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Common(Aspects(of(the(Five(Projects

! Located(within(the(Ohio(River(
Basin

Ohio River Basin

SANDSTONE

INDURATED(CLAY

CLAYSTONE

SOIL

SANDSTONE

DAM
LOCKS

HYDROPOWER

! Lock(and(dam(projects

! Founded(on(nearKhorizontal,(
interbedded,(sedimentary(rock

! 1(dam(and(4(cofferdamsTypical(Lock(&(Dam((Marmet L&D)

R(C(Byrd(L&D

Upper(Pool

Lower(Pool

! Failures(from(1912(– 1971,((
listed(in(chronological(order

! 100’s(of(feet(of(structure(slid

flow
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Sliding$Failures$at$Five$Lock$and$Dam$Projects

1.((Ohio(River(Lock(and(Dam(#26

3.((Wheeler(Lock(and(Dam

4.((Cannelton(Lock(and(Dam

5.((J(T(Myers(Lock(and(Dam

OUTLINE

2.((Louisville(and(Portland(Canal



BUILDING(STRONG®
and$Taking$Care$of$People!

Ohio(River(Lock(and(Dam(#(26(– General(Information

! Located(on(the(Ohio(River,(at(
WV/OH(boarder.

! Canalization(of(the(Ohio(River
" 49(locks(& dams((now(19)
" 9’(deep(channel(
" 600’(x(110’(lock(chambers
" Completed(1929

! Lock(and(Dam(#26(
Constructed(in(1911

! Wicket(Dam(failed(Aug(8,(1912

Lock and Dam # 26

Great(Lakes(and(Ohio(River(Division
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Ohio(River(Lock(and(Dam(#(26(= Location

Approximate(Location(of(((((((((((((((((((((((((

Ohio(River(Lock(& Dam(#26(((1911)

R.C.(Byrd(Dam(((1937)

West(

VirginiaOhio

Ohio(River

N

fl
o
w

Aerial(Photo(– R.C.(Byrd(Locks and(Dam

R.C.(Byrd(Replacement(Locks(((1993)

Bear=trap(

Dams

Weir Navigable(Pass((

Wicket(Dam

Lock

Original(Shoreline
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Ohio(River(Lock(and(Dam(#(26(– Wicket(Dam

Failure(Plane

Typical(Wicket(Dam

ShaleShale

3’H 4’(Thick(Concrete

EL#518.7

EL#508

Cross(Section(– Chanoine Wicket(Dam(– Ohio(River(Lock(and(Dam(#26

Soil Soil

Flow
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Ohio(River(Lock(and(Dam(#(26(– Dam(Failure

Alignment(of(Wicket(Dam(Before(Failure(

Position(of(Wicket(Dam(After(Failure

! Second(time(

wickets(were(raised

! 10.7’(head(of(water

! Failed(on(Aug(8,(

1912(at(6:30(am

! Initiated(in(middle(

of(600’(long(dam(

! Slid(up(to(157(feet(

downstream

Photo(taken(from West(Virginia(Side(– After(Failure

Ohio(River

Flow

Lock(Chamber

Piers

Ohio
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600’

Alignment(of(Wickets(Before(Failure(

Ohio(River(Lock(and(Dam(#(26(– Monolith(Locations

Plan(View(– Position of(Navigable(Pass(Foundations(After(Failure

Cofferdam

Closer(Look

F
lo
w
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Ohio(River(Lock(and(Dam(#(26(– Dewatered(Monoliths

Photo(Taken(Within Cofferdam(Showing Location of(Failed(Monoliths

“The rock upon which the concrete rested had a very small frictional coefficient 
and was composed of layers through which water could penetrate and produce an 
upward pressure on the base of the dam” from “Failure of Navigable Pass, Dam No. 26, Ohio River”

Cofferdam

Monoliths

Original(Alignment(of(Wickets
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Ohio(River(Lock(and(Dam(#(26(– Factors(Leading(to(Failure

U

W

! Original(design:(full(uplift(
acting(on(50%(of(foundation(
(typical(for(that(era).(

! Today,(without(drains,(full(
uplift(would(be(applied(to(
100%(of(foundation.

