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ODbjectives

To provide an understanding of:

 How ground control hazards are created,
 How to recognize them, and

* NOW 1O pPrevent or correct these hazards




Ground control (GC) hazards are created when
workers are exposed to highwalls, pit walls,
panks, or slopes with the potential for failure.




...0I below
(IGSSI G SUPRGH):
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EXposure can be
from above...
(falling material)



Eliminating GC Hazards

through a comprehensive site investigation and
thoughtful planning and design.

- threughiregular
examinations with consideration of.changes in
geology/ground conditions; seepage, pitiwall
gEOMELNY; eCKimass Composmon and potential
farlure moedes.

. — threugh the application
OffCOMECctVE measures (SUchiasiscaling, Bolting,
PBULLLESSING, EIC.) INtENCEAOIPreveEntallUre; GF,

| (= threughrelocatingWerkeaheas:,
0 A ErS I PrOECHVEMEASUTES OIAT ONItORNG”



What 1s a Highwall?

 The unexcavated face of exposed

overburden and coal in a surface mine.
- Dictionary.com

* A steeply angled face of naturally occurring

rock created by the excavation of adjacent
rock and soll. — Working Definition

* Also know as a Rock Slope



Highwall failures

* A highwall failure is generally the unintended
0SS of material from a highwall.

* Two general types offhighwall fallures:
— LGV BRI s =Tnvelve arelativelydarge
amoeunteliimaternialonialange portion ofa
highwall(canfve materal erstilctine controelled)s

= RocK Falls el cielisedsiisiniteose o
NAIVidualrecksioniassmall portion oirarnignwell:




Rock Mass Fallures — involve a relatively
large amount of material on a large portion of a highwall




Highwall Stability,

 Highwalls are composed of rock masses that
consist of blocks of intact rock that are
separated by structural discontinuities.

o Unless the rock s very weak, highwalls fail
along structural discentinuities (i.e., |eInts,
Cracks; sloping kedding planes and/other
dISCONLINUILIES):

s e ernentation andilocation eifthese fiacture
planes detenminerthe aluretype; extent of
therslidingrrecksandithe pathihatatwill take.
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Common Types of Discontinuities

— a depositional surface found
N sedimentary rocks.

— a discontinuity: aleng which no
olbservanle displacement has 6Ccurred.

— adiscontinuity;aleng which
displacementinas 6ecured.

— a gENEnc termrapplieditora
VAl e/ GidISCONUNUITIES:
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Bedding




Joints
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Properties of Discontinuities

s Orientation
» Spacing
Persistence

ROUGNNESS
Infiliing
APERUE(GpeENngG)

SEENAC



Rock Mass Failure Modes

Planar
\Wedge
flepplin
Circular
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Planar Failure




Intersecting Discontinuities
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Toppling Failure




Toppling Failure
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Examination of Ground Conditions

* This Is a critical step In protection.

 Highwalls should be examined from all
possible angles with particular. attention to the
toe and crest areas.

e |Look for unfaverable Joints and Bedding.

o Common signs ofipotential stability problems
INclUude:

— Cracksialong the highwall crest

— Bulgmgratithehighwallfteeerintthe pit

— Fallenireckiortalusipiiestatithe highwall iiee
—Venrticallcracksithreughithemnighwallface

— Active Ravelingiimmediate/dangen)
25



Slope Mass Rating (SMR)

e« Adaptation of Rock Mass Rating (RMR) for slopes

« The basic RMR Is computed using five parameters:
1. strength of intact rock

rock guality. designation (RQD)

spacing efidiscontinuities

conaition efidiscontinuIties

groundwaterrcondition (SEepage)

a2 N

o REAUCHIONS IO adVErSeEeIinterentations
— parallelismbetWween jeIntsiand SIGPE ace
—Jeintdipranglermonrplanarmodeoifaliure
— relatiensnipiveEWeEEn the dipioifsiopefaceandljoints

. 26
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Points to Remember

e Discontinuities can occur at virtually
any orientation and spacing.

* [[he orientation Inwhich discontinuities
INtersect each other andithe highwall
face contribute to the fallure type and
potential.

o KNoWwledgeofidiscontinuity propErties
INthe mineE ENVIFENMENTIS NECESSALY
ferevaluationieifhighwallistaniitty .
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Seepage




Seepage

» Seepage Is often a contributing
factor te highwall failures.

» Effects ofiseepage:

— [[edUCGES Sshear strength ofisell/rock,
— Glheates driving ferce in jeInts,
— eredes suppertingrmateral;

—addsiwelghtiterthe poetential 'sliding
mass; and

—[ORMatiGNIGCIICENdISIOHUESHBOSE OGTK
anNGNCLEASES PRrEPrESSUre
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Rock Falls




Rock Falls

Intact blocks of rock
on a fractured

highwall are
susceptible to falling
when they are
unconfined.

