
Roof monitoring helps 
prevent injuries in stone mines 
From [990 to l996. l(i stat\C!s rcpnrteJ 92 in1urie~ 

from falls of roof. rib or fac.! in the more th:111 L,1 i 

underground stone mines in the C nitcJ States (Fi ~. 
I l. \,li sso uri. Pennsvlvania anJ Kentuckv acrnune<:J t",;, 
..i~0

,, or the total nu-mber of injuries ( Fig: 2). Of this to ­
tal. l l miners were kilkl.l. Of the l i fataiities. 10. or 1) l '".,. 
were associated with unrecognized lonsc u r failed roe~ 
within the roof beam. AJditionallv. unrcrn!!nizeJ fOl' E 

bea m faiiures resulted in a majority ·of the falls of g:roun l.'. 
inj uries occurring in unJerground US stone mines from 
l lJ90 to i 996. 

This number is not large in magnitude. Bur a wor~ 
force of fewer than 2.000 miners m;kes for a high fotJ. !­
accident iate. The severit\· of the tvoical fo.ll-of~grounc 
injury is. in general. very high. Ab~~t three-fifth-:; of a il 
roof. face and rib fall injuries were design a teJ by the L'S 
Mine Safety and Health .-\dministration ( \,(SH .-\ ) ~!~ 

FIG. 1 

Roof, face and rib-fall injuries in the underground stone 
industry. 
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FIG. 2 

Underground stone roof. face and rib-fall injuries by state 
from 1990 to 1996. 

CA 

TN 

8% 
8% 

MD IN 
IL WV SD 

VA 
10% 

MO 
18% 

14% 

32 NOVEMBER 2000 W MINING ENGINEERING 

PA 
16% 

s1..1 mc: kind or Inst tim..: accident. \.(S H.-.\ a~,i!.!ns :.:ach .1 -.: ­
c:Jc:nl :1 ,evcritv va lu..: from ,rnc lll SI\. A ,,,ic rcorcsc:1 t., 
a tJtality. a t\\"l;. a pcrman..:nt Jisa bi lt t\· an-.: th r~:.: . ;1 i,• , ; 
rime accident (Fig .... ~) . 

.v l ,ist unJ..:rgrounJ stone mine, op..:~:ltt.: in th ,-::.; 
li:11est1..1n ..: 1·1..,rmatillns. [n tact (s,1\iJ 1 ~ i t::Cc~ ,i f limcst ,' r'.:.: 
ar:! genc:rally strong.. Ti1-;y ,1ftcn have -.: omp rc::;~ i•. :: 
st,engrhs or :m MPa (:O.llllO psi ) anJ :ensi i::: , m.: n!.!th~ , ·t" 
i.-l \,!Pa (2.L)Ull psi). Pc:rs istc: nt h(Jriznntai he Jc.ling plar-1:.:~ 
cyoically caus.:: limesto ne roof rnck memhc, w ~c:par:it :: 
inw beams r:rngi ng fro m fl.1 5 t,) I m ID . .' ,\J J rt l th ;_; :-,: 
thJl spa n large: ro,1ms. ra nging from r1. I t1..1 : .~.3 m (::'. l1 t,1 
60 tt l c1nd aver3!.!in!.! i3 . l m ( -l-_~ ft) \\ ide (Fs1 . ..!. ). 

The: Jcf1.., rmatf,1 11 character istic thar ... Jtfc::.:t s r,)1..l[ 
bc:am sta bilit \· is excess ive Jdlection (Fi!! . .' 1. [ t' dd!.::-.:• 
til'n . or bend-in2:. of the roof beams bc:co-n, ;;!s e:-:cessi\ ::. 
roof failure can occur. kaJing to injuries to :nine rs. H,,11 -
c':cr. these bc: Jm:; ca n con tain vcrt icll anJ ;ut:,\·ert :-.::1i 
disco n tin uici c:s ( vert icai joints or fr :.1 crurc:s :rnJ 
subvertical cross-bed planc:s) that sometimes ::iffect icc:1i 
roo f-beam strength. producing wedge or prism , hafd 
failures (Fig. 5). 