! Sliding(plane(was(slightly(
below(base.
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Ohio(River(Lock(and(Dam(#(26(– Factors(Leading(to(Failure

U

W
! Sliding(resistance(of(
bedrock((shale)(was(
overestimated

! No(passive(wedge

Shale Shale

PennsylvanianMage(Conemaugh Series(
(likely(a(claystone ! =(27o)

Shovel

Exposed(Bedrock

! Original(design:(full(uplift(
acting(on(50%(of(foundation(
(typical(for(that(era).(

! Today,(without(drains,(full(
uplift(would(be(applied(to(
100%(of(foundation.

! Sliding(plane(was(slightly(
below(base.

Soil Soil
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1.((Ohio(River(Lock(and(Dam(#26

3.((Wheeler(Lock(and(Dam

4.((Cannelton(Lock(and(Dam

5.((J(T(Myers(Lock(and(Dam

OUTLINE

2.((Louisville(and(Portland(Canal

Sliding$Failures$at$Five$Lock$and$Dam$Projects
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Louisville(and(Portland(Canal(– General(Information

! Located(on(the(Ohio(River(at(

Louisville,(KY

! Canal(widened(in(1915

! Construction(contractorH

designed(cofferdam(failed(

Oct.(5,(1915

Louisville and Portland Canal

Great(Lakes(and(Ohio(River(Division
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Louisville(and(Portland(Canal – Location(&(History

Present(Day(
McAlpine Locks

Approximate(
Location(of(Failure

Canal

Louisville, KY

Jeffersonville,(INOhio(R
iver

! Falls(of(the(Ohio,(obstruction(
to(navigation,(26’(drop(in(2(mi

! 1830’s:(original(canal((50’(wide)(
with(series(of(three(locks

! Widened(canal(and(larger(
locks:

" 1870’s
" 1910’s(– 1920’s
" 1960’s
" 1990’s

Dam

flow

N
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Louisville(and(Portland(Canal – Dewatered(Cofferdam

Construction(Photo(– Widening(Canal(

! Widening(canal(from(87’(
to(200’

! Construction(contractor(
used(the(preJexisting(
canal(wall((built(1870s)(
and(underlying(limestone(
as(a(cofferdam

! Cofferdam(failed(at(
7:50am(on(Oct.(5,(1915

! One(death

Lou
isvi

lle a
nd(P

ortla
nd(C

ana
l flow

Existing(Canal(Wall((1870s)

Bedrock (DevonianJage(Limestone)

Approximate Location(of(Failure



BUILDING(STRONG®
and$Taking$Care$of$People!

Cro
ss(
Sec

tion

Louisville(and(Portland(Canal – Cofferdam(Failure

Photo(– Location(of(Failed(Section of(Cofferdam

Flow

1870’s Canal(Wall

Location(of(Failure

! 720’(of(wall(failed

! Wall(slid(up(to(34’
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Louisville(and(Portland(Canal – Failure(Planes

Cross(Section(? Cofferdam

Failure(Planes

14.7’

2.5’

Excavated/Dry(SideCanal(Side

River-Elev.-414.7

Devonian(Age(Bedrock:

Beechwood Limestone

Silver(Creek(Limestone

Pre?existing(1870’s(canal(wall
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Louisville(and(Portland(Canal – Factors(leading(to(Failure(

! Wedges(were(used(to(stop(seepage(from(dry(side((increased(uplift(pressure)

Could(fail(if(phi(
angle(is(16o or(less

! Some(borings(had(“silt(or(clay(seam”(at(elev.(404((lower(phi(angle)

! Blasting may(have(moved/shifted(bedrock((postSpeak(rock(strength)

Base%at%El.%404

Could(fail(if(phi(
angle(is(26o or(less

Could(fail(if(phi(
angle(is(19o or(less
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1.((Ohio(River(Lock(and(Dam(#26

3.((Wheeler(Lock(and(Dam

4.((Cannelton(Lock(and(Dam

5.((J(T(Myers(Lock(and(Dam

OUTLINE

2.((Louisville(and(Portland(Canal

Sliding$Failures$at$Five$Lock$and$Dam$Projects
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Wheeler(Lock(and(Dam(– General(Information
! Located(on(the(Tennessee(
River(in(Northern(Alabama.

! Muscle(Shoals(obstruction

! Original(lock(constructed(in(
1934

! Additional(110’(x(600’(lock(
proposed(1960s,(located(
adjacent(to(the(original(lock.

