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WILLIAM A. TROW AND ASSOCIATES

SITE INVESTIGATIONS
ARD
SOIL MECHANICE GONSULTATION

Yo ACTROW, MLASC, MELC, PENG.

884 WILSOMN AVE,
DOWNSVIEW, ONT.
ST, 6-5991

iradsoty J 343 April 10, 1959.

Hee As ¥, Toye,
Bridge Faglinser,
Depte of iighways of Ontario,

230 Levenport ioad,
Teronto, Ont.

Egtizated Settlemsents « Gananonue River Rridge
Hi pineay 1 DARE (aranscue. Ont., i

Ves " “irsy

In conformmnee with your recent requsst we have re-swasmined
our sstdmsien of settlsawnt of the above-noted strustuve using the
sbutmeat and pier leads submitied in your drawing Ded 309w

The caloulations ssseolated with this analysis are sttashed

to this latier for reference purposen. Tho results Ly bs sumaarise:
briefly as followe:

{1} The aztimeted long torm settlement of the hridpe plers
under a “ezizm load of 425 Tons 18 L& insher,

(2) The eatlmatod long Lefs setilement of the bridge abwtments
55 shoutt, with embenkments eprroxisetely 17 feet high and sup

Jecign load of 60C tona, i3 of the owdier of 12 inohes, This value
applies for a proup of o) wood piles driven either 20 feut or D feet
2alow river bad lavel.

{3) The sstismted long torw sotilement of the approsch i1},
eauses iy it oun welighd, i3 (.8 inches,

# gy 9 b Basd Bmnc  smamirie 1 ol S Abea b
23 Ths sotimmbsd 5 Yer: sewulsy . sb of Uwe BLTSREEUS
=2 Jocun

sertalng ne gabamioment £111 wvithis 2) 2eat end s simple appressh
8lab eparalng the ddstince betwesn the fill und the sbutasnts,is 6
luchas, Yith this armagesent, the differential movement batween the
pler aad the sdjacent abutment will be 2,4 inches, or 1/270 of the
span betvesn these twe bridre units,
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The foregoing estimetes of settloment have been based upon the
Tesults of three consolidation tests presented in our report of March
léth, Some allowance has been made for the over-consolidated state
of the clay, and for the finite dimensions of the pile groupe The calw
culations assume that the design loads for the piers and abutments sve
sffective for a major part of the time, This approach is conservative

bogause some live and impact loading is probably included in these
values, '

The conclusion to be drawun from thess csleulations is that the
long %srm differential settlement associsted with the design proposal
shown in Dwgs D-4309~P1l is much greater than can be tolerated, This
wdesirable situation results, in large part, from the weight of the
embankment fill adjacent to each abutment.

We can see only two metheds for avoiding this severe differential
aovenente One iz to keep the spproach £111 a% least 20 fest back from
the abutments and to bridge the gap with some simple approach gpan, As
stated in & foregoing sentence, the Cifferentisl settlement between
abutment and pler with this srrangement is 1/270 of the spen. The footing
for this approash span could he founded belew river hed level at HPDTOXw
imate elevation 258 feet. The safe beariug value st this level 1s 3700
Pe8efy Since this footing will settle with the £111, no vertical sarth
pressurss will be fransmitied into it, The fromt of the footing should
be protected with rip rap.

The other proposal is to earry the entire bridge on H piles, end
bearing on bedrock which lies between 100 and 108 faet below river surface
level. If this method of support is adopted, the H piles alse will be
required to carry part of the weight of the approach fill whieh is
trensferred tc it by the consolidating clay. The maximum compression
of this material, wunder the weight of the approach embankments, has
been sstimated to be about 7 inches. Thie is the value of differentisl
movenent which will develop wltimately between the clay and the tops
of end bearing piles, I4 will diminish in more or less linear fashion
to 2 veoy small value at the bottom of the compressible clay some 70
feet below river bed level. Over a mejor part of this length however,
the differential movement should be sufficient to develop failure shear
strains betwean the steel and the adhering e¢lsy, Acsording to Tomlinaon,
this maximum adhesion force will have a value of spproximately 500 p.s.f,
If it is assumed, eomservatively, that this force is genmerated over the
entire 70 fest of olgy, & total additiomal load of approximately
80034x70/2000 = 112 tons will be transferred into the lower portions of
each pile. Although the underlying silty sand should be dense emough
Yo support the piles against buckling, very high compressive stresses
8till will be carried by the steel and by the underlying bedrock. For
this reason, 1% may be desirable tc require the use of heavy H pile
sections for end bearing support, Since the bearing value of eonfined
rock 1s much higher then is indicsted by tests on unconfined samples, there
should be no danger of the heavily loaded piling penstrating into bedrock*,

