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MODELS OF BLOCK SYSTEMS
BLAHOSLAV KOSHTAK. C.E., C.S¢.!

SYNOPSIS. Photoe'astic models were anmalyzed (o find characleristics ol
siress distribution in a system of blocks. The research was motivated by megagee-
logical considerations directed to the Earth's crust block svalenms. Tlu: most stmple
schemes of blecks were investigated in two dimensions under compressive load acting
in the plane of the system. The models confirmed that the load is supporied in the
system by a bearing skeleton formed by rigid blocks. Thus some blocks are overloaded
while some others relieved. Configuration of the baa ing skeleton is due to ihe origin-
al irreguliritics in the blocks system. In the Earth's crust natural irregularities are to
be expecled. 1t is argued therefore that a similar situation with a system supporting
loid  through stress concentrating blocks is likely to occur in the Earth's crust. Be-
sides, relleved blocks are expected as well as other features that were observed. Actual
deflections from rigidity of blocks are expected to modify the. configuration of the
bearing skeleton but not 1o clrange the basic behaviour of (he syslem,

INTRODUCTION

Any geotectonic hypotesis represents a serious simplification of na-
ture which results in a selection of factors that are assumed fo be im-
portant in the involved problems. To compare the effeciency of different
factors the'r role must be evaluated. This task, which is sometimes very
difficult to achieve by making observations in the field, can be solved
by such means like models.

In spite of the fact that the factor of mechanical discontinuities in
the rock mass is generally considered of the utmost importance, there is
a lack of imformation about its role. This is why this model study was
made as an attempt to follow the eifect of one chosen factor —set of me-
chanical discontinuities to the stress distribution in the Earth's crust. The
effort was concerned with megageological problems. However, the inter-
pretation is belicved to be found In different scales.

Not all types of discontinuities were taken into account, but prefer-
ably those that allow a massif to be considered as an assembly of
blocks that are more or less distinet. Thus one of the basic geotechnical
views (Thadeu, 14567) upon a rock massif is followed. It is expected
that the discontinuities may be often more important than the properiies
of the rock substance itself. While Increasing volume of mass new and
different systems of discontinuities become efficient. At the Ilimit, the

! Senlor Scientific Worker, Dept. of Engineering Geology, Geological Institute,
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" idea of a continental block system (Moody, 1956), as of giant fragments
I'ui the Earth's crust, is foreseen.

To see the function of discontinuities more clearly, highly simplifi-
ed wumodels were employed. They were not intended to characterize any
particular region of the Earth’s crust but to represent a structured medi-
um contradictory to continum,

PRELIMINARY EXPERIMENTS
In preliminary experiments with block systems it bBec:ime apparent
' fhat it was very difficult to achieve a perfect match of individual blocks
. In models. The dimensional variability due to production of individual
blocks followed the laws of statistics and had a basic influence on the
stress distribution. It was recognized that the phenomenon cannot be re-
garded as aparasitic effect only.

Dantu (1957). who introduced a new photoelastic procedure for vis-
ualization of the load transfer in granular media, pointed out the forma-
tion of load-bearing chains of grains as a physical nature of the load trans-
ier In such a medium. He has shown also that the similar nature of
stress fransfer can be traced in the highly heterogeneous medium like
concrete. Not dissimilar mode of load transfer was recently postulated by
Voropinov (1967) In his description of faillure mechanism in rocks. There
is an idea of ,bearing skeleton®, transformation of which governs the
{rength behaviour of rock in the process of plastic deformation. Beyl
(1951) analysed the practical influence of ,bridging® due to competent
beds of rock on mining operations. All these authors refer to the same
phenomenon seen from different standpoints. Their common finding is
the formation of a ,bearing skeleton“ that may be a response to the mis-
match of grains as well as o the haterogeneity or competency of the
material or to the differential movements due to plastic deformations in
a granular medium, ,

Having this in mind it was decided not to prevent the natural mis-
match of blocks in the models but rather to follow its consequences. So
the original idea of discontinuity of the mass was accepted as closely re-
lated to that of inhomogeneity of the mass. This aspect is reflected in
the proposed Interpretation of the expeiiments as well as in the basic
approach, In this broad approach the block systems can be considered
as different forms of granular media or the concept of granular media Is
considered appropriate even for block systems.

