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Abstract 
Reduction in the recovery time required and improvements in safety during a. longwa/1 face move have 
compelled coal mine operators JO examine and use predriven longwall recovery rooms. The recovery entry 
is developed at the long wall stop position and supported ahead of time, so that the required combinations of 
standing and internal supporrs can be installed before the longwall face approaches. A calibrated three­
dimensional finite element model, developed in conjunction with an underground test area, provided the 
critical components and design principals for a comprehensive parametric study. The study indicates that 
vertical, horizantal and shear stresses concentrated on the outby abutment pillar corner of the recovery room 
resulting in deformations in the immediate roof above the primary roof support anchorage level. The resi~lts 
of the numerical model and field site observations indicated that the combination of the internal bolting system 
and the standing concrete supports are critical for the successful and safe extraction of the longwall 
equipment. Cable supports installed at and angled over the pillars can help stabilize the disturbed zone above 
the adjacent fender and outby pillars; however, standing supports are required in most sedimentary roof 
conditions to increase siability and assure a safe longwall extraction. 

Introduction 
ov i ng longwal I equipment from the end of the current panel 

into the next "start" or "set-up" room has a lways been an 
o;,eration that requires thorough engineering and p lanning. 
Conventional methods require that a predetermined location 
be established and preparations be made between 12 to 14 
shearer cuts from the extraction point. After each cut is taken, 
welded wire mesh or chain-link materi.al is placed above the 
shield canopy so that the mesh overlies the shields to be 
extracted at the longwall stop position. The selected material 
is usua.lly reinforced with steel wire ropes that run the width 
o · the longwall panel. The last 2.4 to 3 .0 m (8 to 10 ft) are 
mined and the shields are not advanced. This area is prepared 
for shield extraction by installing wire mesh or chain-link 
material against the mine roof and pinned with bolts. In most 
cases, either hand-held drilling equipment or specialized 
single-boom bolters designed for this application are used. 
The meshing and bolting cycle times can vary from operation 
to operation and are usually a function of the immediate roof 
C'lndition. Experience in the JongwaJJ recovery areas of this 
particular field site has shown that the weak roof must be 
1-eavily reinforced with wire mesh and long bolts to control the 
<"rea during the tear-down and extraction process. 

Recent improvements to the longwaJI extraction process 
have been madewit.hthe introduction of nylon wovengeotextile 
materials. Tbe material is usually provided in one preassembled 
sheet that pennits coverage of the entire longwall roof area. 
Driefly, the fabric is brought into the mine in a roll and is 

transported down the longwall face on top of the conveyor 
pan. The material is hung up on the shield tips and is unrolled 
so it will unwind behind the shields as the face continues to 
advance, usually 7 .6 to 12.2 m (25 to 40 ft) . At the longwall 
stop position, the material is bolted to the roof using the same 
equipment and techniques utilized in a traditional extraction. 
Whi le these preparations are necessary to minimize the haz­
ards of roof falls and prevent failed material from falling into 
the position of the extracted shield, they can also slow the 
advance rates , impede production and, more importantly, do 
not eliminate the hazards associated with applying the wire­
mesh or geotextile materials during the shield recovery pro­
cess . When the face withdrawal begins, additional reinforce­
ments or support such as roof bolts, cribbing, I-beams, props 
and even polyurethane injection may be required to stabilize 
the entry for safe shield removal . The area is restricted , which 
often makes the movement and installation of these materials 
cumbersome and potentially hazardous. 

As an alternative to this described method, mines have 
investigated and utiJjzed predri ven recovery rooms for longwall 
face moves. This entry is developed and supported ahead of 
time so that the required combination of standing and internal 
support and reinforcement can be installed before the longwaJl 
face approaches. The m ajor benefit of this approach is that the 
supports are placed under traditional development mining 
conditions, instaJled with an automated temporary roof sup­
port (ATRS) roof bolting system. The ATRS limits the expo­
sure of the operators to the hazards associated with roof bolts 
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Figure 1 - Plan view of longwall recovery area. Recovery 
room between chutes Nos. 4 and 5. 

installed with hand-held equipment and narrow profile line 
bolters under unsupported and highly stressed roof. 
Presupported recovery rooms would also permit all of the 
required supports and reinforcement to be in tai led prior to the 
front abutment pressures, which can create production prob­
lems and support delays using traditjonal longwall equipment 
recovery methods. 

To investigate the feasibility of a predriven longwall re­
covery room, a predriven room was mined and supported 
between two existing recovery chutes, as shown in Fig. l . The 
recovery room, driven 52 m ( 170 ft) long and 4 .9 m ( 16 ft) 
wide, wa supported with several types of internal roof rein­
forcements and high-capacity roof-to-floor cuttable concrete 
crib . Instrumentation was installed to monitor the loading 
and stiffness characteristics of the cribs and differential sag­
stations were used to help evaluate the roof behavior. Addi­
tionally, understanding the actual field response of the room 
and supports was supplemented with three-dimensional finite 
element models. Trus paper de cribes the design process, 
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support methodology, monitoring and numerical results and 
presents pecific sugge tions and recommendations based on 
this research work. 

