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PILLAR FAILURE ANALYSIS AND IN SITU STRESS DETERMINATIONS 
AT THE FLETCHER MINE NEAR BUNKER, MO. 

by 

Frank G, Hori no land James R, Aggson 2 

ABSTRACT 

A rock mechanics program (composed of laboratory and field tests) was 
initiated by the Bureau of Mines in an effort to determine the causes of pil­
lar instability at the Fletcher mine, near Bunker, Mo. Compressive strength, 
Young's modulus, shear strength, and the angle and coefficient of internal 
friction were determined on drill cores obtained from 16 different locations 
in the mine. 

Results of the laboratory tests showed that highly mineralized zones and 
brecciated zones in pillars could significantly affect pillar strengths and 
stability in locations where extraction ratios exceeded the normal design 
ratio of approximately 78%. High-angle fractures that were pre sent in some 
locations also may have contributed to pillar deterioration. 

In the field tests, in situ stress determinations were made in one pillar 
to establish the pillar-loading conditions and to evaluate the stability of the 
pillar. Continued monitoring of stresses in the pillar showed a gradual 
decrease in compressive stress, indicating that the pillar was probably in the 
postfailure state. A second stress determination was made in a vertical hole 
in the underlying igneous rock that was exposed on one section of the mine. 
Horizontal stresses were compressive and larger than would be expecte d from 
gravity loading. 

INTRODUCTION 

This investigation was to evaluate pillar instability at the Fletcher 
mine of the St. Joe Minerals Corp. and to suggest possible corrective tech­
niques. The information obtained from this investigation can be applied to 
other lead-zinc mines concerned with the problem of pillar instability. 

lGeophysicist. 
2 Physicist. 

Both authors are with the Denver Mining Research Center, Bureau of Mines, 
Denver, Colo. 
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A preliminary onsite tour of the mining location showed the pres ence of 
v ertical-failure fractures existing in some of the pillars. Previous work by 
the Bureau of Mines has shown high-angle fractures from the horizontal can 
have a tremendous effect on the load-carrying capabilities of a pillar. Lab­
oratory model studies have shown (4) 3 that pillar strengths are reduced as 
much as 70% by the presence of these fractures . Also, the onsite tour indi­
cated that brecciated zones and highly mineralized zones were inters ecting 
some pillars. These features represent other forms of discontinuities that 
can adversely affect the load-carrying capabilities of pillars. The purpose 
of the experimentation was to determine the extent and effect these disconti­
nuities (the fractures, the brecciated zones, and the highly mineralized 
seams) have on the pillars, to evaluate extraction ratio and loading condi­
tions in pillars, and to evaluate the r esulting pillar stability. · Under a 
cooperative agreement, the St. Joe Minerals Corp. provided the core to be 
tested, as well as the assistance needed for the in situ stress determinations. 
The Bureau of Mines measured the rock properties and provided the data analy­
sis of both the properties and the in situ stress dete rminations . 

ACKNOWLEDGMENTS 

The authors wish to thank the St. Joe Minerals Corp. for the cooperation 
ext ended to the Bureau of Mines and the use of its faciliti es. 

TEST SAMPLES 

A total of 280 NX (2-1/8-inch diameter) core samples from 16 locations 
were obtained by St. Joe Minerals Corp . , encased in plastic tubing, and pro­
vided to the Bureau. The samples were typical of the mining zone in that some 
contained a low mineral content while others contained a high mineral content . 
Some samples were from brecciated zones, ·and some samples contained fractures 
at varying angles. A few of the samples contained fractur es that had been 
recemented. The assumption was made tha t these samples might fail easily and 
be a possib l e cause of the pillar instability. However, later testing proved 
that the r ec ement ed samples were as strong as the unfractur e d core samples. 

SAMPLE PREPARATION 

Sample s were cut to the l engths desired, and the ends were surfac e fin­
ished with a grinder. End planes were made parallel within a 0.001-inch tol­
erance. Lengths of the cores were kept within a length tolerance of 0.1 inch 
for the length-to-diameter (L:D) ratio specified. Perpendicular tolerance of 
the end planes to the a xis of the specimen was l es s than 1°. 

Drill cores were categorized by L:D ratio, planes of weakness a t a given 
angle , and highly mineralized zones. Core sample categorie s are given in 
table 1 . 

3 Underlined numbers in parentheses r e f er to it ems in the list of references 
preceding the appendix. 
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TABLE 1. - Core sample categories 

Cate or Descri tion 
1 .. ............ . L:D = 2.5:1 with plane of weakness at 30° from axis of core. 
2 .............. . L:D = 2.5:l with plane of weakness at 45° from axis of core. 
3 .... ' ......... . L:D = 2.5:l with no plane of weakness. 
4 •....•...•..... L:D = 1:1 with plane of weakness at 30° from axis of core. 
5 ..... . ........ . L:D 1:1 with plane of weakness at 45° from axis of core. 
6 .............. . L:D 1:1 with no plane of weakness. 
7 . .. ........... . L:D = 2.5:1 with highly mineralized zones equivalent to what 

is present in the mine. 
8 ..•.... •....... L:D 1:1 with highly mineralized zones equivalent to what 

is resent in the mine. 

