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COMPARATIVE STUDY OF PILLAR LOAD TRANSFER ASSOCIATED 
WITH MULTIPLE-SEAM MINING 

By R. J. Matetic 1 and G. J. Chekan 1 

ABSTRACT 

The Bureau cf Mines, as part 0f a program to improve mine planning and 
development, is currently investigating the effects of pillar load 
transfer, which can impact mining ope j:ations within a multiple-seam con­
figuration,. A comparative study was performed at two separate mine 
sites. The obJective of this study was to compare two mines, each 
affected by this pillar load transfer mechanism, and to show how this 
interaction affected underground workings by the installing and monitor­
ing underground instrumentation. At mine site A where the overburden 
was 1,000 ft, the innerburden thickness was less than a pillar width (40 
to 45 ft) , overlays of the mine layout show pillars were not superposi­
tioned, excessive roof to floor convergence was measured, and pressure 
readings indicated pillar core loading only. 

At mine site B, the overburden was approximately 555 ft, the innerbur­
den thickness \>las approximately 105 ft, overlays of the mine layout show 
pillars were superpositioned, minimal roof to floor convergence was 
measured, and pressure readings indicated a skin loading only. 

'Mining engineer, Pittsburgh Research Center, Bureau of Mines, Pittsburgh, PA. 
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INTRODUCTION 

The mining of two or more contiguously 
placed coalbeds either simultaneously or 
separately is widely practiced throughout 
the United States. A survey of multiple­
seam mining in the United States reveals 
that 156 billion short tons of coal lie 
in a multiple-seam configuration, repre­
senting 68 pct of the U.S. coal reserves. 
Most of this coal occurs in eight States 
--Colorado, Illinois, Kentucky, Ohio, 
Pennsylvania, Utah, West Virginia, and 
Wyoming 0).2 This percentage of minable 
reserves emphasizes the importance of 
resource conservation and recovery; 
methodologies and techniques must be 
developed that will allow safe and eco­
nomical extraction. 

The mining of adjacent coalbeds either 
simultaneously or separately can lead to 
strata interaction effects if certain 
parameters are not considered. A strata 
interaction, which utilizes load trans­
fer, is critical to upper or lower mine 
workings and is termed pillar load trans­
fer. This pillar load transfer interac­
tion occurs particularly when coal beds 
are in close proximity, less than 110 ft 
(2 , -4), and either isolated, remnant pil­
l~r; (barriers) or many strong, competent 
pillars are present in the upper work­
ings. These conditions may serve to con­
centrate stresses in the innerburden 

2 Unde rlined numbe rs in parentheses re · · 
fer to items in the list of references at 
the end of this report. 

FIGURE 1.-Pillar load transfer interaction. The arrows 
represent the load being transferred from the upper to 
lower workings. 

causing ground instability in the upper 
or lower workings (fig. 1). 

The interaction of pillar load transfer 
can be classified into two parameters. 
These are fixed parameters that are con­
trolled by the geologic environment; and 
engineering parameters that could be con­
trolled by proper mine design. The fixed 
parameters, which are critical to this 
study, include overburden depth, inner­
burden thickness, and the physical char­
acteristics associated with the surround­
ing strata. The engineering parameters 
that are critical include seam sequencing 

and superpositioning of pillars. Table 1 
shows the fixed and engineering parame­
ters for both study mines. 

TABLE 1. - Fixed and engineering parameter information for study mines A and B 

Study mine A Study mine B 
FIXED PARAMETERS 

Depth of overburden, ft: 
Upper coalbed •.••••••••••••••••••••••••••••• 960 445 
Lower coalbed ••••••••••••••••••••••••••••••• 1,000 555 

Innerburden: 
Th i ck ne s s ••••••••••••••••••••••••••••••• ft •• 40 110 
Sandstone •..•••.•..••••••..••••.•••.••• pct •• 77 6 

Number of innerbeds ••••••••••••••••••••••••••• 3 3 
ENGINEERING PARAMETERS 

Seam sequencing: 
Upper coalbed ••••••••••••••••••••••.•••••••. June 1980 Nov. 1986 
Lower coalbed ••••••••••••••••••••••••••••••• Dec. 1982 Dec. 19:34 

Superposi tioning •••••••••••••••••••••••••••••• No Yes 



The overall understanding of pillar 
load transfer and its effect on seam 
interaction is limited. Few attempts 
have been made to correlate or compare 
these parameters in relation to under­
ground instrumentation and monitoring. 
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The Bureau of Mines conducted this study 
at two separate mines to obtain a be tter 
understanding of pillar load transfer and 
how this interaction affects underground 
workings. 