# Pile Foundetions -~ Chellls, p. 188
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With abutments, and presumsbly piers as well, supported dirsctly
on bedrock, very long term differential movement or gubsidence of the
adjeining approach fill should be expected. Since this movement will
take place very graduslly over a mmber of years, occasional adjustments
of read surface level may suffice to overcome the abrupt change of grade
at the bridge entrances.

We hope that the forsgoing comments assist you in deciding upon
appropriate foundations for this strusture.

We are enclosing one copy of your preliminery bridge plan as
requasted.

Yours very truly,

WAT/1% William 4. Trow (P. Eng.)
Encls
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SUMMARY OF CETTLEMENT COMPUTATIONS
ABUTMENTS
Scheme 13 Assunet Earth pressure for triangular loading eondition

aashmmiang. 1.

€0 piles founded at Elev.205 ft., or about 60 ft.
below river bed level,

4 rows of 15 piles, 2% ft. centres, with rows

3 £t. apart.

Approx. dimensions of pile group = 10 £t. wide by
¥ fte. long.

Settlement, from abutment load,occurs below lower
third of pile group, or below El. 225 ft.
30° lead spreud from pile group into underlying soil.

Settlement ~ Elev,.265 = 243 £4,

Po Elevs 255 ft. = 500 P;s.fo
8, = 0,862 (consolid, curve for hole 1, 32 ft.)
Ap due to £111 = 1600 psBefe
Pl = 2100 puﬂofo
void retio ° corresponding to P; = .82
Ao =0,042

Settlement 85 = B(ﬁ;ﬁy )= 240 (g—:—%‘%} = 5,42 ins,

Ssttlement - Elav - .

P° Elev, 235 £, = 1500 p.a.fe
eg = 0,83 (32 ft. test

Ap due to £il1l = 1300 p.s.fe
Py = 2800 pe.s.f.
Ql = .504

AG = ,035

s= 200028 = 457 tna.

attlement « Elev. 3 -

FQ Elev. 215 fhe = 2500 p.B.!'a
8o = Le51 (48 ft. consolid.test)
AP due to £i11 = 1100 poﬁofo
Ap due to abutment = = 1100 pes.fe
(10+1106) (o+11,
Total p = 2200 pes.f.
Pl = 470{} Peﬁafc

e, = 1448
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ot - 3¢ G
ettlement Elev -

P@ Elev. 195 fte = 3500 pgacfo
ey = 1,28 (64 fb. oonsolid, test)
ap due to £ill = 1000 p.s.f.

ap due to abutment = 364 p.s.f,
Total A p = 136& p.aof-

Pl = 4364 Pbspfl

31 = 102;

ae = ,0/8

s= 20 (3% = 5.00 tns,
Total Settlement = 5e42 + 457 + 5,95 + 5.00 = 20.94 ins.
# fdjust for overconsolidation = 20,94 x .6 = 12.6 ins,

ROTE: Actual settlement of piles due to abuiment weight and fill
pressure below Elev, 225 fest = 11 ins., or about 50% of
this movement. The compressica of the ¢lasy sbove Elev, 225 f£t,
hsg beon added %o this beszuse any tendency of the upper clay
to setile more than the plles will cause additional load to be
thrown inte the pile groupe. This in turn will eause the pile
group to setile more. The zompubations for this conditien have
not been included.

Scheme 23 Assumet Conditions of Scheme 1 except use piles 20 %,
long, or to Elev. 245 f%.
tatitlement resulting from sbutment loed occurs
balow Elev, 252 ft.

Settlement Eleve 268 - 252 ft. = 156 ins.

Pq at average depth 258.5 f£i. = 325 p.s.f,

8y at elav. 258.5 £t. (consol. curve for 32 f£i. hole 1) = 868
ap due to weight of £111 = 1700 p.s.f.

Py = 2025 p.8.fs

31 = 822

ag = ,046

o
5 = 156 (342 = 3.84 ins.

