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Viotoria, B. C.

!lay 14th. 1954.

The Council,
The Association ot Professional Engineers
ot the Province ot British Columbia,

1166 West Pender street,
Vancouver 1.. B.C.

Gentlemen,

I herewith submit an engineering report entitled
"An Analysis ot a Slide at the Cottonwood Bridge" as
partial fulfillment of the requirements tor registration
as a Professional Engineer in Geological Engineering 1n
the Province of British Oolumbia.

The ",'Jork on whioh this report 18 based was done
tor the B.C. Department ot Mines in co-operatlon with the
engineering start ot the Paoifio Great Eastern Railway.
I am normally engaged in studIes for the B.C. Department
of Mines of unconsolidated materials wld ground.water.
In this instance I assisted in the interpretation of the
results of test drilling done for the Paoific Great
Eastern RaI1rmy to determine the cause and extent ot a
slide which threatened the ral1vlay bridge over the
Cottonwood River.

'. The report 1s my 0'\;:.11 \fork but I wish to express
my appreoiation tor the ideas and Information gained in
the course of the study trom disoussions vdth engineers of
the Department of M1nes, of the PacifIc Oreat Eastern Railway,
and 01' Engin~erlng DrI,llerS Ltd. of vano1,..ver•. The m&nueoriP1i
was read by H.8argentt .__S.S.Holland, endS. H4dle7 or the
Department of Mines, '117 Mr. D.A. :MaoLean t the Provincial
Water nights Branch, and by Mr. A.L. Oarruthers, consulting
engineer for the Paoific Great Eastern Railway, and they
made helpful suggestions.

Yours truly,

Hugh Nasmith
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Cotton od Brid or the P.G.E. llway lookin north across

th onnyon or the Cotto ad vcr. row indicates th goneral

area or the slide on th north bank. (Photo by .d. Hedley)
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DrmODUCTIOI'1

In 1949 construotion was resumed after a lapse ot

more than thirty years on the extension ot the Paoifio Great

Eastern Ral1vmy fram ~uesnel to Prince George. One ot the

ma30r problems to be overcome was the crossing ot the

Cottonwood River. a problem whioh had troubled tho engineers

thirty years earlier. tor this river floWB in a broad deep

Talley several hundred teet below the level of the surrounding

terrain, and the banks of the valley are notoriously sUbject

to sliding. The site tor the bridge to cross the Cottonwood

River that was tinally ohosen 1s about ten miles northeast

ot ~ue8nel 8S shovln on the sketch map Figure 4, where the

river flows through a narrow rook walled canyon. The .pan

to bridge the gap was not exoessively lons, and the foundation

oonditions appeared to be more favoUl-able than at any other

plaoe along the river.

The bridge \18S completed late in the tall ot 1951, and

as no unusual conditions had been observed during the construction

no partioular conoern vas felt for the stability ot tho

foundations. In the spring or 1952 however. a small slide

took place bet\Jeen the two piers of the bridge on the north

bank of the river. Although the quantity of material involved

in the slide was small when oompared to some reoent slides

along the Fraser niver in this vioinitY'. it indicated possible

instability of the whole bank. As oan be seen from Figure 1

whioh is a oopy of the Pacifio Great Eastern Railway looation
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survey along this seotion or the railvl8.Y, if further sliding

took place involving material higher up the bank one or the

bridge piers might be moved. Aaoordlngly preventative

measures flare undertaken in an effort to stabilize the slope

and 8 program or test drIlling \fa8 begun in order to determine

the extent ani cause of the slide.

GEOLOGY OF TIlE SLIDE AHEA

Figure 2 18 a section through the area of the s11de

dra'wn along the center line ot the 'Il"ldge as shown on Figure 1,

and showing significant information revealed b¥ the test

drilling toget.tl.er w1th graphio logs ot two typioal test borings.

At the left ot the seotion the oottonwood River tlOV/8 in a

narrOVt postglacial oanyon exoavated 1n be4rook. The bedrook

wall on the north side ot the river rises sharply to an eleTation

ot 23'10' and then apparentlY' slopes dovm to the north. The

configuration of bedrook in the river ohannel upstream and

downstream from. the canyon, oombined \dth the eT1denoe trom

test drilling. olearly indioate. that an interglaoial or pre­

glacial ohannel of the Cottonwood 'River l1es lmmedlately north

ot the present channel. The approxtmate looation or this

b~lcd obannel 1s 8hO\7n dotted in rod on Figure 1.

