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PROTOSED PORR MANE BRIDGA

1. JIHPEOUNICOTION
1,01 Cenerslt Under instructions of letter jated
from ¥re L. Y. Tompelmea Xlulgy feneral Hanegery C.BA. Siginearing Lide,

vork wvas undartoken $2 drill snd easple the subsurfuce goil at poteniial
gites Tor a bridge nesr Pors ¥mmy U 2 In sll, three locations, desiz-
nated propesed centre linee Ay By znd Dy vers tested unfer iz directiion

&F CeBeke Imginegring. Az the progliam develcped, lacation D wos oon~
gldered to be the mere suiteble and ves thurefire tested in somedhalt sreab-
er detail, The érilling and sampling wes contracted to Reymend Conerete
Pile Jo. L&d,

ohe soll testing eio. wea doue by the underzigned, R. 2. Iponse,e 2T

gulting Soils & Fousdation Inginsers, o also supervised the drilling md
senpling. 48 the vork progressed we were waxved by My, Tempelman Kluit and
ip. ¥estbroek to ast in an adviscry cepacity on ihe snalyelis of subsurisce
sonditions end feundation conziderzticns.

Upem ceomplestion of the prelimipary invesiigaticns a finzl alismment
gonowhat adjacent to the "D lins was sslected upon a weetia of goamstric
deaisn, astc. A thorough subsurfsce grilling and ledberatory testing progrea
48 now in presress on this fiwmsel propoged eligmaend,

1,90 Seoss of this Usport: The scope of this rerord is to present the

naturel phyeicsl conditlons at tho olie as indlested Yr the prelimtaury in-
vestizetion, %0 present ihc Zoundatiocn conditions wnd probless which have
been boousnt cud Yy this prelioinary investization, end to prosent tus oene
eral rrodtlox o fukiner otudy by a&cénézry investizatiom.

The report iz prinarily concerned with the genersl sres of the rrelim-

inmry centreline Dy cince this locetion waa given prefarmnce.
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- PORT FARH BRIDGE

| STUDIES AP SHOTLEMZNT T THZ HORTH ATPROACH ARTA

1. nescriﬂtiaﬁ of Soils:

Th% ncrth ‘approach of the propssed Port %ann Bridge will
traverse a porticn of the flcoé plain of yze “raser Pive,.“ Gzound
elevatiuns thrcughaat this arﬁa are nearly constant. Boils exnosad
at the grounﬁ sarfsce coasist m&inly ef river silts, wi h ssme local
éeposits cf peat or sané. The thickness of the upper silte ranges
from 4 ’co 20 ‘feets A bed of send approximately 100 feet thick
unéerlies th& silt. Static and dynamic penetreiion bCStB have sﬁown
this sanﬁ to be in & very loose sinte neer the surfece, bu% incresﬂinp
in aensi»y in the lewer e’evatlans.

?&a sanés ere underlain by a layer of marine clay whose thick-
ness V‘“zes from 15 to 70 feet. The grester thicknesses sre found in ¢

the vicinity of bents 22 to 263 the clay layer Giminishes in thickness

riverward frem thﬂse 1ccations. The elay lgyer is ccmprised of thre&

units, of which the upyer-most is a highly sensztiva material having
Liguid Limxts rarging from 30 o 43 with natural water ccntents
COHSiSuERtI? above this value. The mzééle unit of the clay layer is

of higner plastzc*ty, hlgher 1iqu1d liﬁi and has natursl water
conienta generally below the liquid limite The lower unit of the

clay layer resembles the upper unit in plasticity and natursl water
content relationships, but ig of a generally sendy texture with scatter-
ed pephles.« The clay layer is underlain by send and gravel layers
which in turn overlie glacisl till.

A geologic section alcnb the cgnterlxne of the hri&ﬁe is
shown in Fig. 1.




A4 report on the subsurface drilling, #ield snd laboratory testing

gn the final proposed loomtlion somevhat edjacent to line "D" will be

sresented as en pppendix te this repcrt.

24 DESCRIPTIORE OF SITE

2-01  Location end Deseriptien: The arce of the Boring investigetion

fer the wnropoeed bridge wee located generslly betveen Fraser Mills and
Douglas Island with propesed center line B just upstresm from Fraser ¥ills,
ling A crusglng over Dcéglas Izland =28l 1ine D erossing frow immedistsly
upstresm of the Gaﬁ.Railway vards at Pori Mamn on the south side to the

goutherly end ¢f Tree Islsnd on the norih egide,

The srea of center line D on the esuth side of the river is flgt end
ewerpy with gecond growth tress ond underbush for about ene thouzsnd feet
from the river vhere the ground surfece riszgs spproximetely three handres
feet up to the uplamd. On the north side of the river, preliminary
center line D curves sround fo the west gbout five thousand feet from the
river to Cape Horpe, 8 preminent bluff projecting out into the river valley
frox the generzl uplandsy, where it connects to the proposed Durnaby Thruwaey
and Lougheed Highway., The terrzin on the north side is flat with some of

the grea being farmed end the rezainder, s¥serpy underbushe

The Csnadign Fetiensl Reilwey mainline runs slong the south shore
of the river. Cemter line D is just ezst (upstreem) from the OFR Yerds
a%v Port Mamne On the north side, the center line ervosses ths Canedien
Peeifio Railway line which parellels the Loughsed Righwey. The tepozrophy

ef the general zres is shown onm drawing Koo %9,

2-02 Clizete:r The site 1a within the fnner West Uosst Climate regien.

This ig essentizlly ¥eritime with the preveiling westerly winds from the
Pecific Ocemn end ¢he Comst Mountoins (that is the wountain renge along
the northerly side ¢f the Prassr River Valley) combining to produce

noderate tempsratures with plentiful precipitetion. The extrese femp~



ergiure renge 18 from sboul Bg & 853 ¥. with 2 mesn gonthly temperzturs
of sbout 350?5 in Jenvery and about éoch in July. The annuel pracip-
itstion st the site i{s in the order of 50 inches per yeer with ihe bulk
of this securing during ths vinter rainy seastn. Tae reinfell veries
from gbout 30 inchss in the southerly part of the Fraser Delts te over

160 inches on the nerth pert adjecent to the mounieins.

