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BIG CONCLUSION 1:
Remember this picture!!!
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BIG CONCLUSION 2:

Remember this picture as well!!!

' Willis, 2000



Melanges and Similar Bimrocks

* 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.



Example of weathered rock
bimrock
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Mixture with weaker soil and strong blocks
(decomposed granite at Hwy 50, 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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Limestone Olistolith (Block) Embedded in an Irregularly
Foliated Matrix of Shale, Siltstone and Sandstone
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Global distribution of melanges

Medley, 1994



Franciscan Complex melanges

— limit of measurement
< W area containing
blocks in Franciscan

Pacific Ocean

B Blocks in
Franciscan
(various lithol.)

San Francisco

o scale in miles ;, N . . From Medley, 1994;
' after Ellen and
Wentworth, 1995




Franciscan Complex melange
(Point Delgada, California)




$$Problems with Melanges

* Often severe spatial variability
* Heterogeneity in properties

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



Geology 101 Subsurface characterization
of layer cake geology

exploration borings

Linear interpolation is geologically justified only
SOMETIMES; extrapolation RARELY




Difficult geology:

lots of layers (“complex formations”)

_~ exploration borings \




The complexity of a turbidite sequence -
Interbedded sandstones and shales

(Devil’s Slide, Pacifica, California)



Chaotic Geology:

apparent “layers” are blocks, lenses, inclusions.....

exploration borings
e \

Characterization is NOT a piece of cake!



Bimrock - Mapped or cored

W|II|s 2000




The Benefits and Dangers of
» Drawing Straight Lines



Matrix

Willis, 2000; after Medley, 2000



So What? Who Cares*?
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Characterization of Melanges and
Similar Bimrocks



Steps in Characterization of Bimrocks

1. Determine you are working in a
bimrock

2. Select the Characteristic
Engineering Dimensions of
Interest

3. Perform field mapping of geological
and geotechnical features

4. Drill using careful drillers!

5. Measure areal and linear block
proportions

Copyright: Dr. Edmund Medley, PE, CEG Consulting Geological Engineer emedley@bimrocks.com
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More Steps in Characterization of Bimrocks

6. Select specimens for laboratory
testing with blocks

/. Test a variety of specimens with
different block proportions

8. Adjust your linear block
proportion to account for uncertainty

9. Estimate overall bimrock strength

Copyright: Dr. Edmund Medley, PE, CEG Consulting Geological Engineer emedley@bimrocks.com 22



1. Determine you are working in a
bimrock

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

Gwna Melange, N. Wales photo Ed Medley



Vegetation

contrasts=blocks | P e .
— i N Protruding blocks
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2. Select the Characteristic Engineering
Dimensions of interest

Copyright: Dr. Edmund Medley, PE, CEG Consulting Geological Engineer 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”



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)

* | argest reasonable block Is:

0.75\/A aka d g

» Block/matrix threshold is 0.05VA

* Characterization must take blocks into
account



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



When is
a block

not a
block?

depends
on scale
0} §

interest



3. Perform field mapping of geological and
geotechnical features

Copyright: Dr. Edmund Medley, PE, CEG Consulting Geological Engineer emedley@bimrocks.com
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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
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Some Mappable Melange Characteristics
akabayashi & Medley, 2004

Block Proportion Block Type Inventory

influences stre MW influence excavation charactepétics

Matrix
strength

Foliation Orientation
may influence anisotropy
N

) J
‘\

Orientation and Nature

Mappable subzones Mappable subzones luf Bounding Mélange Contac

: . ; spatial limits of mela influence
with different block of different block anisotropy, defines Ins for application of block

proportions propartion estimates
- sharp contact

gradational
contact
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Observe block/matrix contacts

Copyright: Dr. Edmund Medley, PE, CEG Consulting Geological Engineer

emedley@bimrocks.com
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4. Drill using careful drillers!