Recovery room test site and geology 
The 305-m- ( 1,000-ft-) wide longwall face is located in the 
Herrin No. 6 coal seam in Illinois. A predriven recovery room 
was driven between the inbyends oflheNos.4and 5 recovery 
chutes. as shown in Fig. 1. The five recovery chutes were 
developed months prior to the minfog, reinforcement and 
support of the recovery room. The recovery chutes are tradi­
tionally used as multiple access ways to remove face equip­
ment during the longwal 1 extraction. The long wall chutes and 
the recovery entry were mined 4.9 m ( 16 ft) wide. The 
overburden depth was 95 m (3 12 ft) and coal seam was 2.3 m 
(7 .5 ft) thick. The pillar centers in lhe area are shown to be 46 
m (150 ft) long and 20 m (65 ft) wide. Tbe recovery chutes 
were driven 37 m (120 fl) into the loogwall block on approxi­
mately 46-m ( 150-ft) centers. The immediate roof consists of 
laminated shale lhat is I .8 m (6 ft) thick and overlajo by gray 
shale of various thicknesses. A weak layer of claystone in the 
immediate floor ranged from 0.30 to 0.45 m (1 to 1.5 ft) thick, 
with an underlying competent limestone 1.5 m (5 ft) thick. In 
general, this roof is considered extremely weak with calcu­
lated coal mine roof rating (CMRR) values that range from 40 
to 45 (Malinda and Mark, 1994). Another consideration, and 
one of the reasons this area aod method were selected , was the 
presence of a series of clay dikes that intersect the coal seam 
and interrupted the roof and floor members. These features are 
not new to this operation, and the areas adjacent to the dikes 
were generally found to be extremely weak and unconsoli­
dated. Operations felt that the safest way to extract the 
longwall equipment from th is area, limiting personnel expo­
sure to the hazards, would be to use a predriven recovery 
room. The clay dike zones would be supported with additional 
boll and surface control measures prior to the forward abut­
ment stresses created by the approaching longwall. 

Finite element results 
The fi nite element models for longwall mining encompass a 
large area because they must include the adjacent gob zones 
from the previously mined panels, the entry and pi llar systems 
and the moving longwall face. The only viable solution to 
obtain realistic results was to use three-dimensional simula­
tion. Due to the large size of the area of interest, the flllite 
element modeling must be portioned into two steps: the global 
model and the submodels. Tbe global model is used to inves­
tigate the overall rock behavior around the longwall panel, 
while the ubmodel focuses on a particular section to allow 
detailed analyses. ABAQUS , used for this stucly, uses a 
submode I linked with the global model by computed displace­
ments to reduce the model size for the local response analysis. 
A cross-section of the submode] is shown in Fig. 2. To conduct 
this investigation, the modeling consisted of the followi ng 
three steps: 

• A global model was used to determine the magnitude 
and changes in the abutment pressures a the longwall 
face advanced toward the proposed recovery room . The 
goal was to determj ne the worst conditions the recovery 
room would be subjected to during the extraction . 

• A submode! is extracted for the panel at the center oftbe 
global model. Two rows of concrete cribs, one al the 
center and the other against the inby rib of the proposed 
recovery room. are "installed." 
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• The submode! is used to simulate the cement crib 
loading, stress distribution around the recovery room 
and the yielding of both the immediate roof and floor 
under the loading conditions to which the recovery 
room may be subjected. 

Based on the fi nite element modeling results and engineer­
int; analyses, a complete reinforcement and support system 
de~ign for the proposed recovery room was recommended. 

The global and submode!. The dimensions of the global 
model were 329 m (1,080ft) wide, 192 m (630 ft) long and 107 
m (350 ft) high, consisting of half the region from the previ­
ou;;ly mined panel and half the region from the unmined panel. 
The global model consists of more than I 05 ,000 elements run 
at I /6 step per increment, requiring up to 20 hours of computer 
ru 1 time. The abutment pressures generated as a result of 
Jo, gwall mining were simulated using a special gob model 
(Morsy and Peng, 2001). AU of the materials (coal, roof and 
floor) were assumed to behave linearly elastic until they 
reached yield as defined by the Mohr Coulomb failure criteria. 
Beyond the yield point the materials were considered to 
behave perfectly plastic. 

The changes on the abutment pressures were investigated 
for three longwall face locations, that is, when the face was 
18.3, 5.5 and 3.7 m (60, 18 and 12ft) from the recovery room. 
Tlie global model revealed that when tbe face was 3.7 m (12 
ft) from the inby rib of the recovery room, the 3.7-m (12-ft) 
coal pillar fender yielded completely. This was defined as the 
worst possible scenario for the internal and external reinforce­
ment and suppott systems. The peak abutment pressures of 8 .3 
to 10.3 MPa (1 ,200 to 1,500 psi) were 3.5 to 4.4 times the 
esrimated original vertical stress as a function of overburden 
(1.1 psi/ftx 312 ft). As expected, the abutment pressures at the 
cc 1ter of the longwall face were larger than those calculated 
at both ends of the panel. 