# getblement Analyeis of Foundation Clay-
Skempton & Bjerrum Figs l: Geotechnique Dec. 1957
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Bettlament Elevs 252 « 232 oo = 240 ing,

P at Klev. 2.42 fte = 1150 P.s-f.
90 {curve 32 f£i, hole 1) = 848
ap due to £111 = 1400 p.s.f.

op due to abutment = ToriL.6 t;g:n. Z = 1100 pes.fs
Total ap = 2500 pd-fo

Pl = 3750 p.3¢f.

al = 0.788

aa = 0,080

s:w(-’_,f%) = 7.8 ins.
Settlement Elev. 232 « 212 fi,

PQ at Elev, 222 = 2150 pesafs
e, (consclid.curve 4B ft. hole 1) = 1.519
AP dus to £411 = 1100 pes.f.

ap dus to sbutment = g tons = 384 peBefe
1043448)(39+34.

totalep = Y464 DeBefe
Pl = 3614 ?.Scfo
Ql = 1.484-
a8 = ;035

Settlement Elev, 212 = 192 £h,

Py ot Elev, 202 £%, = 3150 pesefs
.e (consolid. curve &' %, hole 1) 1.29
ap from £il1 1000 p.ség('} 1o .
ap from sbutment tons = oSt
{16+58) (053}
To'bal ap = 1182 pasof.
= &332 n.ﬂof'
el = 1,250
as = QOIO

s=w(§:%§s-) = 419 inee

Total Settlement = 3484 + 7.80 * 3.36 ¢ 419 = 19.2 inse
Adjust for overconsolidation = 19.2 x .6 = 11,5 ine.
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Abytmente « Scheme 3

Move £111 20 feet back from abutments and use simple approach
elab shown in Dwg. 2.

Use 20 foot piles; use 30 piles, 24 fbe centres, placed in
two rows 3} feet apart, - plles driven to Elev. 245 ft.

Arez of plle group = B x 4% = 175 sq.ft.
Ultimate Capacity of 30 piles = 9CA + 2(b+L)d x G,

where A = 175 sy.ft.
L= 39 £t
= 4‘%‘ big T8
4 = depth of piles = 20 £t.
¢ = shear strength of soil below plle tips = approx. 1500 psf,

0y =adhesion around pile group perimeter = approx. 800 paf,*

Tlt. Cape = 1180 + 896 = 1876 tons.
Actual Pile load = 600 Tens
Factor of Safety = 3+25

Cettlement Elev, 265 « 252 = 13 ft. = zero {no fill pressure)

7 Stlement will oecur below lower thimlof pile group = Elev, 252 ft.

Setilement - Hlov. 252 = 232 fi.

P, Elev.s 242 ft. = 1150 - 1%
8, = 0.85 (curve 32 feet
ap from fill = 200 p.s.f. (assume pressure distribution Case &,
Plane G, p.175 of Theories of Elas
ticity end Plastieity ~ Cont. to Soil
Mechanics,Boston Sod, of Civil Eng=
ineers, 1925-1940). '
ap from sbutment = 500 Tons = 1475 DeBefs
(39*11- 6} (ZC-‘ 5“'11. 6)
Total ap = 1875 pessfe
?1 = 2825 poS.fo
8y = 803

240 (i-(;’é% ) = 6.1 ins.

B

i

% Adnegion of Piles driven in Clay Solls - M, J. Tomlinsons
Proceedings 4th In%, Conf. Soll Mechanies & Foundation Engineering 1957.
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Sehene e

Settlement Elav, 232 « 212 ft,

By = Elsv, 222 £, = 2150 p.s.f.
e, = 1,519 (curve 48 f£i.)
4p embankment = 430 pes.f.

2p abutment = Q0 _tons - .
Pt © et

Tolal ap = 844 pes.f,
Py = 2994
= 1.50

ap = 09

8 = 240 (é%i) = 1.83 ins,

Setilemant Flev, 212 = 192 T4,

PO _,150 poS-fe

e = 1.29 {ourve 64 £t.)

ap smbaniment = 450 p.s.f,

ap sbutment = 198 p,s.f,
Total Ap = 6&'93 paaofo

El = 3800

‘l = 1.27

I 1

S= 240 (é-:%-) = 2,1 ins.

Total settlement = 6»1 * 108 + 201 = 10.0 ins.
Allowing for over consolidation = 10 x .6 = 6 ins,
Estimated adjusted settlement of piers = 3.6 ins.