! Original(lock(wall(was(used(as(
part(of(the(cofferdam,(failed(in(
1961.

Wheeler Lock and Dam

Great(Lakes(and(Ohio(River(Division
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Wheeler(Lock(and(Dam(– Location(of(New(Lock

Existing Lock(60’x360’((1930’s)

Existing Dam((1930’s)

Tennessee(River

Flow

Approximate(
Location(of
New Lock(
(110’x600’)

Cross(Secti
on
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Wheeler(Lock(and(Dam(– Excavation(for(New(Lock

Failure(Plane

Cross(Section(– Lock(Wall(– Before(Failure

! Dewatered(and(began(
rock(excavation

! Completed(lockage(of(
an(upbound tow

! Failure(on(June(2,(1961(
at(9:30pm.

53’

560.3’

490.3’

Upper-Pool-555’

Limestone:(((((((((((
MississippianUage(((((((((((((
Fort(Payne(Formation

Existing(
Lock(

Chamber
Dewatered(
Area(

Existing(
Lock(Wall

Proposed(New(River(Wall

Removed(Passive(Wedge(?

Excavated(Bedrock

Proposed(
Earth(Fill
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Original(Location(
of(Lock(Wall

Limestone:(((((((((((
MississippianEage(((((((((((((
Fort(Payne(Formation

Wheeler(Lock(and(Dam(– Sliding(Failure

Existing(
Lock(Wall

Proposed(New(River(Wall

! Land(wall(slid(up(to(50’

! Flooding(excavation

! Two(Deaths
! Monoliths(19(E 22(rotated(
after(impact(

Bedrock(Buckled

River(Floods(
Excavation
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Wheeler(Lock(and(Dam(– Plan(View(and(Photo(After(Failure

Plan(View(– After(Failure Aerial(Photo(– After(Failure(D Dewatered

Existing(River(
Wall

Approximate(
Position

Monoliths(9D12(
Shattered

North(Leaf(of(
Lower(Gate

Foundation(
Cracks(After(

Failure
O
rig
in
al
(L
oc
k(
Fa
ce

Original(
Lock(Face(
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Wheeler(Lock(and(Dam(– Photo(After(Failure

Photo(Viewed(from(Proposed(New(Lock(After(Failure(of(Original(Lock

! Seepage(noted(during(lockage

! Blast(may(have(been(concurrent(with(failure
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Wheeler(Lock(and(Dam(– Factors(Leading(to(Failure

Photo(Looking(Downstream(– After(Failure

! Thick(limestone(foundation(

having(a(shale(seam((0.5’(

thick),(with(an(undetected(

thin(clay(seam (1/16(to(3/8”(

thick)(at(the(base(of(the(

shale.

! Overestimated(sliding(

resistance(of(bedrock

! Excavation(“daylighted”(

clay(seam,(removing(the(

passive(wedge((blasting(

impact?)
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1.((Ohio(River(Lock(and(Dam(#26

3.((Wheeler(Lock(and(Dam

4.((Cannelton(Lock(and(Dam

5.((J(T(Myers(Lock(and(Dam

OUTLINE

2.((Louisville(and(Portland(Canal

Sliding$Failures$at$Five$Lock$and$Dam$Projects
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Cannelton(Lock(and(Dam(– General(Information

Cannelton L&D

! Located(on(the(Ohio(River(
at(IN/KY(boarder.

! Construction(contractorF
designed(doubleFringed(
sheetFpile(cell(cofferdam(

! Excavation(for(the(new(dam(
pier(foundations

! Progressive(sliding(failure,(
with(distress(indicators(
from(Oct(19(to(Nov(1,(1967(
(14(days)

Great(Lakes(and(Ohio(River(Division
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Cannelton(Lock(and(Dam(– Photo(& Section(of(Cofferdam

MississippianCage(
Waltersburg Shale

29

West(Side(Cut Slope(½:1

Kentucky

Sand(Berm

Ohio(River
flow

Tub(Cells(((((((((((((((((((((((((((((((((((((((((((((((
(Inner(Ring(of(SheetCPile Cells)

Main(Cofferdam(
(Outer(Ring(of(
SheetCPile Cells)

! DoubleCringed(sheetCpile(
cell(cofferdam(

! Inner(ring(of(cofferdam(cells(
founded(on(top(of(rock
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Cannelton(Lock(and(Dam(– Photo(& Plan(View(of(Cofferdam