2-0% 3ite Accesss Cemter line D is fpirly inaccessible in that

the lend sreass gre generzlly swampy with only one sceessg rosd $o the
river on the narth side slong the dike around Colony Farm end one rosd
lesding t¢ a consitruction TLll just belnw the hill onm the south =zids.
During the yinter rainy season access will be &iffiecul$ due to the
swezpy eonditious end undergrewth, Therefore B0Cess treiles with soxe

sund or other surfoce materiale will be reguired.

. T AR
S GROLGE

01l  Cenersll terpretation of the surfieiel geclegy of the
Lowver Fraser ¥Yelley iz etill net eatirely sorted ouby newsver inter-
pretation t¢ date is sufficiently sdvenced te permit correlatiom with
Toundation conditioms ai the propeecd site.

The Fraser River cecupiss a post-glaciel velley within relatively
wide flai-topped uplands. The uplends (bounded on the norih by the
Cosst Moenteins snd on the sast by the Cessades) generslly sonsist of
geolozically uncomsclidated materigls up o about the five hundred foot
elevetion, slitnough three bedrock uplenée within the uncounsclidated

mpterigls rise in excess of oue thousend feet. &

In this regien there has beem meny advaness of glaciel ice. This
glecigtion was probably prizergly of & modified neuntzin type with les
coming down mourtsin velleys eate the Preser Lovlianéds. Each glscisl
advence leid dovn & ground $il) end gompacted the underlying unoon sl
idated materials, During the finnl glacial adpare the ice is thought

to have been several thoussnds of feet thiek.

% Jooe Armstrong




By pedbble count identificetion of the iill 1% hae been peswible te
gareiss the origin and dircetion of masy of these lecel glecirl advanfes.
Eowvever the complete inter—releted pieture of thess nmovenents heve net as

vet been worked sut by investigstors.

Zome local glaoiztion #ould have gaused gouging in s north-ssuth
direetion vithin the Prager Valley. Such depressions would 6resnte deeps
in the velley in excess of the getvusl river bed proper. Sueh deeps vere sube

sequantly filled with the uormel post gleeirl river and marineg depesiiien,

The Froser River iteelf heg shifted course within the velley due to
topogrevhy and ground conditions and 2ue %o chetruciions created by glsclel
ice znd debris. Pormerly the river had a more scuthsrly course ené hes

enly recently shifisd to it2 preseat ecourse.

The o¢ther fecters complicating the scil types in this region ere the
verigtions in aeg level relative ¢o the land end thne cnemicul snd teup
erature changes of tae water within whigh eoil depesitvion vesk pluse. A%
the time of zﬁe ratreat of the last fleeiatien the ssr level had heen up
t0 ebsut five hundred feet hishsar; relatively, than r% presente Thus
marine deposits such &s marins clays, beach sands, etes sxist cbove the
last glaciael $111 $o relatively high elevaticns. Also fce berzs pretebly
refted pmaterials vhich were depogited and now zppesr ss t111 like wmstis
bat are not tillsc The genernl geelogicel informuiion is sliown on Grgw-
ing %%, and references will be made to the zeulogic materibls shown on

this dravwing.

3-02 Uplsnda frees (Lower Meinlemd)!t The uplend uncensclidated

soll is eomposed of interbedded leyers of wvater amd gleotial trensperted

soils. In the region of this aite, the most resent glasisl till geposit
ig called the Surrey 111, thus this +ill end clder 2lluvizl end warine
deposits keve 'wll been sonsolidated under & very congidersdle gleeisel
ies le=d,



Above the Surrey $1li we @aring and ailuvisl deposits laild down in the
sen during and folloving the g ription end Guring the subseguent uplift
of the lend nffer the rebireat ef the lee. I the uplsnds region the poEd
gleciel deposits ars mach higher then the Foundaticns vith whish ve are

peneerned gnd are therefoere not sonsidereds

glzsip) and interslascisl depogite cuver the compleate range of
minersl poilz from cleys te gravels and boulderse Fhe gimociel tills exe
very compest end repge Irem relatively clean grevels and sands o cleg=
ailts. Thesw tills sre generslly well mized togather in verying propori-
e, although errotic pockedss of individeal types &are aften fousd. The
interglaciel depoeits consist of normal wsier lgin cleys, gravels, sends,
gto. vith ccsasiomsl organic layers., Generally in this region, the open
groveles gnd sends &re ws sterbearing and gll of thess have been ecﬁp&c»ed

sni sengolidated under very high ice losds. In many ingtences the walisy

in the deeper leyer ig under consideratle hesd. Thie extems water pressure

creates problems of uplift end instepilicy of cuts in these eovils.

Tee glusio merine clays which exist sesterly eof ithis &rem ere
compreswible and ¢f relstively lew pirength such that sute in thege solls
are very suscepiible to elides. BXirexe care pust bs used in feeipgn in
these regions. The Haney Cley Pit and arezs ground Fort Leangley ghev
exesllent exouples 6f the setien of this upland gimeio marine ¢ley over-

lying the gL scizl tills zte.

5.0% Past Slacisl River Vallsy Isposiis: The post glacisl deposits

whieh primarily cencern us are the ziagio-narine, ine, slluvial end

ergenie deposits which ogour within the Freser River Yalley proper.

™ege zoils hed been laid down presmebly upon the last gleoiel
£111 with the gleeio-marins end zarine soils being lzid dowvn in the cseper
water, snd as ihe land rose the cosrser and organic zoils were Jdepcsitede
Tue cleys and silts sre chiefly the produst of mechanical gresion Wy
glecters sxd to 8 minor extent hove been influenced by chemieal decoxp-
geition.




However during the time ¢f depceiltion, ferperature znd chemical {salts)
eontent of the water ves changlng togeiher with the grain size components
¢f depcsiticn. Tals produced very non~honogeneceug gilt-clay noile; sclls

which may e gulte similar in =inersl comsituents ut o

Yy

enginsering properties.

