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Ground Control I 

~· 

FOcus <:Jn Grout,d Cor,trol: 
Horizontal Stress 
A SUC.CESSFi.Jl,. GROUND 
CONTROL' PLAN USUALLY. 
ALLOWS FOR A HORIZONTAL 
STRESS COMPONENT 

The purpose of ground control io tO 

create a stable rock Sftuctute that 
can withstand the stresses that 

nature applie~ to it. Traditionally, coal 
mine operators have been primarily con­
cerned with stress caused by the weight 
of the rock itself. The pillars, however, car­
ry most of the vertical gravity load from 
the overburden, leaving only the weight 
of the Immediate roof to be carried by the 
supports . .' 

In the early 1970&, researchers began to 
actually measure stresses underground. 
Tp.ey made a surprl~g dlscovery-in near, 
ly every t~se, the horizontal stress was 
greater than the vertic1tl. stress, oftel). sev­
eral times greater.Although this unexpect­
ed finding caused quite ·~ bit o(head 
5cratch.ing, it explained many ground con­
trol phenomena that were commonly 
observed underground, such as cutter roof 
and long-running roof falls. · · 

The mystery was fiQ.ally solved by the 
theory of plate tectonics (sometimes called 
continental drift). Plate tectonics expiains 
that the ee.rth' s crust is segmented into 
enormous rigid plates. Earthquakes, vol­
canism, and mountain building are caused 
when the plates collide with one an,other, 
generating tremendous forces that are 
transmitted thousands of miles thro1.1gh 
the earth's crust. Geoph~Jcists have cre­
ated a World Stress Map based on their 
current underi;tand.ing of plate tectonics. 
After studying all.the available stress mea­
surement data. the U.S. Bureau of Mines 
(now NIOSHJ confirmed the relevance of 
the World Stress Map ro U.S. coal mines. 
Some. of the rnost significant conclusions 
Wt}rO: 

. • In the eastern United States, the great­
est horliontal srresses are usually ENE (See 
Figure l); 

• The,;e is no clear major dlrectfon {or hor, 
izomal stress in the western United States; 

• The horizontal stresses iq the eastern 
United States are usually 2 to 3 times as great 
as the vertical stresses: 
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FIGURE: 1.-JJ.fter years of dntil collcctfo11, scie11tists lravc mappetl the direction of 

horizontal stress. In the 110rth~::istem Ur,ited States, where: most af the 11ndcr­

gmu11d mi11ing tilkes place, it's oriented in aq ENE dircctfo11. 
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Stress 11shadow11 

Softened zone 

FIGURE 2-Stress relief 1Jri11ci11les e1tplain why one entr.Y experiences ground 

control problems while tfle ac/jacent ent,ies remain intact. 

• Horizontal stresseo in the west are gen­
erally about equal to the vertical stresses, 
though some western mines have encoun-
·tered very high stresses; and · 
l • In general, the deepe;r toe rnine, the 
! greater die horizontal stress. 
i . lt is now widely accepted that hori­

zontal stress is nearly always present 
unde~grou.nd. The only likely exceptions 
are some~ hilltop drift mines. Studies 
have also shown that 

• W!!ak rocks, p~CQlarly those· con-
··! tIDning many weak b

0

edding planes or 
lam.in,ations; ~ more lik~ly to be dwi-, 
aged by horizontal stress than strong, 
maBBive rocks; and 

' 1· 
' 

148 

•Stream valleys can concentrate hori­
.zontal stresses, and also re-direct them. 

ST.RESS (max.) 

+ 

STR!s (max.) 

What are the Effects of 
Horizontal Stress? 

Now that we are aware of how wide­
spread horizontal stress is, it is easier to 
see its effects. Three examples that illus­
~rate the types or problems that can be 
encountered in different stages of min­
ing include: 

~vslopmenr-Aamalldriftmineinwest­
em Vlrgln!a was <1dvandng into a new, 
deeper portion. ·of theh: reserve. Large 
cl)~ of roof began to fall on continuous 
min·ers, 'forcing cut length's to be reduced. 
These i:oofpots were up to 3-feer (ft) thick. 
Roof cutters also developed along the rib 
and through the intersections. The prob­
lems were most often experienced in the 
belt entry, which was nonnally kept a.pp.roit­

imately one break ah1:1<1d of 
the other enuies. 