The anoient river ~lannel 1s filled with more than

200 toet· of unoonsolid.ated sediments deposited durinr: the

glacial period. and the rook ridge that separates the ancient

river ohannel from the preaont one acts as an L"11'D.ense natural

retaining wall to prevent the mass ot unoonsolidated material
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trom slumping Into tlle river. Upstream and downstream trom

the rock walled canyon the Cottonwood River apparently flows

in its anc~ent ohannel. and muoh of the glaoial debri8 has

slumped into the river and been washed away.

The charaoter ot the unconsolidated materials whioh

make up the bank in the vicinity ot the s11de was not

Investl;,:;ated by drilling below about elevation 23'0', the

top ot the natural rook buttress. From this elevation up to

about 2390' the unconsolidated material oonsists ot an unsorted

mixture ot sand. silt, 018Y, and gravel up to oobble size.

This material i8 moderately tough and oohes!va, and may' be a

basal till deposited by 8 glaoier that invaded this area during

the 10e age. or it may be an ancient mudtlow whioh was overridden

and o~aoted by a glacier.

At about elevation 2390' this unsorted mixture ot sand,

silt, olay, and gravel rapidlyohanges to a silty depoeit still

contalnl~ soattered pebbles, and from. about 2400' to 2410' the

material 1s a silty clay in whioh are layers a traotion ot an

inch thiok or very plast10 stioky olay and several layers an

inoh Oll two thick of olean-v/ashed medium to coarse sand. Thl.

silty olay layer with interbedded sand strata is or~pled and

oontorted. A very striking feature of this layer are glass7

sliokensided surfaces \~ler~ the olay has boen sheared. A~

first it was tho~:~t that this shearing and orumpling were related

to the movement or the slide. However. similar features were

found when drill holes outside the area of the slide reached

this silty olay horizon whioh 18 essentially horizontal
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throuGhout the area te~5ted by drl11Inr'~. It 1s believed that

these silty clays vgith interbedded sand layors \'Jere deposited

in a lake adjacent to the ice shoet, and that as the ice

advanced into the lah:e these lake sedll'ilonta y;ere orum.pled and

sheared.

Above these silty clays trom 2410' to 2500' 1s the

basal till deposited from the bottom ot the ioe as it advanced

into the lake. This basal till is a dense compact mixture

ot sand, gravel, silt and olay. Althoug~ very s1rn1lar to the

materIal Wlderlyln i !., the silty ola.y l.-yr; the basal tUl over-

lying the silty clay contains a oonsistently lower proportion

ot clay and seemed to be somewhat tour;her and harder to drill.

Within this basal till there are apparently discontinuous

1e11ses ot \JQshed gravel and a tew tl.~in water bearing strata a

traction of an inch thiok, probably oonsisting of sand. At

the top of the slope above elevation 2500' about 30 teet ot

varved silts overlie the basal till. These varved silts were

protc.ly deposited 1n Wi extensive lake '1.".;hlch formed immediately

a.fter the retreat of the last glaciers in this reGion.

MODI~"r.,:;NeION OF I'lLE IL~TurU\L SLOPE

On Figure 3, which ~8the same section as Figure 2, the

original undisturbed proftle of the slope is sho\'Jn a.s u dashed

line. V&en the excavation tor the foundation of the pier vnl10h

star-ds on the roolc rid{;j6 \;08 made, some of the material upslope

sloughed into the exoavation, and the slope was accordin(';ly

graded to a 'F~lform 2 to 1 slope as shown by the dotted line.
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The material which was removed th the course of' grading the

slope \vas probably similar to the material oomposing the rest

ot the slope exoept that it may have been loosened by weathering,

trost aotion and the influenoe ot roots and burrowing animals.

There 1B a possibility. however. that the bulging elope fram

about eleva.tion 23'10' to 2"10' wae made ~p of sands and gravels

that were deposited when th~ Cottonwood River flowed at a
"

higher elevation WI it was cutting its ohannel down to the

present ~rade following drainage ot the poatglaolal lake.

