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Site Location
Willamette ijer Basin

The (
Willamette
Basin :

Do
Sl River

OR igm
Green
Peter Dam

= Design: 1956-1963

= Construction: 1963-1967
= This was the era of active USACE dam building in the Pacific Northwest

= Project geologists and engineers were experienced
= Active District, Division and HQ involvement and support I
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Anatomy of a Lava Flow
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USACE Geologic / Geotechnical

SLIDING STABILITY OF THREE DAMS
ON WEAK ROCK FOUNDATIONS (*)

C.F. CORNS

ral Framch v he Chvet of Emgre. I N Asw
R.H. NESBITT
1 Branih Office o he Chief Lnginee

W ahingion D (

INTRODUCTION

A thorough knowledge of foundation weaknesscs is essential to
the safe denign and construction of concrete gravity dams. Assursoce
must be establnhed that compressive and shearing properties of the
foundations are sufficient to wupport imposed loads without usdesirable
differentinl setticments or slidias i e e s ste S (P

Tl Mcasares such as consolidabion grouting or the removal of shallow
delcterious material can be prescribed to insure adequate strength
However, weakneswes of a nature not receptive to rootine surface
(realment sometimes require special design conuderation, principally
from the aspect of aliding resistance. Probably the most insidious
weakness ia foundations for dam structures i that )
sliding A continuity of rock joints, smooth bedding planes, or thin
clay seams, which perhaps are imsignificant insofar as vertical loading
s concorned. may possesy an orlentation and thus a structural defect
conducive to sliding failure. It is this aspect of foundation weaknes
which i discossrd 1o OilE paper. After a briel review of aliding stability
annlysis, the following three sclected experiences are prescnted.

of resstance b

Perspective

“Sliding Stability of Three Dams on Weak
Rock Foundations” presented at the Ninth
Congress on Large Dams, Istanbul, 1967.

C.F. Corns (Ch. Structural Branch Office, USACE HQ)
R.H. Nesbitt (Ch. of Geology Branch Office, USACE HQ)

“Within the experience of the Corps of
Engineers, probably no other high concrete
gravity dam site has presented the designer
and builder with a greater number of
foundation tailoring requirements
[topographic and geologic] than this project
[i.e. Green Peter Dam].”

]
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Foundation Modifications

Big Kid Shear

Right Abutment 10 concrete filled drifts Jeastanent Diversion Tunnel
Over-Excavation forming shear plate. ~ 11-1 Concrete ReinforegnmaRdtion Concrete Plug
Consolidation groutin
9 g {and K-2 Concrete M-2 and M-1 Concrete
eir{grcement Ribs Reinforcement Ribs

’’’’’ N\ \ \ | I4

\
.'!' 8 "‘4'
ololo/Qi®o @ d 0 d golele\e G 0| @ O @ QA4
: .‘,.r‘: 1 ps
nd : iy _ T
- T - *
s et N g ®
= I e 2l iy
- ep® =@ e K : '-‘*":};;.Ff Marta Sh
-— : S e b T P - +H Ak arta Shearax
?(ay Shear rl-__r.- ~ H. | — b ) ) & ~.._ Complex
N — T i 7D i n y Shear
1:e1-|aje vy o K ;
= ™, & T i @
w } = @ e e I '“'fr_. = Ip———— r =
o e i B s~ | enalFrancis Shear
) prm g & ‘ e, i
l 3 - ALY A “'Eh%
BifBer, WTI‘ B ® T
o -

- +o $ oSSt + - : p

____________ Approx. top of original ground
sussnnssnss  Approx. top of rock after site stripping
Approx. final grade

| SO DOwASTREAN I

a2 + e = T + T + T 1 t t 1 =+ w
400 S0 &40 700 ) Aro0 w00 areo0 22900 23000 Moo 25000 26¢00 27400
L
170
1@
&

8 BUILDING STRONGg




/ |

Explorer © | //, '
Plate

Mega-thrust rupture
Magnitude 8.0 - 9.2

Pacific Ocean" Y _//V\'/\‘« __

S0 KLOMETERS

Regional
smic Setting

WILLAMETTE VALLEY
Active voicanoes

(=10,000 years)