Outby Roof Falls-A Penn­
sylvania room-andMpillar 
mine was driving panels to the 
north. Condltions 1n the faces 
were excellent and the roof 
looked perfect. Several breaks 
outby, however, roof falls 
occurred with little warning. 
Once initiated, usually in an 
intersection. the falls could 
extend for more than 1,000 ft. 
·The roof falls generally ran 
dow.o ~entry.and could not . 
be stopped by cribbing. Sev­
eral panels were abandoned · 
prematurely. 

Longwall-At a longwall 
mine in southern We6t Vir­
ginia. gate entries we,e devel, 
oped beneath a stream valley 
in an easterly direction. Many 

:\'1-',l/J , ... · ,.tt,"':.'.::. :i,~-:i .t'~~!•? .. ·~~',rr.q,;..-:r" ;;:· ,,:.~ f:~'~ ,,,,:.,;.•,;:J!,.,~...,'.'11~ :''lt/\ 

. . , . ' . 
j, •1-, • •'J' ~ •, ,,,~.._ ... .,t·: . ~-\,.,,, .. ~.'I'-, 1 ... .... ~~, , , "" f• .. • -:u; w.-.... 

COM.MON MISCONCEPffONS 
ABOUT HORIZONTAL STRESS 

"It Is UllllSUal for horliontal stress to exceed 
tile vertleat stress.'' Years ago, It was thought 
that the normal horizontal stress was about 
one-third the vertical stress. W~ now know that 
there is no n~rmal horizontal stress, it depends 
entirely on factors such as the current state 
of plate tectonics, rock stiffnei/s, and su~ce 
topography. · 

"Our mine doesn't have horizontal stress." 
Faw mines are free of horizontal stress. If you 
have a strong, massive roof, however, you may 
norsee any effscts from· ho(lzontal stress. 

"All mv roof i;onlrul problems are i:a~d by 
borimotal stress." Roof control pro~lems are 
generally caused by a combination of factors, 
including weak roof, wide spans, pillars that 
are too small, and/or inadequate roof support. 
While horizontal stress may be the most sig- . 
nlflcant problem at some mines, It Is seldom 
the only one. 

"Horlzootal stress oai'y acts la one dlrec­
tlmi." Rock underground is stressed in all di­
re~tfons, not just horizoritai :and vertical .. Every · 

· enby is subjected to some degree of horizon­
. ta! stress, butthcise perpendicular to the max­

imum horizontal stress see the highest lev~l. 

"Pillar design can help me conlrol bilrillln· 
tal sum." Unfortunately, plllar design Is sel­
dom much help. Larger pJllars can handle more 
vertical loads, but have little effect on horizontal 
ones. Small yield pillars have beon used to con­
trol horizontal stress in very deep salt mines 
where the ground is highly deformatlla, but 
they would have to be very thin (5 to 10 ft) to 
have)ny affect on horizontal stress in a coal 
mine. In any case. rnany horizonlal stress prob­
lems occur right at the face, before the ground 
knows what size plllar IS coming anyway. 

"Tbe direction of horizontal streu can be 
determined by studying the regrunal pattarn 
nf faults and fol~s." This may or may not be •' 
true. Where faults are currently actlye, as in the 
western United States, they are responding 
lo the current state of plate tectonics. Where 

. geologic features were caused by ancient 
strassnelds, as Is generally the case in the east­
ern United States, any relatlonship to the cur­
rent state of stress Is probably coincidental. 
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GROUl\1D CONTROL continued I 
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. :ivHA,T All~;;.;:sr;Ess' i.i~~~~~~N'TS;:,:' i. -.:.:: . :. ·. ·. . : sur~s·, and. the· orle~tation ~f theJ~;u;e· ~~~ u~~d ·t~ deflri'~ ih~ hori~ri~~ :· 
· .. .')i nurji~er.o'f'fechniqu·es a.re.il-vaifable t.o·.m·e~sure.pround:stress. With j sfressfield, · .. · · ·. .. . . .-: . .. :· : · · : ·.. .: · · 
·iiv~rc;oring·m~tf.io.ds .. ·a ho.la· ls tlriiieil into ttJe_rabf, .f .~~sltlve measurin_g -: . Both technlque·s are dif!icult, t.i~e-consuni!n\l, anµ'~n be· ~xpensjve . 

