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A Practical Review of Earth Pressure

Two primary topics:

1. A practical review of earth pressure theories used
In the design of earth retaining structures

2. Case study of a $8 million dollar slope failure
comparing a simple conservative analysis to a
Flac-3D analysis.
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Everything should be
NEREENNICEER
possible, but not
simpler.
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Introduction:

How | got myself into this mess
Michigan DOT Sheet Pile Manual

ASCE 1st Conference on Earth Structures
Does anyone do hand calculations anymore?
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Senior Design Project: Concrete Tunnel Under a
Major Railway in Canada in Soft Saturated Clay

Elewv.

Southwest Rapid Transit Corridor Clay
City of Winnipeg, Manitoba WEIH}F h Elev. 731 ft

Till/Bedrock

|| |Headline optional

April 22, 2010
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Instructor: Dr. Stanley Vitton
CE 4905: Senior Design

Figure 5: Mustration of Excavation Sequencing (with Depth) in Areas with Siruots.
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Senior Design Project: Concrete Tunnel Under a
Major Railway in Canada in Soft Saturated Clay

SupportiIT
Software
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Sheet: PZ35

Single Braced Section
Stages 1Cb&2Cb




So why does standard sheet pile programs
calculate such deep embedment depths for
soft clays?
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%azﬁg; ;_13_10 Single Braced Section

Shectpzse Stages 10he2ch * The problem is the
assumptions made in the

L] L]
Pressure: Terzaghi (m=1.0,a=04)
Analysis: Net Pressure u S l I I a e I a I rl I I +11.00 ft

Toe: Fixed Earth Support

R clay instead!! classical design methods:

* K, =K,

* Assuming that the
strength of the “soft”
clay doesn’t change

yd with depth, therefore
* Passive Resistance:
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Case 6, Step 1: Define the Dimensions and Soil Properties to be Analyzed for the Cantilever Wall

Surcharge Pressure = 360 psf

...... -
H=15ft
H=10ft
! Dredge Line J v

Figure 5-22 Case 6 Braced TERS in soft and firm clay.
Michigan Technological University .




Active Pressures:
Surcharge Pressure in sand backfill:
Sand backfill:

Minimum Fluid Pressure:

Active Soil, Soft Clay Layer:

Active Soil, Firm Clay Layer:

Active Water Pressure:

Ga1 = Kaoy = (0.33)(360 psf) = 118.8 psf
Gaz2 = Kaoy = (0.33)(5 ft){109.2 pcf) = 180.2 psf
Ga5 = Ga1 + Ta2 = 118.8 + 180.2 = 299 psf

Gas' = KayH = (1.0)(31.8)(5) = 159.0 psf
Gar.02 = KeyH = (1)(31.8)(7.92) = 251.8 psf

The active pressure starts at a depth of 5.79 ft,
That is, Ga5.79 = 0 psf

Ga792 = KayH = (1.0)(118.37)(7.92-5.79) = 252.1 psf
Ca15' = KayH = (1.0)(118.37)(15.0 - 5.79) = 1,090.2 psf

Note: The critical height of the firm clay is -0.76 ft at a
depth of 15 feet. That is, SupportiT will use the active

pressure from a depth of 15-0.76 = 14.24 ft.

Gats.08 = KayH = (1.0)(118.37)(15.08 — 14.24) = 99.4 psf
Ga17.41 = KayH = (1.0)(118.37)(17.41 — 14.24) = 375.2 psf
Ga20' = KayH = (1.0)(118.37)(20.0 — 14.24) = 681.8 psf

Ca1s = KayH = (10)(52.4) = 624.0 psf > 99.4 psf (active)

CGa20' = KayH = (15)(52.4) = 936 psf > 681.8 psf (active)

Note: The water pressure exceeds the clay active
pressure, therefore, the higher water pressure governs

in the firm clay layer between 15-20 ft.