Length-to-diameter ratios of 1:1 and 2.5:1 were selected for testing, 
because these dimensions best fit the in situ pillars at the time of the first 
benching and final pillar heights. The number of test samples from each test 
site location are shown in table 2. 

TABLE 2. - Recovered core from locations 

Location 

L:D = 2.5:1 L:D = 1:1 

Number of 
cores 

with no 
fractures 

Number of 
cores 

with 30° 
and 45° 

fractures 

Number of 
cores 

typical 
of mine 

minerali-
zation 

Number of 
cores 

with no 
fractures 

Number of 
cores 

with 30° 
and 45° 

fractures 

Number of 
cores 

typical 
of mine 

minerali-
zation 

1, 2 ..•.... 
3 .......... 
4 .......... 
5 .......... 
6 .. . ....... 
7 ......... . 
8 .......... 
9 .......... 

10 .......... 
11 .......... 
12 .. .. ...... 
13 .... . ..... 
14 .......... 
15 .......... 
16 .......... 

Total. ... 

6 
6 
7 
2 
4 
-
-
2 
9 
4 
5 
4 
5 
-
-

2 
-
1 
-
-
1 
2 
-
-
-
-
-
2 
-
-

-
-
1 
-
3 
6 

10 
7 
3 
4 
8 
4 
5 
8 
3 

9 
6 

12 
6 
8 
5 
5 
4 
5 

12 
8 

14 
5 

14 
2 

4 
3 
1 
-
-
4 
-
3 
-
-
-
-
-
-
-

-
-
-
-
-
4 
1 
1 
3 
6 
-
1 
7 
3 
-

54 8 62 115 15 26 

As shown in table 2, the majority of the samples fall into two groups: 
(1) samples with L:D = 2.5:1 and 1:1 with no fractures and (2) samples with 
L:D = 2.5:1 and 1:1 typical of the highly mineralized zones in the mine. A 
total of only 23 samples containing planes of weakness with 30° or 45° angles 
were received and tested. 
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DATA AND ANALYSIS 

The samples we r e t e st ed uniaxi a lly and triaxially a t l a ter a l pres sure s of 
500 , 1, 000 , 1,5 00 , 2, 000 , a nd 3, 500 ps i. The s tiff-testing machine us e d for 
de t ermining mechanical propertie s in both the pr e failur e and postfailure state 
i s a closed-loop, s ervocontr olled hydraulic s ystem. In a clos e d-loop system, 
the ma intenanc e o f the de sired par ame t er is done complete l y by electronics and 
at a respons e rate of s ev eral kilohertz per s econd . The mode of control used 
was the f eedback transduc er. Result s of solid-core tests were analyzed using 
the t echnique s o f mean normal stres s and max imum shear stre ss. The data wer e 
trea t ed st atistica lly , and a l east-squares analysis was us ed to gener a t e a 
Mohr's enve lope , which gav e the va lue s o f the compressive strength, shear 
strength, ang le of interna l f riction, and the coe ffici ent of internal fr ac­
tion . Sinc e the numb er of cor e s r ece i ve d cont a ining appar ent planes of we ak­
nes s was ver y limited, no sta tistica l analys is o f the r esults could be made. 
Howev er, r ec ement ed fr actures had little if any bearing on the strength of the 
sp ecimens t ested. Test da ta ar e pr e s ented in table s A-1 through A-15 for each 
site loc ation. Pertinent informa tion r e garding a l ocation is given on the bot­
t om of table s A-1 through A-15 . Young's modulus f or pr e f a iled rock was det er­
mined a t each of the des ignat ed pr essure s f or each location and for each cate­
gor y of r ock cla s s ification. I f a r ock is compet ent and do e s not cont a in 
di s c ontinuities, Young's mo du lus i s expected to vary s lightly with an increas e 
in l a t er a l pressure. (See figur e 1 .) Thi s i s appar ent whe n all of the 
Young ' s modulii ar e aver aged f or a given l oca tion and the standard devia tion 
is de t ermined. 

30---......----,,----,------.---...---......--- On the postfailure side 
of the curve, changing val­
ues of Young's modulus 

25 depend upon the degr ee of 
f racturing or stress l ev e l. 
( See figur e 1 . ) Ther e f or e , 

-0"' 
; 20 an a ttempt i s made t o de t er­
0. 