. . device i~· ii:isfi!iled,.'and then aseco.i11:1, larg~r hoie:1s drilled arounct..the fir.st ! Fortunately, a prec'iso v11JiJe of'th~ magnitude of.the horlzo~tal stre~!ii is 
_::-'q11e. The pveri:ore.relie.ves1ti'e stre~s-,.aiiowinl}'lhifrockJo·rei.ax.. ·... :· ·seldom nece~sary. : .·, . .-, . .. . ·... . ,' ·, · .. ~.· ·: .. :: ·.··· 
: · . By r:ri~asutln.u tJ;l~ ·expansion of.the ·roe~, the.or1.oin·a1.stressf!Eild' CilJI lie ; A simple alternative is ~tress ~M)plng·, whfoh uses l~res,suth. as. pot~, 
. r·econstructe~:)·on:,Ei o·v11r~oring .teo(lniri~es pa~;defl.ri~·yie-compl~te 3.-D i· cutters; shifts ·in l:lolt.holes, etc .. .' : . . . . : . · .: ~ : . . · : . ,., : : , · .. 
. ~al:,e' of ~q'e~, W~lle-others provide liiformatloil·j\ist llbp!,ft .uie hofizqntal :. Stress T3PPing .does .not pro~ld8 a numerical yai~e fpr_th~ ~~~~ Jev~I,,.: . 
stres·ses. . . . . . . . . . . · . · .but Ir usually pr-ovides·lnfo'rmatlon:on the direcUon,of the ·major:nc.irtzorltal.' 

.. ' . Hydrofracturing mettiod~ use oniy a sing!~ hole.·A·.s.ec:ti6n of the hole !. stress. ··. ·. · · .".. .. .. : . . . . . .. ... : .· .. :·· ., .. _. .. , 
: .is, /solatetl with packers, anci then· pressuri?etl. w~ 'fluid .un.til'ilie ·rock Jrao- i By ratin_g th~ lntensizy.of th~ str~s feature~. It ~s.o.iodl~res wh.eiJ:i.er tn·e . 
't\Jres: Meas.urement:s ofthefra.cture Pf"llSSUre, subsequent re0 openlng pres• : . magnitude of the stress e.xceeds·'ihe st~hgth of the root.rock. : .. ·: .... . 

. ·. ,' . ', . . . . 

·1 

.!arse roof pots fell out during development, 
particularly In the crosscuts and intersec, 
Jions. The longwall had reueate.d only 100 
ft when a major rooffall occurred on the 
l\eadgate. It was cleaned· up, but 200 ft later 
the·stageloader was again trapped by a bro­
~en roof. To. regain ground control, the belt 

. was removed, the floor was shot, ;md the 
I • • 
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roof supported with cable bolts for a dis­
tance of200 ft. 

The observe.tions at these mines may be 
explained by two basic principles ofhorl­
roxit~ stress: 

• Entries driven perpendicular to major 
horizontal stress are more likely to suffer 
damage than those driven parallel to it; and 

• Horizontal stress cannot pass through 
a broken or collapsed roof, so roof falls and 
gob areas create zones of both stress relief 

· , · .. ,· and stress concentration. 
< S'igns ~J:Horizo~I Sfress .. : · .. · . The second principle has several appli-' '::· · .<< · :..-, · · : ."" :· · . · ·. ·. .. · cations. It explains why one entry may be · 
. H~w manv.11f th.~ ·tqlloWino signs. of ·. heavily damaged, While its neighbor is·per-' 
· -.ijorizolilal ~ess liave:yoU.9bs·efy~d? . factly lntact(See Figure ~l -. lt also explains 