MINE LOCATIONS AND GEOLOGY 

Study mine A is located in Raleigh 
County, WV <..~) (fig. 2). The company is 
operating in two superimposed coalbeds. 
The upper mine is located in the Peerless 
Coalbed, which is approximately 72 in 
thick. The lower mine is located in 
the No o 2 Gas Coalbed, which is approxi­
mately 48 in thick. The mines are sepa­
rated by approximately 40 to 45 ft of 
innerburden. 

A generalized stratigraphic column of 
the study area is shown in figure 3. The 
overburden consists predominantly of 
sandstone with innerbedded shale units of 
varying thickness. The innerburden also 
consists of a predominant sandstone with 
some innerbedded shale units. 

Study mine B is located in Saline 
County, 1L , (fig. 4). The company also 

oBeckley 
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Key map 

o 4 8 
! I 

Scale, miles 

FIGURE 2.-Location of study mine A. 
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FIGURE 4.-Location of study mine B. 

1S operating in two superimposed coal­
beds. The upper mine is located in the 
Herrin No. 6 Coalbed, which is approxi­
mately 72 in thick. The lower mine is 
located in the Springfield No. 5 Coalbed, 
which is approximately 82 in thick. The 
innerburden separating the two mines is 
approximately 100 to 120 ft thick. 

A generalized stratigraphic column of 
the study area is shown in f igure _~~ The 
overburden consists mostly of sandstone 
and shale with limestone and siltstone 
units interbedded. The innerburden is 
comprised mostly of shale with an inner­
bedded sandstone unit. 

FIXED PARAMETERS 

DEPTH OR OVERBURDEN 

Depth in relation to all room-and-pil­
lar m1n1ng operations is critical as 
overburden increases Cl). Figure 6 dis­
plays an overburden isopach map for study 
mine A in relation to the study site for 
the lower coalbed. The overburden above 
the study site reaches a topographic high 
of approximately 1,000 ft and with 40 ft 
of innerburden, overburden depth above 
the upper coal bed reaches approximately 
960 ft. 

Figure 7 represents an overburden iso­
pach map of study mine B for the upper 
mine in relation to the study area. The 
overburden depth above the upper mine is 
approximately 445 ft and with approxi­
mately 110 ft of innerburden, overburden 
to the lower mine is nearly 555 ft, con­
siderably less than that of study mine A. 

To obtain a better understanding of 
depth and its relation to underground 

workings, figure 8 uas plotted showing 
the relationship belween upper seam 
depth versus innerburden thickness for 
the upper mine of both study mines. A 
theoretical cutoff is shown on the plot 
to demonstrate the effect of increasing 
depth on mine opening stability Cl). 
Study mine A, with an overburden depth of 
960 ft and an innerburden thickness of 
40 f-t, f all-s-uell withi-n the uns-table 
range. Whereas, study mine B, with an 
overburden depth of 445 ft and an inner­
burden thickness of 110 ft, falls within 
the stable range. This particular figure 
was constructed from a rather limited 
data set and is not necessarily conclu­
sive owing to a shortage of information 
regarding greater depths with larger 
innerburden intervals Cl). Also, this 
graph does not consider pillar or entry 
design. The primary purpose was to com­
pare fixed information regarding both 
study mines. 
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INNERBURDEN THICKNESS AND PHYSICAL 
CHARACTERISTICS 

Inne r burden Thickness 

The thickness of innerburden between 
two coal beds is critical when associated 
with multiple-seam mining. Pillar load 
transfer from overlying workings repre­
sents a major problem, especial l y where 
the two coalbeds are fairly close to­
gether (±). Figures 9 and 10 represent 
innerburden isopach maps for study mines 
A and B, respectively. Study mine A was 
estimated to have approximately 40 ft of 
innerburden at the study site whereas, 
study mine B has considerably more inner­
burden thickness (105 ft) at the study 
site. An innerburden that is small in 
thickness, as in mine A, would tend to 
transfer load more readily as compared to 
an innerburden that is greater in thick-­
ness, as is the case at study mine B. 