- _ 2 _
Total Differential = 2.4 ins, = B4 = L of span

Sines this differentlal movement will occur at a very slow rate,
concrete members should be able to accommodate the resulting
redistribution of stress.
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ECTIMATED P SETTLE]
Found piles at Elev, 235 feet, or 22 feet below river bed level.

Use 2 rows of 12 piles at 3 ft, centres, (for check on ultimate eapacity
- 8ee computation, Schems 3, for abutments),

Dimensions of pile group = 4% by 37 feet.
Lower third of pile at Elev, 242 feet.

Consider Settlement Elev, 242 222 feot

Fo Elev. 232 = 1250 p,s.f,
%, = +847 (curve 32 feet)

ap = 425 ton = 1085 p.s.f,
37+11. A'n 5"'11- 6

F) = 2335 p.s.f,
& = 817

ag =

04
S = 240 (i:-‘élfé;m) = 5.2 ins.

Conaider Settlement Elove 232 = 202 ft,

P Elev, 212 £, = 2250 PaSefe
s = 1'515 (Gme «48 ftg)

r—&ﬂ___“ﬂﬂ = 300 peslf
37434.8 4-5"'3403} P ¢

2550 pes.ts

.51
= 0005

2450 (22‘%2) = 0.5 ins.

Q

[l

[ 4
oo
i

a®

ot
fton

w §

!

Estimated total settlement = 6 ing,

Adjustment for over conselidation = 6 x o6 = 3,6 ins,
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F@ = 2350 pg&hf.
o = 1,519
ap = 1300 poftef,
133. s 3256 Debols
&3_ 8 1,493

og = 026

oo (
-

?a = 150 pegafs
aﬁ w 1.20
ay = 1000
Pl = 5350
ey = 1,335
ag = 03

= 2.8 ineg

2 £ (‘o8 rchezs 1)

te 20 (28 = 3.56 im.

,gﬁt&l setblenont = 12--:26
Adjustment for ower congolidation = 11.3 % .6

=

68 dua,
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SITE INVESTIGATIONS
AND
SOIL MECHANICS CONSULTATION

W. A, TROW, M.AS.C., MELC, P.ENG. 884 WILSON AVE,
DOWNSVIEW, ONT.
ST. 8-5991
Projects J343 Mareh 16, 1959,
- = 9’
Ly-F-27

Mr, A. M. Toye,
Bridge Engineer,
280 Davenport Rd.,
Toronto, Ont.

Attention: Mr. J. McAllister

Gananoque River Crossing
Huy. No.32 -~ Pronosed Revision Line C

Dear Sirs:

Enclosed herewith is our report on the soil conditions existing at
the above-noted bridge site.

This site was Tound to be underlain by a very deep deposit of plestic
clay which exists in a stiff overconsolidated state at upper levels. Bedrock
lies about 110 feet below river surface level.

In view of the stiff nature of the upper levels of clay and the fact
that the river flow is rather sluggish, a floating pile foundation scheme
seems to have considerable merit for this bridge structure. An analysis,
based on certain assumptions regarding pier and abutment loads, has been
made for a proposal using short timber piles bearing 30 feet below river
bed level. A long term differential settlement between abutments and piers
of 5 inches has been computed. The greater settlement was at the gbutment
locations and results from the application of 10 feet of approach f£ill.
Because of this fact, there appears to be merit in using more heavily loaded
centre plers in order to increase the settlement in those parts of the

structure. The use of one centre pier instead of two may provide this extra
weight.

The alternative method of support, of course, is the use of end-
bearing H piles resting directly on bedrock. Although no settlement wculd
result from this arrangement, the cost of foundations would be congiderably
greater, In addition, since the adjacent fill approaches will continue to
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settle slewly for several years, oceasional adjustments of grade will
a be necessary in order to avoid a bump at each end of the bridge. End-
bearing piles must be designed to earry a portion of this f£ill weight.
If, after your review of the contents of this report, you feel that
the floating pile scheme has some merit, we shall be pleased to review
our settlement analysis inserting values that may be more appropriate.

It has been our pleasure, again, to serve you.

Yours very truly,

¢ . T ™
WAT/1%

William A. Trow (P, Eng.)
Encl.
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DEPARTMENT OF HIGHWAYS OF ONTARIO
280 DAVENPORT ROAD,
TORONTO,  ONTARIO.