If dangerous roof beam deflection values are kl10\\T,. 

thev can be used as a clear indicator of root instabi1i, v 
(Pa.rker. [97.3) . Tnere is a potential for root monitoring 
to assist mining operations in gathering quantitative and 
aualitative information. But. for this technolo!Zv to be 
i~piemenced. several technical probkms must b~ O\cr­
come: 

• The factors that influence the va ria bi lit \' in roof 
beam deflection and failure must be identified. 

• A simple. inexpensive method to monitor dangerous 
levels of roof beam deflection must be produced. 

• Guidelines for evaluating the output or the se mon i­
toring de vices must be established. 

Current roof-monitoring technology 
Observing and monitoring rock deformations pro­

vide information for making critical min ing decisions. 
Trnditionally. miners have sounded the rock . listening for 
the d rumm y sounds that signal loose rock. Trie acr or 
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,1ber of mines using observational and mon i tcring tech niques. 

Qbse..,_;ation or Sounding Observation· Wedge 8orascopa Scratch 
tool 

E,ctansometer :I/linen Guardian Telltale 
monitor type . / ... . ..... -. ·· hole -

N~m_ber o.t mines _": : _9 _ _ ll 5 5 

Jrilling c:x ploration. roof btJlts o r hlasthnks can provide 
rnuch in furmation about th o:: rock . It' scparat ill ns ;i re: 
present. the drill will often acce kratc: through th ese: 
1,H11..:s. Dust and water from adjacl.!nt frac tures n r Jri ll 

.iks indi ca te the: occurrenc o:: c)f hidtkn rock fractures. 
:;; drt:sco pc: s a nd bnrc: ho lc camc:ras havi.: been use d t ll 
observe fracture char-actc:ri stics and roo t" iit ho lo g•;_ 
Wc:dgc:s insc:rtc:d int o angular fracturc:s o r lrn rizo ntal 
bo::dd1ng planes along the ; oot and ribs of the mine: ha'-' C: 
been used to observe the movement of rock masses - if 
the wedge falls out. the rock mass is moving_ 

Obs~ rvational techniques can be: extenJeJ by ro::g.u­
!a rl y monitoring the movement o f the mine: root. Moni­
tors can be: divided into two basic types: roof- to-floo r 
convergc:nce monitors. a nd roof and rib exte nsome ter 
monito rs. Most stone mine do:: velopment room~ ;1\·c:rage 
7. l m (2.3 ft ) and bench rooms average 16.-:l m ( 5 .1 ftl in 
height. roof-to-t1oor. So convergence- monitors ~re: diffi ­
cult to install. maintain and analyze. Roof a nd rib 
extcnsometers are more widelv used than con verge nc::! 

-monitors. However. they are difficult to read beca~se o f 
their location on the roof line or back. 

[n its simplest form. roof and rib extensometer 
monitoring can be accomplished with a scratch tool (Fig. 
6) . This device can detect separations and provide: an 
indication of loose rock layers or roof beam deflection. 
Informat ion on the location and size o f the seoaration 
can be marked on the roof and used to assess p·otential. 
future roof degradation. 

For many years. exte nsometers permanently in ­
stalled in drill holes have been used in underground 
mines to detect ground fall hazards. Sonic prob; exten­
someters have been widelv used in the United States. the 
United Kingdom and Australia. This commercial svstem 
allows for 20 permanent anchors up to a 6-m (2.0-ft ) 
height. The probe is temporarily inserted when mea­
surements are made. 