Physi cal Cha ract e r i st i cs 

Pe rce nt~ge of Sandstone 

The amount o f i?·and8t c fle 01:' ro ck type 
wi t h a h i gh mo dulu s of elast i c i t y, 
located within the i nnerburden , is a 
critical pa r amete l:' H I p i llar load t r ans­
fe r interact ion. A r ock type with a h i gh 
modulus of elasticity would tend to 
lessen load t r ansfer within the inne r­
bu r de n , whe r eas a rock type c ontaining a 
low mo dulus o f elasti c ity tends to 
enhance this int e r act i on p r ocess • 

Figure II , which was c ons tructed from 
25 r oom-a nd-p illa r cas e studies C±), dis ­
plays a rel a tionship between innerburden 
thickness and percentage of sandstone . 
According to Hayco cks (~), and usi ng the 
equat i on 

whe I'e I 

and s 

I = 110 - 0 . 42S, 

i nne r burden spacing, i n feet, 
above which no interac tion 
damage may be expect e d from 
r o om- and-pillar mining. 

s a ndstone pe r centage l o c a ted 
wi th~n the innerburden , a 
limit on the interactive 
dis t ance could be obtained 
based on the litho l ogy o f 
the inne r burden. 

By using the generalized strat i graphic 
columns for both study sites (figs . 3 and 
5), the sandstone percentage of 77 pct 
was calculated for study ~ne A and 6 pct 
for study mine B. 

By substitut i ng the sandstone pe r cent­
age for mine A, the interactive distance 
is calculated to be as follows: 
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I 110 - 0.42(77) 

78 ft, 

and performing the same calculation for 
mine B, the interactive distance is 

I 110 - 0.42(6) 

107 ft. 

According to Haycocks (i), approxi­
mately 78 ft would be the innerburden 
spacing above which no interaction damage 
may result from room-and-pillar mining 
for mine A and 107 ft would be the inner­
burden spacing for mine B. As mentioned 
previously, the innerburden spacing of 
mine A with respect to the study site was 
approximately 40 ft and the innerburden 
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spacing for mine B at the study site was 
approximately 105 ft. 

Figure 11 also shows the location of 
the study sites for both mines A and B in 
relation to innerburden spacing versus 
percent sandstone. The mine A study site 
falls well within the unstable range, 
whereas the mine B study site also falls 
within the range of being unstable, but 
is very close to the theoretical cutoff 
of stable versus unstable. Although mine 
B has only 6 pct of sandstone located 
within the innerburden, the 10S-ft inne r ­
burden thickness is a fixed parameter and 
may be contributing to the lack of prob­
lems at this site. Again, this graph was 
derived from a rather limited data set 
and it does not represent all stable 
and/or unstable mining conditions. 

Number of Innerbeds 

Through the use of photoelastic models, 
Ehgartner CQ) determined that the inter­
active distance is a function of the 
degree of layering or number of inner­
beds. Figure 12 is a plot representing 
innerburden thickness versus number of 
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innerbeds . Mine A has thr ee disc r ete 
stratigraphic unit s lo c a ted within the 
innerburden with respec t t o the s tudy 
area . There is a sandstone layer, which 
is inte r bedde d betwe en two shale l ayers . 
With th r ee inne rbe ds a nd an inne rburde n 
thickness of a ppro xima t ely 40 ft , the 
study site for mine A fell well within 
the unstable range on t h e p l o t . Mine B, 
with respect to the study area , also 
encountered three distinct innerbeds . 
There also is a ve r y smal l sandstone 
layer occu rr ing between t wo large shale 
layers. With three inne rbeds and an 
innerburden thi ckness of 105 ft , mine B 
at the study a rea fell well wi thin the 
stable range , Again , these plo ts were 
used for compa ri son pu r p oses and do not 
represent al l stable and/o r unstable min­
ing conditions . 

MINING ENGINEERING PARAMETERS 

SEAM SEQUENCING 

Seam sequencing is an engineering pa­
rameter that is critical to multiple-seam 
design. The upper coalbed area for mine 
A was driven in June 1980, and the same 
section located in the lower coalbed was 
driven in December 1982, 2.5 yr later. 
Load concentration and transfer through 
pillars in overlying operations can occur 

when the upper sea m is mined fi rs t and 
some pillars are left un mined . Typi ca l 
problems that could oc cu r inc lude floor 
heave, pillar c r ush i ng a nd f a ilure, rib 
spalling, and roof failure (~-l!) . Majo r 
floor heaving and e xcessive p i llar load ­
ing a t mine A were obs erved within the 
lower coalbed in Octobe r 198 4. Approxi­
mately 3 to 4 months late r, the upper 
coalbed experienced excess ive ent r y 
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convergence and pillar loading.. Figure 
13 displays major floor heaving and rib 
spalling that occurred in the lower coal­
bed of study mine Ao 