GENERAL APPROACH

Consider, on the surface of the Earth’s body, an idealized crust as
a single uniform layer cut into blocks®. The crust is relatively rigid con-

2 Tabular composition of the Earth's crusl has been recently postulated by
Moody (1966). According (o his view ,the fundamental bullding blocks of the Earth's
crust as it now exist are polygonal tabular blocks of continental composition and of
varying size and shape and similar blocks of aceanic composition®,
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trary to the ductility of the Earth’s body, and diiferent processes in _"“'
body may cause movements in the system due to horizontal fo-n.ea. and
horizontal stress field® will take place in addition to the cuniil‘-tllg pres-
sure due to force of gravity. The crust is on the surface of Earthand it
may well dilate lsterally, in the vertical direction. There is some Justifi-
cation therefore to consider the crust as a two-dimensional system; a

cracked shell in a state of compression. .

The horizontal stress field will be aifected by the configuration of
the discontinuities between blocks and their irictional properties, as well
as by rheological behaviour of the block substance. Considerable varia-
tion of block properties can be expected®. There is not enough t"\‘ll"t‘l]-
ce about the frictional properties® on block boundaries. The dimensions
of biocks are estimated at 100 km diameter and at 40 km thickness®,
The arrangement of blocks is indicated by the linearity of large faulls
and hypothesis about shear® patterns (Moody, 1966). The idea of rectan-
gular joint system can be derived from, although many irregularities are

to be expected.

Such were the few hypothetical assumptions combined with some
considerations &nd data which formed the basis for the designof models.
Hence it was concluded {hat:

(@) A two-dimensional model would be appropriate to the situation

of a limited section of the Earth's crust block svsiem on the sur-
fuce of the Earth's body:

3 New evidence about the general horizontal st css field in the Earth's crust
and aboul serious variations In the field was given by Hast (1967) and Van Heerdea
and Grant (1967).

* Heterogeneity of the Earth's crust was indicatad by the small scale measure-
ments (Kosminskay and Riznichenko, 1954: Melchior, 1967). Variation of rock behaviour
due to inelastic deformational properties of rock is considered by Birch (1963) and Ro-
bertson (1933), and due to factor of time cy Scheidegger (1963).

5 Jeager (1959) after triaxial experimants with very different joints in rock con-
Cludes that ,measured cosfficients of friction lie in the range 0,5 0,8 and differ buat
surprisingly little between the various surfaces.* A similar resull can be only roughly
assumed with megageo'ogical objects. Archard (1958) after theoretical and experimen-
tal verification concludes that the simple Amonton's law of friction is applicable in ca-
se of higher loads either for elastic or plastic conlact deformations. On the other hand
Brace and Byerlee (1967) and Maurer (1935) conclude that the coefficient of friction
must change as the stress changes. The presence of water In joints reduces frictional
strength and makes the problem even more complex. The results indicate thal nol (no
much gain can be expected at present by introducing intricats frictional conditions o
the models.

* The bottym of blocks need not be necessarlly Identical with the Moho-discon-
tinuity but rather lithosphere-asthenosphere boundary. The estimate of block dimen-
s'0as which resulted from many discussions In the Geolcgical Institute of the Czecho-
slovak Academy ol Sciences Is not considered critical in the experimental design and
wide deflections are expected. Yet, any result should be interpreted with respect 1o
the realistic sizes of blocks.

 Horizontal shear in considerable depth is usual while vertical shear is excep-
lional. This has been found by Hast (1967).
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(4) Blocks oi quadratic shape would be the simplest approximation
of the block geomelry:

(c) Uniaxial horizontal loading in coaction with plane confining pres-
sure* would be representative for Earth’s crust loading conditions.