A three-dimensional submodel,51 .2 m (168 ft) Jong,2.7 m 
(9 ft) thick and 107 m (350 ft) high, was extracted from the 
gb bal model to represent the recovery room. As shown in Fig. 
2, two rows of 1.2-m- (4-ft-) diameter concrete cribs were 
instalJed and a uniformly distributed load of 1.14 MPa (166 
psi) was applied to roof to sjmulate the powered shield 
su:Jport. A crib capacity of 816 t (900 st) was simulated to 
determine the abutment pressures applied as the longwall 
approached. The portion of the abutment pressures trans­
ferred to Crib A, located close to the oncoming face, was 3 .3 
and 3 .S MPa ( 480 and 500 psi) for Crib B, which was located 
in the center of the recovery entry. The calculated maximum 
roof deflections above and adjacent to the cribs were approxi­
m·'.\tely 71 mm (2.8 in.) . 

Reinforcement and support system design 
The result of the three-dimensional finjte element results 
pr,:)Vided the necessary cri teria for consideration for the final 
re·nforcement and support system design for the p.roposed 
re•:overy room. The main considerations were: 

• The immediate roof above the recovery room, consist­
ing of a 1.8-m (6-ft) thick laminated shale, yields during 
the initial development of the recovery room. 

• When the longwall face is 3.7 m ( l2ft)from entering the 
recovery room, the 3.7-m (12-ft) coal block or fender 
pillar bad yielded. 

• The immediate roof continues to yield to a depth of 4.6 
m (15 ft) and the outby barrier pillar yields to a depth of 
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Figure 2 - Cross section in the three-dimensional 
submode!. 
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Figure 3 - Roof and rib reinforcement system application. 

I .2 m ( 4 ft) on tbe arrivaJ of the large forward abutment 
pressures. 

• The immediate floor is claystone that yields on the 
outby side of the recovery room, but not under the 
concrete cribs. 

• The roof in the outby portion of the recovery room away 
from the cribs, over the abutment pillars, could yield 
and fail as the longwall panel approaches. 

Roof and rib bolting. Based on the five major points obtained 
from the modeling, combined with strata engineering experi­
ence, a roof and rib bolting plan was designed and imple­
mented as shown in Fig. 3. Two-piece, 2.7-m- (9-ft-) long, 
highly tensioned resin-assisted bolts were specified to confine 
and maintain the weight of the laminated shale in the entire 
recovery room. The capacity of the bolts, 20.96 t (46,200 lbs 
or 23 .J st), was nearly double the required design load of 10.9 
t (12 st). The majority of the bol.ts were installed with a 305-
mm- (12-in .-) square, 19-mm- (3/4-in.-) thick plywood board 
and 203-mm- (8-in.-) square bearing plates. To enhance the 
support capacity and provide the required suspension compo­
nent, should a separation occur above the primary bolting 
system, three, 15.2-mm- (0.6-in.-) diameter , 4.6-m· (15-ft-) 
long cable bolts with a 27-t (30-st) capacity, were installed 
through a roof channel as secondary reinforcement between 
the rows of primary bolts. The primary bolts and secondary 

VOL. 318 • TRANSACTIONS 2005 



LEGENO 

CEMENT CRIBS 

9' x 7/8' DIA. DOUBLE LOO< 80L TS 

J-CHANNEL OR MONSTER MAT 
WITH 15' CABLE BOl T 
CLAVOIKE 

15' ANGl.EO CABLE BOLT 

Figure 4 - Plan view of the standing support and internal 
roof reinforcement system, 

cables were installed on a 1.2-m (4-ft) row spacing. To help 
establish and maintain surface control, the entire roof was 
creened with eight-gauge welded wire mesh. This operation's 

experience with prior longwall removals in the weak lami­
nated shale roof dictated that full screening and a dense roof 
bolt pattern be utilized to control the immediate roof. 

AdditionaJty, two cables were ins Lal led as close as possible 
to theinby and outby side ribs of the recovery room. Theoutby 
side rib cable bolts were inclined at 30° angles from vertical to 
support the weak lamfoaLed shale roof adjacent and above the 
outby pillar. The model indicated that the roof in this zone 
could yield aod fail as the longwaJI panel approached the area. 
The inby side cable bolts, angled at approximately 60° from 
vertical , over the inby side rib of the shields to be recovered 
were installed to prevent shear failure in front of the long wall 
shields due to the yielding in this zone. These cable bolts 
would also help prevent the falls that have traditionally 
occurred immediaLely behind !he longwall shields as they 
were removed. 

The outby pillar rib was reinforced from the roof to the 
floor with welded wire mesh that was bolted with a full­
column, resin-grouted , 1.2-m- (4-ft-) long, 19-mm (3/4-in.) 
rebar bolts. The bolts were placed in conjunction with 12-
inch-square, 19-mm- (3/4-in.-) thick, plywood boards and 
203-mm-(8-in.-) square bearing plates. The bolts were placed 
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on aboul J .5-m (5-ft) staggered row spacing at the Lop and 
bottom of the mesh panels. The inby panel rib of the recovery 
room was reinforced with 25-mm- (1-in.-) diameter wooden 
dowels anchored with res in. The dowels were 1.2-m- (4-ft-) 
long, 305-mm- (1 2-in.-) square plywood boards served as the 
bearing plates. Wooden dowels were used for this application 
so they could be easiJy cut by the shearer and transported on 
the coal conveyor syslem. 

