Nelson, P.P. and Laubach, S.E., A.A. Balkema,
Rotterdam.

Sonmez, H., Gokceoglu, C., Tuncay, E., Medley, E.W. and Nefeslioglu, H.A, 2004,
Relationship Between Volumetric Block Proportions and Overall UCS of a Volcanic
Bimrock, Felsbau, J. of Engineering Geology, Geomechanics and Tunnelling. v. 22 no. 5
(5/2004); pp 27-34

Copyright: Dr. Edmund Medley, PE, CEG http:\\bimrocks.geoengineer.org 44



NOTES FOR "AN INTRODUCTION TO BIMROCKS" 7/11/2006

Characterization of Melanges
and Similar Bimrocks
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The next few slides show that, as chaotic as melanges and bimrocks are, much can still be
done to characterize them in an orderly fashion using familiar geological procedures
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BIG CONCLUSION 1:
Remember this picture!!!
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Again: the “real picture”, albeit in 2D...
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BIG CONCLUSION 2:
Remember this picture as well!!!

Apparent Distribution of Blocks:

*What you think you see is not what you get
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... and what we get to see: slices, patches, hints. The WYTYSINWYG is an echo of the
historical acronym WYSIWYG (What You See Is What You Get) that was the attraction of
Windows when it was introduced to a population of DOS users. If you don’t understand
what I mean then you are much younger than [ am...

Time to Stretch!! Try this calming pose: put your hands in front of your face separated by a
narrow vertical slit. Imagine that you can peer through the slit at the room you are in, and
that you take several random “slit photographs”. Now imagine that you email these slit
images to a colleague as JPEGs and ask him/her to reconstruct the appearance of the room
you were in. Hard, right? Impossible? Pretty well! But that is what we expect of ourselves
when we explore melanges and other bimrocks with borings and attempt to characterize the
3D rockmass from the sparse slit photographs!
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Systematic investigation of chaos

Wakabayashi & Medley, 2004
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Melanges and other bimrocks can be mapped by geologists, using conventional approaches.
This slide illustrates some of the characteristics that can be observed and recorded. (The
source paper is available in the Resources web page at http://bimrocks.geoengineer.org )
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This slide shows both the right way and wrong way to interpret geological observations of
outcrops in a melange terrain (yes, I mean terrain, not terrane. The latter term has a
specific tectono-stratigraphic meaning that may or may not be applicable).

The outcrop map shows outcrops with diverse lithologies. In the days before melanges were
fully understood (say from 1950°s onward), melanges were mapped as stratiform layers, a
bit like a “connect-the-dots” puzzle. To justify the layers, geologist had to interpret complex
fault arrays to explain the improbable juxtaposition of rocks, such as barely metamorphosed
limestones adjacent strongly metamorphosed exotic rocks such as blueschists.

The correct way to map the outcrops in a melange is to assume that the outcrops are isolated
blocks within matrix. If there is sufficient evidence, then large blocks or coherent masses
may be interpreted, such as the band of intact sandstone in the middle of the map (blue “ss™)
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More right way and the wrong way..

Right!!!

cross section conformir cross section conforming to melange model

‘Wakabayashi & Medley, 2004
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Similarly, when working with borehole logs, resist the temptation to connect the contacts!.

Although the drill core may show sequences of (say) alternating sandstone and shale, it is
not correct to assume that the sequences are “inter-beds” or “inter-layers”. Once the
expression “inter-bedded shale and sandstone” is written on a boring log, there is a tendency
to define layers in subsequent cross-section interpretations. And once the cross-section is
produced in vibrant colors as a beautiful graphic, the picture becomes an appealing
abstraction upon which engineering design will be built. But it takes little imagination to see
that an excavation of tunnel constructed on the basis of the “wrong” stratiform geological
model could be troublesome if the actual conditions are a bimrock.
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