(d) The major deformations or movements are to be expected at
the boundaries of blocks, where contacts take place, and at the
vicinity of ductile blocks. The blocks are mostly regid® while
block properties may vary seriously. Censequently, the energy
of elastic deiormations of many crustal blocks can be compara-
tively high, though plastic deformations will be more evident.
Therefore, elastic models generally, but combined with plastic
insertions, would be designed for 1he study.

(e) The uniform frictional properties throughout the Joint system
could be assumed. The Joints can be either closed oropen differ-
entially®. The action of hydrostatic pressure would not be intro-
duced in the joints because of the experimental difficulties. In-
stead, the action of plane confining pressure® should be iniro-
duced on the model boundaries.

(f) The lack of data makes the definition of model . conditions in-
complete and similitude in its technical sense cannot be well es-
tablished. Only qualitative results would be interpreted and the
madel would be seen as a scheme only.

EXPERIMENTAL W ORK

Two-dimensional photoelastic models made from rectangular or cii-
cular blocks were employed. Difierent materials were used, namely glass,
plexiglass, epoxy resin, gelatin and elastoplex™. Since models were mo-
salcs, forces were transmitted from block to block through contacts; and
actual deformation due to material characteristics, played an important
role In stress distribution. Individual blocks of any particular model were
originally made from one particular material. Later some models were
prodiiced where the influence of a plastic insertion amidst rigid grains
was studied.

Individual blocks in a system were usually of the same shape and
size but small and random differences in dimensions were present. This
was found to be of extreme importance.

Models were deformed in special loading frames. The first frame
allowed uniaxial loadings of a square area of mosaic. The load could act
against the faces of blocks (Fig. 1,3) or diagonally (Fig. 1,b). The latter

8 Meaning of this term according 1o loading scheme of Fig. 2.

» Morgan (1968) concludes that the evidence presented in his paper favours
{he existence of large .rigid* blocks of the crust. '

10 Besides the many tensile features on the surface of the Earth, cracks func-
tioning as open cracks in the depth can be foreseen (Secor, 1968). Pore pressure can be
a1 important factor in it (Brace, 1968).

1 Qptically sensitive benzyl acrylic ‘resin of the Czechoslovak production,
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condition meant that the block system was forced 1‘0 follow the -:h;mg;:
of shape of the frame from square to rhombus. Slipping along block
boundaries was an essential feature of deformation. The action of forces
P,=P, created a state oi -plane confining pressure® and, consequently,
it mn(]itioned friction in joints which were bare, not cemented. The ac-
tion of Ay had to overcome this friction In order to cause movement
along the Joints. Slipping proceeded in jumps.

R QL5

A

B P. 5% -«
—'--. ‘__0-——.

‘-\

/ J

'\

: /, E
e N\& / /i f I \\'\
a) Py >0; Po=0: Pa-0

b) Pd =Py >0 P, Py

Fig. 1. Square fram> loading cond.tions &

@) uniaxial loading; &) diagonal Ioading. e S const

Uf. 1. Phnbwnedwh yuylwbibep' Fwawo-
nwp prywliwlynd,
bunfupucd.

J[lmmulr,pm;ﬂ- phn-
.nuln.hm.l:urqlmhﬂn plnbunfa-
Fllllrl
Puc. 8. Coornowenue Mexdy cucresod,
PatHoll paske: a) oanoocioe HATpYyHKenne;
) Anaronaapnoe narpysenie.

Fig. 2. Round frame loading conditions:
plane confining pressure.,

Vg 2. Phabu]ocdwh wwpfwbbbep'  Gne
rywbulpud® Supp wwSlwhwhulug Shyoud,
Puc. 2, Veaosus nazpyxenus a Kpye. ol
MK E: HA0CKOe n"plmrmmnmmq:':'
daa.aenue,

Soft rubber packing preventnd boundsry block corners from dam-
ige due to contact with the steel frame and simultaneously acted as a
compressive medium for the mosaic, Thus the loading condition Fig. 1,b
created shear conditions in the area of mosaic, that resulted in the stress

transformation and slipping of blocks.