30

West(Side(Cut Slope(½:1

Kentucky

Ohio(River

Main(Cofferdam(

(Outer(Ring(of(

SheetOPile Cells)

Closer(Look

PLAN(VIEW

Tub(Cells(((((((((((((((((((((((((((((((((((((((((((((((

(Inner(Ring(of(SheetOPile Cells)

Sand(Berm

flow

! DoubleOringed(sheetOpile(

cell(cofferdam(

! Inner(ring(of(cofferdam(cells(

founded(on(top(of(rock
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Cannelton(Lock(and(Dam(– Oct(19,(1967((day(1)

Plan(View(– Inner(Ring(of(Cofferdam(Cells((Tub(Cells)

Indiana
Side

Kentucky
Side

Pi
er
(9

Pi
er
(8

Pi
er
(7

163 164

139

167166165

140

Shale(sloughing(and(
groundwater(seepage(

Pier(8(excavated
(120’(x(50’)

144 143 142145146

Fl
ow

PreYsplitting(perimeter,(
drilling(and(blasting

Sheet(Pile(Cells((((
(60.48’(dia.)
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Plan(View(– Inner(Ring(of(Cofferdam(Cells((Tub(Cells)

Indiana
Side

Kentucky
Side

Pi
er
(9

Pi
er
(8

Pi
er
(7

163 164

139

167166165

140

144 143 142145146 Fl
ow

Shale(moved(2’V 3’(
into(Pier(8

Shot(final((((((
PreVsplit(holes

Crack(extended,(
open(2”V 4”

Cannelton(Lock(and(Dam(– Oct(21,(1967((day(3)
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Flooded(Pier(8,(
Placed(20’(dia.(cells

Plan(View(– Inner(Ring(of(Cofferdam(Cells((Tub(Cells)

Indiana
Side

Kentucky
Side

P
ie
r(
9

P
ie
r(
8

P
ie
r(
7

163 164

139

167166165

140

144 143 142145146

Fl
ow

Cannelton(Lock(and(Dam(– Oct(27,(1967((day(9)
Pier(7(Sheet(Piles

20’(dia Sheet(Pile(Cells

Crack(widening

Driving(sheet(piling(
in(preYsplit(line
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Plan(View(– Inner(Ring(of(Cofferdam(Cells((Tub(Cells)

Indiana
Side

Kentucky
Side

Pi
er
(9

Pi
er
(8

Pi
er
(7

163 164

139

167166165

140

144 143 142145146

Fl
ow

Cannelton(Lock(and(Dam(– Oct(31,(1967((day(13(morning)

Continued(to(
drive(sheet(piling(
in(preWsplit(line

Sloughing(and(spalling continued,(
blocks(of(shale(fall

Dewatered

Dewatered(Pier(8

20’(dia.(
Sheet(Pile(
Cells

Sloughing(
Shale
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Plan(View(– Inner(Ring(of(Cofferdam(Cells((Tub(Cells)

Indiana
Side

Kentucky
Side

Pi
er
(9

Pi
er
(8

Pi
er
(7

163 164

139

167166165

140

144 143 142145146

Fl
ow

Dewatered(Pier(8

Cannelton(Lock(and(Dam(– Oct(31,(1967((day(13(evening)

Continued(to(
drive(sheet(piling(
in(preWsplit(line

Crack(extended

Sloughing(and(spalling
continued

Sloped(surface
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Plan(View(– Inner(Ring(of(Cofferdam(Cells((Tub(Cells)

Indiana
Side

Kentucky
Side

Pi
er
(9

Pi
er
(8

Pi
er
(7

164

139

167166165

140

144 143 142145

Fl
ow

Cannelton(Lock(and(Dam(– Nov(1,(1967 @(0430(hr (day(14)

163

146

161 162

148 147

Pi
er
(1
0

Sheet(Pile(Interlock(Split

• Cell(143(sheet(pile(interlock(split

• Five(cells((144(X 148)(slid(up(to(11’

• Sand(behind(cells(settled(12’(– 15’

• No(fatalities(– crew(on(lunch(break

Original(Location(of(Cells

C
ro
ss
(S
ec
tio
n

Rock(Ridges
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Cannelton(Lock(and(Dam(– Factors(Leading(to(Failure

Cross(Section(– Sliding(Failure

! Sliding(along(the(base(of(the(MississippianEage(Waltersburg Shale((clayey(shale)
! Overestimated(the(sliding(resistance(at(the(base(of(the(shale,(with(a(backE
calculated(phi(angle(of(13o (possible(clay(seam)

! Reversal(of(stresses(in(shale(may(have(reduced(sliding(resistance(to(residual(
strength

Existing(Fault?

