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Figure 2: Wall of a quarry located within major 
fault zone, California. Sheared rock surrounds hard 
blocks of relatively intact rock. Blocks range be-
tween centimeters to tens of meters in size.  
(Photo: E. Medley/Geosyntec Consultants). 

 
Figure 3: Franciscan Complex melange, northern 
California. Blocks buttress base of slope between 
landslides in sheared shale matrix. (Photo: E, Med-
ley/Exponent, Inc.). 

Geoengineers often neglect the contributions of 
blocks to overall bimrock strength, choosing in-
stead to design on the basis of the strength of the 
weak matrix. However, this practice may be too 
conservative for many bimrocks and often results 
in ignoring the presence of blocks altogether, to 
the detriment of accurate characterizations.  As 
block proportions increase, stiffness increases and 
deformation decreases depending on the relative 
orientation of blocks to applied stresses (Lindquist, 
1994; Lindquist and Goodman, 1994). Stress dis-
tributions in bimrocks depend on  the lithologies;  
size distributions;  orientations and shapes of 
blocks; and the orientations of matrix shears, all of 
which  influence slope stability (Medley and Sanz, 
2004) and underground excavations (Button et al, 
2003: Moritz et al, 2004; Riedmueller and Schu-
bert, 2002).   

SOME ENGINEERING CHARACTERISTICS OF 
MELANGES  

The melanges of the Franciscan Complex (the 
Franciscan”) of northern California are similar to 
melanges in appearance, properties and the prob-
lems they present globally to geoengineers. Me-
langes are the most difficult of bimrocks to charac-
terize, hence lessons learned from studies of Fran-
ciscan melanges can be applied to the characteri-
zation of other, more tractable bimrocks. The ma-
trix of Franciscan melanges is composed of shale, 
argillite, siltstone, serpentinite or sandstone, some-

times pervasively sheared to the consistency of 
soil. Landslides are common in block-poor Francis-
can melanges (Medley and Sanz, 2004) but large 
blocks appear to add buttress support (Figure 3).  

Medley (1994) estimated that the greatest propor-
tion of blocks in Franciscan melanges were grey-
wacke sandstone, with lesser proportions of vol-
canic, chert, serpentininite, limestone and exotic 
metamorphic blocks. Large blocks in melanges and 
fault rocks tend to be ellipsoidal to irregular in 
shape. Blocks are relatively erosion-resistant and 
often protrude above the ground surface in me-
lange landscapes, a characteristic of melanges also 
evident in Greece (Figure 4).   

The weakest elements in bimrocks are the contacts 
between blocks and matrix (Figure 5).  Only mod-
est mechanical contrast between competent blocks 
and weaker matrix is required to force failure sur-
faces to negotiate tortuously around blocks (Med-
ley, 1994; Sönmez et al, 2004, 2006a, 2006b). 
Matrix shears generally pass around blocks via the 
block/matrix contacts (Figure 6) with the most 
intense shearing often present adjacent to the 
largest blocks. Blocks within the shears are often 
entrained within, and oriented sub-parallel, to 
shears. Since shears have a tortuous path through 
the rocks mass, the overall orientation of entrained 
blocks can also abruptly change from place to place 
within the rockmass. 

 
Figure 4; Blocks in melange protrude from hillside 
along proposed right-of-way, Egnatia Highway, 
Greece. (Photo: late Professor Gunter Riedmuel-
ler/GGG, Austria) 
 

 
Figure 5: Weakest element in a bimrock is gener-
ally the block/matrix contact. Gwna Melange, An-
glesey, Wales. (Photo: E. Medley). 
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PROBLEMS WITH MAPPING AND DRILLING OF 
BIMROCKS 

A very common error is to map outcrops in me-
langes, fault rocks and other bimrocks as part of 
continuous strata, although that mistake is less 
likely to be made by a knowledgeable geologist 
(Wakabayashi and Medley, 2004). When mapped, 
the largest dimension of exposed blocks can be 
recorded.  When drilled, the block dimensions are 
indicated by chords, the lengths of the intersection 
between blocks and the drilled core. However, the 
observed dimensions of blocks generally under-
estimate their “sizes” (Figure 6).  Accordingly, the 
word “size” or “diameter” should not be used when 
describing the dimensions of blocks, unless those 
are known.  

