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Geology is an integral pari of roof con- the in-situ rock m aterials with rock types
trol, mine design, and production and rock properties varying widely from

operations. Yet, the im portance of place-to-place. Predicting p roperties in
geology, coal/rock as an engineering con- advance of mining is difficult and oftentimes
si ruction m aterial and its properties and impossible. This is why some types of roof-
behavior within the planned mine areas, in control failures may suddenly occur in some
overall m ine produc- areas w hen a single
tion operations has not UNDERSTANDING THE NATURE roof-control technique
been fully appreciated. OF ROOF GEOLOGY COULD is consistently applied

Of all of the engi- EXPLAIN WHY ROOF CONTROL to an entire panel, sec-
neering disciplines, PLANS SOMETIMES FAIL tion, or mine, 
mining engineers work Many roof-control
with the most challenging construction  techniques are primarily applicable to the
materials. They must deal with rock mate- geological conditions that were assumed in
rials as they exist in their natural states and the development of those techniques and
design mine structures without well-known variations of the rock or rock properties may
and defined properties, fu rther complicat- require modification or significant redesign
ing the design process is the variability of of the support technology.

A change in the geologic properties often 
results in significant variation of the rock 
behavior that is outside of the original design 
criteria limits assum ed by the original 
authors in the development of the roof-con­
trol techniques. W hen this occurs, those 
techniques may not work, and in the worst 
case, the support system fails. Therefore, it 
is im portant to know as m uch as possible 
about geological conditions.

ROOF GEOLOGY
Sedimentary in nature, coal seam relat­

ed rock strata include, in descending order 
of strength, limestone, sandstone, siltstone 
(or sandy shale), and shale. M udstone or 
claystone are similar to shale w ithout the 
laminations. The order of strength as sta t­
ed above is true only when there are no dis­
continuous features such as bedding 
separations, fractures, or impurities in the 
rock strata.

The strength value as determ ined from 
standard laboratory testing only applies to 
the intact portion of the rock. From an engi­
neering design viewpoint, the discontinu­
ities are viewed as defects in the construction 
materials resulting in an adverse impact on 
the structural integrity of the system.

Lim estones tend  to be an extremely 
strong rock unit with unconfined com pres­
sive strengths usually exceeding 15,000 psi 
and many times approaching 30,000 psi. The 
consistency of the lim estone strata is an 
im portant consideration. The strength val­
ue is oftentim es significantly reduced by 
bedding separations and other discontinu­
ous features.

The strength of sandstone formations vary 
considerably. The com position, size, and 
shape of the sand particles and the type and 
characteristics of the cementing agent and 
matrix all have significant influence on the 
u ltim ate strength  of the form ation. U n­
confined compressive strengths may vary 
from several thousand to in excess of 20,000 
psi. Bedding planes, such as cross bedding, 
inclined bedding, and horizontal bedding, 
often weaken a sandstone formation. T hese 
bedding types are governed by the charac­
teristics of the depositional environment.

Siltstones or sandy shales are similar in 
strength  to sandstones and the ultim ate 
strength  depends upon the nature of the 
com position and presence of d iscontinu­
ities. Siltstones and shales tend to be more 
prone to having laminations which are more

A highly laminated roof rock weathers 
around the bolt’s bearing plates.



Table 1—Representative UCS* data for the four major rock types

Rock Type

Limestone
Sandstone
Siltstone
Shale

Minimum UCS, psi

6,000

2,000

2,000

<1,000

Median UCS, psi

19.000
11.000 
6,000 

4,000

Maximum UCS, psi

32.000
21.000

19.000
16.000

*Uniaxial or unconfined compressive strength

characteristic of the finer-grained sediments. 
L am ina tions do no t necessarily  m ean  the 
strength of the rock unit is reduced although 
in m any rock u n its th is is the  case.

Shale lends to be the w eakest of the four 
genera] rock types of interest an d  is defined 
by either the  m aterials of the  rock itself (pre- 
dom ian tly  clay m inerals) or the  size of the 
partic les com posing  the rock. W hile som e 
shales have been found to have unconfined 
com pressive strengths above 15,000 psi, the 
m a jo rity  te n d  to  be less th a n  5,000 psi. A 
w eaker rock th a n  th e  o th e r  th ree , sha les 
degrade from  m oistu re  in (he m ine air.