Homemade mechanical extensometers have con­
sisted of a top and bottom anchor. steel wire or rigid tub­
ing, and some kind of micrometer or dial gauge~ 1l1ese 
de vices have been used for decades in metal mines in 
Michigan. Missouri and Idaho. For example. in the Mis­
souri lead belt district. a deflection rate o f 0.17 mmi 
month (0.007 in./month) is considered a good warning of 
strata fa ilure. Exte nsomete rs have been used as r;al­
time hazard warning devices. Parker ( 1973 ) discussed an 
ingenious method to alert miners of strata movement bv 
alding a warning light to an extensometer. · 

Some common comme rciallv available mechanical 
extensometer monitoring de vices· are the Miners Helper. 
the Guardian Angel and the Dual Height telltale ( refer­
ence to a specific product does not imply endorsement 
by National Institute for Occupational Sa fety a nd 
He alth (NIOSH) (Fig. 7) . These monitors have one or 
two anchor points that measure the overall separation of 
rock la ye rs in the immedi a te roo f. If roof de fl ect io n is 
de tected by the Mine rs Helper and the: Guardian A ngel. 
a reflecting flag drops from the roof line. sign aling the 

. Helper Angel 
4 2 · __ 7 ___ __ , ~ : _ .· . ... . L 

pntcnt1:il for immi nent rl1t)f failure. In sn me cases. [h is· 
in fo rma tion has bo::..:n u~ c:d to indica te a ne_e d to :1dd ronf 
support. re mn vo:: ~ouf r,,ck or dange r utf ai"ft!c to::d arc: a~. 

Cna i mines ha\·e usc: d rc:l ltales fo r c.l.::caJes [ U warn 
miners of str:ita mln·en1cnt. Til t.: te lltale: is a rig iJ bar -
pnssibly a roof bo it - a ncho red into the: roo( .-\ sma ll 
sect io n of roJ pro truding fni m the borehok is covo::red 
with three bands of rdlec ti vt: ta pe. 17,e port ion of the 
ha r closest to the roo f is gc: nerally green. to il owed down ­
\\·:1rd b\· ve llow and rhen rc:d . 11,e idea is that . as [he roof 
deflec t::: ·downward. the roo f line can easily be see n to 
move through the ~re:::n . ye llow and rt:d tape zo nes. 

Rece ntly. Bay Teel, has produced an electron ic ,e !l­
ta le. In the United Kin\!do m. coa l mi nes use ce lltaks 
everv 20 m (65 ft ) with uct ion bands from 0.-.J. to 2 cm (0.2 
to l .in ). B~twee n L9Y0 and l995.falls ofgrounJ wer;; 
re duced from 267 tu six. partially due to the use o f t-:11 -
ta les (A.l tounyan et. al. 1997). 

flG. 3 

Severity of roof, face and rib-fall accidents from 1990 to 
1996. 
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Histogram of rciom widths for 65 underground stone mines. 
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F!G. 5 

Two ditterent modes of roof-rock failure that are common 
in underground stone mines. 
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Photograph of a man holding a scratch tool. 
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0ver1iew of ground-control planning me thods 
()t.' nt..:_::~tfly. ·undLr~r 1 H1nJ 1n i ~1i..:~ !..! :--~ ~: >,~r...-~lli~ lll ~ti 

t..:c:111i4uc.:s. prin1;1r:iv \·isu;li inspe( li1111 . l1 1 dc: :i..: rmi nc run!° 
stab ility . .-\Juitiun;il knmvidgc r .: iatcd tn ~•' l )r \tahilihv 
is gainetl through blas ting. Jrilling anJ -.;CJ !ing. Fur cx·­
ampk. a tlriller pr,.:paring ttl ho it nnt iccs -1 ,;uJJcn in­
crease in tht:: pcnt::trat i\ln ratc. He: realizes ,h at possih lv 
a gap or day scam wa:,; :::ncountcr 2d. 