¥Yhen the water devihe becsse lowered, orgenic rrowih begame pogsihle
and hence orgunic deposits can be expected for soms dopih below the present
ground surface. Inforzmstion from ather aress hss indicetsd the deepest of

thepe Lo be zbout 40 4o 50 fest below present sea level.

Of c¢ourse the river haz snified iis channel within the pressnt

engnnel gnd therefore the slluviel depesits can very from clays mnd
gilts to azegnds and mrevels. Also pockets of eorguniec watzrisl mey be
expacted orper f£illed in channel arezss,

nis vpardticular region is &lso effscted by ithe tributories —
Coquitlem Rivery P1i%t River end cther local runoff sireams —~ which mter
the Fraser aesr tha site. These tributaries snd perticularily the mmoff.

streems way have causgad channelling in the underlying preglecisl deposite.

B

Thece stresns heve s considereble gradisnt snd conseaquently s hish velocity,
thua can move the consldersbly lerger sizes which are dumred inte the sireem.

3 tends to confuse the belding somawhat, ezpecizlly neer the sids of the

river wvalley where ihe stresns entor.

poets glacial floor. Some irformetion ind

pieces gongiderably upsireem from ocur site. There is however o 5004 pogs—
ibility that these 8eeps hove been caused by loczl scouy of & glasoier moving
south acress the present Plver VYailley. Therefore s nmuch shalleower

riverbed could exist £t cur =ite than thess few deep holes indicate.
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wes néted and thus, 1in the light of the propossd strustural foundatiom

requiresents, the testins was somewhst limited to the lover soil. This

&3}
o

¥ES pnrt-ehﬁarly the cese on the south sids vhere fevw tusts vere made on

th cheaive s0ils in the upper Iifty feet or sc.

&

Se RESULTS CF FIELD INVESTIGADIOH

®w

5-01 Forth Side of Tivert The results of drilling is tabulated

en the érilling logs shown on drewings ¥os, L to 20, The logs show
the interpretetion of sell ftypes, thickness of various leyers or pockeis,

e
together with sample driving resistence, aswples recovered, and notes

relating to hydroastatic waterlevels

Aleng the D centerline, the north gide generslly shoved an upper
zong of brown organie SILT with orgenic metter end grey SILY up i6

- -

twenty Yoot depth, overlying SASDS with ¢oeasiomzl thin lavera of SILES

ot

g

7

down to o depth in exesss of one hundre

'«-«
5

gnd GPAV, d feet, AV hele D5
neer the uplond bluff, end Loughesd dighvay, refussl wvas cncountered in
cleyey SILT and CRAVEL 2% & depih of one hundred Teet. ggg;gggﬂgg_}ljﬂw
near Jolony Ferw the drilling encountered goft sensitive SILTS end CLAYS
etc. =zt a depth of ninety seven fest down %0 one hundred mnd twenty *ect

¥hers eandy STLY wes drilled down t0 compact sanng gravellg 5T TE at one

kundred and forty fest.

Hole D 2 was siill in SAHD a% about onme hundred srd twonty fest end
wes stopped. This was the first hole comrleted in this eres smd s2 shown

later prebably stepped on a hard lsyer just sbove the eley.

T

A

g

these preliminary holes it would therefere gppenr that below
the ergenic surfamce socils, sands can be cxpected down o zbout one mundred
and twenty feet or less, depending upon proximity o the uplend bdluffs.
Below the sands, 20f% sensitive cleys can be expested unlezs the hole im
cloege to the upland pluffs. Or this wey bs othervise nypothesived that
probably within the post glscizl scils in the river valley, soft sanziive
cohesive 801ls —— clays efec.— exist below cbout one hundred and twenty

depth or so, unless the more compeed preglaciel soils heve been encount-

=g



erel &t Migher elevetiont.

5.02 In ihe River Chsnnel: Only two holez, D1 and T 4 were nede

in the present river ehannel oa the D sen®erlinee Hole D 1 vee stil1l in
EAFD &t nirety five feet, vheress D 4 wes still in SA¥D at éme hundred
snd severtesn feck, Therefore soil depesition below these depths is un-
mown. Cleys should prebably be anticipated below coe hundred ond frenty
fout Gepthe !

Hole D 1 ghews =zn increese in sempler resistemee end therefors aa
ineresse in Gensity of the sund et sbout geventy foot depth bekew the
river betitom, This wight heve soze correlatien to scour ané/ér hydreulie
uplift. A% say rate, ths sazpler driving resistance inereszed Ffrom cbout
gix Ylows per foot to sbout fwenty five blovs per Yoot at about sevesty

fest below river beitom, i.¢. about ninety feet below river sarface.

5.0% Scuth Siée of Rivers The korings elong the D genterlive =

the south gide of the river shoved a werked varigtionm in soil depesitien.
Yoer the river benk the holes shoved lazyere or peckets of PRAT, orgunie
eleyey SILT, &oen to absut forty five feet. Prom Lorty five feet ¢
gbeut cme hundred end tventy feet the hole chowed SANDS wvith occasional
thin leyers or pockets of SILTS, At ome hundred and twenty feet a rel-
gtively cozpest layer ¢F GRAVZL snd BAKD vis ensounterede Belew this
¢compaet lsyer al about one hundred and twenty feel seft sensitive CLAYS
and SILES with cesesional poeskets ¢r leyers of SATDS vere en¢ountered devn
to sbous one hundred gnd ninety feet. Very couwpsst 84NDS, gravelly BILTS
vere met at ebout one hundred and ninety to about ome hundred end ninety
five fert and §rilling wes sicpred.