Top(of(Rock

Waltersburg Shale
Limestone

Soil

Failure(Plane(at(Base(of(Shale

Settlement(
(12’–15’)

Heave

Cell(163 Cell(146

Original(Cell(
Location

Cells Slide(up(to(11(feet

Soil
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1.((Ohio(River(Lock(and(Dam(#26

3.((Wheeler(Lock(and(Dam

4.((Cannelton(Lock(and(Dam

5.((J(T(Myers(Lock(and(Dam

OUTLINE

2.((Louisville(and(Portland(Canal

Sliding$Failures$at$Five$Lock$and$Dam$Projects
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John(T(Myers(Lock(and(Dam((Uniontown)(– General(Info
! Located(on(the(Ohio(River(
at(IN/KY(boarder.(Formerly(
known(as(Uniontown(L&D

! Construction(contractorN
designed(sheetNpile(cell(
cofferdam(

! Excavation(for(the(dam(pier(
foundations

! Cofferdam(sliding(failure(on(
Feb(26,(1971.

J. T. Myers Lock and Dam

Great(Lakes(and(Ohio(River(Division
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John(T(Myers(Lock(and(Dam(– Cofferdam(Prior(to(Failure

Aerial(Photo(– Cofferdam(F Prior to(Failure

! Cofferdam(sliding(failure(
on(Feb(26,(1971(during(a(
period(of(high(water,(10(
days(after(dewatering.

! Started(at(9:45am,(
movement(over(a(period(of(
<10(minutes

! 52(personnel(were(in(the(
work(area,(all(escaped(
harm.flow((((

Ohio(River

Cofferdam(
(Sheet(Pile(Cells)
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John(T(Myers(Lock(and(Dam(– Cofferdam(After(Failure

Cofferdam(Perimeter(
Prior(to(Slide

! One(cell(ruptured

! Five(cells(slid(32’(
to(71’(upstream(
direction

! One(cell(slid(and(
collapsed

flow((((Ohio(River

Cross(Section
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John(T(Myers(Lock(and(Dam(– Planar(Failure

Dewatered(Cofferdam
Ohio((((
River((((((((((((((
U/S

Ohio((((
River((((((((((((((
D/S

65’(dia.(
Sheet(Pile(
Cell

Coal(Seam(w/(Underclay

359
352

295%+
15’�

! Sliding(horizontally(along(a(coal(seam(underclay,(15’(below(top(of(rock
! PennsylvanianRage(Sturgis(Formation((previously(Lisman Formation)

Shale(Foundation

Cross(Section(– Cofferdam(Failure(– Deep(Seated(Sliding
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Ohio((((
River((((((((((((((
U/S

Ohio((((
River((((((((((((((
D/S

359
352

295%+

65’(dia.(
Sheet(Pile(
Cell

Failure(Plane

Shale(Foundation
Coal(Seam(w/(Underclay

John(T(Myers(Lock(and(Dam(– Factors(Leading(to(Failure

15’�

! Overestimated(sliding(resistance(of(underclay
! Sliding(resistance(of(passive(wedge(was(reduced,(due(to(possible(fault(planes

Cross(Section(– Cofferdam(Failure(– Deep(Seated(Sliding

Possible(Fault
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2.((Consider(influence(of(uplift(pressures(on(sliding(stability.

1.((Identify(continuous weak(seams in(bedrock(and(establish(
appropriate(sliding(parameter(values (! angle).(

4.((Install(instrumentation and(monitor(structure(during(critical(
loading(conditions.(

LESSONS(LEARNED

Sliding$Failures$at$Five$Lock$and$Dam$Projects

3.((Anticipate(how(construction(activities could(affect(sliding(stability.

5.((As(a(result,(Corps(of(Engineers(has(designed all(major(cofferdams(
at(Corps(projects(since(1970s(
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