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SOILS INVESTIGATION

OSBORNE STREET BRIDGE

WINNIPEG, WAN ITOB/\
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R[ ID CROWTHER & PARTNERS

BY

RIPLEY, KLONN & LEONOFE INTERNATiONAL LTD.

CONSULT ING GEOTECHN I CAL ENG I NLERS
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NTN1EThCT ION

Idis reporl gives Ihe resuts of a soils IflVCSi igat ion curried oul for hu

proposed now Osborne Street Bridge which will cross Ihe Assiniboine River

in Vinriipeg, Manitoba.

Conclusions und recommendal ions are given herein concerning foundation support

for ihe new siruciure and stabilily of Ihe riverbank in addii ion lb other per—

i mont hems.

This investigation was authorized by Mr. G. Langman of Reid Crowther & Partners

I- I-Is liior datoi the I Ith of Way, 973.
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;H.l Ua novo Ula vI not affect nearby p:(a-a. 51o9’ rc: cr .‘:I

bL ruçu rca on 1 hcsc graded banks from winter waler lcvui to flood wai ar lovH

Lvcry ttumpt sheuld be made to minimize the amount of clearing bone ørouad thc

cue no facil Hate construct ion operat ions, as in our opinion, the Irce in tIc

ra lend toccnlriLuTe to the srability of the banks.

Va ThoLlo h’ qiven the opportunity to review the final grading plan around the

)GTk5 pr icir to I ardor

2.2. Feun let ion Support

The I imestonc bedrock formation is recommended as the bearing strala for iOuflG

Tier aupporl of piers arld abutments.

Bccauce of iha possible occurrence of shattered rock and clay/sill inflIld

crevices or cavil lea in the bedrock, we recommend a maximum design bearing

pressure of 5,000 lb per sq ft for direct bearing of piers placed a minimum of

12 inches below the bedrock surface. Driven end—bearing piles should be spaced

so that the recommended design pressure of 15,000 lb per sq ft is not exceeded

at the icVCl of the pile tips.

\.e recommend the use of steel driven piles to achieve some penelrdt ion of the

bcdrock format on. Strengthening of the $ ps of piles may be necessary to achieve

penetration. Piles should be driven to practical refusal with a hammer capable

of drl ivering at least 20,000 11 lb per blow.

faa•- claulu cc lakar to resist corrosion of steal piles.
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U id oZOC cd 19 h por n q ii in reconos 0 do

(0/100 ili river piors be fonnood direcl ly on L’eerock. Tie choIce

i sc’n d i reel boar I ng on bedrock end dr i von end—boar Tog p I en or ce I 000fiO I or

riv(rbenk piers is o metier of economics. End—bearing pHes or caiison ore

rcurrdod for c00 1 men T suppor 1

FoUIidi ions wiH hdvo lo 00 oesigned lo resisi any horizontal loado Ihal may

Uc c1 flg.

1,cooci ion mole e Too rusl be inspected by qua I if Ted geol ocor C I

Ia esness Ihe bedrock surface for direct hearing fool ings, lo inpoc1 tie drivinq

of driven piles, or to inspect Iho rock for caisson inslaHalions. For direc

I rg p Torn or cc moons, nbc hearing surface shou d be dr i led by sever I

1 551 inol en n orcier I hai a proper assessment of I he rock con ho moos, The

rIlnimurn depth of theho lest holes should be 6 feel below the bearing nurfoce,

Aejuotments in design bearing pressures or excavation to greater depths may

ho cCu roe as rezuli of Ihe inspeci ion of bearing surfaces.

Faundai Tons, excavaled or socketed into rock, should 001 be cons idered as cap—

chic of ad ing I ike anchors.

2.5. Cool nirt ion

Lxcovai ion for piers and abutments in the riverbanks and in the river should be

GOflO along neat I Toes arid I ighI ly shored or cofferdammed. Shoring diagrams

for riverbonk excavat ions are given in Appendix D.

i1eercj shoe d b I ehon to ensure I ha I excaval ions nrc comp 101 ely do/el oreJ.
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Is Is Iss Ii u Huc—con1oIi)il a; I hat curc be (IICOLI(Ii (rcJ ic I is’ a ‘a

we an I I ci psi c cu I I care cou Id be conat ruc I ion prob cliii with I he irs I a or

of cciissonu as follows:

a) Caving alluVial soils encounterea while drilling down to bedrock.

a’, Excuvc ion in decomposed rock one in clay/sill.

c) Heavy wtc’r inflow that may necessitate the use of special procedures to

pour coricrele.

i lelwuen p Lrs/uburrent a and tic a ides of excovot ions houId be p1 aces

and conpacied prior to removal of shoring support. Backfill should ho clean

granular rculorisl compacted to a minimum of 97% of Standard Proctor Muxirciurn

Dry bossily. The abutment backfill should be drained, The lateral ouriti

eUrO on the btment risy be computed using a f’uid pressure aisiribulior

with a unit weight of O lb per cu ft.