T he v ariab ility  o f the  s tre n g th  o f l im e ­
stones, sandstones, siltstones, and  shales is 
significant an d  the range of streng ths from  
on e  rock type  to  a n o th e r  overlap s (See 
Table I). G iven th is m uch  variab ility , th e  
m ine  e n g in ee r is faced  w ith  th e  d a u n tin g  
ch a llen g e  o f d ev e lo p in g  an  a p p ro p ria te  
design for ensuring  the stability of the m ine 
s tru c tu re  w ith o u t yet c o n s id e rin g  o th e r  
im p o rtan t factors.

Identifying these rock types underground 
is n o t always easy since the m ajority  of sed ­
im entary  sequences tend  to grade from one 
rock type to another. Limestones grade from 
sha ley  o r san d y  to  p u re  lim esto n es an d  it 
is difficult to d istinguish  betw een  th e  exact 
c lassifica tio n  w ith o u t la b o ra to ry  testing . 
P u re r lim esto n es  te n d  to be s tro n g e r and  
w hen broken have a clean sharp  b reak  that 
is glassy in appearance . The less p u re  lim e­
stones tend  to b reak  along p lanes of lam i­
nations. Sandstones are usually  fairly easy 
to identify because of the surface texture and 
are  b es t d esc rib ed  as grainy  to  th e  touch . 
Individual grains can be easily observed and 
are  a p p a re n t  w h e n  h an d led . Som e of the  
strongest sandstones are crystalline in nature 
an d  have a sm o o th  glassy a p p e a ra n c e . 
S ilts to n es are  a g rad a tio n  b e tw een  s a n d ­
stone  a n d  shale a n d  in m any  cases exhibit 
an identifiable surface texture and the lam ­
in a tio n s u sua lly  found  in shales. S iltstone 
grains are sm aller than  sandstone grains and 
the  com position  of the two rock types m ay

Roof failed due to break up o f roof stra­
ta along randomly oriented slickensides.

be identical. Shales are com posed of grains 
that are too small to be seen with the naked 
eye as m ost are in the size range of sill and 
clay p artic les . M any of Ihe sha les are  soft 
enough  to  be easily broken by hand.

FACTORS AFFECTING STRENGTH
D iscontinuities such as im purities, frac­

tures, and  separa tions w eaken the s tra ta ’s 
s lre n g th  as a s tru c tu ra l e lem en t. T hese 
im purities include w eakened zones of m in ­
eralization  (m ica, clay, or calcile surfaces) 
w hile th e  frac tu re  or se p a ra tio n  system s 
include bedding planes, lam inations, cleats, 
slickensides, joints, and  faults.

Mica, calcite, clay, and  fossils lend to be 
deposited  m ore or less on  surfaces parallel 
to the b edding  p lanes and lam inations and 
form a p lane of w eakness along w hich  rock 
stra ta  can  easily separate . These d isco n tin ­
uous surfaces oftentim es have extremely low 
co hesive  p ro p e rtie s  a n d  Ihe p re se n c e  of 
these features is an im portant consideration 
for de te rm in in g  the  overall streng th  of the 
rock m ass.

Laminations (or planes of separation) may 
result in changes in the characteristics of the 
form ation including chem ical com position, 
type and  characteristics of clastic m aterials, 
an d  the  p re sen c e  and  degree of c e m e n ta ­
tion. Since lam inations are generally found

in finer-g ra ined  sed im e n ta ry  rocks, these 
rocks in m any  cases have larger am ounts of 
clay m inerals. The clay m inerals are subject 
to w eathering  in the  p resence of m oisture.

Slickensides are sm oo th  and  glossy slip 
surfaces that are random ly oriented and may 
be found in various sizes. These surfaces are 
highly polished, have no cohesion, and  once 
underm ined , rocks con tain ing  slickensides 
will separa te along the slick surfaces and fall 
off with little warning. The presence of w ater 
is particularly detrim ental to cohesion of Ihe 
slick su rfaces an d  genera lly  w eak en s th e  
strength  of all sed im enta ry  rocks.