Farther inlgnd--south from the river——ths berings shoved gemerelly
similer soil eonditions, however the depths t6¢ the cowpmet EAND, GRAVEL,
SILm8 gradvally reduced until this s6il wae encountered gl most &t the
gurfece st the upland bluff, In eoxme heles, SAKDS were encountered in the
upper forty five feet and in soze holes thickglayera or peckets of soft
sensitive CLAYS and SILTS vere encountered in the forty five {0 the oxe

hundred and tventy focit toenee

-l




I$ i® noteworthy that s compact rent lgyer was snccuntoered at fordy
to Zorty five feat.

e RESULTS COPF LAZORATORY IBVESTIGATION

6~-0) Ygst Results: The results o the lzboretary tests sre tebulpted
on the drilling log gheets. In sdditiom a plot of iiquid 1imit ve. plasti-
¢ity index -plasticity chart- is shoewn oxn érewing Fe. 21, cozxpression
index veo liquid limit on drewing Fo. 22, and % clay frection ve. plasticity

index on drawing Fo. 25. Grain Size distribution curves of the represen—
tetive samples are shown on dravings Fos. 24 to 26, grephs of typleel
unconfined compreegsicn teets om the soft sensitive claye ere shown ou
drawings Noe. 27 to 28, a plot of tha results of the angle of intermal
friction gpainst the woild retio for represgniative nedium to fine mend is
ghown on drewing Fe. 284, and graphs of representetive consolidetion tees
results are shown on drawings Nos, 29 3o 31,

The results of tests on the SILT CTAY goil from about 122 te 180 fect
sre of particulsr importence due to their type and location., The plesti~-

city chert shows most 6¢f the sezzples tested to be gbove the &~line und to

renge from low 1o high plastieity.

& ratio termed "metivity ratio” which {s the plesticity index éivided
by the percent eclay frection of the sezple, is thought to give en indics-
tion of eare of remculding of the undisturbsd soil. An ectivity retio of
less than sbout 0.7 is considered very semsitive to rensuldéing end the
results plotted on Gravings No. 32 to 38 show values zs low g8 0.,2. Tuisg
peints up the diffioculty experienced in obtaining undisturbed samples.
Thus Judgement must be used in interpreting strength results sg lower
strengths vould result in disturbed eanuples than would exist in the in-
rlace solly Bimilerly, consclidetion test results could bs expected to
give scmewhat lower values of preconsolidrtion rressure and compression
index than would prodably be cbtained on truly undisturbed zemples.

The plot of the Coupression index Gc egeinet liquid 1imit eppeers to
indiczte & higher value of comuression index then weuld nermelly be erxpec—
teds Eo probable explenaticn for this can be advanced,
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rre lower silt elays were highly corrcsive in the steel zemple fubes
eeiging cerrogion of the metal and chemicsl herdening ¢f the soily The
corresion of metal piles hes besn found to be ercesgive in Scandinevis in
soils of similer type to ths silt-cloys found et this site. Therefere
thip corrosive problem must te stodied by proper tesis. It is prehable
thet it may be associeted with variation in selt content 6f the water ed
tha time the e£cil was depozited. 7his sglt content is known to very
onsiderebly.

t

6~02 Tvpical 30il Profile Boutn Sider .These goils =mppear to be of

a fow genersl types vhich very within certaia limite. 48 an exsmple of

this the regults of hols D 8 on tha scuth side zay be correlistcd as Followss

Q-7 It seft Wrowvn PEAT
T -12 ft. grey SILY with crganic filrous metter elgs probebly

orgoenic colloids.

12-20 ft. srey organic SILT with ovcesional thin par riings of
fine sand
2040 It crey fine sendy SILT, some organic mailer, cooasional

herd whitish gsrey nodulss. This zone hes g relatively

hnigh water centent which is due to the ereamie matter.
4043 ft. dark brown PFEAT., This is 2 relatively coumpact peat.

It wes probably laid down st sn earlier sea level end

subsequently compressed.

4357 ft. grey SIL? trescc clzy, occesionzl wiitish grey nedulegs

57-87 fis grey SAND very from medium fing o cearse medium fine
gend with traces of fine grsvel end ocesssional thin
partings of 311t and pidces of woods

Bg7-498 ft. grey fine sandy SILT with lenses or leyers of cleyey
g LT

G3-105 It grey coerse medium fine SAED gome cCarsa godiun fine
gravel




105125 fte

125-133 fi.
133164 fio

16"1"“17 2 ft o

L72-LTT fte

This leyer wr similer layer was noted in 211 holes
on the north znd south gide =% spproximately this

depth. The ssmpler driving registaence wes inveriedly
high, in this cese, 98 smd 67 blows for 6 ineh penstration
of the standzrd drive sgmplero

prey clayey SIIZ with coessionsl partings of fine gend,
sesesional trace of fins gravel. This laver wes exirese
1y sensitive with a natursl vater comtent from 33 Se

404 which vas mbeut 5 6 BT higher them the liquid limit.
¥t £5 poesible that this zome contained layers with higher

clay content end some orgsnie cclloidss The grain size

enalysis shoved as much &s 757 clay sizes. Imeenfined
econeclidation tests showed relefively hisgh compressibility.
The strength wes in the order of 1000 pes.fe

Sempling in tnis zone wss extromely difficult and it is
suepected thst the sempling ceused some disturbvances

zrey medium fine SAYD, treces shell Eraguents

grey CLAY, with blue grey estrezks of probkable organic
eelloidial pature, This gone veried from & natursl wster
content of 44 to 707 and liquid limits from about 30 $0
72. PFrom the veristioms in test results it eppesrs tnat
the clay and silt fraction varied and also the organi€
egclloids eentent changed with different layers.

grey cleyey SILT with some fine gande Thig zone wes ef
relatively high water content, however undisturbed serpling
was 4i7ficult dus t0 the presences of occasionsel grawvel

and some send. Otherwise i% appears similer to the comp~
ressible soils encountered abore.

This gone coneisted of thin leyers of sands, gravele and
sceasional olay snd silt layers. Excess veler pregoure
was usuglly encouniered in the lewer sunds or gravels

immediately over the refussl layer.