For comparison and evaluation purposes, the calculated 
roof reinforcement of all of the installed reinforcement sys­
tems, the roof and cable bolts, was determined u ing the 
method described by Oyler et al. ( 1998). This quantitative 
rating is calculated by determining the load capacity of each 
support per unit area of coverage. multiplied by the length of 
the system. The reinforcemenl density index (RDT) has the 
units of psi·fl. Because two-types of support were used, the 
supports were summed. The calculated RDI for the recovery 
room was 487 psi·ft. On review of previous recovery room 
data, no roof fall failures (29 cases) were reported when the 
RD! was greater than 218 psi-ft (Oyler et al., 1998). The index 
calculated for this case does not take into account the addi­
tional surface and rib control achieved by using welded wire 
mesh, roof channels, rib bolts and wooden dowels. 

Standing support. The standing support selected for the 
project was a I .2-m (48-in.-) diameter Minova1 cuttable crib. 
To ease the construction process and minimize interference to 
coal production, the crib and bag materials were supplied in 
traditional concrete trucks and pumped to the site through an 
89-mm- (3 .5-in.-) diameter pipe. The steel pipe was dropped 
down the 140-mm (5.5-in .) casing that was placed in the 
original 203-mm (8-in .-) diameter borehole, allowing enough 
room for a communications line that was critical to the 
pouring process. The cribs were poured io two lifts into a 5-
mil-thick plastic bag supported by reusable fiberglass forms. 
Two rows of staggered cribs were placed on 3-m ( I 0-ft) crib 
spacings. The fir trow was placed about 0.3 m (1 ft) from the 
inby side rib of the recovery room while the second row was 
placed in the center of the entry. To provide some additional 
yielding capability, roof contact was established by tilLiog 
L.2-m ( 4-ft) square woven nylon bags or "pillows" filled with 
a pliable cementitous grout. The pliable grout was supplied 
from the surface down the 89-mm- (3.5-in.-) diameter pipe 
and the bags filled until they were in contact with the mine 
roof. The final height of the cribs ranged between 2.05 and 
2,24 m (8 1 and 88 in.) while the bag thickness varied between 
203 and 356 mm (8 and 14 in.). 

The engineering specifications for the concrete materials 
were 24.J MPa (3,500 psi) for the crib and 5.5 MPa (800 psi) 
for the bags. Based on the strength of the 34 cribs with a 
diameter of 1.2 m (48 in .) and the dimension of the recovery 
room, i.e., 4.9-m ( 16-ft) wide and 5 1.8 m (J 70 ft) long, the 
total standing support capacity being used to minimize the 
mechanisms of a weighting failure distributed across the room 
was calculated to be 3.8 MPa (550 psi). The plan view of the 
crib locations and internal roof support system are shown in 
Fig.4. 

Instrumentation. An instrumentation package was selected 
that would help evaluate the performance of the cribs and t~e 
primary and secondary roof support systems. Ten differenoal 

1Mention of any company name or producL does not constirute 
endorsement by the National Institute for Occupational Safety 
and Health. 
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sag-stations were installed across the room and in the recovery 
chutes to monitor roof defom1ation. The djfferential sag­
station anchors were located at the 1.8-, 3 .0- and 4 .7-m (6-, 10-
irnd 15.5-ft) depths into the mine roof. Roof-to-floor closure 
~tations were established at the same locations so that the floor 
stability could be evaluated. Six cribs spaced along the length 
of the recovery room were fitted with flat-jack load cells 
placed between the top of the concrete crib and the bag so that 
actual crib loads could be measured. To complement the crib 
loading behavior, metal datum pins were driven into the 
concrete cribs and bags so that the actual crib displacements 
could be dete rmined. The crib support stiffness, an indication 
of performance and a key component for evaluation, could be 
determined by measurement of the crib load and displace­
ment. Figure 5 shows the specific cribs that were instru­
r,ented, and the cross-section A-A illustrates the approximate 
measurement configuration . Individual shield loading was 
a so monitored from the on-board computer at the stage loader 
area. The loads were transmitted by the data-acquisition 
s1stem transducers installed on the Jongwall shield legs. The 
shields had a working capacity of 590 t (650 st). Figure 6 
snows a photograph of a small zone of completed ribs , roof 
reinforcement , and instrumentation. 

Test site results 
The area had been driven and reinforced , and the crib pouring 
took place 39 days or 335 m (1,100 ft) before the longwall face 
w:ts to enter the area. This allowed for proper curing of the 
concrete materials. The instrumentation package was com­
pleted with the installation of the differential sag-stations 
w en the longwall face was 299 m (980 ft) inby the recover 
room. The data were read and evaluated on a weekly basis 
u11til the face was within 60 m (200 ft). The data were then read 
daily. When the face was within 30 m (100 ft), the test 
instrumentation was read every shift. For the fi nal 15 m (50 ft), 
pc,·sonnel contjnuously monitored the instrumentation and 
documented roof, pillar and crib behavior until the longwall 
safely entered the recovery room. The actual roof-to-floor 
closure was limited to a maximum of 38-rnm (1.50 in.) when 
the longwall face was approximately 4.9 m (16 ft) from 
entering the room. The differential sag-station located in the 
sane area recorded that only 10 mm (0 .40 in.) of the move­
ment was attributed to roof separations, and the remaining 28 
m 11 ( 1.10 in .) was the result of floor heave. 