\-luch \1f this ha nJs-,rn in r1 , rma tin n ;:-rovides an 
uvcrview t)f the ~cnt.:ral ctJ nditiuns r...:L1t c: J ,,, roo f stah il­
itv. How-:vc r. tl;is base 11 f °'now!cd!!C can Ju ick iv Jc:tc­
r(oratt:: if that hanJs- 011 ;:,pc:ric:;c~ is ltht t l1ruugh 
changes in c:mpit)ymc:nt or ,) thc:r ci rcumst;1~c-:!s. · 

\[any mines supplement \· isual insr c:c tions and 
Knowiedo.: ~aineJ lhrou~h han c.:s -on e xcc: r:encc: with 
vario us ~yp~s ot observ:i-t ionai .10J mo~i, o ring tech­
niques. Based t)n obsc:rvat io ns ,rnJ discussi11ns with per­
sonnel at -1-8 mines. -1-9 obse r\·ational .1n (i monitorin~ 
techniques beyond bas ic vis uai inspecr:ons ·,\·ere usc:J ~t 
26 mines (Table l ). This ,;uggc:srs thJ t Jdc: i:iona l in fo r­
m;ition is beneficial or needed ,0 sol•;e so;,Ie clilsscs o f 
ground control probiems. 

To date. observa tional techniques ar c: ;.rsed more 
than monitoring techniques. Observacionai techniques 
accounted for .3 l of the -1-8 mine s. or 6.5 °1() -:i f the total. 
Drilling observational holes to detect conditions in the 
roof was the most used technique with l 1. or 23%. of the 
48 mines. The data also show that l 1 of th e -is mines 
used or have available commercial mechanical monitors 
(Miners Helper or Guardian Angel). Tnis relatively low 
number of overall usa2:e and the fact that -1-6% of the 
mines use no additional monitoring methods suggest ap­
parent limitations to using these methods. 

A comprehensive ground-control plan includes the 
basic visual and hands-on components. But it also uses 
supplemental observational and monitoring techniques. 
And it regularly reads. analyzes and displays information 
gained from these efforts. When th is type of information 
is logged or mapped. it provides a documented history of 
ground conditions. This information can be analyzed 
and prepared by consulting firms or with in-house exper­
tise. The availability of this information at the time of a 
major ground fall or when unstable geologic conditions 
are encountered is useful in deciding :1 course of action 
or alteration of the mining plan. ~[ir{es that follow these 
practices and that promote open communication and 
participation from everyone at the si te are the mines 
with the most proactive approaches towards ground con-
trol safety. · 

NIOSH's roof-monitoring safety system 
There have been considerable advancements in roof 

monitorin!?.. But existing instruments have several limi­
tations that minimize the impact of this technology on 
underground stone mining. These limitations include: 

• Difficulty in taking readings in high roof or back ar­
eas. 

• Exposure co dangerous ground while reading the 
monitors. 

• Complexity in making repetitive readings. 
• Problems with making measurements within mul­

tiple roof horizons. 
• Difficulty in seei ng warning devices in the dusty and 

foggy production face areas. 



FIG. 7 

Photograph of a commercially available Miners Helper. the 
Guardian Angel and the RMT's Dual Height Telltale roof 
mechanical extensometer monitoring devices. 

• Expense of some commercial monitors. 

NIOSH de\'elooed a new generation Roof-Monitor­
ing Safety System·( RMSS). -It improves the existing 
methods tor determining roof stabilitv. This dectrome­
chanical roof monitor in7:ludes severa·l features. 

• It can be fabricated in most standard mine shoos. 
• It is relatively inexpensive (single-point RMSS ~osts 

less than $-W/unit to fabricate in-house). 
• It reduces potential damage from face blast because 

of the in-hole positioning (this is true only of the 
single point RMSS. Fig. 8a). 

• It has the capability for monitor reading at ground 
level (allows the miner to take readings awav from 
potentially unstable roof conditions). - -

• It can be remotely read with a multimeter or com­
mercial data-logging devices. 

• It can accommodate as many as six anchor points 
(this is true only of the multipoint RMSS. Fig. Sb). 