The sccond loading frame was designed for the pure »plane confin-
ing pressure* condition. On the boundary of a round area of mosalc,.

uniform concentric pressure 3, was

creatad  (Fig. 2) using alr-pressure

loading system. Either cylindrical or Square block mosaics could be lest-

ed in this frame,

The moszics were analysed In polarised light. Isochromatics record-
ed on photogriphs represent the principal-shear contour lines. Dense

fringe and bright colour areas can be j

nterpreted as highly stressed while

dark zones and shadows mean reliel of shear. Photos in circulary po-
larizated light which follow. show isochromatics without interference of
isoclinals which would be present at plane polarilation. The results
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would be better seen in colours than in the black and white version in
which the Isochromatic fringe order is hard to be distinguished.

In the Interpretation of patterns, the optical sensitivity of materials
must be taken into account. While glass or plexiglass show only light,
at the same load epoxy resin and gelatin show rich colour fringe pat-
ferns. Rich patterns cannot be therefore interpreted always as indication
of high load. The square frame was used for high sensitivity models; the
circular frame for low sensitivity ones. The shape of models on photo-

graphs indicates the type of loading used, and even the structure of mo-
salc can be also distinguished.

.

OBSERVATIONS

Results are given by the isochromatic patierns on Figs. 3 to 6. Fig.
3 and Fig. 4 show epoxy resin and gelatin models respectively, Fig. 5
glass models, and Fig. 6-—plexiglass models.

The inspection of photographs shows a large variety of patterns
which likely indicate complicated behaviour. The models can be conven-
iently described in two separate groups. The first group deals with on-
ly square block models loaded in square frame and ithe models represent
details of mosaics. The second group represenis mosaics containing
more individuals so that the phenomena can be investigated as a whole.
In mosaics the distribution of the individuals with respect to the dimen-
sional deviegtions, is random.

Square block models under unixial loading conditiors

At a glance, Fig. 3 show extremely complicated patterns. Sev-
eral blocks are in a serlous non-uniformity of loading.

FFig. 3,a an uniaxialy loaded mosaic, shows non-uniformity in load-

ing of different sets of blocks and siress concentration along ,vertical®
block boundaries. The latter may be explained as a consequence of an
eccerntricity of load. Namely, the second left set is overloaded with rela-
tively low excentricity but the right sets show high excentricity of load-
ing, e. g. the second right shows the excentricity to the left. The
third right set bears comparatively less load, expecially at its lower part.
No slipping occurs.
: Diagonal loading induces the blocks to slipping (Iig. 3b). While
some blocks slip along the ,vertical®, the others slip zlong the ,horizon-
tal* Joints. Ilitching of corners stops slipping and causes extremely high
stress concentration Some blocks seem to be iree from load, some load-
ed diagonally, some bearing intensive edge load. The load distribution
is very unbalanced.

Progress in slipping excludes hitched corners by shearing them ofif.
This is connected with sudden change in stress pattern. Eventually, slip-
ping occuis only in one direction, ,verticai® cr Lhorlzontal*, regarding
the PFigures. Fig. 3,c is an example of slipping in Jhorizontal* direction
but the chances are the same for either direction. While severzl slip-
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ping blocks are relieved, other retain typical patterns indicating ,diago-
b ?; sggii»h;?aji.ﬁerem effect can be found with the last model (Fig.
3,d). One Joint, namely the third _vertical® from the left, allowed an ex-
treme slip. Hence, the transmission of forces in the system is extremely
uibalanced. Actually, the load Is transmitted by the diagonal set of
blocks from the right lower corner of the system 1o the centre where it
splits to ,horizontal® and ,vertical® components. This leaves the othor
rcgions of the system almost completely unloaded. Despite this extreme
effect, the internal stress patterns of loaded blocks are very similar to
those in previous pictures. No new type has appeared.

While Fig.3 represents models made from epoxy resin, which is rel-
atively hard material with small deformations in comparison with the
slips that take place in the mosaics, Fig. 4 represents models made from
gelatin, relatively much more deformable material. The ratio of elastic
moduli of these two materials is about 10%:1. Accordingly the behaviour
is different. Delormations of the gelatin models are of the same order
as the slips in mosaics.