The top of the backfill around piers and on the river side of abutments should

be sealed with 2 feet of compacted clay.

2.5. Sulphates

All concrete in contact with soils should be made with Sulphate Resist ing Cemcsi.

2.6. Future Work

We recommend that a caisson lest be carried out in order to assess the problcn

thai roy be encountered during the construction of caissons through the ol luvial

r I vrbrk so i Is.

1 1 ; It ciic. S j )

C f)1)Ili5’ rc\’sr nieSs.
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CS’ ud C o’ r Is’ quo I I y of overburden So C cli rust 7 lu I cwi I [is i—

s t Ius’ nsy di ffet from those encountered in ‘the ci hUr teal holes.

2.7. Di”nl it ion

/, sr ioiu’ c.f la new bridge oil bc constructed prior to ceioI his ih5 old

bridge, it necessary to ensure that demol iHon methods do not enuorger the

nuvC struciure In particular, any techniques that use blasting must he care—

fully rev iewed by both the structural and geotechnical engineer to assess their

fees ibi ity and to revicw the manner in which they would be conducted.

DI S(’h [“[ION OF S IT

The OXiSi ing Osborne Street Bridge is a four span structure with the distance

from ohulnoont to obsimcnt in the order of 420 leet. The north approach fHi

o thu abulrront has a maximum height of approximately 10 feet, whereas on the

south bank, the approach fill is not as high and is in the order of about 5 or

6 feel.

The riverbanks on both sides are covered with fairly large trees, The north

bank is steep ci the river’s edge and then it flattens out to form a ledge

for some distance back from the river where ii stfepened again to the top of the

bank. The average existing slope of the north bank is approximately 6 horizontal

to vertical.

The south bank rises fairly steeply from the Hver to an elevat ion nor too much

lower than the top of the bank and the average slope is about 2- horizontal to

l vcrt lcd.

nru voucl signs of instability on the north banI just downotruorn frcCl’ rio

,,‘lde. whirl, take the form of old landslide scars and eaqe,. Tlirru

V ‘ ,,, i . :•, :, •‘• h

V ‘ ‘ I. , C ‘C’ 1 1, ‘ii I o c Ii i ri, aU 7 h vs “C’’ ‘ is
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1 i P di H I b I op of I ho Huiik:

h ox irht c u cvul ion of sunmer wut or I eve I: 7L’ ft. eoo 1

u) Ih npproxPmale olevol ion of winier waler level: 727 f. g0000l 0

(I The approxirriate eleval ion of the top of the north bark: 750 ft. goodeT ic

ft The opproximole elevat ion of the top of the south bank: 757 ft. geodetic

HI HOP PT (rN 0 NEW FIR I DOE

proposed Ic construci lh new bridge imniediaiely upsireern of the exist mc

Lrdc1e. ]he new bridge wil be precosi—prestrensed concrete wi II an ovcrI I

ole Ii of 00 1 ot and I he e I evu I ion of lie new br i dgo wi approx inia y Ho

as thu old. A thrue spun or four span siruclure is under çonsidernt ion

will a curving al ignment to meet the exist ing approach sireets.

is proposed Ic build ad open one—half of the width of the now slrucluro

prior 10 demolishing the exist irig bridge in order to alleviate traffic con—

JoS ;on.

F iD AND FABORATORY IN\/ESTIGATION

A total of 5 rest holes were drilled using a skid mounted diamond drill rig.

Two test holes were located on each bank and one was drilled from the exist ing

bridge. The locations of the test holes are shown on the sketch of the site

at Appendix A.

Overburoen soi lu were sampled using shelby tubes and sp1 it spoon samplers.

Cores were recovered from the bedrock. Standpipe piezometers wore instal led

in some of the test holes, We also made one line of soundings of the river

Doilom 0019 hci upstream side of the existing bridge.