The greatest measured crib load was approximately 450 t 
(l,000,000 lbs). This load , coupled with the crib displace­
ments, results in a stiffness calculation for the concrete crib 
and the bag of l.69 x 106 lb/in (30.2 t/mm). This value is 
significant because it represents an indication of the resistance 
to load. While this stiffness helped minimize roof closure and 
m vement, the stiff material properties may have caused the 
crios to fail in a brittle mode as shown in Fig. 7. 

Nbile a traditional bolting system probably would have 
little value in preventing a weighting failure, it does provide 
significant confinement and prevents roof fa lls in weak roof 
conditions. When supplemented with the longer high-capac­
ity r abies, especially between the inby side rib of the recovery 
room and the shield tips, it appeared that only minor loading 
was transferred from the roof to the cribs. The walk or travel 
way between the center cribs and the outby side rib remained 
open and no falls occurred along the entfre length. The roof 
yield zone identified in the model was supported with the 
primary bolts and the angled cables. Based on the differential 
sag-station data, it appeared that the cables were successful in 
suspending the lower roof members bound by the tensioned 
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Figure 5 - The specific cribs that were Instrumented and 
the sag-station and closure (top). Cross section of the 
instrumented crib areas (bottom). 

Figure 6 - Completed cribs, roof supports and 
instrumentation. 
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Figure 7 - Brittle c rib failure prior to the longwall entering 
the recovery room. 

longwall face 

Figure 8 - Cross section of the recovery room entry. Note 
s hie ld pressure and crib locations. 

roof bolts. The total roof-bolting system, with a calculated 
reinforcement index of 487 psi·ft was effective but highly 
conservative. The number and lengths of the bolts and cables 
were more than adequate in this case. For future applications, 
the bolting system should be evaluated for specific roof 
strengths as wel l as tectonic and gravitational forces. The 
support on the inby and outby ribs of the recovery room 
proved to be extremely successful in controlling rib spaJling 
and sloughage throughout the mining process. The rib support 
systems provide confinement to the outby pillar and the inby 
panel fender, which may have increased the residual pillar 
strength and minimized the respective pillar yield zones. 
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Figure 9 - Plan view of the bolt locations and cross 
section of the applied bolting systems. 

Post-longwall recovery analysis 
An additional benefit of a three-dimensional finite element 
model is the ability to calibrate the submode! with actual field 
data to assist with a parametric or "what ir' behavior sce­
narios. These can include altering the crib spacing , over­
burden depths and crib stiffness. The behavior of the pre­
driven recovery was analyzed with no cribs and compared to 
the cribs placed on the 3-m (10-ft) staggered spacing. The 
horizontal, vertical aud shear stresses were determined and 
resolved into displacements, plastic deformation and subse­
quent bolt and crib load. The complete analysis is presented in 
Tadolini (2003). 

Submodel results with bolts only - no cribs installed. The 
first series of models examine the behavior of the predriven 
longwall recovery room with no standing concrete cribs 
instaJled . The resistance to closure and loading is only pro­
vided by the primary resin-assisted tension bolts and the cable 
bolts. The resin-assisted bolts are installed with 8.1 t (9 st) of 
pretension and the entry has supplementary cables installed 
between the rows with 0.90 t (1.0 st) of active bearing plate 
load. The cross-section of the submode! and the plan view of 
the bolting support plan are presented in Figs. 8 and 9 (both 
figures show the location of the cribs for the next phase of the 
analysis). The longwall is moving into the recovery room 
from right to left and the longwall shields are exerting 1.14 
MP a (I 66 psi) on the roof immediately above the contact area. 

As the long wall approaches the test area where the fender 
pillar is 4 .9 m (16 ft) wide, the bolt loads were determined and 
the roof movement at the center of the 4.9-m- (16-ft-) wide 
recovery room was calculated. The computer model deter­
mined aroofmovementordisplacementof76.2mm (3.00 in.). 
The individual bolt and cable loads are presented in Table 1. 

Stress analysis :The three-dimensional fmite element model 
was used to determine the vertical , horizontal and shear 
stresses of the recovery room entry as the forward abutment 
load materializes on the roofand pillars that form the predriven 
recovery room. As expected, based on the concentration of the 
horizontal and vertical stresses, the highest shear stresses are 
located in the corner adjacent to the outby pillar. These shear 
stresses are capable of causing yield in the corner area that can 
extend into the immediate roof. The shear stresses in the roof 
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area of the tensioned bolts in Row J and 
the cable bolts in Row 2 are shown in 
figs. 10 and 11 . The maximum shear 
stress, approximately 2.8 MPa (400 psi). 15 

is e;<erted near the outby pillar edge. = 
Plastic strain deformation: The final ::g; 

phase of this analysis on the behavior of 11 o 
the predriven recovery room is probably 
the most revealing with respect to the 
permanent roof damage and the areas 
where falls can initiate and propagate. 
Th ~ stresses exe1ted on the roof are trans­
formed to plastic deformation and con-
tot red for analysis. Figure 12 illustrates 
the plastic strain in the roof for the area 
rei riforced with the tensioned roof bolts. 