Fig. 4,a shows a model with easy slipping Joints as a result of
low friction conditions. The transmission of load due to the high defor-
mation is well balanced by individual blocks. The diagonal loading pre-
vails In spite of the actual slipping of blocks along the Lhorizontal*
Joint system. During the process of slipping the joints remain completely
closed along their length.

Fiz. 4,b shoys a model of the same kind but with high friction in
Joints. The friction was high enough to stop slipping. All the energy of
loading Is stored by the strain of blocks. Several disconnections in Joints
can be regarded as rare failures. It is not surprising that the state of
stress is almost the same as in the case of an one-piece model (Fig. 4,¢)
representing continuum. While the deformed square net as seen on Flg.
4,b means real joints between blocks, the net on the confinuous one-
piece model as seen on the Fig. 4,c is drawn on the surface only and
does not mean joints.

To recapitulate, the continunous media (Fig. 4.¢) may be split intoa
block sysiem without any serious change of stress distribution as long
as the friction in joints Is high (Fig. 4,b). Once the bonds between
blocks are destroyed, slipping may proceed and stress and strain s con-
siderably redistributed (Fig. 4,a). The load transmission may still be well
balanced between individual blocks. The Sltuation becomes extremely
complicated with rigid materials. Joints tend to open during the defor-
mation. Any differeace in slipping or in shape and size of blocks results
In extremely unbalanced transmission of load through the system (Fig. 3).

It should be noted that this set of experiments shows models rang-
ing In behaviour from the continuous and homogeneous media right
through the mosiic of rigid blocks.



Fig. 3. System of square (epoxy) rigid blocks in circulary polarized light; shear
siresses are visualized by isochromatics. a) Uniaxial loading (,vertical* In the photo)
resulls in an assymetrical and non-uniform distribution of stress in individual block-
sels, ) Diagonal loading produces slipping of blocks; first stage—hitching of corners
resulls In high stress concentrations. c¢) Next stage—the hitched corners are cut off;
uniform slipping of block-sets. d) Boundaries of uniform slipping zones show extre-
mely overloaded blocks (densely fringed) and completely unloaded ones (dark or shad-
owed).
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Fig. 4. System of ductile (gelatin) square blocks under diagonal loading in circulary

polarized light. a) Low friction in joints results in block slipplng; well balanced

transmission of load through diagonal zones of blocks. b) High friction In joints

stops slipping. ¢) Continuous medium for comparison with the previous block system
with high friction in joints; square net drawn on the surface.
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Fig. 5. System of cylindrical (glass) grains under plane confining pressure in cir-
culary polarized light. a) mnlema. arching “visualized by astress mnet culting through
zones of relieved blocks. b) Square alock insertion in the system occasions uniaxial
stress concentration.
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Fig. 6. System of rigid (plexig lass) square blocks under plane confining pressure

in circulary polarized light. a) Formation of a stress net with relieved Zones in a

regular system. b) Narrow stress concentrations across the bonds in a ,brick-bond*
system.
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Fig. 7. Types of load transmission through individuals in a square block system:
a) edge load, b) combined, ¢) diagenal, d) relieved, ¢) hitching of corners.
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Models loaded by plane confining pressure

Filg. 5,a shows a model formed by gless cylinders. They are all of
{he same diameter, which vary at random in the range of 5%. During the
increas> of load a stress pattern appears with an increasing intensity but
with a steady form. The same occurs with load decrease. No slipping of
particles can be observed.