The mining sequence for mine B at the 
study area was simi lar to mine A, but the 
lower coalbed was extracted first . The 
lower coalbed in relation to the study 
area was driven approximately December 
1984, and the same section located in the 
upper coal bed was driven in November 
1986, approximately 2 yr later " No major 
ground problems existed in the upper or 
lower coalbeds. 

SUPERPOSITIONING OF PILLARS 

Superpositioning of pillars in upper 
and lower workings should be standard 
practice in areas that may be prone to 
pillar load transfer. Superpositioning 
of pillars decreases the effects of load 
transfer. Figures 14 and 15 shows 
the practice of superpositioning for 
both study areas of mines A and B, 
respectively. 

Both mines did attempt to superimpose 
their pillars and some error could be 
attributed to surveying, drafting, etc? 
Figures 14 and 15 were constructed from 
the infol"mation provided by each company. 
Therefore, using the i nformation ob­
tained, the pillars in mine A are not 
supe rpositioned, whereas the pillars in 
mine B are superimposed. 

Peng (~) developed a simplified model 
representing p r essure inter action between 
superpositioned pillal's (fig< 16), A 
uniform loading of the overburden is 
shared equally by the uppe r coalbed pil­
la r s and, in retu rn, they transmit the 
load to the floor . Although the pressure 
transmitted to the pillars is uniform, 
the load transmitted to the floor is not. 
A higher pressure develops withi n the 
plane where the pillar meets the floor" 
This pressure dec r eases downwa r d and 
dissipates at a distance approximately 
four times the pillar width . The pres­
sure contours (fig. 16) simulate bulbs. 
These same contour lines are expected 
to be in the roof immediately above a 

FIGURE 13.-Major floor heaving and rib llpalling occurring in the lower coalbed of study mIne A. 



o 
! 

100 
I 

Scale, ft 

LEGEND 
~ Instrumented 
~ pillar 

18 
18 

Upper mine 

Lower mine 

FIGURE 14.-Superpositioning of instrumented pillars at 
study mine A. 

If the coalbed interval is 
less than eight times the pillar width, 
the pressure contour lines interact with 
respect to two superimposed pillars. The 
assumed pressure between superimposed 
pillars would be the sum of the two pres­
sure contour lines. The smaller the 
interval is between coalbeds, the larger 
the sum of resulting pressure. Addition­
al pressure can be created from neighbor­
ing pillars, but a horizontal dissipation 
of pressure is minimized when workings 
are separated by less than two pillar 
widths cg). The total pressure from 
these interactions, along with their 
geomechanica 1 properties, determines 
whether the strata between the coalbeds 
will fail or not. 
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INSTRUMENTATION AND RESULTS 

INSTRUMENTATION 

The instrumentation installed included 
borehole platened flat jacks CBPF's) Cll) 

and convergence stations. BPF's can mea­
sure relative increas es in pillar pres­
sure, but not actual pillar pressure. 
The BPF's were installed in the coal 



pi llar with a setting pressure equal to 
the pillar p r e ssure as calculated using 
t he tri butary area method (TAN) (~) o 

This metho d u tilizes such factors 
as overburden depth , innerbu rden thick­
ness , and percent e xtra c tion. Removable 
convergence stations measure roof to 
flo o r conve r gence . Two reference pins 
are inst~l led in t he e ntry (the roof and 
the floor ), and subsequent conveLgence 
is measured us i ng a remo vable tube 
extensomete r. 

F i gures 1 7 and 18 show the pillars 
selected f or the study and instrument 
location f or the upper and lower coalbeds 
respectively at study mine A A total of 
4 BPF's a nd 12 convergence stations were 
installed in the upper c oa lbed (fig .. 17) . 
BPF's at 30 and 10 ft were installed in 
the pillB~ on the r i ght side of the track 
entty, and BPF's at 21 and 10 ft were 
installed on rhe left side of the track 
entry. Owing to the conditions present 

8 J 
• 5 

12 • • 
7 • II 

3 • 

6 I 2 • • . 3 • 10 
• 
9 
• 

LEGEND 
o Borehole platened flat jack 
• Convergence station 

4 
~ • 

\ 
o 40 
I , 

Sca le, ft 

FIGURE 17.-lnstrument location in upper coalbed for study 
mine A. 

within the upper coalbed, BPF 3 was in­
stalled at a depth of 21 ft. 