011 d11valliP,m11irt,·do yiiu see'tita1 rootc'utters . why a roo(fall ~ .begin to nm, and ~y it 
.. aqo.pols a~~·more frequent: ..... ':. · .... ·. . can be so hard to stop. And it explains the 
. · • W.hen ·yo\t ~riye .. iri one partlcular dlrectiq~?. . horizontal stress concentrations that can be 
·.. ~·on ~na siµe ofthe.enby~ .' . '. . .' . . .. so troubl~someforlongwalls (SeeFigure3J. 
· , .. ~. in oile Jlarticular. entry or entries? .. · ... : · 
. . ;•.Wljen.yo·u.tum B·crosscut In one particulat. . How Can Hotlzontal 

,direction·? : ,. ·. ·. · . stress Be Controlled? 
.. ·• wiie.it.y~u are mining beneath a !3U'eam.val· Mine design·is the first line of defense 
. ·lay? . . . . . 

gob areas. Advance-and-relieve mining, 
where a gob zone is created d\U'ing devel­
opm!lnt, can be another option. 

I 
Another group·of techniques can be 

used during development to mini.mi~~ 
· horizont,d stress problems. The basic 

principle Is to minimize the damage 
inflicted on.critical entries, so that they 
are more likely to remain standing over 
the ~ong term. The techniques include: 

• Advancing the least critical entry first: 
• Turning crosscuts away from the max­

imum horizontal 5tress; 
• Minimizlµg entry widths an~ inter­

. section' spans,·_ partlcularly ~n critical 
-entries; 

. • Minimizing cut lengths and the time 
b~en cutting and roof bolting; 9:nd 

• ln some cases, leaving top coal can 
help. . 

Even the best design and mining prac­
tice is often not enough to control severe 
horizontal stres5, however. Roof support 
is still the main control technique. Un-

· • When you ar.e·mining under deeper cov8r? 
When you hilva .outby roof Jails, do· t~~y:. . 

11gainst horh:ontal stress. 
Some basic mine d~sign 
prlnciples are listed below: 

FIGURI: 4-Stress Design Diagram. 

~ Tend to b~ more.t~ah an irite~ect1on· 1n 
. l~rtgth?.·. . . ·. . 
. ·• Tend to·run (gro~) over time? . 

• Preferentially occur in one direction? 
•· Seldr;,m o~cur in tv{o adjacent entries? 
• Occur rnore often beneath stream valleys? 
• Occur more often under peeper cover?, 

In your lllngw~JI P.anel~, are roof proble.ms. 
more llkefy lo.occur: · . · 
. • On the first.panel of a group thao in s.ub- . 
sequent panels? · · · 

. • In the headgate than the tailgate? . 
• In a ropeating pattern, for example, near 
every inters8ctior:t? 
• Beneath·stream valleys? 

COAL AQE/ Msn:h 2001 

• Try to maximize rhe 
dtivage parallel to the max­
im um horizontal stress, 
and minimize the drivage 
perpendicular to it. A Stress 
Design Diagram (See Fig­
ure 4) can be helpful in lay­
ing. 01.1t rnain entries, panel 
emrles, and crosscuts; 

• Orient lon~all pane~ 
so that the headgates are 
atre.ssrelievect;and 

• In room-and-pillar 
mining, try to develop pan, 

· els within the stress shml-
ows of previously rnlned 

w 

- -Best 
c::J •Moderate 
• -Most Difficull 

N 

E 

s Entry or Crosscut 

I-
49 
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I. GROUND CONTROL continued 

fortunately, no magic bullet roof support 
has been found that works every time. To 
improve the effectiveness of roof bolts, 
tWo concept6 have b.een found to· be 
µnportant: 
Longer is better, bec:;au6e long bolts are 

more likely to· anc.ho·r· above. the zone 
that has been 'broken by the horizontal 
sci·ess. Longer bolts are particularly 
effective in narrow entries, and where 
the rock becomes sandier and stronger 

more hp-rizontal shear 
lo'ading. Srronger bolts are · 
made from larger diameter 
and higher.grade steel. !tis 
critical, however, that the 
anchorage cap1tcity of any 
bolt be greater than its 
breaking strength. 

h'igher up. · · Some studies also have 
Stranger is berter, because strong 

. bolts cari c~rry more.broken · 
rock, anµ they t.ln withstand 

found that Jt can be effective to install bolts 
with high levels of tension. or to use denser 

bolt patterns. 