Trees near the edge
of a highwall are
also a fall of
material hazard.
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Loose Rock




Overhangs

Seepage /
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Corrective Measures Intended to Prevent
Failure (Stabilization) and Prevent
Exposure (Protection) — TRB, 1996

Rock Cut Stabilization and Protection

Rock Bolting

Dowels

Tied-Back Walls
Shotcrete

Buttresses

Drainage
Shot-in-Place buttress

Ditches
Mesh

Catch Fences
Resloping Warning Fences
Trimming Rock Sheds
Scaling Tunnels

RC Equipment

imit Exposure
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Rock Fall Analysis —for
Design of Ditches and Berms

o (GEOmMEY and heightefithe highwall
will'affect how a reck falls, where it
IMpPacts, and Where It COmEeS to rest.

o Blockisize (Weight)rand dreprheightwill
determine the damage potential oia
falling e CKWHERNTISTIIKES.
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Effects of Highwall Geometry on Rock Fall
Trajectory, and Impact and Roll out Distance

Impact Distances (feet) for 99% of rocks

Highwall |Vertical |0.25H:1V| 0.5H:1V |0.75H:1V| 1H:1V
Height (ft)] 90° 76° 63° 53° 45°
40 14 9 6 5 0
50 15 13 11 10 4
60 16 16 15 14 8
70 18 19 17 15 )
Impact distance 80 21 22 19 16 10

Roll out distance

Rollout Distances (feet) for 99% of rocks

H_ighwall Vertical |0.25H:1V| 0.5H:1V |0.75H:1V| 1H:1V

Height (ft) | 90° 76° 63° 53° 45°

40 K{0) 32 48 44 60

60 30 69 66 65 67

/ 70 30 74 67 66 73
‘& 80 30 79 68 68 79

Impact distance
npas At Roll gut distance USDOT (1998) 36




Design of Rock Fall Catchment Areas

Catchment Width (W) Berm Height (D)

s
i

mal

Slope Height

~—Bem
Berm Height (D)

Highwall Slope Height (ft) W (ft) D (ft) |
Near Vertical, 90° 15-30 10 | 3 |
Near Vertical 30-60 15 4
Near Vertical over 60 20 4
0.25H to 0.3H:1V 15-30 10 3
0.25H to 0.3H:1V 30-60 15 4
0.25H to 0.3H:1V 60-100 20 6
0.25H to 0.3H:1V over 100 25 6
0.5H:1V 15-30 10 4
0.5H:1V 30-60 15 6
0.5H:1V 60-100 20 6
0.5H:1V over 100 25 8
0.75H:1V 0-30 10 3
0.75H:1V 30-60 15 4
0.75H:1V over 60 15 6
1H:1V 0-30 10 3
1H:1V 30-60 10 5
1H:1V over 60 15 6

Ritchie (1963)
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Catch Bench Design

‘Minimum
bench width ,
75° to 90°
e\
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eMinimum bench width = 15 feet + (0.2 x highwall height)
eBerm height = 3 feet + (0.04 x highwall height)
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Catch Bench w/Berm
— they do exist




Relatively Small Rocks can pose an
Impact Risk to Personnel On-Foot

:
e i

» 1999 (TN) — Driller at base of 230 ft. highwall
* Rock measured 4” x 4” x 3" & weighed under3 pounds 40



Rock Fall: Impact Energy

Height of | Size of | Approx.| Kinetic Approx. | Speed | Time to
Rock Fall | Rock! | Weight Energy Force of | (mph) | Impact
(feet) (inches) (Ibs) (ft-Ibs) Impact? (secs)
(Ibs)

50 4 6 300 1,200 38 1.8

50 6 20 1,000 4,000 38 1.8

50 12 160 8,000 32,000 38 1.8

12 64,000 54 2.5

Time it takes a Rock to Fall to the Base of a Highwall
Time (seconds)




Computer Modeling

« Computer models such as the Colorado
Rockfall'Simulation Pregram (CRSP) can be
used to design rockfall protection measures.

* Input/assumplions — Cross-section, surface
roughness, nermaliand tangential
COETffICIents, NOCK: Size and shape.

o ProgramiAdvantages/Capanilities:
— Mmodelffield conaitions such as
— COMmpIEXtgeEOmME & MmUlti=RENChH)
—rnimany;simulations; and
— ahalyzevanousimitigatiGn SCENANRGS:
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Highwalls
without and with a Ledge

80° slope ' 80° slope

~45-foot impact zone ~130-foot impact zone




Modeling Empty/Full Benches




Unconsolidated Overburden
(1.e., Soll):

* |In geologic terms unconsolldated OVerburden

3@Jlments o) f Je,u:s]ts trut are not vleslﬂsJ dsS'
d hecK Uunit(I:e:; conselidated unit):

o SOIIFCONSISTOSIILS, Clays; Sand; glavel;and
O anNICS:




Recommended Soll Slopes

Soil Type Classification:

cohesive soils with an unconfined
compressive strength of 1.5 tons per square foot (tsf)
(144 kPa) or greater. Examples of Type A cohesive
soils are often: clay, silty clay, sandy clay, clay loam
and, in some cases, silty clay loam and sandy clay
loam.

cohesive soils with an unconfined
compressive strength greater than 0.5 tsf (48 kPa)
but less than 1.5 tsf (144 kPa). Examples of other
Type B soils are: angular gravel; silt; silt loam;
previously disturbed soils unless otherwise classified
as Type C.

granular soils & cohesive soils with
an unconfined compressive strength of 0.5 tsf (48
kPa) or less. Type C soils include granular soils such
as gravel, sand and loamy sand.