Passive Soil Pressures to a depth of 20 feet:

Lateral Pressure below Groundwater:

Gp1s = 2¢ = 2(1,000) = -2,000 psf (constant with depth)
Gpis.08 = 2000 + (15.08 — 15.00)(118.37) = -2,009.5 psf
Gp17.41 = 2000 + (17.41 — 15.00)(118.37) = -2,009.5 psf

Op20 = 2000 + (20 — 15.00)(118.37) = 2,591.9 psf

Michigan Technological University

1188 psf

Loose Fine Sand

y ¥ "T" -
H=5ft
H=28Bft
H=15ft '_"L""
H=10ft

Dredge Line l v

H=7.12ft

[Mo Title]
Firm Clay

118.8 psf

H=7.0

1]

8 ft

1,090.2

Figure 5-24 Case 6 Lateral and passive forces acting on the wall.
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Table 5-17 Case 6 Embedment depth, D, for FOS = 1.0.

Lﬂ].i‘l D

Figure 5-25 Determination of zero-shear location on sheet pile wall.

Michigan Technological University

Calculation of Sheet Pile Depth, D, (FOS =1.0)

Depth of Sheet Pile, D, (ft)

2.42

FOS

1.00

Restoring Moment

Disturbing Moment:

P.1 356.4 P 237.6
Laa 15 Las 1.0
P., 162.2 P.a 216.2
L, 1.0 L, 1.0
Ppy 4,838.8 Ps 72.1
Lpy 13.2 Ls 1.3
Pes 345.9 Pas 1590.0
Le 13.6 Las 7.0
M. 68,794 P, 135.6
L., 3.9
P.s 657.4
Las 8.4
P 2966.7
Lo 9.6
Paio 1509.7
La1o 13.2
Pa11 182.6
Ly 13.6
M 68,759

1885\



Maximum soil pressure at dredge line, (psf/ft)
Anchor Load, (Ibs/ft)

Zero Shear location along sheet pile, (ft)
Maximum Moment, (ft-lbs/ft), FOS = 1.0
Sheet Pile Embedment, FOS = 1.00, D, (ft)

USS 20% FOS Embedment Length, Ds (ft)

USS 40% FOS Embedment Length, Ds (ft)

CP2 FOS Embedment Length, D+ (ft) FOS = 1.5

Michigan Technological University

1,089.7
2,948
10.94

10,650
2.42
2.9 (18)

3.3(18.5)

4.38 (19)

SupportIT

(Total pile length, ft)

Hand Calculations

(Total pile length, ft)

1,090.2
2,901

10.87

2.42
2.9 (18)
3.4 (18.5)

10,674 I

4.37 (19) I
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Thoughts on earth pressure theories

nat earth pressure theory should be used????
nat about sloped backfills?
nat critical height, h,, should be used in clay?

1 Y

= ==

Michigan Technological University




What earth pressure theory should be
used????

ﬂ A e CalTran Revision 12, 1990

| LDG 5DIDAL ) [rscresoTariod” e Rankine?

* Coulomb?

‘ - |
Q m}qu__ \ V& ¢ Log spiral?

 Tschebotarioff?
* Teng?
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Pah = 1/2y H2 Ka Cos{8-(90-a))
sinZ{a+a)

Siﬂ:uSiIﬁ{u—é][.+ In(g+8)8in(

Ka =

Coulomb Wedge Analysis

Michigan Technological University

For level backfill, Coulomb and Rankine provide the
same earth pressures but not so for sloped backfill

................

I'. i
! / !
. /
.....

u ,f-§#p=45+¢fz |

Ka

Pah = 1/2 7 H° Ka Cos (p)

- cos p| S8 J CGSEE-CGSE‘@]
cosp ++/C0826-005%

Rankine "state of stress" Analysis




Rankine Theory

The Rankine formula for passive pressure can only be used correctly
when the embankment slope angle f « equals zero or is negative. If a
large wall friction value can develop, the Rankine Theory 1i1s not
correct and will give less conservative results. Rankine's theory 1is
not intended to be used for determining earth pressures directly
against a wall (friction angled does not appear in equations above).
The theory is intended to be used for determining earth pressures on
a vertical plane within a mass of soil.

Coulomb Theory

Since wall friction requires a curved surface of sliding to satisfy
equilibrium, the Coulomb formula will give only approximate results
as 1t assumes planar failure surfaces. The accuracy for Coulomb will
diminish with increased depth. For passive pressures the Coulomb
formula can also give 1lnaccurate results when there 1s a large back
slope or wall friction angle. These conditions should be investigated
and an increased factor of safety considered.