177 to pottom Thie soil wes very sozpags and caly & Lev popples
vere ttigined. Theso eppeered 6 be gingiel tdile,
however greeter depih of pansiraiien Buet ke nsis
end more szmples obimined €0 sotoblish the netave ef
tis BOGes

603 Typicsl Soil Frofile ¥orth Sider The borings shoved s some ef
orpenic milte skd eleyey gilts o gbeut 10 to 15 foet Gepth vhigre BEniS

with oscreional traces of gilt end gravel vere &rilled te ebout 95 to 10
f@ége

From about 100 te 115 feet & cowpest lager of sonés end grevels wihizh
consed refusel in one or two of ithe holess Below this eompast legery
cozpressidle SILTSCIAY (similar to the lower compreseible soil er the seuth
side) ves encountered dewn %o the send end gravel leyers OVEr YUY compEsy
soil (protedly glasisl $111), This compressible SILI-CLAY had & poattering
ef pebhles which prée undisterbed serpling difficwit. Excess waber pressurs
wes neted in the lover gravel lsyers just above the $111 im heles closw &0 k
the upland bank.

7. FOURDATION PROBLEXS

7-01 South Sidet Ths feundstion problezms for bridge foundations

the scuth side srige due to the followings

1. The camsiderabtle depth of 80L% ccnpreszible oygmuio ewils fren
the surfece 0 & dgpth of sbout 30 foot nesr the river; &xre sseh thet
foundations camet be gupperted on this zone.

2. & one of sands exists belovw the argeris soils dswa to sbowtd «$
fest where the demss sand and gravel layer exists frem ebout 30 to 105
¢set, This some weuld provide good beering 12 1t vare net underigin by
goft compressible SILT-CLLYI frea ebout 105 to es much ss 1% feete =ig
cone of sand end gravel raises the problem of negative skin friotion oo W&y
foundstion system used to bypess the lover cceprossible BILD~CLEYE

3, The SIUT-CLAY some below ebout 169 foet is compressible d

«l B




normelly ¢omeolideted. There is mn exvess of hydrostetic pregsure ssting

urnder it. This zone will esettls considerably under relatively lew addifionsl
gtresse

éc The BILI-CLAY zone has some highly seusitive layers. I some crsen
rezoulding ceueed the 801l to become almost liquid, This extreme sensitivity
ves pointed up very effectively by ths oszasional Yundishurbed" semple
vhich hed 2 zoed sampls ei each end of the stesl semple tubs but liquid
scdl in the ziddle sueh that it was poured oui of ;hs gemple tube. Thiz
remoulded stato ves undoubtebly czusged by the slight disturbange grested
during saxple operations, This lemds $a the guestion or the potentisl
stebility of the sone. & study of this stebility should inelude consider—
atlon of creep and creep etrength. Creep sirength relstes to pessible
lower actuzl strength due %o leng time loadingz effects.

The eglope of the underside of this olay zons is spprecisble, Therefors
the south shore might possidly be moving tovards the river at & very slow

rate. 3uch a slight movement would not help the stiveiurs.

S The excess hydrestztic rregsure in the grevels below the under—
lying SILT-CLAY svne is appreciable and gould affect both the settlement
end the possibility of laterel creep. Such weter would also hsve to be

coneidered if an cpen type foundation wes lowered into these gravsle.

6. Drilling refuskl ves met in a compact layer below Vhe compressible
SILT-CLAYS, this underlying soil is thought o be glesizl till, howewer this
zzet be definitely established,

7¢ %There'ls =lszo a problem ef poseible corrssisa of steel and conercts

due to seids in the orgenic soils and salis ete. in the SILT-LLAYS.

7-02 Eerth Sidet The north sife foundation probless ere not as

gevare 88 thome om the scuth ehere,

1. On the morth side there is a very considersble depth of srmés
everlying a relatively thinner lsyer of the comprsessible soil.. Kever-the-
lese effestive loading oa the 3TLT-CT4Y will ecsuse settlecmeniGe

~

Ze In the stresm scour must be corsidered. 1% has been indlentsd



by other studies that seour cr uplift might be effsctive to 8s much as
60 feet below ithe river boitom. ©his meens that foundations founded in

the sand vould heve to be much eleser to the compressible claye

3, It is proposed that the bridgs proper be abuited onto a 50 foot
2411 ssnd embenkment on the north side. ®ich ¢rn embaniment would be very
wide znd would thus produce & high effective stress on the eompressible cleye
L, There is & compressible ergenie surfeee gone on the north shore of

ebout 15 feot thickumess which would have 1o be e¢liminated or pypaseede

. Refusal te boring was met in what was thought to be zlaeial 111

below the eompressible STLA-CLAYS; this must definitely De established,

6, PErxeess hydrostatic pregsure was not encountered in holes neer the

river, however this should be checked by later investigation.

8, POTINTIAL POUNDATION SYSTES

Le a result of the preliminery investigaticn eartain potentisl

founcetion types must be considereda

8-01. The main plers end snchor plers will heve large loading and

thug %two possible fo.ndation methods ean be considered within economie
TERZE

n. Floating type foundsticn. This involves excavetion of a welght

of scil equel %o the load from the stracture end weight of the
foundations. This type of foundation mekes it difficult to allow

for 1ive loads glthough live loads should ve relatively szell for &
structure of this tyoe. Such a feundation would have to be as light

&3 possible snd therefors hollow snd wetertight. This system would

be complex %o design. This feundaticn system would have to be founded
yelow the orgsnie scil. ’

be Decp pile or Ceissen type foundation., This type of foundation would

hy-pass the compressible coils snd uss the underlying glaciel £111 feor

suppert. This would undoubtedly cause sGue gisturbance and hence

settlement in the underlying compresgidle BILT-CLAYS. fmerefore

P

negative friction on the piles would have to be sonsidered, - -
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pariicuierly due to the sends overlying the EILT-CLATS: Tals

{2

vould mesn & very much reduced supporiing powver; o

3

elsg &8 susin

ped

mist be used vhich would izolate the supperting ¢

i

fobo
et

g from the skin

AL

frieciicn 2us o the surroun8ing scil, As & recult of the isolatien

of view of the column offest. The smeximum length of theee piles or

plerg vould be in excess of 200 feot, A largs dismeter pile would be

&g Suited ¥0 such requirezaents in erder to devellp high load per piles
e to the sensidive nature of the lower silt-olsgy it would be

aévieeslles o uss au open enfed hollew pile whish would grestly reduts

gisplacenen’t and regpoulding »f the silt-cley.