-0 

0 

mine a first-orde r approxi­
C 

~ ma tion of the value of 
!: 
0 
:, 

15 Young's modulus of the 
f a ile d r ock at any point 

0 
~ a l ong t he postfa ilure curve . 
0 

_J 

Compress ive strength value s 
10 

r ang e f r om a low of 6 ,3 00 
ps i (L :D = 1:1 a t l oc a -
tion 14 , t ypic a l h i ghly min­

5 er a li zed zone in the mine) 
t o a hi gh of 36 , 800 ps i 
( L:D = 1:1 a t l oc a tion 7, 

0 10 20 30 4 0 50 60 t ypical l ow mineralized zone 
in the mine) . A plot of the 
norma lized F u r. t o a d / F y 1 e Jd 
aga ins t the norma li zed 
Epost/Ep r e v a l ue f or t h is 

E 1 po s t > E 2 pos t > E 3 post 

70 

DISPLACE MENT, l housand microinches 

FIGURE l. - Ideal ized fo rce-di splacemen t cu rve for 
prefo i lure and postfo i lure cond iti ons , 
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wide range of compressive strength values for a lateral pressur e of zero psi 
yields a plot like that shown in figure 2. Since it appears from figure 2 
that a least-squares analysis would produc e a fair average line, the data were 
statistically treated to yield figure 3. The same t echnique was also used to 
treat the data for 500-psi and 1,000-psi lateral pressures and resulted in 
figures 4 and 5. Figure 4 has a negative intercept on the Funto ad/Fyiel d 
axis which is meaningless and only indicates that not enough data were 
obtained ·from the postfailure curves at the lower levels of Fun 10 a d /F Y1 eJd 
values or at the lower Epo s t /E pre values. This caused the least-squares line 
to have too much slope and, consequently, a negative intercept. Figure 6 was 
obtained by combining all the data from figur es 3 through 5. This illustra­

•~ 11tion could be useful in determining an approximate for the design equa­
tion 9. The following rationale is based on the results of the testing: 

1. It would appear that the strengths of the pillars are significantly 
reduced due to the high lead content of the seams, the vuggy nature of the ore 
rock, or the presence of high-angle joints. 

2. In areas with high lead content, the ground is usually highly brec­
ciated. Because of these two conditions, along with high axial stress, the 

pillars begin to deteriorate 
by spalling and splitting 
almost immediately. The 
loss of pillar cross s ection 
in thes e ar eas cr eates a 
much higher e xtraction ratio 
than originally designed or 
mined, and eventually leads 
to conditions of pillar 
instability . 

3 . If the pillar is 
compos ed of the higher 
strength sampl e s that were 
t ested, no probl ems should 
exist for th e pillar 
stability. 

4. When dea ling with 
a fractured rock or rock 
that is essentially in the 
postfailure r egion, then it 
is possible to de sign a nd 
apply pillar stabilization 

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 
t echniques t o uns table pil­E POST / EYIELD 

l ars. Highly min eralized 
and vuggy ore s amples fallFIGURE 6. - Normalized Fun I o o d/ F y .1e Id versus E p os t / into this c a t egory.

E pre Ieast-squares Ii ne for a 11 data tested 
under 1,000-psi lateral pressure shown with 5. The av er age 
95 % prediction intervals. strength of th e high l ead 

.9 

.8 

.7 

. 6 

.4 

,3 

.2 

. I 

95 o/o Predic1ion Intervals 

X0 , 0 I, y0 '0. 1549 ± 0.1512 

X0 ,0.5,y0 ,0.5897 ±0.1 481 

X0 •0.8, Yo •0 .9158 ±0. 1512 

Yo ' 0.0 462 + I 087 X 
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and vuggy ore samples from the 16 locations was determined to be 11,900±2,554 
psi, or approximately 9,400-psi design strength. Young's modulus, E, for the 
material in prefailure was (9.27±0.98) X 106 psi. 

6. The average specific gravity of the samples is assumed to be 2.75. 
(Values of specific gravity were not calculated for the samples.) 

With 28-foot-square pillars and 32-foot clear spans or 60-foot center-to­
center pillar spacing, the design extraction ratio is 76%. Because of spall­
ing, the cross-sectional area of the pillar progressively decreases and the 
extraction ratio increases. Since the mine is approximately 1,000 , feet 
depth, the absolute maximum extraction ratio permissible using a safety factor 
of 1.0 and the average design strength of 9,400 psi can be determined. This 
is calculated by the following equation: 

(1) 

where crp (av) average pillar stress, 

and crv = yh = vertical stress . 

If y pounds per cubic foot, 

h = depth in feet, 

and R extraction ratio, 

= 2.75 X 62.4 X 1,000
then 1,192 psi.CTv 144 

The resultant 1,192 [ 1:R] 9,400; therefore, R = 87.3%. 

7. For a low strength value of 6,300 psi, the ratio 6,300/9,400 = 
Fun1o a d/F Y1 e1 d = 0.67 = Epost /E pr e· 

8. From figure 6, Epost /E pr e = 0.575 for a horizontal stress up to 1,000 
psi. 

9 . Therefore, Epo st = 0.575 X (9 . 27 - 0.98) X 106 = 4.77 X 106 
. 