The theory (Dantu, 1961) assuming the correct uniform size of cy-
linders and neglecting the second order values due 1o deformations
wonld lead to the uniform distribution of stress due to particular cylind-
rical individuals. Contrary to this theory the experiment shows the role of
the size and shape variation in the simplest granular medium. An extre-
mely unbalanced transmission of load results. Internal arching concentra-
tes stresses leaving unloaded regions. The stress pattern that may be call-
ed ,stress net* tends to form haxagons in accordance with the interval
geometry of the mosaic.The-experiment with the resulting stress net is
reproducible if the distribution of Individuzls in the media does not chan-
ge,

Tha next models show the phenomenon of the stress net under more
special conditions. Fig. 5.b shows a model of the same kind as the
previons but containing sqjuare insertion. The regularity of the cylindri-
cal grain structure Is in disagreement with the dimeasions of an alien
object. The stress net transforms in such a way that the insertion IS
loaded almost uniaxially. So, it mny be shown that even the plane confin-
ing pressure conditions may result in uniaxial compression of some
clements.

Fig. 6,a shows. a sguare block system in the round fram> under the
conditions of plane coafining pressure. There is an appearance of stress
net also. Moreover, the same typical stress patterns of individuals can
be found as in the models oa Fig. 3. In inspection of thes2 photographs

the difierent optical sensitivities of the model materials are to be taken
into account. :

Fig. 6,b shows a square block system after slipping along the ,ver-
tical* joints so that a dissimilar system of ,lrick-bond* is created. There
is also a stress net In such a system but dilierent response in ,verti-
cal® and horizontal* directions may be seen. The transmission of load
is better balanced wlong the slipping direction than across the bonds.

Common features of mosacs

All models show ,stress net* as a common feature of compressed
mosaics. The stress net means a formation of relatively narrow but con-
tinuous zones of high stress concenirations that mediste the force trans-
mission through the medium. Contrary to the stress zones there appear
relieved zones, that d> not participate directly on the force transfer. The
stress-net formation can be compared with phenomenon of arching.

A highly homogeneous system of ductile blocks (Fig. 4,a) shows
a pattern that can be regarded as an exceptionally regular stress net.
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The load transmission is well balanced but concentrated to the diangonal
zones of blocks. That may be regarded as a limit case of arching. Ho-
wever, the stress-net formation is not only du2 to pressance of diconti-
nuities in the medium. Any irregularities in the shapes and dimensions
of blocks cause their differentiation in the system and an uneven stress
distribution results. The strees net appears in gross. §ome_ blocks or
grains are overloaded while others are relieved of load (Figs. 5,a and 6,b),
The geometry of the system is reflected in the geometry of the net as
well as in the type of load that can be found at different blocks.

The square bleck models (Fig. 3) show those types in more detail.
There is the ,edge load® type which is the most common in the svstem
at any typz of external load, and Its bi-axial comb[nali.)_n: then the .diag-
onzl loald® type, an attribute, as a daughter product of arching. Slipping
of blocks leads to hitching of corners which is responsible for the very
high stress coacentrations The described types are sketched on Fig, 7.
Their modifications can b2 found in any block system loaded by any

compressional load applied externally.

Fig. 8. Reletion between a  system

Jormed by square blocks in a _br.ch-

bond*  postion and a system  of
eylindrical blocks ‘n a compact,

Fig. 9. drching due to relavation of an

indwdual duct’le blozk and  format'on of

a relleved zonyy, A duclile block; B ore-
lieved zonz; € -arching zone,

trianzular position. Uh. 9. Unwbdph dqlyh ppohblep  abjpwlaw-
. 8. lwewplenipyob? Jwrewluf ghugp Bbwbwblo] jodwewght Lppblop L
ghrfowd qubing Funwlnif pinlillepy poqugwd  gnnplileh  womgmgnulp® A
l‘|""|'|I'l"':' “I“'""I""I' L ll""“{"“llm Lnwiilj- Agbgh  ppullubip. H—F«l;mgwd qeinfebihgr.
Jub gheFad qunling qrubiwgpl prodyliire|s (..—ﬁwlfmpw;ﬁlr L3 3hhun,

upumbdf affigl:
Puc. 8. Coornomenue ey cuct 2w,
00 pasaaannori Keadpatusinn  Gaokamu
6 nojomenun snepeauIku  maoas o
CucTeNol  quaundpuueckuy  GAokog @
ROMRARTHOM, Tpey2o.annom Haaowenn,