Perhaps the greatest benefit of this new monitor is 
that the miner does not have to make readings in areas 
of questionable roof stability. After all. these instru­
ments are most often deployed in areas where roof rock 
instabilities are suspected. Figure 9 illustrates the advan­
tage of the electromechanical RMSS over other existing 
techniques. 

fow do roof monitors assess strata stability? 
Ever~' opening made in rock causes a redistribution 

or ~tresses in the adjacent -strata. In bedded or layered 
sedimentary rock. the roof beams deflect into the open­
ing immediately after excavation (Fig. 10). A decay in 
the rnte or deflection occurs as the stresses redistribute 
in response to the opening. 

Eventually. the beam deflection stabilizes (Fig. LO). 
In most strata. this initial deflection takes place quickly. 
F , examole. t'-iIOSH researchers have installed moni­
t, -~ in th; face area a few days after a proJuction blast 
and have not been able to detect this period of deceler­
ating deflection . 

As time passes. these roof beams are subjected to 

FlGS • .BA AND 3 

Single-point RMSS with multimeter and multipoint RMSS 
with data acquisition. 

natural. geologic and mining processes. These include 
dramatic humiditv variations from changing environ­
mental conditions: chemical alterations from-str :1ta wa­
ter. tectonic stresses. additional mining adjacent to the 
opening and heat from machinery. These processes ini­
tiate a pe riod of instability that sometimes continues 
until failure occurs. 

In some mining conditions. the immediate roci beam 
mav fail sometime-between the blast and the time when 
miners first re-e nter the face. These beams are found 
draped over the rubble stonepile produced from ,he pro­
duction blast. [n other mines. roof beam failure wi ll pe­
riodical! v occur davs. months or even vears aiter the 
e\cavation has bee~ formed. The time between the de­
ceierating and the accelerating beam-deflection gener­
ally repr;sents a period of stable roof conditions. -

Roof beam deflection due to gravitv loading .::rn be 
estimated using standard formu-las fo r dc! fle ~ti on of 
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fUi. ~ 

Comparison of three roof-monitoring techniques. 
Scratcn ~ S•Q "'onltor .-:amor■ ... monltor - ---------· --- --- - -----· 
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iypical cycles experienced by failing stone roof beams. 
Note the periods of decelerating, quiet and accelerating 
deflection rate. 
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Maximum deflection from gravity loading for various lime­
stone beam geometries. 

80 
E 
E 70 -+-0.2 m beam --♦-
C: 

-•-OAm beam 0 60 .. I -- .-0.6 m beam 0 
! Q) 

;: 50 
Q) 

0 
♦ E 40 

I ca 
Q) 30 al I E 20 ♦ 
:J h1 _,. E 
X 10 . ♦--.• · 
c,s ,/ . 
~ ,.,,,, .. 

0 _, --... ~~--~<,..:·-'! .. 
0 10 20 30 

Room Width, m 

36 NOVEMBER 2000 JI MINING ENGINEERING 

ht.: ~!I1 1S ur ~1l.11c ...... :-·1 ~u~·-· ~-j ~t~.~ . ' \\ , · · _. ~·t ;...: •..:l \ .: :·:.1 11:! i"" --: .1 1: ; 

:t.: n ~th:,,; :in d thic'., :1:..:s~ :~:1':c l ·,1 ~!~'-~ :11 :1x :; ";1 ui :1 J c f!t.:c ~:, \i : 
nf ;1 :..~.~ k:'-i / 111 ·', i 50 ::- cu ,: 1. · .l '. . - l~P:t tn rniii i,111 1~,; · 
l"tli lv intact he :1m ,ii l1rnc:~,, 1,11.:. T ,1s Jcfkc,1011 is ~m;d! 
anJ.ec1n tak<.: rl ac ;.: qu ic~ iv :li'.<.:r :1r, .1pc:n 1n~ is e:-:c:iv;1t<.:J . 
Or it ca n r:1kc pl :1c..: much l:, t..: r a~ ·,·cath ::: ring prrn.:csses 
aiJ in furm1 nL! nc"·· th 1;111er h .:am~. 