LT
.
rf
3
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pode
[
o0
o]
Il
o
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D
2
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ot
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with oomcerete afier driving Lf fesired.

Tiigse
4 prostregoed cylindrical conerets ghell pile would probabdbly be

ro8t econcmicel gmd would be degireable if corrosion is g provlar.

Gn the scuth side z casing is definitely reguirsd eround the
beering pile in the sacds endé silts from shout 40 te 110 fectoto
igelste it from the negative skin friectieca which could exveed the
beering cspecity of the pile. A4lsc further conmrideration mist be
given to pessible negetive sidin frictiom in the lower «ili-oleys

since tni® might be appruciable fepemding upon the circumferente of

5f the zils.

On the northk side it 1

[}
¥

vrobable thet 2 cesing will be reguired.
However the thickness of compressible scoil is not oo grest in the
grea ef the main nerih piers snd thus study nay shov that the casing

gz be svoided,

02, The chutment om ths north side wi

3o

1 be gresily sffected by the

-

high sand f11l.. Diue to the high loaeding ef the fill, lerge settleuents

een he expected.



17 the abu sment 1 founded 80 thet 14 will seitle &t ithe same rate
a5 the ground surfacs &t ins ehatment then the first two or three bents
of the piraciure must be of a type (gimple spen) that will seke up the
Jiffarentiel seltlement without Canmagts 1%t is poesible that gome lataral
smovement tzn be exnected due to the large settlenment which vill tgke plsacs
st this abugtments Frebably the £111 will hgve to be tapcred off under

the structure $o prevent abtrupt JiFferentinl seftlenenis.

- 2 - o ]
507, Surugturel Zout Toanistiona.

Trg loals from thesn bents 1is mach lewaer than the main ploreg.

a, (m the gouth sids it uwa srerefore ba rere Teagible fo Tloat
shese bente am hollow Ffloabing foundation Fyainded baolow the organic
smiiz,  Live losce aid vardetimm af Ffreo water lgvel would of cours:

ecrncte Aifficuttics, Also futurs ezilding developuent in g vigli-

. B, Ca tne souta glde the ben

%% @f

& o

n
giniler to thah reforred to for the main plors.

c. Om Yhe norti side, sincs tue leoeds of the structural benis are
bot t20 large snd the upper ssnd gone ig relatively thick these
eoundaticns could bo sither plsoed on shallow friction siles or
cn eosvacked surince sznds Tha labier would entail removal of ths

-
EN

5 oor uo fooh tilew crganice gurface layer. The wxter bents on the

ke

ne S

+h gide will have to Le fo nded des enoush to sefesusrd egsinst
& ]
goour w3 uplift.
o,  JONCLASIUNS

Twoa the resulis of the investigsiion end conideratien of potentisd

sundation types ftue following rec smendations snd concluslong wre mades

©~Nl, Purthcr explorsiion?

. The soil proflle elong the finsl cenireline wust be Jeteraminede

b. Beme of tne Arill noles must be deep enough t0 pensirate She

H

anderlyingcoapret zong 10 estublish the nature of this gzones I% nes

17~



been considered ¢o be zleeial till but this must be definitely con-

£irmed, The $111 should be penetrsted aboul 30 tz2 40 feei.

Qe ¥ore complete dsta must be obtained regerding exvess hydrostiatic

pressure in the underlying scils.

d« Semples of the very sensitive silt-clays should be obtained in us

undisturbed a state 88 possibles

9-02., Seil Teste.

Ee Due to the sensitive nature of the gilé~clays, in-plece vans shear
strength tests abould be azzde 1in arder to correlste with lsboratery

strength tests on samples teken out of the grounde

Yie Consclidstion testis must be mede =0 that setilement studies can

be carried out.

Qs she ecorrosive affect of these soils should be studied. Considersble

corrosion was noted in the somple tubes.

9-0%. Genergle.

o It ie possible znd probable that the south shoere mey be crseping
2t o very slow rate towards the river. Studles of soil strength, under
such aonditions, and enalysis of potential ereep should be undertaken.

Puture erasl development and losding oould sccentuate such a problem.

B 7he depth o which river flew will effeat the foundstioens should
bve determined. The depth of looger Bondés on the nerth side might be an

{ndicetion of secour affects but if so it scems relatively high.

S The lover SILT-CLAYS which underlie the considerable thickness

( up to about 120 ft,) of sands, silts snd organie goil and overlis
$he very coxpect scil (wnieh mppears to bs gleoisl $111) is highly
eompreseible and of relatively low strength snd high sensilivity.

Any incressze in stress om this scil will cause settlewments, therefore
gtudies =zust be nede to determine loading conditions due to the uridgs,
and also rossible future develerment adjrcent (o the bridge. Future
develo ment could oreste loads on the conpresgible suvils which could

seriously affect certain foundation types. Purther 47 & foundatiocn

~18~



systea is used which will bypass this gompressiltle SITT-CLAY (piles or
siers) tnen frictionel drag on cuch foundafion system due to the welzhd

of the upper soils must be teaken into sccount.

é) 4 syetem of deepy hizh czpaeity piles with slip cesings to eliminate
frictionsl drag,; eppear most fegsible for the south side gnd heavler
soundsaticons on the norin side. Such piles would probebly be lerge dipmeter
prestregsed conerste and would beer on the zlesizl till (to be prsved).

The lighter structural bentas cn the ncrth side could be founded on shallow
piles or compacied s0il foundetions in order to bé &S iigh as possible.
Adjecent to the north abutiment very lsrge ssttlewents must he expected
due to the embaniment £411, Thus a siructural type ecozpatible with lerge

getilements must Ve used or else decp foundations will be required.

Yzy 1528 P.A, Spence, P.Euge
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: ' o - N}\\Z*{ FAILING DUO - U
BORING NO. B S }-|[coN] D) METHOD OF SAMPLING : JueinG DzilLidG »wm
o ‘ | ‘ CASING 0D, HAMMER __LBS, DROP.___JNCH R

SN CriT - oD ' .