Pue. 9. Apounvit sperr acaedcrone peaar-
caun ordeavnmx razynux Ga0K00 u oipaso-
ourue ocaafaennuy son: A—taryane Grokn:
B —ocaabaennue sonu; C-—apounui auperr,

One could imagine a process in which originally a rectangular sys-
tem slipped to the |, brick-bond* position but the stress concentration at
corners caused their fzilure so that the cylincrice I-grain system would
result (Fig. 8). Due to slipping the dimensional irregularities of blocks
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~ were pronounced so that a stress net occurred in gross of the system.
" gome blocks or grains formed the  bearing skeleton® of the system
" while others were relieved. According to experiments a ductile block
~ can initiate the formation of a relieved zone which surrounds it contain-
' ing a large number of rigid blocks™ (Fig. ¥). Thus the formztion of
. {he bearing skeleton in the system can be explained ¢s a result of geo-
metrical irregularities zs well as of the veriation in the rigidity of blocks,
" and the experiments performed on rigid not matching blocks can be ana-
logically interpreted in terms of variation of rigidity. The shaded I. e.
relieved zones of blocks can be seen as more ductile ones and the
stressed as the more rigid ones. Consequently a block system has some
mechanical properties of two-phase medium like some kinds of plastics
formed by skeletons with filling of a more ductile mass®™. Under different
conditions the units of the skeleton are more or less uniaxiallv stressed.
On the other hand there are filling zones which are approaching the
state of confining pressure in the process in which the internal balance
of the system Is to be achived.

INTERPRETATION

In view of the megageological objects the delailed interpretation s
a matter of discussion not yet finished. The experimental work, though
inspired by certain geological problems, is believed to be virtually in-
dependent, having potential application in any problems where the con-
ditfons are similar,

The intention was to illustrate the behaviour of a block system. As
a result the stress-net formation in gross is observed and the interaction
of block geomciry and material heterogeneity of the system can be pos-
futated. \

The results are presented in terms of the pholoelastic stress patterns
I. e. isochromatics. To prevent some misleading arguments the Author
would like to make several suggestions. First, not to Interpret the stress
concentrations simply as proportional to deformations. A rigid block can,
store much more energy than another one capable of relaxation. As a
result there is a tendency of stress concentration in the rigid blocks
that are forming the bearing skeleton. Then the rigid blocks can be
seen as those highly stressed just because of being competent and their
permanent deformation can be relatively small. The largest deformations
can be found in the ductile blocks as the results of relaxation. Thus the
unstressed blocks in the models may be interpreted as the relieved ones
or still relaxing and creeping but highly deformed. On the other hand
the ductility and low stress will result in relatively easy slips on bound-
aries of blocks which are then determined to react swiitly to vertical
movement of the subcrustat material. Blocks of the bearing skeleton can
T 12 This reminds of the siiuation around a mine opening in a broken rock

(Hobbs, 1966).
13 Some properlies of multiphase materials were discussed by Andrews (1964).
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be seen as relatively stable grains, channels of horizontal stresses, that
would sensitively react by a temporsry stress increase to such short-term
events like tidal loads. Th2 larg2 amdount of th: stored energy may
cause their failure, which can be compensated for only by the transforma-
tion of the stress net in a relativaly large region of the system. The
failure may occur either at the boundary of a block, thus accompaned by
a sudden :s-lip at the discontinuity, or inside the block, accompaniad by
an upheaval of the mass. In both cases an Immediate response in the
stress net is Inevitable.

The diiference between the blocks taking part in the bearing skele-
ton, and between the rest, is essentially in their loading. While the re-
lieved blocks are in the state of confining pressure, or in a stage of a
relaxation process leading to it, the block of the bearing skeleton can
be in a very complicated state of stress. The possible loading systems
are believed to be compatible with those shown in the experiments (Fig.
8). There the uniaxial loadings prevail.