5 

25 

Tl e plastic strains indicated highlighrand 
area where permanent roof failure has 
propagated through the roof to a depth of 
4.3 m (14 ft). As shown, this tensile roof 
fai lure is well above the 2.7 m (9 ft) 
primary bolt length. 

Figure 10 - Shear stress distributions across Row 1 with res in-assisted 
tensioned bolts over the recovery room. No cribs installed. 

Sl bmodel results with bolts and con­
c1 ete cribs on a 3-m (IO-ft) row spac­
ing.A sub model was constructed to evalu­
alt; both the crib and boJt support behav­
io of the predriven longwall recovery 
room. This was the actual spacing used in 
th[> field study and the case used to cali­
br te the model. The concrete cribs were 
plPced in a staggered row spacing of 3-m 
(1 0 ft), as shown in Figs. 3 and 9. The 
order of support placement was that the 
bolts were installed first and then the 
cribs poured. A crib can be placed under­
neath an intrinsic bolt support reinforce-

15 

5 

·15 

m ~nt which affects the individual bolt 
loads as shown in Fig. 9. 

As the longwaJJ approaches the test 
an a, where the pillar fender is 4.9 m (l6 

Figure 11 - Shear stress distributions across Row 2 with cable bolts over the 
recovery room. No cribs installed. 

ft' wide, the bolt loads were determined 
and the roof movement realized at the center of the 4.9-m ( I 6-
ft-) wide recovery room was calculated. The roof displace­
ment was 56 mm (2.20 in.) . The individual crib load was 870 
t (960 st). The individual bolt and cable loads are presented in 
Table 2. 

Table 1 - Individual bolt loading in predriven entry with no 
cribs. The longwall panel is 4.9 m (16 ft) from entering the 
entry. 

Row 1 Row2 Row3 Row4 
tension cable tension cable 

Bolt bolt load, bolt load, bolt load, bolt load, 
no. st st st st 

1 23.2 17.9 23.2 17.9 
2 23.4 13.5 23.4 13.5 
3 14.4 8.9 14.4 8.9 
4 9.4 3.2 9.4 3.2 
5 -0.8 -0.8 

Note: Negative values Indicate compressive bolt loads. 
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As shown, the maximum loads of the primary tension bolts 
occur in the row oearesl the outby abutment pillar. The 
maximum tension bolt load is 11.6 t (12.8 st or 25,600 lbs). 
The cable loading is also reduced dramatica lly by placing the 
concrete cribs into the support scenario. The highest load is 

Table 2 - Individual bolt loading in pre-driven entry with 
concrete cribs on a 3-rn (10-ft) row spacing. The longwall 
panel Is 4.9 m (16 ft) away. 

Row 1 Row 2 Row 3 Row4 
tension cable tension cable 

Bolt bolt load, bolt load, bolt load, bolt load, 
no. st st st st 

1 12.8 10.0 11 .2 9.6 
2 11.3 2.1 4.1 0.2 
3 7.5 0.8 3.8 -9.8 
4 -7.4 -6.9 6.9 0.5 
5 ·0.8 -0.8 

Note: Negative values Indicate compressive boll loads. 
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smaller than the zones reinforced With 
the tensioned bolts. This is because the 
cable bolts near the outby pillar accept 
the shear forces, which reduces the yield 
zone. Figure 13 indicates that sma]l 
amounts of plastic strain are experienced 
slightly above the primary bolt horizon. 

Figure 12 - Plastic strain distributions across Row 1 with resin-assisted 
tensioned bolts over the recovery room. No cribs installed. 

The cable supports were designed lo 
accept the additional loading ofroof sepa­
rations in the primary support horizon. 
These loads do not approach the design 
capacity ,of the cable systems if only 
ve11ical loads are applied. As the roof 
continues to move, the cribs have the 
capacity to accept additional loads and a 
redistribution of loads will take place. 
The area next to the outby abutment pillar 
appears to be a criticat zone, even if 
standing concrete cribs are installed for 
support. The individual bolt loads are 
well within design capacities but the for­
mation of plastic strains above the pri­
mary supports suggest that cable bolts 
may be critical for maintaining roof sta­
bility until the shields have safely entered 
the area. 

15 

5 

• • 

Mechanisms of potential failure 
for predriven longwall recovery 
rooms 
As the longwaJI face approached the 
predriven recovery room, the front abut­
ment loads are exerted over the fender 
pillar and onto the bolt system and stand-
ing supports in the recovery room. Under 

Figure 13 - Plastic strain distributions across Row 1 with resin-assisted 
tensioned bolts over the recovery room. Concrete cribs installed on a 3-m (1 O·ft) 
row spacing. 

these conditions, the inby fender pillar 
would yield and the depth or distance of 
the yield zone would be dependent on the 
magnirudes of the abutment loads. As the 

9.1 t ( 10 st or 20,000 lbs). As the longwall face pil lar fender 
is mined , the reduced strength of the pillar the standing 
concrete crib supports help prevent roof displacements. When 
no cribs were instalJed and support was solely provided by the 
tension and cable bolts, the room closure was greater, 76 mm 
(3.00 in.). When the concrete cribs are installed and the fender 
piJlar is reaching the yielding state, the closure is reduced to 
41 mm ( 1.6 in.). This large reduction is attributed to increased 
load being carried by the crib system, which reduced roof 
movement and subsequent separation. The plastic strains in 
the roof, when cribs were instal led, were also analyzed to 
provide insight into prospective roof damage. 

