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CMRR Aids in Longwall 
Gate Entries Design 
A database analysis may 
help longwall designers 

By Christopher Mark, Frank 
Chase and Greg Molinda 

Successfu l longwall mining requires 
a stable tailgate entry. Gate entry per­
formance is influenced by a number of 
geotechni ca l and design factors 
includi ng: pillar size and pill ar load­
ing; roof quality; floor qua lity; entry 
width; and primary and secondary sup­
port. This article describes a compre­
hens ive, practica l design method­
ology, based on stati st ical analysis of a 
nati onwide database of longwa ll 
ground control experience. 

Fifteen years ago, no reliable design 
guidelines for either gate entries or 
chain pillars existed. Tailgate fa ilures 
occurred frequently. Regulations intro­
duced by the Mine Safety and Health 
Admini stration in 1988 requi red tha t 
roof control plans address the issue of 
maintain ing safe travel-ways on the 
tailgate side. 

Respond ing to the need fo r better 
conditions, ground control researchers 
focused initially on the design of long­
wa ll chain pill ars. Many min es had 
found by tria l-and-error that tailgate 
conditions could improve significantly 
when pi llar sizes were increased. 

Whil e pi ll ar des ign formu lations 
proposed during the 1980s built upon 
thi s corre lation, it also was ev ident 
that pillar design is not the on ly e le­
me nt affecti ng tai lgate stability. 
Indeed, experience and common sense 
strongly suggested that roo f qua li ty 
and en try support playa s ignificant 
ro le. 

Geotechnical surveys were conduct­
ed at 44 U.S. longwall mines, where 

Author information 

Christopher Mark, Fronk Chase and Greg Malinda specialize in 
ground (onlrol wi th the U.S. Bureou of Mines, Pittsburgh 
Reseorch (enter located in PilBburgh, Po. 

40 

underground observations of site geol­
ogy , entry condition s an d support 
design were recorded. The observa­
tions were comb ined wi th discussions 
with mine personne l to identify 69 
longwall gate entry designs as satisfac­
tory, unsatisfactory or borderline. Only 
conventional longwall designs, where 
the pillars are expected to carry fu ll 
abutment loads, were included. 

The case histories were character­
ized using fi ve descripti ve parameters. 
Pillar design was described by the 
Analysis of Longwall Pill ar Stabi lity 
Factor (ALPS-SF). A new contribution 
to the databa se was the Coal Mine 
Roof Rating (CMRR) system, a rock 
mass class ifi cation that quantifies the 
structural competence of bo lted mine 
roof. Other quant itative measures were 
developed for primary and secondary 
support and entry width. 

An analysis indicated that in 84% of 
the cases, tai Igate performance could 
be correc tl y pred icted us ing just 
ALPS-SF an d CMRR. Most o f the 
misclass ified cases fell within a nar­
row borde rl ine region . The analys is 
al so confirmed that primary support 
and gate entry width are essential in 
successful gate entry des ign, but the 
importance of the floor and secondary 
support could not be determined. 

Building the database 
Data for th e stud y were co llec ted 

during a series of mine visits conduct­
ed between October 1988 and June 
1992. The mines were selected to rep­
resent a geograph ic and geo logic 
cross-section of U.S. longwalls. 

Standardized data sheets were used 
to record rock mass propert ies 
observed in underground exposures­
usually roof fa lls and/or overcasts. 

The di scussions wi th mine person­
nel foc used on past ex perience with 
gate entry gro un d control. Panels in 
which conditions had been satisfactory 
were identifi ed, as were loca ti ons 
where conditions were unsati sfactory. 
Wh ere co nditi ons were co nsidered 
unsatisfactoty, the steps taken by man-

agement to prevent reoccurrence were 
documented. 

Eac h case hi story was defi ned by 
approx im ately 50 indi vidual data 
fie lds , wh ich we re, in turn , used to 
define seven summary variables. The 
first is design performance , which is 
the outcome or dependent variable in 
the analysis. The other six are explana­
tory or dependent variables. 

Design performance- The case 
histories each were classified either as 
satisfactory (30), unsatisfactory (32), 
or borderl ine (7). (See Fig. I) Unsati s­
factory con diti ons almost always 
included roof deterioration and falls , 
although excess ive floor heave and 
pillar sloughage were cited as wel l. To 
be class ifi ed as unsatisfactory, a case 
had to meet one of four criteria: 

'ma nagement c hanged th e pillar 
design or the supports in response to 
poor tailgate conditions (25); 
· the panel was abandoned due to 
poor conditions (2); 
'unacceptable cond itions developed 
in the areas of deepest cover (2); or 
' several falls above the bolt anchor­
age horizon occurred in the tai lgate, 
resulting in tailgate blockages and 
significant longwall de lays (3). 
Satisfactory cases, in contrast, were 

those in which: 
·the de sign was used for at lea st 
three successive panels; 
-tai lgate blockages were very rare or 
nonexistent; and 
-good conditions, with minima l 
delays attributable to ground con­
trol , were reported. 
In some instances, a single satisfac­

tory case represented as many as 50 
extracted panels. Where the depth of 
cover vari ed, the deepest cover was 
used for the satisfactory case. 

