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Regional Geology

GEOLOGIC UNITS

- Diabase

Hornblende metagabbro
Zmg| Meta-sandstone/siltstone Ygb

Zlc | Granule-pebble conglomerate

Rockfish Conglomerate

Granodiorite

Biotite-bearing granitoid gneiss

Lynchburg
Group

| =gy Konnarock

Formatlon’ o

A STRUCTURES

/' massive igneous

_ Grandfather Mtn.
foliation N o E e =g \F orma t’ on

4w inclined
¢ vertical

bedding

& 7% overturned
ng 4 vertical
A inclined (upright)

1

L, T e = Draper Aden Associates
7

Engineering * Surveying * Environmental Services

After C.M. Baily and S.E. Peters, 1998

Z. Foster-Baril/ & CM. Bailey, 2013 =

mile




Regional Geology

GEOLOGIC UNITS

Diabase

Hornblende metagabbro

Zmg| Meta-sandstone/siltstone

Zlc | Granule-pebble conglomerate

Rockfish Conglomerate

Granodiorite

Biotite-bearing granitoid gneiss

Lynchburg
Group

Zgr ( Zmg

" STRUCTURES
/| massive igneous
* rock
foliation
4w inclined
¢ vertical
bedding
J 7 overturned
N /o 4 vertical
";l e’ A inclined (upright)
ZIs “ 9 ]

% kilometer
1] 1

. Bailey, 2013 = e

Z. Foster-Baril/ &

SE

Granule-Pebble
Conglomerate (Z_IE)H,___

Grandfather Mtn.
----- \Formatlon

After C.M. Baily and S.E. Peters, 1998

é‘- Draper Aden Associates

o Engineering * Surveying * Environmental Services




Local Geology
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‘Basic Types of Rock Failures

@)

Planar Failure

Wedge Failure

Toppling Failure

Circular Failure
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Collecting Discontinuity Data
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'Aerial Photography

» Spatial Referencing
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Point Cloud
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Identifying Surfaces or “Facets”

» Triangular mesh from the point cloud

» User-defined parameters to identify planes
» Export dip vectors

» Planar failures are the most likely
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High-Angle Facets Most Critical

Facets Dipping into the Slope Facets Dipping out of the Slope
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Factor of Safety

» RockPAK I

» Typical Parameters

o Height

o Inclination of the Slope Face
Inclination of the Upper Slope
Inclination of the Failure Plane
Cohesive Strength of the Failure
Friction Angle of the Failure Surface
Density of Rock

Density of Water
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Static Conditions

Standard Input Data
H) Height
SF) Inclinaion of Slope Face
55) Inclination of Upper Slope

5P Inclination of Failure Plane

PH) Fiiction Angle of Failure Suface
GR] Density of Rock

(
[
[
[
[CO) Cohesive Strength of Failwe Suface
(
(
(GW) Diensity of Water

Bolt Data

48] Starting Rock Bolt Ange [ 0 °
[BR)Ending Rock BokAngle [ 0 °
[84)Balt dngle Incremert [ g °

Status: READY

—
CALCULATE FACTOR OF SAFETY

Tension Crack Data

@& Mo Tension Crack.

Dptional Input Dat
CLrElbEitan " Tension Crack Location Known

(€ Horizontal Acceleration 0 6 " Tension Crack Location Unknown
T2) Amount of Discontinaty [ decimal

Satuiated : 5
VA e Suchazs [ b (B) Horizontal Distance of Tension Crack from Crest

(0Z) Rilative Height of Watet in Tension Crack

[HSUR) Horizontal Suicharge [ 0 bl

g c

(T1) Stating Balt Tersion
(T2) Ending Bakt Tension

73] Bk Tengion Increment [ @ lbif

1000 Ikl
a0 "
[ 0 bibAe

524 bl

U
[ otn

ot
[ 0 decimaix

[ Plane Failure Analysis O

Print  Units Graph Mode Help
Results [F] Factor of Salfety = [T] Tension = 0 Ibif)
[&] Contact Area = 3943 [TH] Bolt &ngle = o-
'] Wwieight of Slice = 4320295 1b[f) [£] Tenzion Crack Depth = 0 ft
[U]wfater Force Mormal to Failure Plane = U a7 [£1]1 Height/Length of Crack = 0 ft
%] Horizontal “water Force on Tengion Crack = U a7 [£w] Depth of ‘W ater in Crack = 0 ft
[B] Horizontal Digtance of Tension Crack from Crest = [B1Wworst Location, Honizontal Distance = 0 ft
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Shear Strength