Green

COAST Peter Dam

SIS 2o NORTH AMERICA PLATE
1966 Seattle 1
m,,,,,,,, {lduction
Deep subcrustal N 5
Generally occurin
WesternWashington
Magnitude s - 7.6

b

| P

Y AVARW A

Table 5-11. Ground Motion Spectra for Green Peter Dam

- Pseudo-Spectral Acceleration (g), 5% Damping, for;
Pacific Plate Deterministic Motions
: UHRS for Return Period of: ““I':g;";:“"“
d Spectral M&TlMa
Gorda 'Plate Period 144 500 1,000 2,500 5000 | 10,000 Bdth
(sec) years | years years years years years Median | Percentile
PG4 00209 | 04020 | Q4sE2 | 02506 0 03395 | 04258 | 041383 0.2734
0 200 km 0.078 00464 | 01537 0.2530 04148 0.5610 0.7426 h2mT 04377
0.1 00543 | 01807 0.2055 0.4805 06534 0.8662 0.2303 (.5020
02 00663 | 02283 | 03704 06018 | 08N 1.0498 | 03110 0.6611
Earthquake magnitude 0.3 00601 | 0436 | 03501 05700 | 078668 | 0.9850 | 0.3042 0.6422
. 05 00419 | 04738 | 03056 | 05007 | 06624 | 0.8531 0.2676 0.5621
o o] @] . 1.0 00208 | 01065 | 04985 | 03405 | 04712 | 06176 | 047 0.3387
3-4 4-5 5-6 6-7 7-8 20 00078 | 0.0478 0.1045 0.1954 02834 0.3920 0.0870 (2244
4.0 0.0022 | 0.0149 0.0336 0.067% 01096 0.1527 (10243 0.0837

Source: AMEC, Quest, 2009
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Foundation Rock Block

The geometry of sliding (i.e.
“kinematic removability”) of a
foundation rock block/wedge
depends on:

2. loading vectors (static,
hydraulic, seismic)

3. shear strength of base &
side plane must be
overcome by the loading

4. configuration of the
foundation excavation

5. downstream TOR
topography

=Y,

10 BUILDING STRONGg




Rectified Mapping into 3-D
Graphical Sections

g ﬂ:w.BIe?c}& N

Big Kid Shear
Concrete Backfilled
Drifts (parallel to dam
axis)

Compiled all foundation mapping in 3-D graphical sections for visualization (not a 3-D CAD model).
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Rectified Mapping into 3-D
Graphical Sections
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Photo Review - Right Abutment
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Photo Review - Left Abutment
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Photo of left abutment 3-D physical paper model

model of the foundation mapping and
delineated/measured three different
discontinuity sets (in addition to shears

and dikes).

@
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Joint Continuity & Side Plane

» Limited horizontal and vertical continuity and spatial distribution of the J1 and
J3 discontinuities and therefore the side plane must be composed of multiple
joints or joint sets.

» Orientation of side planes results in an outward-stepping, very rough, blocky
side surface, and would require deformation through portions of intact rock and
the high quality rock mass of the lava sequence.

\ \ - ‘\”’:'- i3 .
View upstream of Block Wall 21.
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iding & Side Plane

Direction of S

» A normal force of 34% and 55%

ing force from dam would be imparted on

the side surface for the right and left abutments, respectively.
» Rock wedge movement would be oriented into the valley and orthogonal (20 to 34-

deg) to the direction of dam load
» Some amount of dilation and break

ing
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Shear Strengh of Slide Plane

Various Examples of Shear Zone
(un-labeled in the photography)

F et ga

= 3ivp

» The slldlng shear surfaces tend to have rock and gravel fragments
embedded within the material, large-scale undulations on the order of 5-
10 feet, and are composed of anastomosing shear surfaces that can

provide some additional 3-dimentional resistance to deformation poten
increasing the strength of the sliding surface at the scale of the rock wedge
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Low Uplift Pressures
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Figure 9.32 — Assumed Drain Efficiency vs. Uplift Data

» Generally low uplift pressure are acting on the foundation rock as
the grout curtain and drain efficiency is approximately 80%, and
the potentiometric surface is below the evaluated shears during
normal dam operations.
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» Construction Modifications:

Foundation Treatment

» The designers were very
experienced and concerned about
potential foundation sliding.

» Concrete backfilled drift
reinforcement strengthened —
foundation. Approx. 15-30% of the
sliding shears were removed making
them discontinuous under the dam.
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» High quality geologic mapping -
provides an equivalent level of
confidence in evaluating the site
geology and geomechanical
conditions.

24

Left Abutment

o

BUILDING STRONGg




Dam-Rock Wedge
3-D Geometry

» GPD has thick dam sections and
the concrete monoliths  will
develop some magnitude of
inter-locking and 3-D strength
across the foundation wedges.

» Foundation rock wedges are
buttressed by the concrete dam
leading to increased stability due | &
to the kinematics required for [
displacement.
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ONE PLUS ONE? - BY NANSCLARK
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Risk Analysis
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