Rate Your Horizontal Stress Potential 
I To determi~e;h~her you ara at risk for horizontal stress, take the following simple test. 

What I& vour lypical deplh ol cover? Points score 
~ess than 300 n O 
~~~n 3 

~oo to 1,000 ft 6 
Greaterthan 1,000 ~ • . . :.. . . . ... 

Noli: Mines In wesrem U.S,, divide _dspth raqng by 2. 
Whal besl describes younoof rock? 
Massive sandstone or limestone 
Siltstone. bads >8 i~ches thick 

8 

Points 
D 

4 
Coal. or sllckBnsided, weak shale 8 
Thin bedded sandstone (stackrock) 6 
TMnly laminated shale 12 
lsyour main direction ol drlvage: Points 
Parallel to Iha major ho!'iiontal stress? 2 
45° to the major horizontal stress? 4 

Perpa~dicular to lhs major horizontal stre.s? 6 

Whal relreal m!nlng do you plan lo do? Point. 
· No retraat mining o 
Longwau. wi th haadoate In stress shadow 3 
PIiiar recovery 3 

Longwall, with headgate in stress concentration 10 

·score . 

scora 

Score 

Add your ,atings in each of the four categories to 
get your Horizontal stress Potential:. : .. , , , , , .. . , ........ .... . · ... __ _ 

II your l!SP Is: · Then you: 

llre.eter lhan 20 Should expe.ct serious h'orizonlal s\r~ss problems, an~ pro.bably shouui 
implenienl horizonlal stress control techniquas. · 

Be1\V&en'15 and 20 'May or may n?t see damage from horizontal stress. Should be prepared to· 
Implement conb'ol lechnlQUes If they become nece55a,y. 
PrO!labl_y don'l naµa to be conccrnoll ~bout hoiizomal stress. 

/50 WWW,aoa/a/lf;l,c:om 

Secondary suppon is the last line of 
defense. In general, secondary suppons do · 
not prevent the roof from failing. Instead, 
theyworkto control the roc:;k that has already 
been broken. 

Roof-to-floor standing supports, partic-
. ularly the modem engineered wood cribs 
and posts, can be effective second supports. 
Standfng supports are usually inconvenient 

· in development entries and longwall 
headgates, however, where horizontal stress 
most ?ften st,:ikes. For these applications, 
cable trusses and cable bolts have become 
the most popular secondary ~upports. . 

Cable bolts have the advantage of being 
stiffer than trusses, meaning that they will 
resist the movement of the roof sooner. Roof 
bolts are even stiffer, so cable bolts are gen­
erally (nore compatibl~ with them. Cable 
bolts also use more of their sfrength to res!st 
veriic:& ioads than do trusses, ·and they can 

. obtain ·better contact· in an uneven roof. 
. Cable bolts greatest drawbacks are that they 
must be Jong enough to obtain solid anchor­
ag~ above the broken rock, and they can be 
sheared by horizontal roof movements. Skin 
support, such as heavy steel mats, should 
also be used to prevent the roof from unrav­
elling between the cable bolts. 

cable trusses anchor over.the solid.coal, 
so their anchorage is more likely to remain 
intact. They can also withstand downw.ird 
roof movementij in excess of l ·ft. For these 
reaso.ns, they can survive in high deforma­
tion environment5 where othe{ sup pons 
would fail. Their greatest drawbacks are that 
even tensioned cable uusses provide little 
supp on until large roof movements have 
already occurred. and their vertical load car­
rying capability is reduced because they ~e 
installed on an angle. '(}\ . 

·A l~C!,lng ground aoi:itrol e:xpert with NI05H1 Dr. 

auts ~k wlQ
0

tc.llch an afternoon workshop et 

Longwatl U8A 2001 (June 14, 2001) titled, ·New 

Saftwate far Ground Control.• For more l,nfor­

mauon on the warksbop, contact Steve Flecor 

(5teva_&cor@lnte11ec.com). And, to nz=h Mark, 

contact cnm71ii!oda..gov; Tai: 4:L2/SBB-tUi22. 
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