In the course ot oonstruotion of the piers and erection

ot the bridge the slope was notohed in several places for

acoess roads and t\VO smallplte were dug to faoilitate

ereotion ot the steelVlOrk of the bridge.

OUT.Lnm O~.. THE BLOCK OF GROUllD THAT MOVED

1n order to asses the seriousness or the slide and

decide upon the proper oorreotive measurea it was desirable to

detine the' outline! ot the block of ground involved in the

slide and to determine the nature of the movement. FortunatelY'

it VI18S possible to do this fairly accurately with the information

trom teat drilling and direct observation.

The headwall of the slumped block was clearly 'visible

at the surtaoe. Thue in Figure 3 one point on the plane ot

tailure or the slide 18 detlned. In the course or early etforts

to check the slide a trench had been exoavated and a drain

put in along the headwall of the elide. The position and

elevation of this drain was reoorded so- that a second point
'-
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was knO\~. Drilling in the slide area indicated fairly

olearly that the ground below elevation 2390 was undisturbed

by the slide. and l~he expoaures on the slope suggested tllat

the plane of failure had interseoted the ground surfaoe not

lower that 2400'. From this information it 1s possible to

draw the probable outline ot the slide on Figure 2 with some

assurance.

Within the slide area the drill holes interseoted the
,'il

upper surface of the aUty olay layer at a lo\veri;~olevation than
'~?~~

1t appeared at the surface. This indioated. 8.S shovm in Figure

2, that the silty clay layer within the slide WQ~ tipped back

into the slope. In the undisturbed ground outside the slide

the silty clay horizon 1s essentially horizontal. Therefore

it is clear that the downward and outward movement or the s11de

WB8 aooompanied b7 a baokwa.rd rotation ot the slumped block.

COMPUTATIONS BASED ON SHEAR ALONG A CIRCULAR ARC

ThQ ourved form ot the interred plane ot taUure and

the indioation ot a baokward rotation ot the slumped blook

suggest that oomputatloJ18 baaed on a circular arc of failure

8~oh a8 PtOPOS8d by various 8011 meohanios authorit18s*
would be just1tle4. Figure 3 shows the slope and the ,inferred

outline of the s11de in section. The oircular aro A B a haa

*eee tor example Terzagh'l, K., The Meohanism ot Landslides,
in Application ot Geology to Engineering Practioe, Sidney Page, Ed.
Geologioal Sooiety of Amerioa, New York. 1950.
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suggest that oomputatloJ18 baaed on a circular arc of failure

8~oh a8 PtOPOS8d by various 8011 meohanios authorit18s*
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*eee tor example Terzagh'l, K., The Meohanism ot Landslides,
in Application ot Geology to Engineering Practioe, Sidney Page, Ed.
Geologioal Sooiety of Amerioa, New York. 1950.



its oentre at D and 1s as good a fit to tho interred plane ot

fallure as oan be obtained. several other oircular aros whioh

nearly £'1ttcdthe plane of failure were tl"ied and computed, and

they gave essentially similar results.

The segment bounded by the arc ABC and the 2 to 1

slope or the ground surface at the t!me of failure has an area

ot approximately 1990 square teet. Considering a seotion one

toot thick vdtll an aver:;1ge density ot 120 pounds per oUbic

toot this segment has a v/eight ot 238.800 pounds whioh may be

oonr.:idered to act through the oentre of gravity ot the segment

at B. Thus the weir~t ot the segment acts along a vertical line

14.5 teet to the rle:ht of' the oentre D and exerts a turning

'-"' moment ot 3,460,000 ft. lbs (238,800 x 14.5) tendln[; to rotate

the segment in a olookv/lse direotion. This turning moment 1s

opposed by a counterolockwise moment made up ot the total

shearing resistanoe developed along the arc ABC aoting at a

distanoe D A (the radius of the arc) from the centre ot the

arc D. The length of the aro ABC 18 115' and the radius

D A 18 51'. In order therefore, tor the segment to be stable

as to sliding along the arc ABC the moaent developed by the

shearing resistance must be equal to or greater than the moment

developed bY' the weight ot the segment. Theretore, average

shearing resistanoe per 8q~are toot along ABC x 115 x 51~~

3.460,000; and on the average each square toot along the arc

must be ~apable ot developing a shearing resistanoe equal to

or greator than 590 pounds.
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This theoretical value ot shearing resistance whioh