§ LO_CAT!ON RENT -1 O orive sAMPLE__ZAFLo,,\HAMMERZ_Z_‘é_Les DROP_20" INCH - |

gy o (eLows PER 6' PENETRATION UNLESS OTHERWISE NO\’ED)

‘ GROUND SURFACE ELEV | THINWALL SHELBY, QD. AND___QD.’

LPPREX. 88 00 V.C.D . [ pisTON SAMPLE . e
GROUND WATER clev_ Xiost sawpe  [§ HMF DIAMoND DRLL- -

(AT TME OF BORING)———— * WS WASH SAMPLE o S

’ ' [ =

Clze | o lE2 2|55 Z 4
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"9t g bray. CLAY, qMch ayey "%M‘ 910" : i
kg el in layers X Varying tmeXaneos Al i
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BGRING NO 55\

LOCAT&ON JAA\M pleg,
%oum

GROUND 'SURFACE. ELEV
‘ ",'r + 39 OO \/ C D

i ><s;;rm |

NG

METHOD OF SAMPLING ‘wmu BoR
CASING A 0P, HAMMER 250 1(ss, DROP_.._..INCH

DRIVE SAMPLELZ’-’.’-LD HAMMER 140 LS, DROP_2Q_INCH
(pLows” PeR 6 PENFTRANON UNLESS OTHERW ISE NGTED)

CTHINWALL SHELBY 3 oo AND oD

?:zcya¢ Lo F
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NEAR T FRASER MILLs

SUBSURFACE EXPLORATiON
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:30 pUSH ¢ |e32|7¢.4 )32
— B 7 1381 35.3 27.4 '
—4011,2,¢ L8 {206 R 3
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BORING NO._B21-A METHOD, OF SAMPLING: WAZH BORING
: . _ CASING NOTE OD, HAMMER 350 LBS., DROP____iNCH
LOCATION _MALNM FIER [0 oprive sampLe %8 io, HAMMER 140 Lps, DROP_30" IncH
~y ~oULTH (sLows PER &' PENETRATION UNLESS OTHERWISE NOTED )
| GROUND SURFACE ELEV. B tuinwaLL sreley,_3' oD, AND_2°_QD.
+ 99,00 VC.D B risTON sampLE
‘ NOTE:
GROUND WATER ELEV.__ X iosT sampLe 4 crswe o -tio
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BORING NO._BSl-A o METHOD -OF SAMPLING: _WASH BEORING
CASING_2/2 0D, HAMMER 2501ps, DPOP____INCH
A . X
LOCATION _MAIN PIER U brive sampLel¥a 1D, HAMMER_L’:_C?_LBS DROP_ZO_INCH
S UK (BLows PER & PENFTRATION UNLESS OTHERWISE NOTED )
GROUND SURFACE ELEV. B tHinwALL sHeLsY, OD. AND___QD,
. 99.C0 V.. 0 risTON sampLE
GROUND WATER ELEV.__ X LosT sampLe
(AT TiME OF BORING ) W.S. WASH SAMPLE
. ‘ -
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- 44,/,15§/~/ o RARE B2 N-ARI-Ri |
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BORING NO._ 2518 METHOD OF . SAMPULING: _WASH BORING
CASING 40D, HAMMER 250 185, DROP.____INCH
A S Y $ [
— LOCATION VALY AR [ orive SAMPLE_LLD HAMMER 140 1BS, DROP_2O_INCH
: SCUTH (sLows PER 6' PENETRATION UNLESS OTHERWISE NOTED )
GROUND SURFACE ELEV ‘B THINWALL SHELBY,_;L_OD AND____QD.
+ 8100 v.C.T. : H risTON sampLE
GROUND WATER ELEV.__ K lost sampLe
(AT TIME OF aogmc)_-___ W.S. WASH SAMPLE
- | 5 R S| =
L8z | g kZ L AN
z ogn| 2 |28 DESCRIPTION w gl 53| 5%
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NEAR f‘RAS’ R MILLS