GANANOQUE RIVER CROSSING
HWY. NO.32, PROPOSED REVISION LINE G

Project: 343 March 16, 1959.
Willism &, Trow and Associates




WILLIAM A. TROW AND ASSOCIATES

TABLE OF CONTENTS

Description of Site
Scope of Field Investigation
laboratory Testing

Deseription of Soil Types and
Discussions of Test Results

Foundation Considerations
Conclusions

dppendix - Analysis of Floating
Pile Foundation Scheme

ENCLOSURES
Summary of Leboratory énd Field Tests
Borehole Location Plan
Borehole Profiles
Stress Sitrain Curves

Consolidation Test Results

Page

Pp

Table

Dwg.

1

pd

e e N

~1




WILLIAM A. TROW AND ASSOCIATES

GANANOQUE RIVER CROSSING
HWi.NO. 32 -~ PROPOSED REVISION LINE G

This report presents the resulits of an investigation consisting of
four borings and eight penetration tests completed during February, in
order to determine the foundation conditions underlying this proposed river
crossing. Two foundation proposals for bridge support have been discussed.

Description of Site

The site of the proposed river crossing represents 2 slight loeal
revision to the location of Hwy. 32, and is about 200 feet east, or
upstream, of the existing Bailey bridge structure. The river is quite
slow moving at this point and little or no signs of erosion are in evidence.

Bedrock outerops at several locations just east and west of the river
and at points upstream and downstream of the proposed crossing. During
flood periods, the river spills over its flat banks up to this rock which
rises about 10 to 20 feet above the surrounding terrain. Other surface
features were scmewhat obscured by heavy snow cover.

Scope of Field Investigation

The locations of the four borings and eight penetration tests of
this investigation are shown in Dwg. 1. This represente a slight change
in the original investigation and was done at the request of Mr., Lock of

the DEPartment of Highways Bridge Office, who visited the site in the early
stages of the work,

The testing was begun on the north side of the river by driving a
2-inch diameter cone at the borehole No.l location. In this dynamic pene-
tration test, a 2-inch cone is driven from the surface downward under an
energy of 350 ft. lbs. per blow exerted by a 140 pound hammer. The number
of blows required for eack foot of penetration are recorded. At this location
the test was terminated at a depth of 90 feet because of a temporary lack
of drill rods. This situation was quickly remedied and all remaining borings
and penetration tests were taken to refusal.

After this test was completed, the drill was moved about 5 feet and
the process of soil sampling was begun. Samples were taken at five foot
intervals in this first boring so that a close check on subsoil strati-
graphy could be obtained., For the most part the soil was recovered in a
disturbed state using a 2-inch 0.D. split spoon, but some undisturbed
2-inch I.D. Shelby tube samples were recovered at representative depth
intervals, All samples were sealed to prevent moisture loss. The split
spoon was driven into the soil using the same energy indicated above for
the cone penetration tests, The Shelby tubes were either pushed or levered
into the ground.
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Field vane test measurements were made at 5 foot intervals after
each sample was recovered., The vane was pushed into and 18 inches below
the hole left by the sample spoon. A correction was applied to all vane
measurements in order to account for friction acting on the rods.

The other borings and penetration tests were performed in the same
manner as indicated above except that a wider sampling interval was employed.
Bedrock was proven to a depth of 5 feet in hole 2 and for 8% feet in hole by
with a recovery of 71% and 89% respectively. All elevation measurements
were referred to ice lsvel on the river which was established as Elev.

268.8 ft. at the time of the investigation.

Laboratory Testing

Some laboratory testing was carried out in order to make an appraisal
of the strength and compressibility of the deep deposits of clay at this
site. The strength determinations were made on 4 representative undisturbed
samples from hole 1 and one sample from hole 3. JThese tests were of the
undrained triaxial type performed at overburden pressure conditions, They

supplemented the measurements of clay shear strength obtained by the field
vane.

In order to obtain an indication of the compressibility of the clay,
moisture content measurements were obtained on each sample., Seven Atterberg
limit tests were carried out on material from hole 1 so that these moisture
content values could be referenced to the plastic range of the clay., Three
consolidation tests wers performed on samples from depthe of 32, 48 and 64
feet in hole 1. These tests form the basis for computations of settlement
for the floating pile foundation scheme suggested later in the report. The
results of these various tests are recorded in Table 1 and Duwgs, 2 to 9.