would be overoome vlhen failure took place along the aro It.. B C

probably bears no close resemblanoe to any oomparable value

which oould be dete~11ned from teats on samples of the 8011

making up the slope. Among the reasons for this area the

true length of the plene of failure 1s unoertain, the soU

mechanics properties probably vary \Jlthln the reoognized

divisions of material rtiaklng up the slopel the aotual meohanism

ot such a slide even in uniform material 1s not olearly

understood. Although the figure 590 pounds per square toot

probably has little absolute significanoe and should be

interpreted very cautiously. it serves to make useful

comparisons as is shown in the following paragraph••

Similar oomputations were made tor a segment ot the

same cirole centred at D bounded by the original ground

surfaoe instead of the surfaoe graded to a 2 to 1 slope.

This represents the oonditions whioh preval1c:d along the

theoretical arc ot fallure before oonstruotion ViaS begun,

conditions under whioh.the undisturbed slope ha.d evidently

remained stable for many years prior to oonstruction. The••

oomputations indicate that prior to construction an average

8hearing force of 380 pounds per square foot had to be

developed along the theoretioal aro of failure in order to

prevent sliding. Thus. as a result of ~radln;:; the slope.

the shearing foroe along the plano whioh actually failed was

- inoreased by about 55%. It 1s thouf;ht that this large

percentageY/1a. increase in slleuring stress was an important
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tactor in bringing about the failure at this point on the slope.

Eight other potential planes of failure along oircular

aros were also computed. IIhese oiroular aroa were draVlll on

the assumption that the1 \vould come to the surfaoe on the

upslope side in a vertlca1 direotion. and that they would be

tangent to the tough material underlying the s11ty olays at

elevation 2390'. Althoue~ oomputations based on these potential

BrOS ot tailure are not striotly oomparable they seem to

have some s1gnl:eio8llce.

It is interesting to note that the peroentage inorease

ill shear stress on potelltial arcs Of 1'ta1lure vihen oomparing

oonditions before and after ,,';rading the slope was greatest

(a8 much as 1401~) for arcs dO\fllalope tromthe aotual failure.

and rapidly deoreased (to les8 than 25%) tor arcs which

emerged upslope from the aotual failure.

It the undisturbed slope was stable because the

steepness of the slope was adjusted to the shear1ng stx-ength

along potential arcs of failure v/lthin the bank, it 18 to be

expected i;hat tailure would take plaoe where the disturbanoe

was greatest. that ia, along the aro~ere the peroentage

inorease ot f3hear stress was greatest. This seens to have

been the ease 88 photographs taken shortly atter the slide

suggest that the f,tround moved in three or more slice8. Pos~ibly

the initial failw.-e took plaoe along the arc ot maximum

peroentage inorease of shear stress. This initial failure

would then 1noreasethe shear stress along an arc farther up

Wlllch would fall next. T111s sequenoe \1Ould continue up to
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the arc along whioh the increase was insufficient to oause
\I

failure, or at any rate l~Pfticient to oause 1mmedlate

tailure.

GROU1'lD..\1ATER

Although the cLanges in shear stress conditions on the

plane of failure 'Nhlch were brought about by grading the slope

were probably an important factor in produoing the slide. they

were not tho sole cause. Atter completion ot construction.

the graded slope was stable tor nearly six months. The

immediate cause of failure, the faotor whioh aotually triggered

the slide t ,vas probably tIle unusual local ground-water

conditions Vdllch existed in the spring ot 1952.

A program of teat drilling and observation of ground­

water oondltions conducted over a short part ot a year,~11l

give a very incomplete picture ot the ground-water oonditions

as they may have existed at a different season that year.

The aequenQ8 of sedtments revealed by drilling was the same

a8 at the time the slide took plaoe; the physioal properties

ot the sediments probably did not ohange greatly bet'18en the

time the slide took place and the time \vhen they were examined;

but the Ground-~ater conditions as they were observed in mid­

summer were undoubtedly vastly different from what they v~rere

when the slide ooourred in the spring. Therefore the ground­

water oonditions 8S they were at the time ot the slide oan

only be interred from a t~v clues, and the significance ot

the ground-water oonditions in relation to the slide is

11
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difficult to evaluate.