CalTran Revision 12, 1991
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Gregory Tschebotarioff Lecture

FOUNDATIONS,
RETAINING AND
EARTH STRUCTURES

By Gregory P. Tachebolariof!

Secoed (eren

Michigan Technological University

Coeenns A further description of the Rankine
Method of analysis and the deviation of his
formula will therefore be omitted as
unnecessary ballast for the general civil

engineering practitioner” G. Tschebotarioff,




For level backfill, Coulomb and Rankine provide the
same earth pressures but not so for sloped backfill

P
VAVAVAY
TE _A_ h\ ;;; y i \{{; \ '-
- LY L,
: {\ }\ h.\ #xl"\ f __.!_.-'?'
] I _a}"‘- _-*"F "
: \ llll.-':l:\"" '-,"'
H : H _-"';l\l"-'.-"lf. Y W ¢ : ' N
_— Pa xxl\ ) " ': l _.":"-
: v \ I..?::.
-/ WA Y
Y Byelry Y « |/ Vo= 45+9/2 \
Pah =1/2'y H? Ka Cos(6-(90-a)) Pah =127 05 ()
Ka = S (are) — ) Ka =cosp —%—u "‘:052‘:05]
sina sinfe - .5}[ + Em}ﬂ'{ﬂ}] cosp +/cos2p-cos2y
EIH c-0)5in| n+ﬁ}
Coulomb Wedge Analysis Rankine "state of stress" Analysis
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A couple of thoughts from writing the
MDOT Sheet Pile Manual

What about sloped backfills?

Michigan Technological University




Log Spiral Caquot and Keérisel Method

A Log-spiral theory was developed because of the unrealistic values
of earth pressures that are obtained by theories which assume a
straight line failure plane. The difference between the Log-Spiral
curved failure surface and the straight line failure plane can be
large and on the unsafe side for Coulomb passive pressures (especially
when wall friction exceeds ¢/3) . The following figure shows a
comparison of the Coulomb and Log-Spiral failure surfaces:

CalTran Revision 12, 1991
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Curved surface

— — — Panar surface

15

Kp

Figure A.18 Effect of wall friction on passive earth pressure coefficient (¢’ =0, ¢, =0,
vertical back of wall and horizontal ground surface).

Michigan Technological University

Tschebotarioff Example
Ka
(B) K=0.0 |o.zo o.4o|l o.lso I 080 |
—‘I—_ .
’1\ 0 e
\1\ (v N N, s
0 .2) /8] ¥ ¢
o (1:4 IJof
1:5) Jl !
/
TTLTRL T L LT LA LS T LT 6=2X/3¢

Fig. 10-10. (4) Damage to a 24-ft-high (7.3-m) crib wall backfilled
by sand bulldozed over the edge of slope. (B) Explanation of the
causes of trouble in (4).



USS Sheet Pile Manual:

Figure 5a (Caquot-Kersiel chart)
$»=35°& B/p=-0.5

K,” = about 10

K, =K.’ x Ry
I%=“10x0674z67

Close to K, = 6.56 OK!

SupportlT® uses European Code 7 (1995):

1+sin@ sin 2m,, + @ '
K, = cos?p. , —|.exp(2
h=cos’h 1—sin® sin(2m; + @) exp(2v tand )
—1(_sinB\ o
cos ( sin @ ) o -B
m;, = >
1 (Ssindy
_cos (sin ) ) 0 -9
m, = >
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EARTH"PRESSURE "and * One of the more comprehensive book available
EARTH-RETAINING * Great Britain but based on EU Standards
STRUCTURES - e Covers a range of walls