A total of 5 BPF's and 12 convergence 
stations were installed in the lower 
coalbed (fig. 18). Three BPF's were 
installed at depths of 30, 10, and 2 ft. 
BPF's at 30 and 10 ft were installed in 
the adjacent pillar. The estimated set­
ting pressures, using the TAM, were 
calculated to be 1,200 psig in the upper 
coalbed and 1,300 psig in the lower coal­
bed. Actual setting pressures are shown 
in table 2. At the time of installBtion, 
setting pressures were determined f rom 
information provided using an overburden 
of 700 ft above the upper coalbed. 

Through the construction of an over­
burden isopach map (fig. 6), the over­
burden depth was observed to be larger 
than the original figure. Figure 6 shows 
approximate overburden depth above the 
upper coalbed to be 960 ft. Therefore, 
with 40 ft of innerburden, the lower 

9 
III 8 

• 7 
• 

10 
• 7 8 I 6 • 

10 

2 "'II .12 • 

LEGEND 
o Borehole platened flat jack 
• Convergence station 

6 
• 

0 5 • 

4 N • 

\ 
o 40 , 

Scale, ft 

FIGURE lB.-Instrument location in lower coalbed for study 
mine A. 
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TABLE 2. ~ Flat jack (BPF) setting 
pressures for study mine A, pounds 
per square inch 

coalbed e xperienced an overbu r den depth 
of approximat ely 1 , 000 ft . Using the TAM 
and overburden depths of 960 and 1, 000 ft 
for both mines respectively, setting 
pressu~es for the BPF's should have 
been 2,110 psig for the upper coalbed and 
2,200 psig f or t he lower coalbed . Al­
though the o r iginal setting pressures 
were low, thes e pres s ures do not directly 
affect the re corded r esults. It is also 
safe to assume that a ny increase in pil­
lar pressure above 2 , 110 and 2 , 200 psig 
would le a r e sult of r e lat ive increases 
in pillar pre ssure (~). 

BPF Pressure 

Upper coalbed: 
1 •••••••••••••••••••••••••••• 
2 •••••••••••••••••••••••••••• 
3 •••••••••••••••••••••••••••• 
4 •••••••••••••••••••••••••••• 

Lower Coalbed: 
5 •••••••••••••••••••••••••••• 
6 •••••••••••••••••••••••••••• 
7 •••••••••••••••••••••••••••• 
8 ••••••• ••• •• • ••••• •••••••••• 
1 o ••••••....••••••••••.•••.•. 

1,100 
1,225 
1,200 
1,275 

1,300 
1,000 
1,300 
1,300 
1,200 

TABLE 3. - Flat jack (BPF) installation 
depths for study mine B, feet 

(All BPF setting pressures were 
1,000 psi) 

Figure 19 displays the selected pillars 
and inst rument location f or study mine Bo 
A total of 18 BPF ' s and 21 convergence 
stations we r e i ns talled in the lower 
coalbed t o measu r e any relat ive increases 
in pillar pressure or entry closure due 
to overmini ng f r om t he upper coalbed. 
The actual setting pressures and instal­
lation depths for all BPF ' s is shown in 
table 3 .. 

BPF DeEth BPF DeEth 

1 ••••••••.•• 25 10 •••••••••• 
2 •••••••••• • 10 11 •••••••••• 
3 •••••.•.••• 25 12 .••••••••• 
4 •.••••••••• 10 13 ••.••••••• 
5 ••••••••••• 27 14 •••••••••• 
6 •••.•.•.••• 10 15 •••••••••• 
7 ••••••••••• 27 16 ••...••••• 
8 ..••••••••• 12 17 ••••.••••• 
9 .••••••••.• 27 18 ••.••••••. 