10. The Epo s t value should be representative of the failed material for 
design purposes for that location. 

11 . Initial inspection and observation of failed pillars indicated that 
the type of failur e was due to pillar loads exceeding pillar strength. It 
was r ecormnended that thos e pillars should be stabilized by confinement with 
fill, bolting, wire roping, strapping, or other means of applying small con­
fining lateral pressures on the failed pillars. 

https://9.27�0.98
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IN SITU STRESS DETERMINATIONS 

In situ rock stress measurements, using a thre e component borehole 
defonnation gage (1), were obtained in pillar 443. Overcoring was conducted 
in a borehole that was drilled horizontally at the midheight of the pillar. 
This hole was extended to a depth greater than half the width of the pillar. 

The 6-inch-diameter core t ended to disk along the entire length of the 
hole. Disking of rock cores refers to the formation of disks or wafers of 
relatively uniform thickness that fracture or rupture on surfaces approxi­
mately normal to the axis of the core. Investigations have shown that core 
disking is a function of axial stress, radial stress, and physical properties 
of the material in rock (~-I). If the material prop erti e s of a particular 
rock are known, core disking can be used to calculate the lower limits of the 
applied stress field. Conversely, disking can be used to estimate material 
properties if the stress fi e ld is known. 

Core recovery during overcoring was poor; therefore, only two sets of 
usable borehole deformation data were obtained from the pillar. Secondary 
principal stresses in the plane normal to the borehole have been calculated 
(I) from the two sets of deformation data and found to be 

av -10,048 psi, 

and a h = -3,701 psi, 

where av and ah ar e the vertical and horizontal pillar stresses, r e spectively. 
The negative sign is used to deno te compressive stress. 

The average normal stress in the plane perpendicular to the borehole is 
-6,874 psi. For most rock types, the normal stress perpendicular to the core 
must be greater than one-half the unconfined compress ive strength of the rock 
in order for disking to occur (6). The physical property results pres ented 
indicate that the same relationship could exist in the rock typ e found in this 
mine. However , since the properties of the rock in this mine vary signifi­
cantly as a function of l ead content, and the physical properties of the mate­
rial a t the midheight of the pillar were not determined, further conclusions 
regarding the stress-to-strength r e lationship and disking cannot b e developed. 
Since core disking in various degrees was encounter ed throughout the l ength of 
the hole, the ratio of pillar load to material strength is larger than would 
be required for long-term pillar stability. 

The measured vertical stress of -10,048 psi in the pillar is within the 
average compressive strength range of 11,900±2,554. The core disking expe­
rienced in the pillar indicates that continual spalling and pillar de teriora­
tion may be experienced (~). This deterioration will increas e the vertical 
stress in the pillar. Since the pillar stress is nearly equal to the average 
compressive strength of the rock samples that have been t ested , the strength 
of the material in the pillar may be exceeded by the vertical stress . The 
possibility exists that the pillar stress has a lready exc eeded the pillar 
strength and that the pillar is in a postfailure state. 
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After overcoring was completed, a two-component borehole-deformation gage 
was placed in the remaining 1-1/2-inch pilot borehole in the pillar. This 
gage was oriented so that changes in vertical and horizontal stress could be 
monitored as a function of time. If pillar dete~ioration were increasing the 
vertical stress in the pillar, the two-component gage would be able to measure 
the changes in pillar load. 

During the 45-day period after overcoring in the pillar was completed, 
the two-component gage measured deformations that were due to a decrease in 
the vertical and horizontal compressive stress. The compressive stress 
decrease in the vertical direction was 162 psi and the decrease in compressive 
stress in the horizontal direction was 165 psi. These stress changes are 
small compared with the measured stress magnitudes. However, it is signifi­
cant to note that the stress changes are in a direction that is tending to 
decrease the compressive stress in the pillar. A decrease in compressive pil­
lar stress is a strong indication that the pillar is in a postfailure state. 
(!). Pillar stabilization would appear to be warranted in this situation. 

What appears to be an economically feasible method of pillar stabiliza­
tion was, subsequently, developed for use in this mine (8). This method uti­
lizes a system of grouting reinforcing bars into pillars-in a preselected 
pattern. The grouted-reinforing-bar system provides sufficient reinforcement 
in the pillar to stop further pillar deterioration. 

The secondary principal stresses in the horizontal plane were measured in 
the igneous rock that underlies the ore body and is exposed in the west end of 
the mine. This was accomplished by overcoring in a hole that was drilled ver­
tically down. The horizontal secondary principal stresses that exist at this 
location are -3,949 psi and -1,862 psi. The maximum compressive stress in the 
horizontal plane (-3,949 psi) has a bearing of north 17° west. The measured 
horizontal stresses are larger than the expected horizontal stresses due to 
gravity loading. This result is consistent with many other stress measure­
ments made in locations both underground and on the surface (3) in other 
mines. The part of the horizontal stress field that exceeds the expected 
horizontal stress due to Poisson's effect and gravity loading is termed 
"excess horizontal stress" and is presumed to be of tectonic origin . 