T..:ctoni/ process-: , ..:an prnc :.ice aJJ itional rolll·­
he ;:un Jeflection l'V a.\1:iiiy !,,;1Jin,_.: rolJ f beams. Two-J i­
mensionai mllJ<.: ls h;1 1·-: Jc: 11011~ :, ateJ h,1w Jifkren l 
k vc:!s ,it h,1rizon t:1 l st,,.>,..:s rn;1v ..:::c,se up in ~eve rai ccn­
ti m..:t-::rs ,i f ddkc tit.'ll hd ,,rc: r.1: ;ur;: ,i f i"(Jl)f beams 
(lannacchiu ne c t -1 I.. ! ll <l;-i)_ 

V.:nical ln;1Jin~ <.li ,lh'[ bear..s from o,·crlvi ·n~ o r 
aJiacent minin!..'. ~a; t1.,-1d , L, ,1f hc: :, :ns th at. in w·rn.-:.::111 
ac~c krate Je lfc~ tion. ln :1ii ,if ::i ese exampks. root 
beam Jdlc:ction (s vie '-, cJ a~ J pr:::~:.irsor of tail ure and. 
if recognized ear[\. cou iJ resl!l t in ;cm-active cn nrrol so­
lutions. 

Site-specific example 
of a proactive ground-control plan 

A site-specifi~ fie!d test was p:::~formed to illustrate 
how informatitrn from roof mo n::ors can help mak<:! 
satetv decisions Jbout the :- tabili ,v of mine roofs. ln 
l 996.· the immediate roGf at an ope~Jting stone mine be­
gan to fail about 91) m ( .:CO ft l fro m :he end of a previous 
directionally concrolled roof fa ll. 

This original failure wok on thc: appearance of a se ­
ries of low-angled shear planes cutting or ripping the 
rock. The orientJtion of the~e plJnes was perpendicular 
to the orientation of the local hor izontal-stress field. 
Seven deflection moniwrs were placed along the pro­
jected failure trend. Two of the se\·en monitors used the 
20-anchor point sonic probe. The other five were 
three-anchor point prototypes of the RMSS. 

Data collected from three ot these monitors are 
shown in Fig. 12. '.\lonitor No. 7 collected deflection mea­
surements for almost 70 days before total roof collapse. 
During this time. the roof deflected in three distinct 
phases. The first phase was marked by a slow but steady 
deflection in the lower root beam. At about 40 davs, 
there was a sudden increase in the deflection of the 
beam. The third phase indicated that the beam deflec­
tion rate lessened but ended in total roof failure. About 
50 mm (2 in .) of roof ddlection occurre d before roof 
collapse. 

Data from monitor '.'io. 3 showed a much different 
trend. Unlike monitor ~o. 7. this instrument was placed 
close to an existing failure. Tnerefore. significant beam 
deflection could have aiieady occurred. The area began 
to cut. or rip. on July 26. rapidly extending the zone of 
failed roof. Tne roof associated with monitor :--ro. 3 went 
from stable to unstable in five hours. 

Monitor No . ..!. was purposely placed slightly a\vay 
from the main failure trend. The magnitude of deflection 
measured from this instmment was one-tenth of that 
from the instruments within the failure trend. Ho\\,;ever. 
these measurements did show that beam bendin1< and 
associated shearing extended significant lateral distances 
on the order of 6 m (20 ft) from the fa ll 's edge and 12 m 
(-+0 ft) from the center of the fall. This monitor also 
showed that. while deflection was initiated in the lowes t 
beam. beam s<::parat ions quick.ly moved much higher in 
the roof. 



• • • • • • • • • • .. . • • • ,._ , • • , ,1 11 tJt \ I._ '- ,J V ._{ I \.t • r,u. 1, 
,1hk 1,1 the: mine:. Se\·eral ;'r,iacti\-..: 
:;rou11J-cu11trol strat..:gie~ wc:r..: 
impkmc:ntc:u as a result of ~uppk­
rrn..:ntal rouf monitoring. Cnstabl..: 
roof ar~as were iJentiffed ancJ per­
sonnel were restricted from t:nter­
ing . . -\ nc:w roof-support plan was 
initiatecJ. [t prevented the progres­
sive failure of the various roof 
beams. Ruof monitoring was initi­
atc:cJ in other areas of questionable 
stabilitv. 