Having a mental picture like Figure 6 is essential 
when characterizing bimrocks. Despite the appar-
ent interlayered appearance of drill core recovered 
from bimrocks, it is preferable not to log borings in 
bimrocks with expressions such as “interbedded 
shales and sandstones” since this term implies 
stratal continuity ( Figure 6).  Boring logs in bim-
rocks provide suspect basis for drawing continuous 
stratigraphic contacts between borings, such as 
shown in Figure 7 (Wakabayashi and Medley, 
2004).  
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Figure 6: Block/core intersections (chords) do not 
generally indicate true block sizes. Sand-
stone/shale sequence in core is not “interbedded 
shale and sandstone”!! Improbable juxtaposition of 
rocks (e.g.: greenstone and shale) strongly sug-
gest melange. Note that shears in the matrix nego-
tiate tortuously around blocks. 

Wrong!!!Wrong!!!

 

Figure 7: Bimrocks generally cannot be accurately 
characterized on cross-sections (Wakabayashi and 
Medley, 2004). Borehole contacts should be shown 

with question marks and not connected between 
borings. 

WHAT IS BLOCK AND WHAT IS MATRIX? 

It is important to recognize that block sizes in 
Franciscan melanges (which are typical of me-
langes world-wide) can exceed seven orders of 
magnitude, ranging between millimeters and tens 
of kilometers (Medley, 1994; Medley and Lindquist, 
1995).  Figure 8 and its insert are photographs 
taken at different scales of the same outcrop of 
Franciscan melange. Small blocks at one scale of 
interest (detail photo in Figure 8) are part of the 
matrix at the larger scale photo of Figure 8. Blocks 
at one scale that are assigned to matrix do not 
contribute to the mechanical behavior of the bim-
rock and relative to the definition of bimrocks, are 
not “geotechnically significant” at that scale, al-
though they may be at larger scales. 

Since blocks exist at many scales of engineering 
interest in bimrocks: what is block and what is ma-
trix? Because of the scale independence of block 
sizes (Medley and Lindquist, 1995) a “characteristic 
engineering dimension, Lc” must be defined (Med-
ley, 1994) which is analogous to the scale bar in 
the insert photograph of Figure 8.  The characteris-
tic engineering dimension changes as scales of 
interest change at a project. Lc may variously be: 
1) an indicator of the size of the entire site, such 
as the square root of A (√A) where A is the area of 
the site;  2) the size of the largest block (dmax) at 
the site; 3) the thickness of a failure zone beneath 
a landslide; 4) the height of a slope or excavation; 
5) a tunnel diameter; 6) a footing width or; 7) the 
dimension of a laboratory specimen; and so on. 

 
Figure 8: Franciscan Complex melange, northern 
California. Note shearing in “matrix” adjacent large 
headland block with blocks oriented sub-parallel to 
shearing. Block sizes range between tens of meters 
and meters. Detail shows “matrix” in at circled area 
also has block-in-matrix fabric at scale of 3.1 me-
ter long bar.  (Photo: E. Medley). 

The smallest geotechnically significant block within 
a volume of bimrock is about 0.05 Lc, which is the 
threshold size between blocks and matrix at the 
chosen scale (Medley, 1994). For any given volume 
of bimrock, blocks smaller than 0.05 Lc constitute 
greater than 95 percent of the total number but 
contribute less than 1 percent to the total volume 
of bimrock and thus have negligible effect on the 
bimrock strength. The largest block (dmax) is ap-
proximately 0.75 Lc . 