Borderline cases were defined as 
those in whi ch cond it ions were less 
than satisfactory, but which did not 
meet any of the four criteria for unsat­
isfactory designs. 

Pillar design- Pi ll ar design was 
characterized using the ALPS-SF- the 
load-bearing capac ity of a pillar sys-
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Fig. I-Regionol distribution of the satisfactory and unsatisfactory coses. Fig. 2- Oistribution of ALps·IF results within the database. 

tern divided by the load applied to pil­
laTS at the tailgate corner. 

The estimated load-bearing capacity 
is determined by the width-to-height 
ratios and the total load-bearing area 
of the pillars. The estimated load is 
determined by the depth of cover, the 
pane l width and the extraction ratio 
within the gate entry system (See Fig. 
2). Because previous studies had indi­
cated that failures were very rare when 
the ALPS-SF exceeded 1.3 , no cases 
were included where the ALPS-SF 
exceeded 2.0. 

Roof quality- One of the keys to 
the success of this research was the 
CMRR which weighs the importance 
of geotechnical factors that determine 
roof competence, and combines these 
values into a s ingle rating on a sca le 
from 0 to 100. 

The rating system focllses on the 
discontinuities that determine th e 
structural competence ofa coal mine 's 
roof sequence. It allows a meaningful 
comparison of structural competence, 
even where lithologies are quite differ­
ent. The bolted interval is treated as a 
single structure, while considering the 
contributions of the different rock lay­
ers present. 

The field data necessary for calcula­
tion of the CM RR typi ca lly are 
obtained from underground exposures 
of the roof strata in roof fall s or over­
·casts. The following features of the 
roof rock are observed: 

-Shear strength of discontinuities 
(roughness and cohesion); 
-intensity of discontinuities (spacing 
and persistence); 
-strength and moisture sensitivity of 
the rock; 
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·presence of a strong bed within the 
bolted interval; 
·number of beds within the bolted 
interval ; 
·the quality of the rock overlying the 
bolted interval; and 
-the quantity of water inflow. 
The CMRR of the roofs observed at 

the longwalls varied from 30 to 85. 
Within this range, three broad classes 
of roof emerged as follows: 

Weak Roo/(CMRR < 45 )-Roof 
typically consisting entirely of low­
strength (less 8,000 psi), closely bed­
ded,jointed, and/or slickensided rocks, 
(usually shales and coals). 

Moderate Roof( 45<CMRR< 65)­
Bolted interval usuall y contains at 
least one competent unit, typically silt­
stone or strong shale , that is at least 2-
ft thick and contains few bedding 
planes or other discontinuities. 

Strong Roof(65 < CMRR)- Bolted 
interval typically contains at least one 
very competent, massive bed, at least 
3-ft thick that exceeds 8,000 psi in 
strength, a sandstone or limestone. 

A geographic distribution of the 
CMRR shows that mines in northe rn 
Appalachia were characterized primar­
ily by weak roof. Mines in lIIinois and 
Alabama mainly had moderate roof, 
and in Utah the roof was usually in the 
strong category. In the other two 
regions- the southern Appalachians 
and in Wyoming, Colorado and New 
Mexico~the roofs were distributed 
among all three classes. 

Entry Width- (See Fig. 3). 
Primary support- Data collected 

underground included the type of bolt, 
bolt length and diameter, bolting pat­
tern , plate type and dimensions, and 

additional support (mats, he aders, 
mesh, etc .). The Primary Support 
Rating (PSUP) used in the analysis 
was developed as a rough measure of 
roof bolt density: 

PSUP = (Lb x Nb x Db)/(Sb x We) 

Lb = Length of the bolt (ft) 
Nb = Number of bolts per row 

Db = Diameter of the bolts (inches) 
Sb = Spacing between rows 

We = Entry width (ft). 

Secondary support- By far, the 
most common type of secondary sup­
port used in the tailgates was wood 
cribbing. Concrete fibercrete cribs 
were used in just one case, and in three 
cases no secondary supports were 
installed. The secondary support rating 
(SSUP) is a rough measure of tbe vol­
ume of wood installed per unit length 
of the tailgate: 

SSUP = (Nc x Lc x We}/We 
Ne = Number of rows of cribs installed 

Lc = Length of the crib blocks (ft) 
We = Width of the crib block (as installed, ft) 
Sc =:= Center-to-center, cribs in each row (0). 