Roof behavior associated with a large roof fall caused by high horizontal 
stresses. Monitor No. 7 was a three-anchor point prototype of the RMSS and 
Monitor No. 4 was a 20-anchor point sonic probe. 

llonttor No.7 

r 

Critical issues 
and the need for cooperation 
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RMSS technology has the po­
tential to provide information that 
could bt: used to solve associated 
rock mechanics issues. such :i.s: 
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What are critical deflection 
r:i.tes? 
\Vhat geologic factors influence 
deflection magnitudes prior to a 
roof foll. 
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At what locations in the roof does the failure ini­
tiate? 

The answers to these questions can provide the ba­
sis for recommendations and guidelines. And they can 
be used dfectively and efficiently to improve the safety 
conditions for underground stone miners. 

While much has been learned. more knowledge will 
be needed to help know when monitoring techniques 
should be used. Because performance results depend 
heavily on site-specific conditions related to geologic, 
stress and mining conditions. all monitoring data must be 
calibrated for site-specific conditions. The solution to 
this problem requires research efforts founded on a com­
mon goal and good communication. The best wav to 
achie~e this is to have industry, labor and governrrient 
working together to gain the required data and knowl­
edge. 

Conclusions 
This research is intended to serve as a cat al vst to 

develop better engineering tools and strategies that will 
improve safety by better understanding roof behavior. 
An understanding of the complex behavior associated 
with roof instabilities is expected to provide a method 
for developing the safest decisions in concert with exist­
ing mining practices. Developing a proactive roof con­
trol plan allows for a quick and timely response. And it 
ensures that every response is the one that is most ap­
propriate in relation to existing conditions. Here are 
some of the important characteristics associated with a 
proactive roof control strategy: 

• Visual and hands-on roof condition information is 
the basis of anv roof control strategv. 

• Supplemental-observational and ~onitoring tech­
niques provide additional useful information. 

• Regularly recorded and charted information from 
basic and supplemental monitoring. placed on mine 
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maps and shared with miners. fosters the develop­
ment of a proactive roof-control plan. 

There are many useful monitoring techniques avail­
able to underground stone mines. However. many of 
them have operational problems and often lack ad­
equate information to apply them at local mine sites. 

To help address these problems and to provide a 
better means of collecting and sharing roof deflection 
data, NIOSH has developed the RMSS. The RMSS has 
several advantages. It is inexpensive and can be fabri­
cated locally. It can be placed in boreholes protected 
from blast damage. It can be read remotely. And it is 
compatible with many kinds of data acquisition systems. 

A first step has been made here through the presen­
tation of the RMSS. But improvements are possible and 
indeed likely. For example. both the single- and mul­
tiple-point RMSS can be incorporated into a minewide 
monitoring system. It is hoped that improvements can 
be made to fabrication procedures/components and the 
development of computer software to assist in managing 
the large streams of data associated with minewide 
monitoring scenarios. 

Hazardous roof-beam deflection depends on site­
specific geologic. stress and mining characteristics. So 
any roof-monitoring technique must be calibrated for lo­
cal conditions. This can occur only if industry. mine 
workers and government \vork together to gain the re­
quired data and knowledge. 

The use of the RMSS and other observational and 
monitoring techniques by the underground stone mines 
is ex·pected to enhance miners· understanding of roof 
behavior and provide a tool for proactive intervention 
when hazardous ground conditions exist. 

Knowledge gained through shared experiences will 
aid in developing innovative engineering techniques that 
will mitigate falls of ground and reduce the potential for 
injuries to mine workers. (References are available from 
the authors.) ■ 
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