Edmund Medley
Text Box
See
errata:
click here



ΤΑ ΝΕΑ ΤΗΣ ΕΕΕΕΘ – Αρ. 7 - ΦΕΒΡΟΥΑΡΙΟΣ 2007 Σελίδα 20  

BIMROCK STRENGTH  

Geotechnical engineers and engineering geology 
practitioners commonly follow soil mechanics tradi-
tion and assume that the mechanical behavior of 
bimrocks is adequately represented by the proper-
ties of the weak matrix materials. In many circum-
stances, this assumption is too conservative. 
Lindquist (1994) and Lindquist and Goodman 
(1994) determined that the overall strength of a 
bimrock is related to the volumetric proportions of 
the blocks. As shown in Figure 9, Lindquist (1994) 
conservatively established that below about 25 
percent volumetric block proportion the strength 
and deformation properties of a bimrock is that of 
the matrix; between about 25 percent and 75 per-
cent, the friction angle and modulus of deformation 
of the bimrock mass proportionally increase (and 
cohesion decreases); and, beyond 75 percent block 
proportion, the blocks tend to touch and there is no 
further increase in bimrock strength.  Goodman 
and Ahlgren (2000) identified contributions to 
overall bimrocks strength at volumetric block pro-
portions much lower than 25 percent.  

The overall strength of a bimrock is independent of 
the strength of the blocks. Blocks greater than the 
block/matrix threshold contribute to strength: as 
long as there is sufficient mechanical contrast, the 
presence of blocks with a range of sizes adds 
strength to a bimrock by forcing tortuous failure 
surfaces to tortuously negotiate around blocks (Ir-
fan and Tang, 1993; Lindquist, 1994; Lindquist and 
Goodman, 1994; Goodman and Ahlgren, 2000; 
Sönmez, et al, 2006a, 2006b).  

 
Figure 9:  Strength of bimrocks increases with 
volumetric block proportion. The increase is added 
to the strength of the matrix. (After Medley, 1999; 
from data of Lindquist, 1994a; Irfan and Tang, 
1993). 

ESTIMATION OF VOLUMETRIC BLOCK PRO-
PORTIONS 

As indicated above, to predict the mechanical 
properties of bimrocks, the volumetric block pro-
portion must be estimated. The volumetric block 
proportion of a bimrock can be approximated by 
measuring linear block proportions of drilled cores 
which, given enough sampling, are equivalent to 
volumetric proportions (Weibel, 1980, Medley, 
1994). The linear block proportion is the ratio of 
the total lengths of blocks intersected to the total 
length of sample lines. Other methods include 
measurement of the areal block proportions from 
outcrops using image analysis (Medley, 1994). 
However, erroneous estimates will result if volu-

metric block proportions, bimrocks strengths, and 
total block volumes are estimated from a few bor-
ings (or outcrops), as indicated by the typically 
extreme variability indicated by Figure 10. During 
earthwork construction very useful information 
may be collected to refine the strength estimate of 
the bimrock and evaluate the assumptions made 
(Medley, 1997).  

 
Figure 10: Plan view of an array of 100 linear block 
proportions ranging between 0% and 61% meas-
ured for a physical model bimrock with actual 
volumetric block proportion of 32%.  The range in 
spatial variability is indicated by the circled values 
(After Medley, 1997). 

CONCLUSIONS 

Bimrocks are common and problematic for geo-
technical engineers in many countries, including 
Greece. Bimrocks should be purposefully character-
ized for design and construction even where there 
is great uncertainty in the characterization, or 
when the volumetric proportion of blocks is too 
little to provide geomechanical benefit. Conceptual 
understanding of the nature of bimrocks aids accu-
rate characterizations. Procedures to characterize 
and analyze bimrocks are available. Implementa-
tion of these procedures may reduce expensive 
surprises by focusing the practitioner’s attention on 
the difficulties that may be encountered during 
design and construction.  

The second article in this series will present 
case histories and some guidelines for per-
forming disciplined characterizations of bim-
rocks.  Readers with questions arising from 
this first article may email the author at 
emedley@geosyntec.com and where possible 
answers will be included in the next article.  
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ERRATA- Article 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
Figure 8: Franciscan Complex melange, northern California. Note shearing in   
“matrix” adjacent large headland block with blocks oriented sub-parallel to shearing. Block sizes 
range between tens of meters and meters. Detail shows “matrix” in at circled area also has block-
in-matrix fabric at scale of 3.1m long bar.  (Photo: E. Medley). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10: Plan view of an array of 100 linear block proportions ranging between 0% and 61% 
measured for a physical model bimrock with actual volumetric block proportion of 32%.    The 
range in spatial variability is indicated by the circled values (After Medley, 1997). 
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