Third Edition * Cover a number of design methods

T Sl e Limiting equilibrium

* Discrete-spring models
e Continuum models

: e, Table 3.2 Development of analytical and graphical earth pressure coefficients
B/ Capability
7 Source a®y By ¢ ¢ & AP
8. Rankine (1857) 90 B ¢ =3 AP
3 Mayniel (1808) 90 0 & 5 A
o i Miiller-Breslau (1906) a p i 5 A
L el 7 Bell (1915) 9 0 ¢ ¢ O 0 AP
Chris R.I. Clayton Caquot and Kerisel (1948) a B o 5 P
Rick I. Woods BS CP2 (1951) based on Packshaw (1946) 90 0 ¢ ¢ ¢, & AP
Andrew J. Bond BS 8002 (1994) based on Kerisel and 9 B ¢ & cc, & AP
Jarbas Milititsky Absi (1990) and Bell (1915)
| BS EN 1997 (2004) o p ¢ ¢ c, b NFI
CRC Press . .
Taylor & Frantis Group Note: A, active; P, passive.

A SPON PRESS BOOK



A couple of thoughts from writing the
MDOT Sheet Pile Manual

In clay what critical height, h,, should be used?

1 Y
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Cohesive Soils: For stiff soils how high can the soil stand
unsupported, h_??

c..

C = {surcharge

IIIIII){IIIIIIII

Tension Crack

IIIIIIJ{IIIIIIII

0y
7z =2 -
Y

Tension Crack

intersecting a -

potential failure
surface

H, =3.8 57“ Fellenius (1927

H. =4 Su Terzaghi (1943) Su .
Y H. = 2.67 > Terzaghi (1943)
Michigan Technological University
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Part |l

Case Study: $8 million dollar slope failure

Gregory
Tschebotarioff
Lecture
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Practical Application of Soil Structure
Interaction Analysis




SSI Tools

s Complexity (i.e. time and cost) of tools

ranges from

s Simple equations, to
m Three-dimensional FEA

®m Tendency to use complex methods even

1}

when not required :

m Value of simple methods:

® Understanding of the system After Ultaky, Sheshion onc Uisyk

s Calibration and sensitivity checks
m Essential for checking more sophisticated analysis

m Fast and inexpensive

- ' e T
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Case Study - A simple $8 million dollar failure

1988 Rock slope failure in Birmingham, AL

o~

¥ |' | /

®Indianapolis L«ﬁ%
®hazh 1 I?yu'@sg;
~——-@Charlotte &
| S—

"N

anzas City
=t. Loui

G

Hnustnn acksonwille =

" = o
@V_\%q%—' ' b =

Michigan Technological University

Oder
_ 10
=z Gaglendale Center Paint
Wegra 5
79 Trussyille
Cultondale
Adamicville Fultondale s
Tarrant SR
Forastdale 411
Plino Irondale Laads
Birmingham
Pleasant Growve Fairfield : Red Mountain {Birmiﬂgham- Hlabama}
HoMewood
Midfield : _
WVestavia Hills
Hueytown - e
Besserner 1 Meadowbrook
Adger ke Vincen
' 150 18
Mew Hope
} Chalsea 25
28
Helena b

I-alea Wiswi Felham cl




Red Mountain, Birmingham, AL
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Geology
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Mountain Top
Apartments
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Note: Groundwater was not encountered in the

exploration boreholes

EASTWOOD SITE
STUDY AREA

)

Michigan Technological University



: X
. ?0(«\3 " DOWNTOwWN
Red Mountain O\ LIMESTONE

R i d g e UTCROP

Mall Construction
Excavation

Michigan Technological University

1885



Michigan Technological University

1885



Rock Required
Blasting
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APPROXIMATE INSITU PROPERTIES

PROPERTY  CLAY/SILTITONK  SILT/SANDITONE LIMESTONE

QP 407 B> 9% g
UNIT WEIGHT 3 PCF 144 PCF 150 PCF :
BTRENGTHN Qu 2300 PS| %900 P31 8000 P3) ‘;
CoHE®IOW & P ers: 2 Ps\ x
FRICTION ANGx 20° s " 3

a

280
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Inclinometers Installed
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INCLINOMETER RESULTS

BOREHOLE B-1
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Potential Causes for the failure:

Dipping bedrock at 17° towards the cut
Interbedded weathered clay layers
Blasting

Excavation at greater than a 45°
Potential underground mining activity
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1924