Plastic strain deformation: The plastic strain deformation 
was the final step of the analysis on the behavior of the pre­
driven recovery room with concrete cribs installed on 3-m 
(10-ft) row spacings. The stresses previously described were 
converted to plastic deformation and revealed the permanent 
"damage" that took place in the frnmediate and main roof 
structures. The plastic strain in areas of bolt Rows l and 2 are 
shown in Figs. l 3 and 14, respectively. 

As shown, a yielding zone developed in the immediate roof 
near the outby barrier pillar. It is interesting to note that the 
yielding across the roof areas reinforced with cable bolts is 
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inby fender pillar totally yields, tbe re­
sidual strength of the pillar is decreased 
to a fraction of the original intact strength. 

The intact strength is dependent on the width, height and coal 
strength properties. 

When the inby fender pillar is in a critical state of yielding, 
it is subjected to considerable front abutment pressures. As the 
inby fender pillar begins to yield and is reduced to 10% of the 
original intact pillar strength, the high abutment pressures 
j ump over the recovery room and apply the forces to the outby 
abutment pil lar, which can cause abutment pillar yielding. 

As the inby fender pillar totally yields and is continually 
removed with the longwall shearer, the support capacity ap­
proaches zero and the remaining abutment pressure must 
transfer to the internal bolting support systems, the concrete 
cribs and the outby abutment p.illar. At that time, if the load on 
the cribs exceeds the crib capacity, they would fail and increase 
the likelihood U1at the roof could colJapsc into the entry. 

The worst possible condition for a longwall equipment 
recovery occurs if the inby fender pillar collapses after yield­
ing ahead of the Jong wall shields and the equipment is unable 
to enter the predriven room. When this occurs, the immediate 
roof above the inby fender pillar is largely unsupported and a 
roof failure onto the cribs and in front of the shields is likely. 
If the internal bolting reinforcement and any standing sup· 
ports (concrete cribs, wooden cribs, props, etc.) collapse, the 
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outby abutment pillar would be subjected 
to high loading and a new cave line can be 
formed near the outby pillar line by the 
increased shear stress concentrations and .::: 
subsequent plastic deformations . The en­
tire immediate roof could collapse mak­
ing the equipment extraction very dan­
gerous and nearly impossible. 

Effect of primary and secondary 
reinforcements and standing 
supports on the stability of the 
recovery room 
As described above, the primary roof bo lt 

5 

· 10 ·I 

support re inforcement syslem is used to 
maintain the stability of the predriven 
long wall recovery room before the 
tongwall approaches the area. Depending 

Figure 14 - Plastic strain distributions across Row 2 with cable bolts over the 
recovery room. Concrete c ribs insta lled on a 3-m (10-ft) row spacing. 

on .he number and spacing of the bolts, 
the support density helps to maintain the local stability of the 
predri ven recovery room during the initial mining process and 
secondary support system installations. As shown, some of 
these supports may end up above a concrete or wooden crib 
support and can be in compression once the roof movement 
develops that loads the cribs. These bolts serve no role in the 
finnl re inforcement scenario unless the cribs directly under­
neath should collapse and fai l. The secondary intrinsic rein­
for .:ements, in this case cable bolts. are used to increase the 
reinforcemenl density to help resist roof movements and 
recistribute abutment pressures. 

r:;'rom the analyses presented, two areas of the roof are 
critical to assuring the stability of the predriven recovery 
room; the roof areas above the inby fender pillar and the outby 
abutment pillar. Because the roof yield zones have the poten­
tial to extend into the roof beyond the anchorage horizon of the 
primary bolts, cable bolts or longer combination bolting 
systems should be used in the outby side of the recovery room 
to ·einforce these areas. The cables provide re inforcement and 
are anchored high enough into the roof to be effective in the 
case. analyzed. The cable bolts installed vertically in the 
middle of the predrivenrecovery room provided only minimal 
support because the concrete cribs carried much of the load . 
This may have been a funct ion o f the installation tension and 
s bsequent bearing plate loads. 

Conclusions and recommendations 
The moving of long wall equipment from the completion of a 
current panel to the next set-up or start room remains a critical 
operation from both a safety and productivity perspective. 
Prcdriven recovery rooms can allow the safe and rapid re­
trievaJ of the longwall equipment, but history indicates that 
the support systems used must be carefully engineered , de­
signed and applied. 