10 
20 
12 
20 
12 
24 
11 
27 
12 

RESULTS 

Study Mine A 

Monit or ing o f the ins trument ation con­
tinued for 177 days . The instruments 
were monito r ed at least once a week. 
Table 4 displays BPF da ta fo r 44 days 
(25 pct of total period) , 88 days (50 
pct), and 177 days (to t al monito r ing 

TABLE 4. - Flat jack (BPF) pressures during 177-day monitoring peri od f or study 
mine A, pounds per square inch 

BPF 

1 ••••••.•••••• 
2 •• •• •• ••••••• 
3 •.••••••••••• 
4 ••••.•••••••• 

5 ••.•.•••••••• 
6 ••••••••••••• 
7 ••••••••••••• 
8 ••••••••••••• 
10 •••••••••••. 

Initial (instal­
lation date) 

1,100 
1,225 
1,200 
1,275 

1,300 
1,000 
1,300 
1,300 
1,200 

Day 88 (50 pct) Day 177 (final) 

8,100 8, 100 8 , 100 
950 900 950 

3,175 4 , 050 5,100 
1,200 1,250 1,250 

LOWER COALBED 
1,090 1 , 050 1 , 050 

880 850 850 
1,050 1 , 000 1 , 050 

900 900 900 
1,000 1,000 950 
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FIGURE 19.-lnstrument location in lower coalbed for study mine B. 
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period) for the upper and lower coalbeds. 
BPF 1 and 3, both located in the upper 
coalbed at depths of 30 and 21 ft, re­
spectively, displayed major increases in 
pillar pressure throughout the study. 
BPF 1, installed at 1,100 psig, increased 
to 4,500 psig 16 days into the study. 
BPF 3, installed at 1,200 psig, increased 
2,500 psig, also 16 days into the study. 
Total pressures recorded from BPF 1 and 3 
were 8,100 and 5,100 psig, respectively, 
resulting in pressure increases of 7,000 
and 3,900 psig. Any increases in pillar 
pressure for the upper coalbed were from 
BPF's installed within the core of the 
instrumented pillars. A core type of 
loading is the worst type of loading to 
experience. Once a core loading occurs, 
this loading tends to transfer load more 
readily to other workings. The BPF's 
located at 10-ft depths showed no major 
increases in pressure. Figure 20 repre­
sents pressure increases versus time for 
all BPF's installed in the upper coalbed. 
No major increases in pillar pressure 
were recorded from BPF's in the lower 
coalbed. 

Tables 5 and 6 show measured conver­
gence for the upper and lower coalbeds. 
Monitoring of convergence in both mines 
was performed at least once a week. Max­
imum convergence of 5 in occurred at 

9~--~--~--~--.---.---.---.---,-~ 

8 

7 
KEY 

Flat jack (BPF) 
.. I 
• 2 
·3 
04 

TIME, days 

FIGURE 20.-Pressure increase versus time in upper coal· 
bed for study mine A. 
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station 9, located in the track entry 
within the upper coalbed. Roof to floor 
convergence within the upper coalbed 
increased very rapidlyo Measurements 
performed showed an average of 0.5 in of 
closure every month. No major roof to 
floor convergence was measured within the 
lower coalbed. 

BPF and convergence installations were 
limited to more stable areas in the lower 
coalbed because of height restrictions. 
In unstable areas of the lower coalbed , 

TABLE 5. - Results of convergence 
monitoring in upper coalbed for 
study mine A, inches 

Station Day 44 Day 88 Day 177 (final) 
1 ••••••• 1. 40 1. 95 3.54 
2 ••••••• .84 1. 25 2.13 
3 ••••••• ND ND ND 
4 ••••••• .60 1. 29 11. 80 
5 ••••••• 1.24 1. 88 2.71 
6 ••••••• 1.32 2.03 3.37 
7 ••.•••• 1. 15 1. 85 3.00 
8 ••••••• .81 1. 26 2.08 
9 ••••••• 2.23 3.26 5.00 
10 •••••• .94 1.31 2.12 
11 •••••• .80 1.13 1.92 
12 •••••• 1.40 1. 45 2.24 

NO No data because statl.on was 
destroyed. 

1Monitoring discontinued on day 134 be­
cause of bad roof conditions. 