Characterizing the floor presented 
spec ial difficulties. Whil e attempts 
were made to collect data on the lithol­
ogy and structure of the mine flo ors, 
good underground ex posures often 
were unavai labl e. The floor has 
received relative ly Little research atten­
tion, so not all of the important infor­
mation may have been collected. In 
the end , it was not possible to con­
struct a meaningful floor rating system 
from the data available, and the floor 
could not be included in the analyses. 
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Statistical analysis 
, The statistical technique of discrimi­
nant analysis was employed to inter­
pret the data. Discriminant analysis is 
a regression method which class ifies 
observations into populations. The dis­
crim inant equation relating ALPS-SF 
to CMRR was found to be: 

ALPS-SF = 1.67 - 0.014 (CMRR). 

The model equation successfully 
identified all but 10 cases, for an over­
all success rale of 84%. The misclassi­
fication s were even ly split between 
satisfactory and unsatisfactory designs. 

While this equation could be used 
directly in design, a more conservative 
equation that reduced the misclassifi­
cation rate for unsati sfactory designs 
might be more appropriate: 

ALPS-SF = 1.76 - 0.014 (CMRR). 

The most significant, and initially 
surprising, result was that including 
additional variables in the model did 
not improve the predictive capacity. 
The explanation is that primary sup­
port and entry width are correlated 
with the CMRR and the ALPS-SF at a 
statistically significant level. Of the 15 
mines with weak roof, all but one 
employed entries no more than 18-ft 
wide . Conversely, of2 1 mines with 
CMRR greater then 50, 20 used entry 
widths that were 18 ft or wider. It 
seems that mine operators have '<natu­
rally" adapted to weaker roof by using 
narrow entries. 

None of the predictive models 
in cluded suppl ementa l support. The 
reason is that the unsatisfactory case 
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histories in the database tended to use 
more supplemental support than did 
the satisfactory cases. The positive 
correlation between unsatisfactory 
conditions and heavy supplemental 
support arises because the installation 
of more crib bing is often the only 
avai lab le means of trying to save a 
troubled tailgate. 

In other words, the level of SSUP 
was often a consequence, not a cause, 
of the outcome . As a result, when 
SSUP was forced into a predictive 
model , the implication was that tail­
gate conditions would improve as tail­
gate su pport was decreased. Such a 
conclusion is incorrect. The data does 
suggest, however, that installing more 
supplemental support is not usually a 
satisfactory substitute for an adequate 
pillar design. 

The gate entry design methodology 
that resulted from the study should be 
a valuable aid to longwa ll mine plan­
ners. It is the first design methodology 
to focu s on the tailgate entry itself, 
rather than on the chain pillars. More 
importantly, it is based on the scientif­
ic interpretation of the ground control 
experience obtained at more than half 
of a ll U.S. longwa ll operations. The 
method thus makes the wealth of U.S. 
longwall experience avai lable in a 
practical form. 

Gate entry design methodology 
For practical design, the most signif-

icant conclusions from the study are: 
-the three elements determining per­
formance are pillar size, entry width 
and primary support, and 
-gate entry design must be based on 
roof quality. 

The first step is to evaluate roof con­
ditions. I f underground exposures are 
available, the CMR R may be deter­
mined directly. In most instances, it is 
probably sufficient to pl ace the mine 
roof into one of the three categories 
described earlier- strong roof (CMRR 
> 65), moderate roof (45 < CMRR < 
65) or weak roof (CMRR < 45). 

The next step is to use ALPS-SF to 
determine the pill ar s ize. With the 
CMRR, the proper ALPS -SF can be 
obtained using the design equation 
given above. For weak roof, an ALPS­
SF of 1.3 seems appropriate, while in 
strong roof an ALPS-SF of 0.7 should 
perform adequately. Pillar widths are 
then se lected so that the design 
achieves the proper ALPS-SF. 

Single copies of the ALPS computer 
program may be obtained by sending 
one double-s ided, double-density 
diskette to: Christopher Mark, U. S. 
Bureau of Mines, Pillsburgh Research 
Cenler, Cochrans Mill Rd., P.O. Box 
18070, Pittsburgh, PA /5236-0070 

Finally, the entry width and the pri­
mary support may be estimated from 
what has been successful in the past. In 
weak roof, it appears that the entry 
width should be less than 18 ft. Longer 
bolts, typically at least 6 ft , also seem 
appropriate in weak roof to achieve a 
Primary Support Rating of 0.25. In 
strong roof, entries of 20 ft and a 
Primary Support Rating of 0.15 appear 
to be adequate. 

While the study was not successful 
in defining th e necessary secondary 
support, the indications are that if the 
other criteria are met, no more than a 
moderate level of cribbing should be 
necessary. • 
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