I on; y c as I lied n our l ahora t cry End nero en i ed for unccn—
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S S I IlL .e IC uflCOLflt ied in he I est holes are preser j(55 is 1

L r” A 1 ‘! C S b.

l y, three soil typos Were oDservErd in the tcsr hOlCC Cr ii let. ltrCC(:

v. cr C:

A CVI am (c: oys aria ci I y c ays )—

— h is was found in a I Cs t hol es ar I ed and ho forms ties zs/_

tcnaed doan to bedrocK in Test Holes 101, 03 and 05. The cI luvium

was gorerally highly piasi Ic with the upper 10 feet or so procornp—

resscd by dessicaiion. Strengths generally decreased with dcpih

down io elevation 730 ft geodet Ic below which they exhibited an

increasinq trend except in Test Hole 04. II is hel loved that in

lest Holes 02 and 04, glacial Lake Agassiz Clay separated the

Ci uvium and bedrock. Sand and silt seams were found in the alluvium

down to about elevat ion 725 ft geodet Ic.

b) Lake Agassiz Clay —

— this deposit was found in Test Holes 102 and 104 at about olevut ion

715 fi and 725 ft geodetic respectively. This clay is highly plasi Ic

and appears to be somewhat weaker than the alluvial clay and sill

deposits at the same elevation.

c) Bedrock

I inleutono, at elevat ion 710 which was observed to exii in VCrios

physical states in the holes drilled. For example, the rock appeared

to become softer towards the end of Test Hole 102, it was found to be

shaitored in the top 5 to 10 ft in Test Hole ]05, and ii was, found to

contain layers of ct itf clay or dense silt in Test Hole i03.

re r I o find a g I so is I i I I forms I los d i rod I y over I y ing I imes onc ill I tie

S S S V
/ r ‘s (S I 5’ S



H r o He 1ii.i l led p)uzcJsk 1015 circc lie ci

C 01 our OE v 0: H

II uuiU H 00i(cJ hu piezcn:elerc ore refiecling ecer Hi IC is

ol re cofle ul u ref eel ing WOi or eve) e in I ‘c overburd 1h sturo—

C yp 01 j e/orri cr squ irec 1 he moverneiil of a large volurr of vJu r H for

o ely rog is) er lug iiie change in sol pore waler presurec. Therefore Hr cc

e Ui Ci ccc cunoi be considered lo be accural ely record iri I he va I or prescur us

in a coil of low perrreabiliiy on Ihe date of observation, as ihey arc lagging

I so he .1 irre of iho aol ual pore pressure change.

1 P El [VAT lo: Cf I) - WATER El IV/\T(RN (fi) : i;’

F 20) 736 Moy 25/73 73$

May 24/73 738

May 28/73 737

June 18/73 736 No Waler

July 27/73 No Waler

P 202 725 May 24/73 738

May 28/73 738

June 18/73 738

July 27/73 736

P 203 701 May 31/73 73)

June 8/73 725 In rock

July 27173 721 In rock

P 204 7)0 June 18/73 724 Juol cLove
bcur cc k

July 27/73 720
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4.’ 13 ahj .r ;h• na.jor points to be consioereci with rcgar it. 1k. c.’

:. •.i ; h. site;

) S:b:.iI i’ of the riverbanks,

.1 T h.ck of cor.petent soil strata overlying the bedrock foru.atic.r, bL2ch

at. 5luC;uI iilh,

c.) un.’ flutulu of the bourock ano its bearing capacity.

‘in &. biiity of the rivernank was onalysco using the s-c.ciiled 0 m thcsd.

The p1 ohkrn tvi4h rc’pnc’t to the use of this method is the select ion of tik’

correct value of undrained shear strength considered to be acting on the potential

f..Tlurc plain. The following points were considered prior to select io’i of this

shear strength:

a) The iowebt vauu of undrained shear strength from strength tests was in

the oroer of 600 lb per sq ft, although the shear strength ranged as high

aS 1500 In per sq ft.