During the summer ot 1951, ',lhen oonstruotion was in

progress. it is repo:'ted that no springs or seepages were

observed on the slope. The material \'lhioh was exoavated was

damp but not abnormally 80. Ho\V8ver. the slide in the spring

or 1952 was aocompanied by an outflow 01' saturated mUd.

In the seven months preoeding the slide preoipitation

was abnormally high, amounting to 12.9 inches at Q,u8ane1, in

oontrast to a long term average ot only 8.3 inches tor the

same months. During the oorresponding months in the year

preoeding construotion precipitation amounted to 11.0 inches.

Therefore during the months preoeding the slide the precipitation

was sUbstantially greater than usual and might acoount tor

exceptional ground-water oonditions in oomparison to the

oonditions that had existed at the time oonstruction was in

progress. In addition to preoipitation, tactors whioh cannot

be readily evaluated such as the form in which the precipita.tion
..

oocurred, \'/hether rain or snow. and the state of the ground

."hen moisture w'as available, vmether frozen or unfrozen, may

have oombined to produce almost unique ground-water oonditions

in the spring of 1952. Possibly it the slope had not failed

in 1952 it vmuld be many years before clroUL1stanoes combined

again to produoe Oonditions which could bring about tailurt}

ot the slope.

In the oourse of test drilling no great quantity ot

water Vias disoovered, but th()ugh the quantity of' T.1ater was

small, in several lnstwlo6S it was found under sufficient
"--
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pressure to raise 1t above the level at vlhloh it was enoountered.

The highest level to which the "later rose in any or 'the drill

holes was about 2430 t • The water evidently oocurred in thin

sand layers. not more than un inch thick,contained in the

glaoial till. and the ~erviou8 oharacter of the till suggests

that the water in these sand layers had not perooaated

vcrtlally downward to them. but had migrated laterally trom

outside the 1nL1ediate area of the slide.

As can be seen from Figure 1, the obvious place \vhere

precipitation m1::~llt peroolate into the {~ound and then move

laterally to the area or the slide 1s the little Yalley

oontaining an intermittent stream about 1000 teet north ot

the slide. No test drilling was done in this area so that

the charaoter ot the material beneath the surfaoe is unkno~m,

but ooarse bouldery material 1s present in the bed of the

little stream. Possibly this little valley is underlain by

deposit of.grave~ 'whioh can oollect and store infiltration

from the bed of the stream, and trom whioh the v18ter can flow

laterally into any ~~ormeable horizons with which it 1s in

oontaot. The clavation ot the bottom of the creek i8 adequate

to aooount for the greatest hydrostatio head found in ~y

ot the drill holes.

... AlthOllC:h no water ~er pressure vias found in the ..

sand layers alrtch are interbedded with the silty clay, a

substantial quantity of water was oolleoted from these sandy
'--.,

layers by the drain at the headvmll ot the slide. The silty
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olay ba.nd is horizontal and apparently unbroken outside the

slide area and it 1s quite possible that these sand layers are

able to transmit vmter which peroolates into the ground

beneath the intermittent stream to the north. The hydraUlio

gradient within these sand layers oould be 8S high as 50 teet

in 1000. Posaibly the flov! of ';,,1ater from these sand layers

immediately prior to the slide was suffioient to wash some ot

the sand out, leaving the overlying material unsupported and

inoreasing the shearing force along the plane of failure.

This would be similar to piping which has often initiated

the failure or an earth till dam. As noted earlier the

material vlhioh made up the bulge in the natural slope between

elevation8 2360'- and 2410' and whioh was removed when the slope

was graded, was probably similar to the material making up the

rest of the bank. It however, this bulb~ oonsisted ot material

reworked by the Cottonwood River, it would be muoh more

permeable than the rest of the filaterial oomposin(; the slope

and by allowing the sand layers to drain freely ulthout

developlBg high seepage veloo1tles"lould act af3 a natural toe

drain to prevent pIping Whenever suepage through the sand

layers was exoeptionally f~eat.

Thus the gradln{~ of the bulging natural slope to an

artifioial 2 to 1 slope may not only have directly iDoreased

the shear stress along the plane of failure, but nay have

increased the etfeotlveneseot the ground-water in making the

slope unstable.

In additIon to produoing piping in the sand layers, the

hydrostatic pressure acting through all the minute interconneoted
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pore spaoes in the material making up the bank would exert

a pressure up and out to reduoe the stability ot the bank.