L

BORING NO._bs5ip METHOD: OF SAMPLING: WASH . BORING:
MAIN PlER CASING_ 272 OD, HAMMER 350 LBS, DROP___INCH °
LOCATION e 0 orive SAMPLE‘/ LD; HAMMER 140 LBS, DROP_BO INcH
SCuTH (eLows PER 6" pausmnxou UNLESS OTHERWISE NOTED )
GROUND SURFACE ELEV. B ranware SKELBY,_ 2" oD, AND__"QD.
+ o7.c0' _vcD. M pisTon sampLe
GROUND WATER ELEV.__ X LosT sampLe
(AT T{ME OF BORING) W.S. WASH SAMPLE
; s - : 1 1
;‘5‘— 55,\~ o £ gl 51 . Q- iri 4%%2£§T CCNSOLIY
; v WINT o v EAR S I
zg72| 2 |e3 DESCRIPTION e f
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N G4l i E
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mied EI ] 17 [316) 330|217 | ‘
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S P ] 1 . siity send SRR EVIPR IR L]
:HO " 1
- X é
- PUSH J P20 |33.21324 . 20.4
N gy. SILT, trclay, ¢rint gravel i
T‘?O 10,20,,17 j‘: 21
X B PN gy, ¢t sandy mi. GRAVEL,
C 2 am. siit, tr shells -y
- 21,2523 ] ’
: 4‘. h‘
— %0 VL] : ".‘ gy. SILT, ir clay, end f. SAND r23 (29.8) 2591 14.3
» . i L in &o\,u’s . -
- - oV ' 4 |ns4] 214 sie | seE T 2d 0 N
- PUSH ; : ) S R S Pleearil o | y20l” 4.5
- ; gy. sidy CLAY :
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BORING NO._BS515B METHOD OF SAMPLING: _WaSH BORING
" CASING 2/2 0D, HAMMER 320 (8BS, DROP.___INCH
- LOCAT!ON AlN_FIE O orive SAMP'E%.'_LD HAMMER_{_Q_LBS orROP_20_INCH
, ‘>ouTH : (BLOWS PER &' PENETRATION UNLESS OTHERWISE NOTED )
GROUND SURFACE ELEV. B tHinwALL sHELey,_ 2 _OD. AND___OQD.
$7.00'_V.C.T. [ PISTON saMPLE
GROUND WATER ELEV.__ K LosT samPLE
(AT TIME OF BORING)———___ WS WASH SAMPLE
S 1 T
F- Y] O - ; L ap  eesasnt
L 12 > R CompR. jconeuil
T oéf} § u'a i 33 nt ;)3 G STRENCIH
x ‘i’o.a =RES DESCRIPTION 2 18z 5€15% | 2 |
s 1833|3152 $1E8195 5% 5 o lnl o
O (%} (s} z -3 oS 3 sﬁ‘qjc;i e fom™ Yo f(,wz
140 gy. silky CLAY 25 ]a24! 35.0} 225 é“*“ ‘x.’i% ;
- = T T T T T T o 15 ;
N . .| et ' 5 |
- | 26 [10.0) 56.7 | 305 cVih | 2.0 ic‘:?g 131 ses
- QY\ CLAY 1 i
10 o1 lcosl ego | 2asles | O |1 ? |
-3 1 |eos|es0| 345 |8 | o Lo V7 145 ||,
= .03 i
::‘ A ity 4,7 gt 28 :.
L gy. CLAY and SAND In{ cravel |39 l480] 774 | 292 3
- e 2.\ 1 1.04 ; 1
I | |
4B ay. CLAY ' ! ‘
170 4 © 22 :
- 3 _;:g .. |50 , 1
? i ! : gz‘o‘ ua 40-6 43.5 ._2\ 3 ) :
B E = 134|333 226 126 LT 22 | 3.6
- 3
L 1140 .
- 12 <
80 . gy. SILT, in clay,sm.emf send,iag 1o ¢l o8| 2.8
C 4'\4‘/2,{4’5] sm. . gravel
= . ) 5 3.0
R O 1 | 36 |55] 401 | 128 .
. S gy. § condy sity CLAY wilh iin B ¢
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— 19014 ‘4‘;0 gy silty CLAY and gy m.f SAND (131 (2101477 138
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- 150 e 3 Silly e, sondy ff GRAVEL, |38 ‘
N |l \\’rr(}cox
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| BORING NO._BSl=c  METHOD OF SAMPLING : {gaSt zomine ©
e 4 CASING 4 _0D, HAMMER._.____LBS DROP____INCH""
LOCAT&ON BEMT S [ orive sampLE_ é.w HAMMER.?—}..'ZLBS oROPII__INCH
‘ (BLowS PER 6" PENETRATION UNLESS cm-:e;zmss NOTED)
'GROUND SURFACE ELEV. B menwaw SHELBY,.,_?__/Z_QD AND ’oo. L
APPROX. 428.00° V.CD 0 risTON SAMPLE LT wn T
GROUND "WATER' ELEV.__ Y LosT SAMPLE - [ STANOARD 134" 10 SHApLERT
WiITH BRASS LINLRS, :
(AT TIME OF BORING) WS. WASH SAMPLE . , .
£ 19ad 2148 DESCRIPTION 2|52 z2in%
o =41 £ : 72 ag-]{<3
51332 35 ESIERE
-2 RS | ' ¢
e NEH silty SAND- -
. N3t | :
N ‘ ' dk. br ficrous ?E—AT t .,xi' ;xs ‘ e SR
—i0 decayed weed , BN : . _— e :
20
- 2 |48.2| 475287
N ‘oy.org, .,\LT %\‘,cia\f fj‘.‘j
L 2o oce, pris. crg ety i
- - R
- 3 247|248
o
- S | debe PrAT, Bhn lagers silly :
[ £ tand. C(cevapact) 4 7|45 505 /28.4
a | T 2
C s fo 5
N ta M ":\! 3 . . s TS
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:‘Gb .‘ » i 3 s
- 27 Rl 3 5
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B AL ENGINLLRING D 1| RA SPENCE ' SOILS &FOUNDATlON BQG!NEERS
| VARCOUVER, B.C. ] 1564 ROBSON STREET™: "= A . VANCOUVER ; SRS
. - ':’“’;-f' ‘‘‘‘‘ ¥ §
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'BOR!NG NO. B! o

METHOD OF SAM PLI NG.:

RoTAvo; ) (ch }I&t‘\oﬂo D;S_ug

; CASING _AL_ oo,‘ HAMMER LBS DROP !NCH
< o
LOCATION BENT = O orive S&MPLE.___&.LD HAMMER.Z__QLBS SRoP_18Y IncH
(BLOWS PER 6 PENETRAT!ON UNLESS OTHERWISE NOTED
GROUND SURFACE ELEV. B =invwaLL seEeLsy, QD. AND go.:«
APPREOox. * S8.C0 N.CD. [ risTON SaMPLE - c
GROUND WATER ELEV_ X LOST SAMPLE ol \;(”ANDAZD 134° 1D, SAMVL.,R
: xdibﬂA&&IJNERE S
(a1 TIME OF BOR!NG) WS. WASH SAMPLE. R
: o 1 :
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! ul Q 5 w g | 8= ,g
é giﬁ = vg DESCRIPTION 207 $2103
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= 1528 % 132 IEHE
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o . 111 loy.m1 sanD, pckts. of sandy clay,
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:-90 NS org. mafl, in layers
- A ,
- 3
n 5 it S
5 T HyE .
n :“'1_ . -
- Ak .~
—icc ‘.'\‘-:l‘: j )
~ | pueh ‘ 10 | 521 1340 13.5 e }
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-1 o / , gy. clayey ST, sm.§ sond fhin .
N g loyers o silty f sond E
_ 2
- NEARY 4 -
- | |
N o
=120 Y
- a7
¥ 199 ey em fosandymef GRAVEL. N | b
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N : 13 | 27.0] 2531 15.4 - S
- . dkoyfscmh‘%ﬂ'zAﬁs«mgnmr L
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