Maximum Slope for Trench Excavations
OSHA (1999)

Soil type Horizontal: Vertical | Slope angle
(ratio) (degrees)
Type A Ya:1 DEN
Type B 1:1 45°
Type C 1%2:1 34°

For a maximum overburden of 20 feet; otherwise,
perform a stability analysis.

Type A — Short Yo:1 63°
Term Slope

For short-term, a maximum overburden of 12
feet; otherwise, perform a stability analysis

46




Non-Cohesive Soll
(Sand and Gravel)

Non-cohesive solls do not “stick together.”

Moerstisamples cannot e relied intera sting.

Pryssampleswillreasily ureaksaparnt:

Vielded 'samplestwvilimpetremainintactiwnen
SUPMERYear







Non-Cohesive Soll Strength

« Cohesion (c)for sands and gravels =0

o Frictional resistance Is represented by the
frictionrangle (o).

s oI practical puUrpeseEs; the fnction anglein:
0y 16ESElY I placed; Sands anaigraVvelSisitne

~angle ofi repose.




Angle of Repose

The angle that a dry sand or gravel will
form with respect to the horizontal when
dumped into place.
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A non-cohesive soll can stand steeper than its
angle of repose due to “apparent cohesion”



http://en.wikipedia.org/wiki/Image:Sand_sculpture.jpg

However, Apparent Cohesion
IS Unreliable

Apparent cohesion is highly dependent
0N MoISsture content.

Stability 1s highly dependent:on height.

\When the sollldies Ut 61 RECOMES
saturated; itwill'collapse and ge RacKto
it’s angle of repose.

RIS UNPrREJICTab] e unsustainanies and
shouldinethe Eellieditipoenioriong-term
StalIIty: S
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Fatal Sand and Gravel Accident
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Fatal Sand and Gravel Accident
Massachusetts — June 2015

The victim was operating a front-end'loader at
the toe of a 128-foot-high sand bank

Ifhe sand bank was oVer-steepened (slope up
10 58 degrees Vs. 33 degree angle ofirepoese)

Thevictim was fatally ijurediwhen anout
15700 cuUlIC yardsrofisanady; sollfell fromithe
nighwallrfandfengulfeaithelcader.

e naew mine space contriuted tothe
nazarndland CeNSEJqUENGES:
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Fatal Sand and Gravel Accident
Massachusetts — June 2015




Fatal Sand and Gravel Accident

North Dakota— August 2015
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Fatal Sand and Gravel Accident
North Dakota — August 2015

The victim was operating a front-end loader. at the toe
of a 39-foot-high stockpile and was fatally injured
when about 400 cubic yards of sand and gravel slid
from the stockpile

Thevictim was outside the loader near. the acGCess
ladder hetween the stockpile and the leader,

TINEe SteCKpIleWas GVEer-Steepened With SIGRES
PBEIWEEN 42:andi52 dEJrEES, the angle i rePOSE WaS
3210136/ EJIEES

helecationsiofiithe minerandithe equipment
contributeditorthenazand and CONSEqUENCES:.
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Fatal Sand and Gravel Accident
North Dakota— August 2015




Common Acclident Factors

Slopes were primarily composed of non-
cohesive solil (I.e., sand and gravel).

Excavated at slope angles steeper than
the material’s angle ol repoSE.

Stabllity;was unpredictanle and
Unsustainaiie.

Fallluresteccured Ve rapialy:

CompoUndedeEXpoSUretorthehazand
(lecatienranad anea):
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Remediating the Hazard

— Avold creating a steep slope/bank.
— Avold cutting the out tee of the slepe/bank.
— Limit the slope/bank height.

— Mine matenal fromithe topraewn.

— Vieve equipmentiaway iem the SIoPE;
PANKS Ol SIOCKPIIE RETGE EXINING

—PemetitravelltetWween equipmentand the
S1OPE/RANKISTOCKPIIE:
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For Additional Assistance

Contact Your. Local MSHA Office

Or

Stan Michal ek
Chier, MineWasterandiGeotecnnical Engineenng Bivision
Pittshurgni Saiety and rdealtn lechnelegy Center;
MinerSatety and HealthrAdministiation
(4412) 8661 - 6974