Red Iron Ore Mining Methods in the Birmingham District®

Br W. R. Crang, { Binsancnam, Aus,
(Birmingham H.a(ini OheLobar, 1524}

Minixa of the red iron ores of the Birmingham district has been
carried on energe:tina]’.[y during the past 50 years, and their development
has erested a large iron and steel manufacturing center, the only impor-
tant one in the Bouth. The district produces approximately 10 per cent.
of all the iron ore of the United States (80 per cent. of the Alebama ore
mined is red ore}; also, 40 of the 400 blast furnaces of the country are in
the distriet tributary to Birmingham. The rapid growth of the district
has been made possible through investigations that resulted in radical
changes in furnace practice, and a still greater impefus will come from the
study of the low-grade, high-silica ores, as a result o1 which they will be
meade amenable Lo treatment by concentration.

Mining practice in this district has been comparatively simple because
of the oceurrence of the ore; but with the rapid extension of the work-
inga and the disturbed condition of the ore bed at some distance from the
outerop, more difficult conditions are encountered and the tendency is
toward worse rather than better conditions

Bhould the high-zilica ores of the lower bench of the Big Beam become
available through beneficiation, mining practice will have to be modified
to meet the new conditions, which will be rendered more diffieult by
the increased weight of cover that will exist at copsiderable distances
from the outcrop. Support of workings will require greater attention
and the efficient and economical operation of the mines will depend
largely on the successiul solution of the problems of working and handling
the ore. i

Hisrory anp Eampy Deverorsent

The first explorers of the coal and mineral lands of Alabama were
blacksmiths and mechanics mustered out of the army after the war of
1812. These men recognized the red rock of the Birmingham distriet
a8 iron ore, and wutilized it in making cooking utensils and farm imple-
ments. The frst blast furnace was built and operated at Russellville
in 1818, where also was o foundry and rolling mill. Soft ore was used at
that time, but, in 1864, the first red hematite ore of Red Mountain was
smelted, near Irondale. Birmingham was founded in 1871, and the
sueeessful use of coke in making pig iron in 1576 waa the beginning of

e Published with approval of the Direstor of the Bureaa of Mines,
{ Buperintendent, Southern Experiment Station, Birminghsm-Tusealocas, Als.

Michigan Technological University

ROOF SUPPORT IN THE RED ORE MINES OF THE BIRMINGHAM DIsTRICT 187
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Roof Support in the Red Ore Mines of the Birmingham
District*

By W. R. Crane,{ Bieminoman, Ava.

(Birmingham Meeting, Ootober, 1924)

THE support of roof in mines is dependent largely on the character
of the top rock and its oceurrence. The formations overlying the orebed
in the Birmingham district are sandstone and slate. The sandstone
occurs in beds of sufficient thickness to constitute important elements
in the system of support; the slate is relatively strong but is thinly strati-
fied. The alternating beds of sandstone and slate furnish an excellent
combination in that the former are strong and the latter are impervious;
however, their continuity is broken by jeinting or slip planes.

The thickness, and consequent weight of the overlying formations, is
important in so far as the size and arrangement of pillars are conecerned
but may be relatively unimportant, temporarily at least, as a factor in
the support of the roof. The position of the respective beds of sandstone
and slate, their relative thickness, and their inherent weakness because
of the occurrence of faults and folds, may exert a predominating influence
on their support in place, which is affected only in part by the weight of
the cover.

The only mine in this distriet that operates under a cover of approxi-
mately 2000 ft. (1900 ft.) is the Shannon so-called “twin slope,” situated
14,000 ft. southeast of the portal of the No. 7 mine of the Tennessee
Coal, Iron, & Railroad Co. The conditions in this mine indicate what
may be expected in other mines when the same depth is attained; in
fact, the effect of pressure is shown in several mines that have not reached
two-thirds of that depth. It is evident, then, that conditions affecting
the support of roof will not improve but rather will become more diffieult
with the extension of the mines into the valley under a constantly increas-
ing weight of cover. Further, the difficulties will probably be augmented
by the occurrence of faults and other disturbed ground, the presence and
position of which at present are largely unknown.

* Published with approval of the Director of the Bureau of Mines.
t Buperintendent, Southern Mining Experiment Station.