SUMMARY 

The results of the t es t on the 280 cores indicated that the primary cause 
of pillar instability was the presence of very rich lead seams and the vuggy 
nature of ore rock . The presence of critically oriented fracture systems can 
create a problem of instability; however, the primary cause of instability in 
this mine was the high lead content of the ore rock. An average compressive 
strength value of 11,900±2,554 psi and an E value of (9.27±0 .98) X 106 psi is 
deduced, for the high-lead-content ore rock . Pillar deterioration in areas of 
high lead mineralization and brecciation creates an abnormally high extraction 
ratio which, in turn, accelerates the deterioration and adds to the pillar 
instability. 
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By studying the postfailure curves, one is able to r e late the value of 
the postfailure E to the value of the postfailure load. By normalizing the 
postfailure load to the load at yield, one finds a one-to-one correspondence 
of the normalized Young's modulus, Ep o st l pre. One is able to predict the 
postfailure Eby making the assumption that the rock core tested is the post­
failure state, and its value of compressive strength is some percentage of the 
average low value (11,900 - 2,500 = 9,400) as de termined by our t esting. Th e 
curve presented also gives a percentage value of the average low value of 
Young's modulus, (9.27-0.98) X 106 psi, which should be used for design pur­
poses for that location. 

In situ stress measurements in pillar 443 indicate a compressive v e rtical 
pillar stress load of -10,048 psi. This s tress l ev e l i s within the average 
cm~ressive strength range of 11,900±2,554 psi. This information and the core 
disking experienced in the pillar are indications that the load-to-strength 
ratio of the pillar is greater than would be required for long-term pillar 
stability. 

The horizontal stress distribution in th e Precambrian igneous basement 
rock was measured and found to have compressive secondary principal-stress 
magnitudes of -3,949 psi and -1,862 psi, with the large compressive str e ss 
bearing north 17° west. 

CONCLUSIONS 

The lowe~ strengths of the high l ead c ontent and vuggy core samples , the 
higher extra ction ratio caused by the spalling action of the pillars, and the 
r esulting high pillar stresses have created a condition of pillar instability. 
For spalling pillars, confining support was r e comme nded t o stabilize and con­
trol the deterioration process of failed pillars. 

Study of assay values of drill cores prior to mining should indicat e 
areas of potential problems because of the relationship of high l ead conte nt 
to pillar instability . 

The current pillar stabiliza tion t echniques tha t are b e ing used in the 
mine (~) apply to pillars that visually indica t e d e t e rioration. Th e same 
t e chnique could be more effec tive or done at a l esser cost if the grout-rebar 
system we r e appli e d to the pillar imme diat e ly after pillar formation. The 
e ffectiveness of this sys t em would b e increas e d b e cause the outer part of the 
pillar would be str engthene d before it was allowed t o deteriorate , a nd this 
would r esult in a higher overall comp e t e nc e. Pinning the pillar early would 
also pr ev ent r e duction in pillar dime n s ions which caus es an increase d load on 
the pillar. It is a lso pos s ible that early r e inforc ement of th e pilla r would 
result in a cost savings by r e ducing the numb er of r e inforc ement bar s r equir e d . 
It is not impli ed h e re that all pillars would n ee d to b e r e inforc e d; however, 
pilla rs tha t are forme d in areas of unusually high min eral cont e nt should b e 
stabilize d. 

https://9.27-0.98
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APPENDIX 

Tabl es A-1 through A-15 r e fer to locations 1 through 16. Additional 
information about the cores tested at a given location is noted at the bottom 
of each table. 

TABLE A-1. - Physical properties of core s from locations 1 and 2, 
Fletcher mine, near Bunker, Mo. 

Physical propertie s 

Length-to-diameter ratio 
2.5:1 1:1 

No 
fractur e 

Typical No 
fracture 

Typical 
30° > 45°, 

and/or 
vertical 
fracture 

Uniaxial compressive 
strength •. . ........ . ..... . . psi .. 

Young's modulus X 106 ••••••• psi .. 
Standard deviation . . . ..... . .. . ... 
Shear strength............ . . psi .. 
Angl e of internal 

friction . .. ..... . ... . .. degrees . . 
Coefficient of internal friction. 

16, 400 
11.31 
- 1.25 
2,369 

57° 42' 
1. 582 

22,400 
8.51 

±0.63 
3,530 

55° 41 1 

1.465 

1 20,400 
9.11 

±0.81 
2,672 

59° 16' 
1.683 

l Rec ement ed 300 fracture had no influenc e on strength of 1.1 pillar. 