Description of Scil Types and Discussions of Test Results

The borehole logs for holes 1 to 4 are shown in Dwgs. 2 to 5; the
estimated subsurface stratigraphy, indicated in Dwg. 1, is based upon the
information presented in these logs. Reference to this latter drawing shows
that the predominate soil type at the site is a stiff grey silty clay.
Except for a thin film of river mud and some sand and gravel, this material
extends right to river bed level. In the borehole logs, it has been divided
into two strata. The upper layer consists of an unstratified deposit of
stiff fissured silty clay with random pebbles and some pockets of sand.
Below a depth of about 35 feet, the soil becomes faintly stratified with
layers of less plastic silty clay located ai irregular intervals. This
stratification could be noted on samples that had been sectioned and allowed

to dry.

According to field and laboratory measurements, the two layers have
similar physical properties. The shear strength, according to field vane
measurements ranges from 1000 te 2000 p.s.f. Some laboratory undrained
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triaxial test results indicated lower strengths but, in at least one
instance, this was because the sample contained considerable silt which
tended to slump during the preparation of the test.

The clay, generally, appeared to be quite plastic with a liquid
limit close to () percent and a plastic limit of the order of 22 percent,
However, local vuriaticns were visually noted or could be inferred by the
variations in the moisture content measurements. Truly representative
measurements of moisture content and plasticity were not possible because
it was difficult to separate the clay from the pockets of sand and the
layers of more silty clay. The :lower moisture contents and Atterberg
limits noted at depths of 35 to 40 feef indicate a much less plastie
condition at these levels. This could represent the transition zone
between the upper and lower deposits of clay.

Of particular significance with regard to bridge foundations at this
site is the fact that the clay above a depth of about 40 feet appears to
exist in an over-consolidated state. This overconsolidation is indicated
by the results of the consolidation test from a depth of 32 feet in hole
1, by the high shear strength measurements obtained by the field vane, and ‘by the

position of the moisture contents within the plastic range at these upper
levels,

Overconsolidation is also suggested by the consolidation test result
for the 48 foot depth and by the high field vane measurements at this level.
The very compressible condition indicated by this consolidation measurement
was thought to be the result of a test failure due to plastic flow of the
clay sample under higher load increments. However, no visible evidence of
clay displacement was noted upon completion of this test,

Attention has been drawn to the overconsolidated state of the upper
levels of clay because advantage can be taken of this condition in the support
of the bridge, An analysis of a pile foundation scheme, floating in this
stiff material, has been given in the Appendix.

At a depth of 64 feet, the clay shows little evidence of overconsole—
idation. The estimated preconsolidation pressure is similar to the existing
overburden pressure and the field moisture contents lie close to the liquid
limit as would be expected for a clay at this depth below the surface.
Therefore any addition of pressure from external sources will cause much
higher settlement than would result in the overlying overconsolidated clay.

Below a depth of about 80 feet the clay stratum gradually blends into
the underlying fine sandy silt. This stratified deposit contains some clay
layers but is essentially granular in character.

Bedrock is located at a dspth of about 105 feet. In hole 2 it was
found to consist of the hard granite gneiss which outerops in the area.
However, in hole 4, metamorphosed limestone-with patches of serpentine and
some seams of gypsum were noted. Good recovery was obtained at bath
locations.
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tated in the introductory remarks to this letter, two schemes

As stat 0
of the proposed bridge have been examined.

|
i Foundation Considerations
[
s
for support
If no gettlement of consequence can be tolerated, the most positive
means of support is to use end-bearing piles driven right down to bedrock.
Since bedrock at the site extends to a depth of almost 110 feet below the
river surface, very long piles would be required. High capacity steel H
piles may be the most economic means of supportunder this circumstance. The
stiff clay at higher levels provides sufficient support to prevent buckling
of 12 inch H piles; accordingly, the maximum loads to apply will be deter-
mined by their rated capacity when considered as short columns. The meas—
urements at seven test locations indicate that the bedrock surface is rel-
atively flat and therefore there appears to be no danger of the pile tips
sliding along this bearing surface.,

An alternative scheme which could be considered is one involving a
pile foundation floating in the clay deposits. Since the clay appears to
have a uniform thickness across the site and its physical properties were
found to be similar for any given level, at all locations, the magnitude
of any long term setilement will be determined by the loading applied.
Therefore, it may be possible to adjust this loading so that both piers and
abutments will settle the same amount. The advantage of this scheme is the

. possible saving in foundation costs through the use of simpie timber piles
driven to much shallower depths than bedrock.