Joints and faults also w eaken the overall 
s treng th  of the  unit, fa u lts  have d isp laced 
rock stra ta  w hile jo in ts do not. Hither type 
of fracture m ay be found with o ther m a te ­
rials or m inerals filling in the voids betw een 
the free surfaces. In both  cases, the rock stra­
ta surrounding  these features m aybe w eak­
er th a n  th e  in ta c t rock  a n d  ad d itio n a l 
supp o rt m ay be necessary.

Finally, th e  s tre n g th  o f a rock u n it as a 
whole is proportional to its thickness. A thin 
sa ndstone  layer is definitely w eaker th an  a 
thick layer of shale even if the  sandstone  is 
m uch higher in strength than the shale when 
tested in the laboratory. The thickness of the 
form ation is very im portan t in determ ining 
the se lf-supporting  capacity  for roof-bolt- 
ing design in en try  support. It is even m ore 
im portan t w hen it com es to determ ining the 
abu tm ent pressures in and around the long- 
wall faces and  the pillar lines in room -and- 
p illa r m in in g  w ith  p illa r ex trac tio n . W ith 
everything being equal, a thicker shale s tra ­
tu m  will o v e rh an g  lo n g er th an  a th in n e r  
sandstone  stra tum , thereby creating larger 
abu tm ent pressures that m ay generate m ore 
in tense  roof-control problem s.



DETECTING GEOLOGICAL 
ANOMALIES IN ADVANCE

T here are several geophysical m eth o d s 
th a t have  b e e n  deve lo p ed  for iden tify ing  
large-scale  geo log ical an o m alies such  as 
sand  c h a n n e ls  a n d  faults. T hese inc lu d e  
e lec trica l resistiv ity , g round  p e n e tra tin g  
radar, seism ic, an d  radio im aging m ethods 
(RIM).

S eism ic tom o g rap h ic  im ag ing  an d  im ­
p roved  KIM techno logy  looks p rom ising . 
W ith re sea rch  c o n tin u in g  o n  im p ro v in g  
accuracy and  speed of the algorithm s used 
in these  system s an d  e n h an ce d  d a ta  p ro ­
cessing techniques, the application and use­
fu lness o f th ese  system s sh o u ld  im prove 
significantly.

1'he sm aller-scale  featu res such  as frac­
tu re  p a tte rn s  and  bedding  separa tio n s are 
m o re  difficult to d e lec t b u t som e re c e n t 
research program s hold promise. Drill-m on­
itoring systems for underground roof bolters 
a n d  p o rtab le  h a n d h e ld  aco u s tic  energy  
m ete rs  are  two recen t d ev e lo p m en ts  t ha I 
have been used to identify smaller-scale geo­
logic features. M onitoring the drilling p a ra ­
m eters during roof-boll installation appears 
to  have  ap p lica tio n  for d e te rm in in g  bo th  
rock  p ro p e rtie s  an d  frac tu res  o r b ed d in g  
se p a ra tio n s  in  th e  roof. S tud ies on the 
aco u stic  energy  m e te r  have d e te c te d  bed 
separa tions, roof slips, and  changes in the 
physical characters of the roof rocks such as 
w eak e n in g  over tim e from  w eath erin g . 
A dditional stud ies on  those  tw o tech n o lo ­
gies are continuing.

GEOLOGICALLY CONTROLLED 
MINE STABILITY PROBLEMS

There have been m any studies perform ed 
a n d  p ap e rs  p u b lish e d  in th e  p ast re g a rd ­

ing  how  various geological an o m alies  or 
defects have caused entry stability problem s 
(roof falls, rib rolls, a n d  floor heave). The 
an o m alies , su ch  as clay v e in s /d ik es , coal 
seam  rolls, h illse a in s /m o u n ta in  seam s, 
joints/faults, kettle bottom s, and sandstone 
channels, are larger in size and  oftentim es 
easily recognizable. A series of reports were 
developed to help identify these features and 
recom m end preventive m easures to reduce 
their im pacts.

However, o ther features involving m inor 
o r g rad u a l a n d  su b tle  ch anges in  geology 
th a t are not easily identifiable or observable 
have been  responsib le for m ajor roof-con- 
trol failures.