TABLE 6. - Final convergence monitoring 
results for lower coal bed at study 
mine A, inch 

Station 
1 ••••••••••.•.•••••••••••••• 
2 ••••••••••••••••••••••••••• 
3 ••••••••••••••••••••••••••• 
4 ••••••••••••••••••••••••••• 
5 ••••••••••••••••••••••••••• 
6 ••••••••••••••••••••••••••• 
7 ••••••••••••••••••••••••••• 
8 ••••••••••••••••••••••••••• 
9 ••••••••••••••••••••••••••• 
10 •••••••••••••••••••••••••• 
11 ••••••.••••••••••••••••••. 
12 •.•••••••••••••••••••••••• 

Convergence 
0.05 
.04 

o 
o 
o 
o 

o 

.11 

.05 

.01 

.13 

.04 

NOTE.--No major movement occurred with­
in the lower mine. 
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TABLE 70 - Flat jack (BPF) pressures during 177-day monitoring period for study 
mine B, pounds per square inch 

(All BPF initial setting pressures were 1,000 psi) 

BPF Day 44 (25 pct of Day 88 (50 pct) Day 177 (f inal) 
total period) 

1 • • • • •• •• • •• • • • ••••••••••••••••• 925 950 1,000 
2 •••••••••••••••••••••••••••• • • • 900 925 1,000 
3 •••••••• • •••••••••• , ••• , ••••••• 825 825 875 
4 ................................ 925 900 950 
5 •• • • •• •••••••••••••• • •••• •• •••• 925 950 97'j 
6 •• ••••• •• • • •• •• ••• • ••• • • • • • • • •• 875 900 975 
7 • •• • ••••••••• ••• • • •••••• • • •• ••• 900 900 900 
8 •••••••••••••••••••• • •••••••••• 550 575 600 
9 • ••• • •••••••••••••••••• • ••••••• 875 900 900 
10 ••••••••• • • • ••••• •• ••••• • • •• •• 925 925 975 
1 1 •••••••••••••••••••••••••••••• 925 875 875 
12 .•••.•.. • •..•. ••• •.••.• ••••• • . 1 , 000 925 950 
13 ••••••••••••.••• • •••••••.••• e • 850 825 825 
14 ..... . ... . .................... 900 1,275 1,675 
1 5 •••••••••••••••••• • ••••••••••• 750 725 675 
16 •••••.•• • •••••••••••..•..••.•• 900 900 900 
1 7 ••••••••••••••••••••.••••••••• 900 900 850 
18 ••••••••••••• •• •••••.•••••.• " • 775 800 900 

the same type of pillar loading and roof 
to floor convergence would have been 
observed as was the case in the upper 
coalbed. 

TABLE 8. - Results of convergence 
monitoring for study mine B, inch 

Study Mine B 

Monitoring of the instrumentation was 
also performed once a week at study mine 
B. To date, monitoring of the instru­
ments is still continuing, but for com­
parative purposes the time periods of 
44 days (25 pct of total period), 88 days 
(50 pct), and 177 days (total monitoring 
period) will be used. Tables 7 and 8 
represent the BPF pressure and conver­
gence measurements. 

The BPF that showed the highest 
pressure increase was BPF 14, locat e d 
approximately 11 ft into the pillar or at 
the skin of the pillar. BPF 14 increased 
approximately 700 psig over original set­
ting pressure. As opposed to core load­
ing previously discussed, loading on the 
skin of the pillar tends to dissipate 
this load transfer over time. The 
results of convergence monitoring for the 

Station Day 44 
1 ••••••• 0.001 
2 ••••••• .000 
3 ••••••• .012 
4 ••••••• .000 
5 ••••••• .000 
6 ••••••• ND 
7 •.••••• ND 
8 ••••••• .003 
9 ••••••• ND 
10 •••••• .009 
11 •••••• .000 
12 •••••• .010 
13 ••.••• .000 
14 •••••• .012 
15 •••••• .000 
16 •••••• .007 
17 •••••• .003 
18 •••••• .000 
19 •••••• .007 
20 •••••• .004 
21 •••••• .001 

ND No data 
destroyed . 

Day 88 Day 177 (f inal) 
0.003 0.024 

.000 .000 

.068 .134 

.026 .072 

.000 .000 
ND ND 
ND ND 

.016 .054 
ND ND 

.018 .034 

.015 .051 

.008 .034 

.000 .025 

.012 .033 

.000 .018 

.045 .154 

.011 .048 

.013 .033 

.019 .013 

.024 • 036 

.019 .033 
because statl-on was 

1 



total monitoring period (177 days) was 
minimal. Convergence stations 3 and 16 
monitored the largest increases in roof 
to floor convergence, which was approxi­
mately 0.10 in. Average convergence for 
the 21 convergence stations installed was 
approximately 0.050 in for the total mon­
itoring period (177 days). 