Copyright: Dr. Edmund Medley, PE, CEG Consulting Geological Engineer emedley@bimrocks.com
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cross sect cross section conforming to melange model

Wakabayashi & Medley, 2004
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5. Measure areal and linear block
proportions

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

B Matrix-
B rich core

Measure
core/block
1ntercept (chord)

photo Prof . R Goodman
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B-1 (TD=180m) B-2 (TD=105m) B-3 (TD=32m) B-4 (TD=45m)

26 m blacks (80% blocks)

Om blocks (0% blocks)

Chvmm, , l""i""!-'

M~ 3279,
2w

6m blocks (10% blocks)

Cua i lalive pqd:km =

£ Lonekr s 9, 220 total length blocks =117 m
SL Ctantves  2EF total length borings =362 m
total linear ¥gblocks = 32%

Acrvee Area o = 36)%

85m blocks (47% blocks)
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6. Select specimens for laboratory testing
with blocks

Copyright: Dr. Edmund Medley, PE, CEG Consulting Geological Engineer emedley@bimrocks.com
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35.7

Scott Dam melange
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/. Test a variety of specimens
with different block proportions

Copyright: Dr. Edmund Medley, PE, CEG Consulting Geological Engineer emedley@bimrocks.com
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25% 50% 75% 100%
Volumetnr: Block Propomon
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Lindquist,
1994
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25% 50% 715%
Volumetric Block Proportion
Figure 4.16 Cohesion versus Volumetnic Block Proportion




Scott Dam melange strength testing results

Increase in effective friction angle with Block Proportion

¢ 1982 Melange tests phi matrix = 28

m Lindquist's model melange - phi
matrix = 24.7
weathered melange - near Scott Dam
- phi matrix = 4
1995 melange tests - Scott Dam - phi
matrix = 22.3

x weathered melange, San Fran 2002,
phi matrix = 9.3
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8. Adjust the linear block proportion to
account for uncertainty

Copyright: Dr. Edmund Medley, PE, CEG Consulting Geological Engineer emedley@bimrocks.com
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Determination of volumetric
block proportions

* Application of stereological principle:

linear proportion = volumetric proportion

Determine linear proportion from drill
core

* Beware uncertainty!



Warnings!!!!

* S0, although stereology says that
volumetric % = linear %

°|t iIs TRUE ONLY when you have

sufficient linear measurements!!
(lots of $$% drilling!!)



uncertainty Estimated
0.40 : volumetric

Linear proportiand\a
same as volumetric p

properties on
the basis of
Scott Dam
linear boring
measurements

Uncertainty: error in the assumption
o
o

10
Sampling length (Ndmax)




9. Estimate overall bimrock strength

Copyright: Dr. Edmund Medley, PE, CEG Consulting Geological Engineer emedley@bimrocks.com
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Strength of Franciscan
below Scott Dam
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Medley, 2002; after Goodman and Ahlgren, 2001



Strength of bimrock depends on volumetric
block proportion

Scott Dam melange
[ g B

@ Physical models

Irfan and Tang, 1993

S
O
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*
*

Scott Dam melange

conservative trend
(Lindquist 1994a)
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Strength and deformation properties of
Melange Bimrocks

* Strength and deformation of melanges
are independent of block strengths
(Lindquist and Goodman,1994)

* Overall strength iIs directly related to
volumetric block proportion

* Blocks adds friction, stiffen the mixture
and reduce cohesion.

* Must perform geotech tests with blocks
In specimens



For more information, see
contents of the CDROM

* Characterizing melanges

Medley, 1998 (IAEG, Vancouver)
Medley, 1998 (ASCE ISC, Atlanta)

Medley, 1999, 2001 (Feldsbau, Austrian J.
Geomechanics)

Medley, 2002 ( Eng. Geol. Practice No. Cal. )
*Block size distributions in melanges

Medley and Lindquist, 1995 (35th USRMC, Tahoe)
Medley 2002 (NARMS Toronto)

* Uncertainties from boring data in
melanges

Medley, 1997 (IAEG, Athens)



BIG CONCLUSION 1:
Remember this picture!!!
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BIG CONCLUSION 2:

Remember this picture as well!!!

Willis, 2000



Conclusions continued:

°* Bimrocks are NOT:
— “soll with boulders”,
— “Interlayered shale and sandstone”
— “miscellaneous soils”

* Block volumes, sizes and lithologies are
$important$ to Contractors/Owners and
some effort should be made to determine
them

* Block sizes should be estimated very
conservatively for construction



Other CONCLUSIONS

* Melange bimrocks and other
bimrocks mixtures are chaotic but
can be characterized in a disciplined
fashion

* Strength and deformation properties
of bimrocks are determinable

* Uncertainties in estimates must be
considered



THANK YOU FOR LISTENING
TO ME FOR SO MANY
HOURS!!!!
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