1958

Mining Hydrology Problems in the Birmingham
Red Iron Ore District

by Thomas A, Simpson

HE Birmingham red iron ore distriet in Jeffer-

gon County, north central Alabama, Fig, 1, is
bounded on the northwest by the Warrior and Pla-
teau coal fields and on the southeast by the Cahaba
and Coosa coal fields. The area of study includes
the ridge and valley between Red Mountain and
Shades Mountain, Fig. 2, approximately 70 sguare
miles extending from Homewood in the northeast
to Greenwood in the southwest.

The district s one of the most important pro-
ducers of hematite in the United States, with an
annual production of about 7 million tons' The
amount of hematite mined between 1870 and 1850
ranged from B to 18 pet of the nation’s total annual
production,” and the iron and steel products from
blast furnaces in the Birmingham district supply
the entire southeastern section of the country.

Most of the mining in the Birmingham district is
from slope mines aleng the outerop of the ore om
Red Mountain, such as Red Ore, Muscoda, Spaul-

T. A SIMPSON is o Geologist, Ground Water Branch, U5, Geo.
logical Swrvey, University, Alo.

Discussion an this paper, TP 39561, may be sent (2 copies) to
AIME before Morch 31, 1955, Manuscriph, June 14, 1950 Hew
York Meeting, February 1954,

Publication of this paper is suthorized by the Dircctor, US.
Geological Survey.

ding, and Sloss. The Pyne and the Shannon are the
shaft mines of the area. The Shannon mine of Re=
public Steel Corp., in the central part of the area
under study, is in Shades Valley at the foot of
Shades Mountain. The Pyne mine of Woodward Iron
Co, is 2 miles east of Readers Gap in Shades Valley,

The hydrology problem has become more preval-
ent 8s mining in the area has progressed downdip.
An extensive exploratory diamond drilling program
is necessary to determine areas where water pres-
sures and abnormal flows are excessive, This oper-
ation, added to higher pumpsge rates, has greatly
increased the costs of ore extraction.

In November 1952 the 11, 3. Geological Survey
began a detailed study of occurrence and movement
of ground water in the iron mining areas of the
Birmingham district. The study is a part of a small-
scale but nationwide program to develop data that
will be of help to the mining industry in solving
mine water problems,

The area of the study, in the Ridge and Valley
province of the Appalachian system, Fig. 1, is a
sertes of alternate ridges and walleys trending
northeast. The principal ridges are Hed Mountain,
altitude about 1000 ft, and Shades Mountain, about
1100 ft. Shades Valley is between these two ridges,
and its lowest point is about 480 1. Shades Moun-

LEgEms
= shan
—mcBig wam ouiEs @ 2 H
bbb ol mes workings Srale in Miles
F - hdie Lalape)

Fig. 1 (lefti=Map of Alaboma shows physiographical previnees ond arca of study. Fig. 2 {right)—Area of mining

Gl—MINING ENGIMEERING, JANUARY 1955
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Subsidence and lts Relation to Drainage in the Red Iron
Mines of the Birmingham District, Alabama*

By W. R. Cravg,{ BramancEam, Apa.
Lt Wb Muetines, Foboee, 1805 vl Tebtuure, 1500

Tux effect of mining in the red-ore mines of the Birmingham district
bas been observed for some time, but, except in a few localities, little
diffieulty has been experienced from disturbance of cover. Cave-ins
near the outerop and fracturing of the surface at greater distances are the
most pronounced manifestations of disturbance, while limited areas at
points distant from the outcrop and under greater depth of cover have
actually subsided.

Were it not that the orebed is overlain by one or more water-bearing
formations, the fracturing or settlement of the surface would not be
serious; but because of these formations, fracturing of the top rock may in
itsell be of sufficient importance to warrant the adoption of protective
measures. Further, the collapse of pillars over a wide area may develop
squeezes that, if not eontrolled, may jeopardize the integrity of the mines
and necessitate a change in development, from slopes to vertical shafts,
at a much earlier period than is now contemplated.