NOTE.--Two samples with L:D = 2.5:1 and with 30° fractur e tested at 500-psi 
lateral pr e ssure and 1,500-psi lateral pr essure yi e ld ed compr essive 
strength value s of 17,200 and 27,000 psi, r e spectively. 

TABLE A-2. - Physic a l prop erties o f cores fr om loc a ti on 3, 
Fletcher mine , near Bunker, Mo . 

Length-t o -diame t er ratio 
2. 5:1 1:1 

Physical propertie s 30°, 45°, 
No Typical No Typica 1 and/or 

fr acture fractur e vertical 
fractur e 

Uniax i a l c ompres sive 
s trength ..... .. .. . .. .. .. . • . psi . . 10,200 13, 000 

Young's modulus X 10° .. . .... psi .. 7 . 80 7.57 
Stand ard deviation . .... . ......... ±2. 62 ±2. 07 
Shear s trength . . .......•.... ps i . . 1, 948 1,378 
Ang l e of int erna tion 
friction .. .. .. . ..... . .. degrees .. 4 7° 44 1 66° 9' 

Coe ffici ent of int erna l fricti on. 1.100 2.262 

NOTE. --Mo s t import ant char acteristic of the t es t s a t this l oc a tion is the tr e ­
mendous influenc e o f the high lead content on the c apability of the 
pilla r t o withs t and l oad . 

Two samp l e s with L:D = 1:1 and with 30° f r acture t es t e d a t l a t eral pres ­
s ure s of 1, 000 ps i and 2,000 ps i y i e l ded compr ess iv e s trength value s 
of 34 , 000 a nd 33, 000 ps i, r espective l y . 
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TABEL A-3. - Physical properties of cores from location 4, 
Fletcher mine, near Bunker 2 Mo. 

Physical properties 

Length-to-diameter ratio 
2.5:1 1:1 

No 
fracture 

Typical No 
fracture 

Typical 
30°, 45°, 

and/or 
vertical 
fracture 

Uniaxial compressive 
strength ... ....... ...•... .. psi.. 26,200 31,200 

Young's modulus X 106 
••••••• psi .. 11.68 9.91 

Standard deviation•.............. ±0.91 ±0.81 
Shear strength ...........•.. psi.. 
Angle of internal 

4,510 4,805 

friction ..........•.... degrees .. 52° 11' 56° 6 I 

Coefficient of internal friction. 1.289 1.488 

NOTE.--A single test of a sample with a 20° fracture, L:D = 2.5/1, at a lat­
erar pressure of 500 psi resulted in a compressive strength of 5,357 
psi whereas, another sample with a 30° fracture, L:D = 1:1 at a lat­
eral pressure of 500 psi r esulted in a compressive strength of 
30,500 psi. 

TABLE A-4. - Physical properties of cores from location 5, 
Fletcher mine, near Bunker, Mo. 

Physical properties 

Length-to-diame ter ratio 
2.5:1 1:1 

No 
fracture 

Typical No 
fracture 

Typical 
30°, 45°, 

and/or 
vertical 
fracture 

Uniaxial compressive 
strength ................... psi .. 

Young's modulus 106X •..•••• psi .. 
Standard deviation .•...•......... 
S;1 =ar strength........... ... psi.. 
Angle of internal 

friction . ......... . .. .. degr ee s .. 
Coefficient of internal friction. 

18,600 
7.98 

±1.38 
2,725 

58° 12 I 

1.614 

NOTE.--Two samples from this location with a high l e ad content again showed 
the effect of the high l ead content on the ability of the pillar to 
carry load. With lateral pressures of 1,000 and 1, 500 psi, the c om­
pressive strength values were only 16,000 psi and 16,500 psi, respec­
tively, which are less than the uniaxial compressive strength value. 
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TABLE A-5. - Physical properties of cores from location 61 
Fletcher mine, near Bunker, Mo. 

Physical properties 

Length-to-diameter ratio 
2 . 5:1 1:1 

No 
fracture 

Typical No 
fracture 

Typical 
30°, 45°, 

and/or 
vertical 
fracture 

Uniaxial compressive 
strength ..... . ..... . .... . .. psi.. 

Young's modulus X 106 •••. • .• psi.. 
Standard deviation . . .. . .. . •...... 
Shear strength ... . .• . .... . .. psi . . 
Angle of internal 

friction . . ......... . ... degrees .. 
Coefficient of internal friction . 

28,000 
11.71 
±0.28 
4,429 

5 I55° 
1.433 

9,200 
10. 77 
±0.85 
1,073 

64° 9 I 
2.065 

30,400 
9.70 

±0.58 
4,796 

55° 5 I 

1.433 

NO TE .--The vertical fractur es present in the samples with an L:D = 2.5:1, 
typical, had a deteriorating effect on the compressive strength value 
as indicated. 

TABLE A-6. - Physical properties of cores from location 7, 
Fletcher mine, near Bunker, Mo. 