STlMMARY OF TIlE CAUSES OF THE SLIDE

The inorease in shearing stress on the plane ot failure

brought about as a result of grading 'the natural slope \va8

an important cause of the s11de. ~e position ot the plane

ot failure was partly goveraad by the presence ot a. silty 018.'1

band which had been sheared by glacial aotion and had muoh

lower shear atren&~ than the remaining material ot the slope.

The position of ·the headwall ot the slide may have been

governed by the location ot a notoh cut in the slope for an

aoooss road. Seepage through sand layeraw1thvl the silty olay

may have been sutfiolent to lndtlOe piping and oonsequent

.ettlenlent ot overlying mater1al. B)drostatlc pressure within

the slope produoed by apparently exoeptional ground-water

oonditions no doubt oontributed to the failure.

MEASURES TO STABILIZE THE SLOPE

Beoause ot the urgenoy ot the situation steps were

taken bet.ore the test drilling and analysis of the slide were

oomplete in an eftort to stabilize the bank. The oorreotlve

measures ultimately adopted hOVlever. were based on an

ln~el'pretation of the s11de essentially as outlined in the

preoeding seotion.

The slopo was rebuilt to appr.Qx1mately the profile it

had prior to oonstruotlon 80 that the influence ot the bulge

between elevation 2360 and 2410 as a load on the toe of' the

15
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1'1

blook of ground that moved \~ restored. In addition the

stability ot the slope was inoreased by a series ot ateel

aheet piling oounterforts driven up the slope at right angles

to the headwall of the sllde. Figure 5 illustrates diagramat10alJr

the arrangement ot these shee~ piling oounterforts whioh are

anchored outside the area of the slide to a Deavy concrete

retaining wall set on steel piling driven to bedrook. The top

ot the retaining vJall 1s at elevation 2380 80 that it 18 below

the lowest point on the plane of failure and its resistanoe

to movement is oarried into the area otthe slide by the

oountertorts.

Measures to correot the untavourable ground--water

oonditions consist of a drainage tunnel in the silty clay

layer. It 18 driven in a northeast direotion as shown on

Figure 1. A series ot vertical holos \~re drilled from the

surface to the tunnel and paoked with gravel. These vertical

drains are expeoted to oollect seepage tram any water bearing
'1

8trata the,. pass thrOUgh, and to car~ it to the tunnel v1hioh

i. also paoked with tree draining material. It 18 believed that

this tunnel and the vertioal drains \vill effectively cut ott

aeepage into the area ot the slide tromthe north as well as

reduce any hydrostatio pressure which might develop.

Steps have therefore been t~cen to correct what are

regarded as the' chief oauses ot this slope failure. It the

interpretation ot the oauses 18 correot and the correotive

measures effective, the slope has been restored to a oondition-
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to the headwall of the sllde. Figure 5 illustrates diagramat10alJr

the arrangement ot these shee~ piling oounterforts whioh are

anchored outside the area of the slide to a Deavy concrete

retaining wall set on steel piling driven to bedrook. The top

ot the retaining vJall 1s at elevation 2380 80 that it 18 below

the lowest point on the plane of failure and its resistanoe

to movement is oarried into the area otthe slide by the

oountertorts.

Measures to correot the untavourable ground--water

oonditions consist of a drainage tunnel in the silty clay

layer. It 18 driven in a northeast direotion as shown on

Figure 1. A series ot vertical holos \~re drilled from the

surface to the tunnel and paoked with gravel. These vertical

drains are expeoted to oollect seepage tram any water bearing
'1

8trata the,. pass thrOUgh, and to car~ it to the tunnel v1hioh

i. also paoked with tree draining material. It 18 believed that

this tunnel and the vertioal drains \vill effectively cut ott

aeepage into the area ot the slide tromthe north as well as

reduce any hydrostatio pressure which might develop.

Steps have therefore been t~cen to correct what are

regarded as the' chief oauses ot this slope failure. It the

interpretation ot the oauses 18 correot and the correotive

measures effective, the slope has been restored to a oondition



p08sibly more stable than it ,vas :p:£'1or to construotion.

However, beoause ot unoerta1nties inherent in this type of

problem the slope will have to be regularly observed tor

any.indications that it may not yet be stabilized.
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