Residual strength
of slickensided
surfaces coated

Disturbed material
with rounded
weakly cemented

Disturbed soil and
unjointed rock
masses with

Rock masses or
fill containing hard
clean angular

with high clay particles and relatively low clay interlocking
mineral content appreciable clay mineral content. particles and
materials. mineral content. blocks.
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b . ® © 300 out of face.
d u & et
‘% k" Undisturbed
= A - jointed soft rock
‘% 5+ 8 masses with few
2 structures dipping
8 . 200  out of face.
Soft rock masses
_|  orjointed hard
3 @ rock disturbed by
blasting or excess
loading.
2 (9 100 loadng.
T Weathered soft rock
(1e) . A
@ oG Cg\ |oor discontinuities in
1 Ny {' — hard rock.
—~(12 18 1) @ @1/
= - .
15 @ \—D (2) @ Clay or soil or sand.
T

30 35
Friction angle, ¢ (degrees)

Wyllie, D.C., and Mah, C.W., 2004
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3eyon

d the Daylighting Plane

File View Units Reset Help

7
|

Status: READY

——
CALCULATE FACTOR OF SAFETY

Optional Input Data
[8C) Horizontal Accsleration [ g G
(TZ) &mourt of Discontinuity lig decimal’
i L

S atursted
[SLIR] Vettical Suicharge

(HSUR] Horizontal Surcharge 0 Ibif)

Standard Input Data
H) Height
5F) Inclination of Slope Face
55) Inclination of Upper Slope

SP] Inclination of Failure Plane

PH) Friction Anle of Falre Surfacs
R Density of Fock
Gw) Dirsity of Water

(

[

f

[

[C0) Cohesive Strength of Failure Suface
[PH

(

(

Bolt Data

[48) Stating Rack BolAngle [ 0 *
[4R) Ending Rock Bolt Angle [ g *
—

(48] Brolt &ngle Increment

Tension Crack Data
+ No Tension Crack
" Tension Crack Location Known

" Tension Crack Location Unknown

(B] Horizontal Distance of Tension Crack from Crest

1D2) Riclative Height of Water in Tension Crack

& r

e
[ eoon ki
T
’719] IbfilAft*

524 bl

(T1) Starting Bok Tension o i)
7 ki

(T3] Eolt Tension Increment 0 Ibif)

(T2) Ending Biolt Tension

ot

T decimal%

5 Plane Failure Analysis O
Print  Units Graph Mode Help

Results
[F) Factor of Safety =

[&] Contact Area =

[\] Weight of Slice =

[U] "/ ater Force Marmal to Failure Plane =

%] Horizontal ‘Water Force on Tension Crack =

[B] Horizontal Distance of Tengion Crack from Crest =

3385 f2
31740.94 1hif)
0 1)
0 1)

13.23 |

[T] Tengion =

[TH] Balt Angle =

[£] Tenzion Crack Depth =
[£1] Height/Length of Crack =
[£w] Depth of ‘Water in Crack =

[B] "Worst Location, Horizontal Distance =
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FOS with Loading

File View Units Reset Help

Status: READY [

CALCULATE FACTOR OF SAFETY

Optional Input Data

[AC) Horizortal Accelerion [ G

[TZ] Amaunt of Discantinuity 0 decimalx
Saturated

[WSUR]Vertical Surcharge a25n bl

[H5UR] Horizontal Surcharge o Ibif)

Standard Input Data

[HIHeight [ =mn
[5F) Inclination of 5lope Face @
[55] Inclination of Upper Slope ’75 *
[SP) Inclination of Failure Plane ’—37 -
[CO) Cohesive Stiength of Failure Surface ’W Ib(f)
[PH] Friction Angle: of Failure Surface figg *
[GR) Density of Rock ’7150 Ib(Fm*
[G] Density of Wwater ’—524 Ib(Fft*
Bolt Data
[4B] Starting Rock Bolt Angle ,—U ° [T1]Starting Balt Tension ,—U [=113]
[8R)Ending Rock BoltAngle [ g ' (T2iEndingBoh Tension [ @ bl

[44) Bolt Angle Increment

0 (T3 Bol Tension Increment o Ibif)

Tension Crack Data
&+ Mo Tension Crack
" Tension Crack Location Known

" Tension Crack Lozation Unknown

[B] Horizontal Distance of Tension Crack from Crest ot

0 decimal®

[DZ) Relative Height of ‘Water in Tension Crack

& o

53 Plane Failure Analysis O

Print  Units Graph Mode Help

Results
[F) Factor of Safety =

[&4) Contact Area =

] Weight of Slice =

U] Water Farce Normal ta Failure Plane =

%) Horizontal W ater Force on Tension Crack =

[B] Harizantal Distance of Tension Crack from Crest =

3385 it
3174094 Ibff)
0 )
0 I

1223 #

[T] Tension =

[TH) Balt Angle =

[£] Tenzion Crack Depth =
[£1) Height/Length af Crack =
[£w) Depth of Water in Crack =

[B] W aorst Location, Haorizontal Distance =
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\ Conclusions

» With the conservative assumptions, the rim is not
safe.

» Critical distance from the rim is 15 feet.

» The concept is feasible as long as the loading is
farther back than 15 feet.
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