1,) ti analysis of the old failure slips inmediately downstream of the north

abutment of the existing bridge gave a shear stress of about 500 lb per

sq ft. It is thought that these slips are at a factor of safety slightly

greater than unity as there are no obvious signs of recent movements.

c) Ciucs patterns in the walls of the north and south abutments as well as the

observation thai the lower chords of the steel trusses of the old brioge

have penetrated approximately 4 to 6 inches into the north abutment wall,

ircicato that the abutments have moved towards the river. These movcmonts

.sc the result of high lateral earth pressures of the abutmeit backfill

c.nu/or GeC stated tank instability beneath the abutments. We are conccrnec

. th. ;.c.re.ibi,ity that the high forces required to puth the cttjl chord:

it.... jh’\,,.43,, i.’ !e.j .4. 1.11.,, •

.4 L. ••. i•i S.. cd 1 b)i)flhiI
(I.
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;O: rcc en rivcL i

C U C I L I o 1’- 1 O( cl I I I ri UU (

of Iris ci li rurr\i(ninq bnr. is ecu i .5

en .:hr rune ii C) 500 1’ per sq f I . 1 Ii s proc I i (.1 c ic Vd

101 I lie fucl hI lie uridrainec shear sirengi hs delerrriru S by ccl r

Ic bruI or y cc not accurcsi y ref I ccl the org turn cl rerg I pr.io hg

I he ‘J ire peg iverbarKs. tary fa I I ures have beer observed ahere corrpu C;iJ

sIresse. were far lower than the undrained shear strength obtained by tests,

Ic, tIc’ fctor of safely based on laboratory strenglhs was much greater

lion unity c fuiiurewhicli is not possible.

cuS Oi; I c’ obove cons ideral ions, we feel that the r iverbarks in quest

rev incior of safely of 1.5 using a shear slrergIh of 500 lb ier

ft in order to reduce the risk of bank instability affecting the bridge

sir ci crc.

lhc results c’i our stabi lily analyses on the cx 1st ing banks using Itic above

critria are given in ihe following table (see Cross—Sections of the barks

at Appendix C).

SN CT NC PANI< STAR L !TY (0 = 0 MrlltOm

Bank Slope Shear Factor of Safely
Heinht (ft) Angle C ) Stress (psf)

7Nor DanK 40 9. 3 .5

Toe of North Bank 26 24.5° 415 .2
- C, I A fl A fl° C A ) 7 / flUoIH\ ‘f.LJ t I .0

* Shear Strength = 500 lbs per sq ft.

c orjr ic ni I hg north arid south banks have a factor of safety in excess

1 r. r’c’I Ii fli 500 1 C’ pr sq f 1 1 br
“

err-son I C
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Lt intl... tht.ud Thun be but bark a sufficient di..tar.ce ca that aplrcsacli
.e It., r •iiiitc’.

rL.r;:. ‘I r.%.r c ..e c1r... y:.us sl;o.i I hat t herc ib an apparcr.t I y hi ,h r I’ k cii I (Jr..
..; •:... oi .1w bafl.u. bCCcjubu of their toep slopc’s; Thcto potcmi ic., failure:
cuuld cauuo movcnstnI of piers located nearby. Therefore banks should be gradcso

bLck to thc ubulmt•nt locations in order to reduce this risk and to increase
overall stability.

7.2. ret:’ E

Due to the lacK of competent strata hmnediately overlying the beorock formation,
driven end—bearing piles can be expected to refuse directly in bedrock. As

thtro is the possibility of somo lateral creep forces developing on piles drivcn

tl.roah the riverbank as well as lateral forces exerted by live toads, we feel

thai :here shobld be some penotrat ion of piles Into the bedrock to provioc

lulural rusisrance at the pile tip. This penetration cannot be achieved with a

driven concrete pile and this type of pile is therefore not reconinended. This

loads us to the use of a steel driven pile or alternatively, a large diametur

bored catt—in—placo pile (caisson) excavated into rock.

liiu qulily of the ducomposud rock and the silts ano clays found in rock c.aviliu5

and layvrb arc tIle ruling factor with regard to the bodring capacity of ilk’ bt’d—

rock. Al) houjh the silt and clay was obsorvod only in Test Hole 103, we find in

our experience thdt the quality ef bedrock may be quite erratic ever a particular

site .nd therefore we should not rule out the possibility of eccurrcncot. of thl3

silt/clay material elsewhere. Therefore the design bearing pressures of a pier

bearing directly on the bedrock surface will be low compared to that usea for a

considerable depth of seund rock. The design bearing pressure should net be ex

ceeded by the average bearing pressure at the level of the tips of a group of

drivcn end—bearing piles.

CciL5c.S, Vt)C1 arcs dc.signed for high bearing pressures, will have to be ox—

,, ,.. , . .; . ‘. ,.r’ .,‘,,. ;r r.•;. ii e :(‘( ir” I , —. S

• •t , • • •, •• (,, I ii. • •t •‘Ct a... ...• •

€€ •... . , ‘,; ,l) . • • ,)A I •‘t .‘



II I •e I — l. J.l, •1,

n ; h. h. ci lit’ ovt’r IJLd dcn or the boorock in I lie r iv’ r w,t. cii. .c rv c, ic.