Drainage in these mines has bheen discussed in papers on mining
practice,' but the fact that water, varying from 0.16 to 3.46 and averaging
1.43 times the amount of ore mined, has to be pumped from the mines
daily, indicates the importance of the problem and the advisability of
making a thorough investigation of the source of mine water, its mode
of entry into the mines, its effeet upon mining conditions, and eonsidera-
tion of means of i 1mpmvmg the conditions.

* Published by permission of the Director of the Buheau of Mines. This paper
is a consolidation of two papers by the zame author, “Mine Subsidence in the Hed
Iron Ore Mines of the Birminghsm District, Alabama,” presented at the New York
Meeting, February, 19235, and issued as A. 1. M. E. Pamphlar No. 1475-A, and
“Drainage in the Red Iron Ore Mines of the Birmingham District, Alabama,”
presented at the New York Meeting, February, 1927, and issued as A, I M. E.
Pamphlet No. 1630-1.
t Mining engineer, U. 8, Bureau of Mines.
1W. R. Crane: Iron-Ore {Hematite) M]nlng Practice in the Birmingham Dlst.r]ct,
Alabama.  Bwil. 239, Bur. Mines (1926).
W. H. Crane: Red Iron Ore Mining Methods in the Birmingham District.
Trans. {1925) 72, 157.
W. R. Crane: Roof Support in the Red Iron Ore Mines of the Birmingham
Distriet. Trans. (1925) 72, 187.

837 Fi1c. 2.-——BREAK OF TOP ROCK ALONG Fi16. 3.—CAVING WALL OF OPEN CUT
SLIP PLANE. FOLLOWING SLIP PLANLES.
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Subsidence and Its Relationship to Drainage of the Red
Iron Mines in Birmingham District, Alabama

W.R. Crane

1925, 1927

Drainage in these mines has been discussed in papers on mining
practice,! but the fact that water, varying from 0.16 to 3.46 and averaging
1.43 times the amount of ore mined, has to be pumped from the mines
daily, indicates the importance of the problem and the advisability of
making a thorough investigation of the source of mine water, its mode
of entry into the mines, its effect upon mining conditions, and considera-
tion of means of improving the conditions.
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APPROXIMATE INSITU PROPERTIES
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Fig. 4. Water force and pressure distribution in slope having potential plane mode of failure.
Fig. 3. Relation between normal and shear stress along potential failure plane.
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Kinematic analysis
for planar failure.

(a) Tension Crack in Slope Face

Michigan Technological University

Factor of safety:

~ {cA + [W(cos¥, —asin¥;) ~ U — Vsin¥, + T cos6] tan¢}

B3 [W(sin'¥, + a cos¥,) + V. cos¥,— T sin6}

where

H = height of slope face;
¥s = inclination of slope face;
‘s = inclination of upper slope face;
s = inclination of failure plane;
b = distance of tension crack from slope crest;
a = horizontal acceleration, blast or earthquake
loading;
T = tension in bolts or cables;
0 = inclination of bolt or cable to normal to failure
plane;
¢ = cohesive strength of failure surface;
¢ = friction angle of failure surface;
7. = density of rock;
Y..= density of water;
Z., = height of water in tension crack;
Z = depth of tension crack;
U = uplift water force;
V = driving water force;
W = weight of sliding block; and
A = area of failure surface.




Factor of Safety with Maximum Water Pressure

at the Base of the Tension Crack
FS=1.0

Factor of Safety
o = ~ W P
o ;= 00 ;W B nn
o
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FIGURE 12: GRAPH OF THE FACTOR OF SAFETY VERSUS SLOPE HEIGHT WITH FRACTURES AND WATER PRESSURE AT
THE BASE OF THE FRACTURE.
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Clinometer Data
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Fig. 4. Water force and pressure distribution in slope having potential plane mode of failure.
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PhD Student:

e Spent a month — part time
setting up the model

* Was not able to accurately
model the joint system’s
deformation movement

* Results were inconclusive
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Lessons Learned

On many projects, close enough is good enough when
using classical methods of analysis, at least to get an initial
undérstand of the project.

Coulomb Earth Pressure Theory is adequate for most
analysis

Earth pressures for slopes should use a log-spiral method

The most important use of classical methods is to
investigate the big issues quickly and inexpensively.

Numerical methods, however, should be use don more
complex projects.
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