Physical properties 

Length-to-diameter ratio 
2.5:l 1:1 

No 
fractur e 

Typical No 
fracture 

Typical 
30°, 45°, 
and/or 

vertical 
fracture 

Uniaxial compressive 
strength . . ..... . . . .. . . . .. . .psi .. 

Young's modulus X 106 •.•. • •• psi .. 
Standard deviation . . ... .. . . ...... 
Shear strength.......... . ... psi .. 
Angle of internal 

friction .. ..... . ....... degrees .. 
Coe fficient of interna l friction. 

18,800 
10.84 
±0.77 
2,080 

65° 30' 
2.195 

35,200 
10 . 04 
±0.36 
6,036 

52° 11' 
1.288 

36,800 
9.65 

±0.34 
7,002 

48° 35 I 

1.133 

30,200 
10 . 00 
±0.32 
5,091 

53° 7 I 

1.333 

NOTE.--The pres enc e of the fracture s in the sample s with an L:D = 1:1 had 
little effect on its compressive strength value which would indicate 
that the fr acture s wer e v er y well cement ed . 
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TABLE A-7. - Physical properties of cores from location 8, 
Fletcher mine, near Bunker, Mo. 

Physical properties 

Length-to-diameter ratio 
2.5:1 1:1 

No 
fracture 

Typical No 
fracture 

Typical 
30°, 45°, 
and/or 

vertical 
fracture 

Uniaxial compressive 
strength.•................. psi .. 11,000 21,200 

Young's modulus 106X ••••••• psi .. 9.05 9.00 
Standard deviation......•........ ±1.27 ±0.73 
Shear strength .... . ......•.. psi .. 
Angle of internal 

2,075 3,391 

friction .....•.•. .. .... degrees .. 49° 28 I 8 I55° 
Coefficient of internal friction. 1.169 1.433 

NOTE.--The vuggy nature of the specimen with an L:D = 2.5:1 and typical of the 
mine has a very definite negative effect on the ability of the pillar 
to carry load. 

TABLE A-8. - Physical properties of cores from location 9, 
Fletcher mine, near Bunker, Mo. 

Physical properties 

Length-to-diameter ratio 
2.5:1 1:1 

No 
fracture 

Typical No 
fracture 

Typical 
30°' 45°, 
and/or 

vertical 
fracture 

Uniaxial compressive 
strength ................... psi.. 1 19,200 12,800 21,200 25,200 

Young I s modulus 106X ••••••• psi . . 9.45 9.02 8.48 
Standard deviation ............... ±1.05 ±0.64 ±1. 25 
Shear strength .............. psi.. 
Angle of internal 

2,180 2,927 5,193 

friction ............... degrees .. 53° 7 I 59° 19 I 45° 19 I 

Coefficient of internal friction. 1.333 1.685 1.008 
lone sample value. 

NOTE.--Vuggy nature of core samples typical of the mine for L:D = 2.5:1 again 
reflects its negative effect on the compressive strength. One high 
lead sample, No. 111, had a compressive strength value of 12,900 psi 
at O lateral pressure. 
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TABLE A-9. - Physical properties of cores from location 10, 
Fletcher mine, near Bunker, Mo. 

Physical properties 

Length-to-diameter ratio 
2.5:1 1:1 

No 
fracture 

Typical No 
fracture 

Typical 
30°' 45°' 

and/or 
vertical 
f_racture 

Uniaxial compressive 
strength...•............... psi .. 12,800 11,600 13,600 

Young's modulus 106X ••••• • • psi .. 9 . 58 9.39 8.21 
Standard deviation . . . ..... . .... .. ±1.53 ±0.49 ±1.10 
Shear strength .. . ........... psi .. 
Angle of internal 

2,821 2,157 1,969 

friction ............... degrees .. 51 142° 50° 21' 58° 13 I 

Coefficient of internal friction. o. 927 1.207 1.614 

NOTE.--Vuggy characteristic is the predominant factor at this location and 
very visibly affects the compressive strength values. 

TABLE A-10. - Physical properties of cores from location 11, 
Fletcher mine, near Bunker, Mo. 

Physical properties 

Length-to-diameter ratio 
2.5:1 1:1 

No 
fracture 

Typical No 
fracture 

Typical 
30°' 45°, 
and/or 

vertical 
fracture 

Uniaxial compressive 
strength ...... . .... . ........ psi .. 
Young's modulus 106X • ..•..• psi .. 
Standard deviation ..... . .. . ...... 
Shear strength.............. psi .. 
Angle of internal 

friction ........ . ..... . degrees .. 
Coefficient of internal friction. 

10,200 
8.82 

±0.97 
1,813 

51° 16 I 

1.247 

14,000 
8.69 

±0.11 
3,409 

38° 19' 
0.790 

14,800 
8.01 

±0.98 
2,437 

8 I53° 
1.333 

15,200 
7.70 

±1.08 
3,259 

43° 38 I 

0.953 

NOTE.--Vuggy nature of core samples and its effect is pronounced at this 
location. 