.‘; I L’ •s. ticot c ‘c ty out boulidinbt.. Ii I.., .o’ ;t.i .i

t.:. tALl L’t.i .“ i coi.. i ci ii Id .1 1 c’ Iii lr.nc’r • 1 ho I LiIc.kn.’c arid ‘ I rc ij it. ci ii I..

L..n Ii I.i.it’riaI tiur, to be taken Into consiocral ion for liii’ drr,i ,e. ci r.uic,

... n y.i 1 s.’s.’ ic the cc’ri...Ir uct ion of river p tort direct ly on bc’caroek in Ike

cry. liii. uusl,,n of cofferdams and the method of excavating and dew&iorlr.g for

piers in this river shoulo be carefully reviewed by a Geotechnical Consultant

crier to acccptance of Tender.

Yours very truly,

RIPLCY, KLOHN & LEONOFF

INTERNATIONAL. LTD.

II •

ROSER1 J. RENNIE, P.-çr6.

EXECUTIVE ENb INEER

RJR/el
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1. Relative density determined by laboratory tests.

2. Standard Penetration lest uses 140 lb. weight, 30 inch drop, 2” C).D. sampler

3. ‘1 he “R.K.L.” Penetration lest uses 50 lb. weight, 30 inch drop, 1 ¼ “ O,D. drive cone attached to a single line of diameter
rods, I he penetration diagram is a measure of skin friction plus point resistance. An approximate reladonsitip between the
Standard l’enetration Test and thc “R.K.L.” Penetration Test exists for sands. This is shown in the fo!!owing tidie.

Std. Pen, lest
“R.K.L.’ lest

CONSI5TENCY or CLAYS AND SILTS

Descripfive Term —_________

Compressive Remrs

Very soft less than 0.25 Can penetrate with fist
Soft 0.25 to 0.50 (‘an indent with fist
Firm 0.50 to 1.0 Cnn penetrate with thumb
Stift 1.0 to 2.0 Can indent with thumb
Very stiff 2.0 to 4.0 Can indent with tltunih-nnil
I lard 4.0 and greater Cannot indent with thumb—nail

DESCRIPTIVE SOIL TERMS

\Vell graded . . . . having wide range of grain sizes and substantial amounts of all intermediate sizes.

Poorly graded . . . predominantly of one grain size.

Slickensided . . . . refers to a clay that has planes that are slick and gloss)’ in appearance; slickensides are caused by shear

movenients.

Sensitive ...... exhibitinit loss of strenr’th on remolding.

I is’,uz5’d (‘l)taiiuIrii cracks, usually attributable to shrinkat’e. Fissirr’cd clays are sometimes s!es. il’ed as b:vi’rt’
ri ructure.

COtOlilil” Irs ers 01 siih’reiit soil t’IWr.

I’ (.l
‘‘ , ‘ ‘

• ‘ . .• ‘‘‘
. •.‘ •.‘ u.. ‘‘ H ‘‘ ‘ H ,‘‘ I

‘,
‘‘.‘ ‘‘‘‘,

H’ ‘ ‘
‘ ‘‘ ‘‘ ,‘‘‘‘• .‘. I’

(‘H,, ‘ ‘I I

l,;ricd to denote vt’rc’’ic so’

tIC’ !‘‘ HI

tiant SO’’ heav,:.

Ci’1,t’ICATE’X DY PAPTICLE SIZE

Boulders—larger than K inches Gravel—’4 sieve to 3 inches Si!t—0.002 nini, to ?‘2(”) ssv

Cobhles—3 inches to 8 inches Sand—’200 sieve to ‘4 sieve (‘lay—finer than 0.0)2 mu:.

tITY OF SANDS AND GttAVELS

I Descriptive Term Rebtivt Density 5sry Pvrct’rtion To’

Very loose 0- 20% 0 - 4 blows per ft.

Loose 20 - 40% 4 - 10 blows per ft.

Medium dense 40 - 70% 10 - 30 blows r ft.

Dense 70 - 90% 30 - 50 blows pnr ft.
Very dense 90- 100% Oser 50 blows per ft.

L2Hptht._-1t. 0 - 20 T 20 - 40 40 - 60

0.7 tI’S 0.3
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