An analysis of this floating foundation proposal has been given in
the Appendix. Certain assumptions regarding pier and abutment loads and
dimensions have been made in order to provide some basis for the computations,
The centre piers have been assumed to carry a maximum load, inclusive of

concrete and gravel-fill weight, of 700 tons. The abutments loads have been
estimated as 300 tons.

Two alternatives of this latier proposal have been analysed. One
involves support of piers and abutments on timber piles at a depth of 30 feet
below river level, or Elev. 239 feet. The other requires fewer piles but
they are driven to a depth of 70 feet, or Elev. 199 feset. In the former
case a long term setilement for the piers of the order of 5 inches, was
computed. 4n estimated settlement of double this value was computed for
the abutments and this was due, in very large part, to the weight of the
approach fill which compresses a considerable depth of the underlying clay.
The differential movement between these two reaction soints is 5 inches
and this applies over a span of approximately 55 feet. The duration of
this differential movement has been estimated very approximately to be of
the order of four decades.

Settlement of a slightly higher magnitude was computed in theanalysis
of the deep floating pile scheme., Therefore no advantage is derived from
using fewer piles driven to this depth, particularly since the overall pile

' footage is greater.
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In these analyses no allowance has been given for the support
provided by the soil at river bed level either directly to the pile cap
or to an intermediate stone-filled erib. If precautisns are taken to
displace the river mud and to ensure that the stone or gravel in the erib
is consolidated into a dense state before placing the pile cap, the
support at river bed level should be considersble., The only factors that
may reduce this support are river bed scour and the disturbance and heave
of the soil during pile driving operations. River scour does not seem %o
be an important item at this site; +the magnitude of ground heave will
diminish with the wider pile spacing. In addition it should be appreciated
that the compressibility of natural deposits of clay is usually less than
indicated by laboratory test particularly when recompression is involved
as is the ecase in this instance. Finally, it is probable that the abutment
and pier loads will be less than assumed in this analysis. This, unfort-
unately, will result in greater differential settlement because the
embankment fill weight will not differ. In view of the effect of this fill
which produces greaster settlements at the abutments, it may be desirable to
increase the loading on the plers in order to obtain squivalent movement
at these locations. This could be done by revising the bridge design from
a three span to a two span proposal.

Conclusions

The comments of the foregoing sections can be summariged briefly as
follows:

1) The bridge site is underlain by a deep deposit of very plastic clay
which is dessicated or overconsolidated for the first approximately /0 feet.
Bedrock lies almost 110 feet below the river surface and it consists of the
granite gneiss which outcrops north and south of the proposed crossing,
Metamorphessd limestone was encountered in the vieinity of the south abut-
ment however. Between this bedrock level and a depth of 80 feet, the approx-
imate bottom surface of the clay, is a deposit of medium dense sandy silt
with some clay layers.

2) Two proposals for pile support have been considered. One involves
support on H piles bearing directly on bedrock; the other incorporates the
use of short wood piles bearing some 30 feet below river surface level. The
former method is to be preferred if no settlement can be tolerated, but the
cost of the piles will be considerably greater. In the latter proposal, a
total settlement of 5 and 10 inches has been estimated for the piers and
abutments respectively. This movement should conbinue over a period of 40
years. The settlement estimates are based upon certain assumptions regarding
bridge loads. Different movements can be expected if these loadings do not
apply. In any event, in view of the considerable consolidating effect

of the approach fill, it may be wise to increase the loading on the centre
piers in order to minimize differential movement.
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{3) No embankment stability problem exists at this site and the under-
lying clay should remain stable during pile driving operations,

W T e
WAT/1t Williem A. Trow (P. Eng.)
March 16, 1959.

J343 _
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APPENDIX Page 1
ANALYSIS OF FLOATING PILE FOUNDATION SCHEME

In order to provide sowe basis for analysis, the agsumption
is made that the abutment loads are 300 tons each and the centre pier
loads, inclusive of concrete and stone-filled crib, are 700 tons each.

A - Centre Piers

l. Support on Short Piles driven to Elev., 239 ft.