The model apparently fails if the rigid blocks are in such a minor-
ity that the bearing skeleton could not get in action, i. e. the rigid
blocks would be flowing like islands in a viscous mass. This is the case
of process in which the viscous behaviour prevails.

Although the experiments were carried out on elastic blocks, the
formation of the bearing skeleton is not conditioned by the unambiguous
elasticity of the blocks. A deflection from elasticity does nol seem to
change the reaction as far s the contrast in deformablility of different
blocks in the system Is significant. Moreover not only effects due to het-
erogeneity but also effects due to geometrical irregularities in the Earth's
crust block system are supposed to be real. This is why the phenome-
non of arching with all the consequencies, is excepted to be present in
the Earth's crust. Then tectonic forces seemingly coming from ,nowhere*
could be explained by stress concentrations reflecting processes seafed
deeper in the Earth. Some effects of the arching could be confirmed by
field stress measurements.

CONCLUSIONS

In view ol the behaviour of the block-system models it is suggest-
ed to see the Earth’s crust block system as a two-phase granular medium.
Horizontal compression is transmitted through a bearing skeleton of rigid
blocks which are in the state of stress resulting from their position in
the system as well as from their shape and rheologic behaviour. As a
second phase of the system there are ductile blocks either vastly deformed
due to relaxation process or relieved in surrounding of the arched rigid
blocks. The most rigid blocks concentrate the stresses and play the dom-
inant role in the configuration of the bearing skeleton. Some of the rig-
id blocks may be relieved of stress in the neghbourhood of ductile
blocks. The geometry of the system can be used to determine the typi-
cal loading conditions of individual blocks,
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The two-phase behaviour of the Eerth’s crust is dependent on the
constrast in rigidity of individual blocks. 1f ductile blocks prevail there
is no chance for the bearing skeleton ty be formed and a different mod-
¢l of the Earth’s crust should be accepted.
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MOJEJIK BJIOKOBbIX CUCTEM
Kanp. Texu. nayk BJIAFOCJIAB KOWTAK'S

Pegepar. Jlan onpeieiens XapaKTeplCTHK pacnpeleens HanpsKennii B cHe
rese Gaokon GLIAN NpoaHaauaupobannt gotoynpyrie smoaean. Hecaegopanisa Oblan csf3a-
Ll € MErareoJoriieckHM paccMOTpenHeM 60KOBBIX cHeTeM Kopel. Buuan  nccaelonanbl
nanGojee npocTuie cxeMbl GJ0KOB B JBYX HaMepennsix  noji ciRIMalonteil  Harpy3Koii,
AcTiCTBYIOUER B OCKOCTH 3THX CHCTEM. Moaean noaTsepandn, uTo Harpy3ka p CHCTEMAax
BOCHPHHIMACTCH HECYHLESi CKEIETOM, 06pa3oBaHHbLIM FKECTKHAH Gaokami. lakuy oOpasom,
jeKoTophie GJOKH Neperpyzensl, TOrjia Kak Apyrie pasrpyeHbl. Koundurypamus necyiue-
f0 cKeJeTa onpejeaseTcs MEepBHUHLINI HenpaEHJALHOCTAMH 610KOBLIX CHCTEM. [Mpeanoaa-
raetcsi, UTO B 3EMHOfI KOpe CYILECTBYIOT APHPOHLIE HENPABHABHOCTIL IMosromy jaenaeTcH
JuKJIOUenHe 0 TOM, 4TO B 3EMHOfi KOpe, BEpOATHO, cylecTsyer nojoGuas ke cuHcTeMa
640KOB, KOHUEHTPHPYIOUIHX HANPHAKEHHA, KOTOpas BOCTpPHHHMaeT HArpysKy; npeanosara-
ercs, UTO CYUIECTBYIOT pasrpyXeHHbie Gaoku. HemecTkocTh  JACHCTBHTENBHBIX GJA0KOB
BIIOHAMEHSET KOI(HTYPALUHIO HECYUIEro CKeerd, HO He H3MEHSeT OCHOBHLIX ocofGennocteft
fopeaclng  CHCTeM.
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