As previously mentioned, core loading 
would tend to transfer load more readily, 
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possibly causing severe problems i n other 
workings. At study mine B, BPF 14 expe ­
rienced a skin type of loading and roof 
to floor convergence was minimal. Where­
as, at study mine A where BPF ' s experi­
enced a core loading, roof to floor 
convergence was monitored at 5 in, con­
siderably more movement than observed at 
study mine B. 

CONCLUSIONS 

Based on the information collected 
throughout this study, the followihg con­
clusions can be made. 

Overburden depth above study mine A was 
approximately 1,000 ft. The overburden 
depth changed dramatically over the study 
section and reached a topographic high 
over the study area. Overburden depth 
above study mine B was approximately 555 
ft, which is comparably smaller. Other 
case studies (~) have shown that exces­
sive overburden depths could lead to 
unstable ground conditions. 

Innerburden thickness at study mine A 
was approximately 40 to 45 ft, (less than 
one pillar width). Whereas, the inner­
burden thickness in study mine B was 
approximately 110 ft (or two pillar 
widths). Prior research has shown (~) 

that workings in close proximity, less 
than two pillar widths, may create ground 
control problems above and below 
workings. 

Previous research also showed (~) that 
innerburden material, composed mostly of 
sandstone or a rock type with a high 
modulus of elasticity, tends to dampen 
the effects of pillar load transfer. The 
sandstone percentage at the study area 
for study mine A was approximately 77 
pct. Whereas, the sandstone percentage 
at the study area for study mine B was 
approximately 6 pct, which is consider­
ably smaller. According to Haycocks (~), 
78 and 107 ft of innerburden thickness is 
required for stable conditions to exist 
in study mines A and B, respectively. 
Innerburden thickness with respect 
to the study area at study mine A was 
approximately 40 to 45 ft and innerburden 

thickness with respect 
area at study mine B 
110 ft. 

to the study 
was approximately 

At study mine A, floor heaving was 
observed in both sandstone and shale 
floor units. The shale floor, being a 
low-modulus material, resulted in hump­
like floor heave, whereas the sandstone 
floor, being a high-modulus material, 
resulted in a buckling type of floor 
heave. No floor heaving was observed at 
study mine B. 

At study mine A, the upper coalbed pil­
lars were developed first, with the 
lower c~albed pillars developed apprcxi­
mately 2.5 yr later. For study mine B, 
the lower coalbed pillars were developed 
first, with the upper coalbed pillars 
developed approximately 2 yr later. 

At study mine A, the practice of super­
positioning was attempted, but mine over­
lays show pillars and entries were not 
superpositioned. Mine overlays for study 
mine B show that pillars and entries 
were superpositioned with equivalent 
dimensions. 

The BPF pressure readings in the upper 
coalbed at study mine A showed a core 
loading characteristic of a stiff pillar 
approaching failure. The largest pres­
sure reading monitored at a study mine B 
was from a BPF installed at the skin of 
the pillar. A skin loading would have a 
smaller chance of transfering load than 
pillars experiencing a core type of 
loading. 

Average convergence in the upper coal­
bed entries at study mine A was 2.5 in, 
as compared to minimal convergence moni­
tored at study mine B. 
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RECOMMENDATIONS 

Based on the information and results 
collected throughout this study, the fol­
lowing recommendations could be made. 

When overburden to innerburden ratios 
exceed 10:1, supplemental supports such 
as cribs and posts should be considered. 

In those areas where floor heaving 
becomes excessive, regrading of the floor 
is a common, but an expensive means of 
contending with the problem. As an 
alternative solution, stress relief tech­
niques such as floor slotting can be 
initiated to redistribute stress and pro­
vide a space for floor material to flow. 
This technique, however, should be 
applied before floor heave becomes 
excessive. 
Prior research has shown (i) that the 

optimum mining sequence for mining one 

coalbed at a time would be to mine the 
uppermost coalbed first, leaving no 
pillars and then mine the next lower 
coalbed. In the case of mining simulta­
neously, the upper coalbed should be 
mined approximately two to three pillar 
widths ahead of the lower coalbed on 
advancement, and if retreat mining, the 
lower coalbed should be approximately two 
to three pillar widths ahead of the upper 
coalbed. 

Superpositioning or columnization of 
pillars should be standard practice when 
dealing in multiple-seam design. Al­
though very difficult to achieve, this 
practice requires total alignment of pil­
lars that are similar in size and shape 
for both coalbeds. 
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