The predriven recovery room loading mechanism is com­
p:ex. As the longwaJI face approaches the recovery room, the 
size of the fender pillar is reduced. The front abutment 
pressures are appl ied to the fender pillar, the recovery room 
r of and 1he outby barrie r pillar. As the longwall panel fender 
bl'comes thinner, the peak strength of the coaJ is reached and 
yield of the fender pjj]ar begins. The abutment pressures, 
previously carried by the panel fender, transfer to the support 
systems installed in the predriven recovery room and onto the 
01nby barrier pillar system. As the panel fender strength is 
reduced to a low residual strength and then eliminated com­
pletely by extraction , the abutment forces must transfer to the 
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support system insta.lled in tbe predr:iven recovery room and 
the outby abutment pillar system. The transfer phase of the 
large abutment loads can occur rapidly, loading the standing 
support and bolting systems. The designs of these two compo­
nents are critical for safe and efficient longwall equipment 
retrievals. 

A field test area was es tablished to evaluate a predriven 
.longwall recovery room . A three-dimensional finite e lement 
model ABAQUS was used to examine tbe stresses , deforma­
tions and yield zones that may be encountered during the 
longwall mining extraction. A conservative design was ap­
plied at the test site based on the results of the model, an 
understanding of tbe weak roof and how it behaved under 
load , aod a critical technical review of previous case studies. 

Two rows of 1.2-m- (48-in.-) diameter concrete cribs were 
poured in place with a concrete fi ll design specification of 
24.l MPa (3,500 psi) . As described , several of the concrete 
cribs experienced brittle type failures caused by uneven load­
ing near the crib edges. Even in this partially failed mode, the 
remaining strength of the cribs was sufficient to allow the safe 
entry of the longwall equipment system into the predriven 
recovery room. 

Based on the instrumentation data obtajned from the 
predriven recovery room and the fie ld observations, the th(ee­
dimensional ABAQUS model was calibrated . The calibrated 
model was used lo evaluate the bolting and crib support 
systems. The loading of the bolts and cables near the outby 
pillar also confirmed the behavior observed .in the preliminary 
test area and referenced in the literature. 

As the longwall reduces the width and strength of the inby 
fender p illar , the immediate roof can start to deflect down and 
toward tbeedge of the failing fender pi llar. This action creates 
tensile stresses and plastic deformation in the zone of roof near 
the outby barrie r that loaded the primary bolt and cable 
system. fn the test area, the crib systems were intentionally 
installed near the inby fender pillar and inside the centerline 
of the entry to restrict this rotationaJ movement. However, as 
evidenced by the three-dimensional fi nite element modeling 
and subsequent analyses, the bolting systems not directly 
reinforcing the roof near a crib may be subjected to higher 
loads and required to perform more of the work. Secondary 
cable bolts installed directly underneath or near cribs contrib­
uted very little toward maintaining stability. During the de­
sign process, the bolting system used must consider two 
distinct loading conditions; the immediate roof loads realized 
during the i1litial development and the heavy abutment forces 
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applied to the supports during the longwall entry into the 
predrivcn recovery room. If the cribs are too stiff and experi ­
ence brittle failure before the longwall panel can safely enter 
the predriven room, the bolting support ~ystem, particularly 
the longer high-capacity cable bolts, may play a vital role in 
maintaining the immediate roof and help resist main roof 
caving. 

The results of this research can be summa1ized by the 
following suggestions for the initial design of a predriven 
longwall recovery room: 

• Both standing cribs and cable bolts should be used in 
conjunction with the primary bolting system to support 
predriven recovery rooms. 

• The row spacings of the concrete cribs are dependent on 
the entry room width and the overburden depth . lojtial 
trials should be conservative to prevent weighting-type 
fai lures. If two rows are selected, concrete cribs should 
be placed near the fender pillar and the outby abutment 
pillar. If only one row is selected , it should be placed 
near the fender pillar. These are the areas identified as 
highly susceptible to shear fai lures jn the immediate 
roof and the zone cri tical for safe entry into the recovery 
room. The cribs also enhance pillar stability by provid­
ing confinement to the piJJars as sloughed coal piles off 
and around the cribs. 

• To supplement the crib supports, vertical cable supports 
should be installed between crib locations. The length 
should be long enough to extend beyond the predicted 
yield depth of the immediate roof. 

• Angled cable bolts should be installed into the roof 
above tbe inby fender pillar and the outby abutment 
pillar to help support the immediate roof in the event of 
sbear failures . Trus is particularly important if the im­
mediate roof is classified as weak. 

• It should not be necessary to install secondary cable 
supports or high-capacity roof bolts in locations where 
cribs will be placed. Under normal extraction condi­
tions the standing support will alleviate the loading 
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upon the roof and cable bolts. The caveat being if the 
cribs are not properly designed and faiJ before the 
longwall shields have entered the area, the existing 
secondary cable suppotts will be subjected to high 
loading. la this scenario, secondary cable bolts where 
cribs are placed could be beneficial. 

Predriven longwalJ recovery rooms can be safely designed 
and used to extract longwaU equipment. Combinations of 
intrinsic bolting systems and standing support must be used to 
cope with the potentials of roof falJ and weighting type 
failures. This research effort concludes that the primary bolt­
ing system should be designed to minimize the potential of 
roof fal I failures during the development cycle. The cribs and 
strategically placed cable bolts are a critical component to 
reduce the potential of weighting failures that can lead to a 
massive collapse of the roof before the longwa!I can safely 
enter the area. These support components have a symbiotic 
relationship and assist each other throughout various stages of 
the mining process. Both are therefore prudent for a safe and 
successful longwall equipment recovery. 
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