Thick sequences of thinly bedded  sa n d ­
stones, silts to n es, an d  shales (m ost c o m ­
monly called “stack rock”) are often difficult 
to support given the tendency to delam inate 
following d isplacem ent after m ining or h or­
izontal stress concentrations. While the com ­
pressive strength of the individual rock units 
is high, the  stability of the strata  is very low. 
The lam inations w eaken th e  rock sequence 
to  the  poin t that even after roof bolting  the 
rocks are not structurally  sound  enough to 
rem a in  stab le . This type o f roo f h as  been  
fo u n d  to  be  re sp o n sib le  for m assive  high 
roof falls covering m any  pillar blocks.

Recently a ty p e  of coal m ine roof rock was 
observed to be extrem ely unstab le  and vir­
tually  im possib le to su p p o rt p rio r to  co m ­
p le te  failu re . T his rock in te rv a l a p p e a re d  
to be highly frac tured  in  an orthogonal p a t­
tern with the fracture pattern  being extrem e­
ly closed-spaced  (less th an  1/16 in ch ). The 
rock interval failed im m ediately  follow ing 
m in ing  and  failed in a near-flow ing m otion  
as one w ould expect u n conso lida ted  sand  
grains to displace. The close spacing of the

frac tu res, the  calcite co a tin g  on the  p lane  
surfaces, and the degree the  fractures w ere 
in te rco n n ec ted  resu lted  in  a rock unit that 
essen tially  w as u n co n so lid a ted . This rock 
unit appeared within the m ine roof suddenly 
an d  requ ired  a significant effort for m ining 
in the area.

Partings in coal seam s are im portan t fea­
tu res for coal m in in g  o p era tio n s and  they  
are frequently used for cutting  horizon co n ­
trol. Partings also play a very im portan t role 
in en try  stab ility , especia lly  in  h igh  coals 
a n d /o r  u n d e r  d e e p e r  o v e rb u rd e n s . A 
stronger parting  norm ally enhances the s ta ­
bility o f the  p illars a lthough  it is m ore d if­
ficu lt to  cu t d u rin g  the  m in in g  opera tio n . 
On the  o ther hand , a m uch w eaker parting, 
d e p e n d in g  o n  its lo ca tio n  a n d  th ickness, 
cou ld  be th e  d ec id in g  fac to r in p illar s ta ­
bility in thick coals a n d /o r  und er high cov­
er, ra ther than  the streng th  of the coal itself.

All conven tio n a l pillar design  form ulas 
do not consider the fact that coal seam s u su ­
ally con tain  one or m ore partings at various 
elevations and the  role of the  partings in pil­
lar an d  en try  stability. M ost partings found 
in coal seam s are w eaker th an  the  host coal 
and  no rm ally  con ta in  varying am o u n ts  of 
clay m inerals.

The clay m inerals are  sub jec t to w e a th ­
ering  and  d e terio ra te  once  in  con tac t w ith 
the w et/d ry  cyclic n a tu re  of the ventilation 
air. T hese w eathered  partings ten d  to p ro ­
m ote rib rolls and  sloughages over time, p ar­
ticu larly  u n d e r the  in fluence  of a b u tm e n t 
pressures. In high coals a n d /o r  u n d er high 
overburdens, the  deterio ra tion  could be so 
severe tha t it se rio u sly  th re a te n s  m in ing  
operations.

Since m ining engineers do n o t and  ca n ­
n o t se lec t th e  rock m ate ria ls  to  b u ild  the  
m ine structu res and  the  in-situ  rock m a te ­
rials are know n  to vary considerab ly  from  
p lace -to -p lac e , it is ex trem ely  im p o rta n t 
to be aware of the geological character of the 
roof and  coal seam .

O bviously th e  key is th e  tim ely  id en tifi­
cation  an d  recognition  of sub tle  or sudden 
c h an g es  in  ro ck  s tra ta , th e  im p a c t of th e  
ch an g es on s tru c tu ra l stab ility  w ith in  the  
m ine, and the developm ent of an  approach  
for m inim izing the im pact if the  conditions 
signify a shift from  stable to unstable . C \
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Thinly laminated stack rock can create 
challenging mining conditions.