17 

TABLE A-11. - Physical properties of cores from location 12, 
Fletcher mine, near Bunker, Mo. 

Length-to-diameter ratio 
2.5: 1 1:1 

Physical properties 
No Typical No Typical 

30°, 45°, 
and/or 

fracture fracture vertical 
fracture 

Uniaxial compressive 
strength................... psi .. 

Young's modulus X 106 ••••••• psi .. 
Standard deviation ... . ........... 

22,000 
10. 75 
±0.85 

12,200 
8.30 

±1.11 

30,400 
9.64 

±0.39 
Shear strength.............. psi.. 
Angle of internal 

friction ....... . ....... degrees .. 

3,972 

52° 11' 

2,444 

46° 53 I 

4,719 

55° 5 I 

Coefficient of internal friction. 1. 289 1.068 1.433 

NOTE.--Samples with an L:D = 2.5:1, typical of the mine, with a high lead con­
tent and vuggy structure, clearly indicate the low compressive 
strength. 

TABLE A-12. - Physical properties of cores from location 13 1 
Fletcher mine, near Bunker, Mo. 

Physical properties 

Length-to-diameter ratio 
2.5:l 1:1 

No 
fracture 

Typical No 
fracture 

Typical 
30°, 45°, 
and/or 

vertical 
fracture 

Uniaxial compressive 
strength ................... psi. . 

Young's modulus X 106 
••••••. psi .. 

Standard deviation ........... . . . . 
Shear strength ... . .. . ....... psi.. 
Angle of internal 

friction ............... degrees .. 
Coefficient of internal friction . 

15,600 
11.13 
±1. 77 
2,450 

55° 5 I 

1.433 

14,400 
9.02 

±0.68 
2,528 

51 ° 16 I 

1.246 

23,200 
9.24 

±1.55 
3,211 

19 159° 
1.685 

NOTE.--One sample, No. 179, not used in the least-squares analysis, gave a com­
pressive strength value under 3,500 psi. One other sample with vuggy 
structure and high calcite content gave a value of 15,800 psi under 
a lateral pressure of 3,500 psi which is very low. 
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TABLE A-13. - Physical properties of cores from location 14, 
Fletcher mine, near Bunker, Mo. 

Physical properties 

Length-to-diameter ratio 
2.5:1 1:1 

No 
fracture 

Typical No 
fracture 

Typical 
30°, 45°, 
and/or 

vertical 
fracture 

Uniaxial compressive 
strength ........ . .......... psi.. 

Young's modulus 106X ••••.•. psi .. 
Standard deviation ........•...... 
Shear strength .............. psi .. 
Angle of internal 

friction ............... degrees .. 
Coefficient of internal friction. 

17,800 
11.08 
±1. 70 
2,693 

57° 8 I 

1.548 

24,600 
9.76 

±1.20 
3,508 

58° 12 I 

1.614 

6,300 
6.08 

±3.56 
962 

57° 8' 
1.548 

NOTE.--The very high lead content, typical of the samples from this location, 
gave results with much variance and would indicate that it is the 
major factor on the stability of the pillars at this location. 

TABLE A-14. - Physical properties of cores from location 15, 
Fletcher mine, near Bunker, Mo. 

Physical properties 

Length-to-diameter ratio 
2.5:1 1:1 

No 
fracture 

Typica 1 No 
fracture 

Typical 
30°' 45°, 
and/or 

v ertical 
fractur e 

Uniaxial compressive 
strength.......•........... psi.. 16,800 17,200 

Young's modulus 106X •• ••••• psi.. 10.95 10.03 
Standard deviation ..•.......... .. ±1.30 ±1. 33 
Shear strength .. . ..........• psi .. 
Angle of internal 

2,512 1,929 

friction .........•..... degrees .. 57° 5 I 65° 5 I 

Coefficient of internal friction. 1 .545 2.154 

NOTE.--Lower lead content of the samples t es t ed aga in refl ect the higher com­
pressive strength values. 
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TABLE A-15. - Physical propertie s of cores from location 16) 
Fletcher mineJ near Bunker) Mo. 

Length-to-diame ter ratio 
2.5 : 1 1:1 

Physical properties 
No Typical No Typical 

30°) 45°, 
and/or 

fracture fracture vertical 
fracture 

Uniaxial compressive 
strength...... . •..... . ..... psi .. 

Young's modulus X 106 
•• • •• •• psi.. 

Standard deviation ........... . ... 
Shear strength . .. ..... . . . ... psi. . 
Angle of internal 

7.38 
±1. 84 

friction ... . ... . ..•..•. degrees .. 
Coefficient of internal friction. 

NOTE.--No least squares analysis was done at this location as not enough 
samples were available. Compressive strength value of high l ead 
content samples, Nos. 219 and 223, had an average value of approxi­
mately 12,000 psi. 
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