(a) Ultimate Capacity:

Piles in this area extend 20 feet below the river bed.

Ultimate capscity per 1 ft. diameter pile =

9CA + Phs =_9 x 1200 x .78 +7 x 20 x 800 = 29 tons
2000
where C = 1200 is the value of cohesive resistance of
the clay below the pile tips, believed to be
appropriate,

A is the pile omasswsection area,

P is the pile perimeter

h = 20 feet is the penetration depth of the pile

8 1s the available skin friction on the pile shaft*

Use 3 rows of 16 piles each at 2} foot centres under a pile
cap 8 feet wide by 40 feet long.

Load per pile 700 = 1/.6 tons,
48
Factor of safety = 29 = 2.0
Ultimate Capacity of Pile Group = 9GA + Phs =

9 x 1200 x (8x40) + 2{8+/0) x 20 x 800 = 2500 tons
2000

Factor of safety = _2500 3.6
700

*  The Adhesion of Piles Driven in Clay Soils

M.J. Tomlinson - Proceedings 4th Int.Conf. Soil Mechanics
and Foundation Engineering 1957,



WILLIAM A. TROW AND ASSOCIATES

Appendix- Page 2

(b) Settlement of Pile Group ‘

Compressed soil lies at and below lower third of pile group;
load spread at 30% to the vertical (Terzaghi, Bjerrum et al)

Layer 1: 23 = 43 feet H = 240 ins.

Average depth = 33 ft.
Existing in situ pressure Fo = 23 x 50 psf = 1150 psf

Unit loading, from pier, at 33 ft. = __ 700 = .69 tsf = A p
(8+11.6) (40+11.6)

mv = ,0259 = coefficient of compressibility from consolidation
curve hole 1 - 31 ft.

Layer 2: - 43 - 53 f. H = 120 ins,
Average depth = 48 ft.
Po = 38 x 50 = 1900 psf

Unit loading from pier at 48 ft. = = G275 tsf

700
(8+29) (40+29)
S =120 x ,275 x 0218 = 0,72 ins,
mv = 40218 obtained from consolidation curve hole 1 - 48 ft.
Total settlement a+ 5 inches.
This value believed to be high because actual in situ
value of mv should be smaller and in addition, part of

pier load will be carried at river bed level by the
gravel erib.
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Appendix P.3
2. Support on Long Piles driven to Elev. 199 ft.
(2) Ultimate capacity of pile =
9 x 1200 x 78 +7 x 60 x 800 = 79 tons

2000
Use 3 rows of 10 piles at 4 foot centres =~ 30 piles

Load per pile = 700 = 23.3 tons
0

Factor of safety ~, 3

Similarly, factor of safety, pile group 1y 4.

(b) Settlement of Deep pile Group

Compressed soil at and below 50 feei (lower third of pile group)
Layer 1: 50 - 70 ft. H = 240 inches.

Average depth = 60 ft.

Po below siream bed = 50 x 50 = 2500 psf.

Unit loading at 60 ft. = 700 = 69 tef.
(8+11.6)(40+11.6)

S=240x.69x.03= 5]..!150

‘mv = .03, from consolidation curve, hole 1 - 64 ft.

Layer 2¢ 70 - 80 ft. H = 120 ins.
Average depth = 75 ft.
Po = 65 x50 = 3250 psf,
Unit loading = ,275 tsf.
= 120 x .275 x .03 = 1,0 ins.
nv ~ ,03 from consolidation curve, hole 1 = 64 ft.

Tctal settlement = 6 ins.
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Appendix P.4

B. Abutments

l. Settlement due to weight of approach fill
Assume fill 30 ft. wide at top and 10 ft. deep.

Congider layer from ground surface to depth of 40 ft.
Average depth = 20 ft,

Poat 20 ft. = 20 x 50 = 1000 psf

P dve to fill 0,85 x 10 x 120 = 1020 psf «51 tsf

)

mv from consolidation curve, hole 1 - 32 ft. .03 sq.ft./ton
Thersfore: S = 12 x 40 x .51 x 03 = 7.34 ins.

A sm.1l amount of deep seated settlement should be expected
belew this level.

2. Supvort of Piles at Elev, 239 ft,

Assume abutmert load = 300 tons, )
Ultimate capacity slightly greater than for centre piers,
‘ Use 15 tons per pile; number of piles 300 = 20
15

Use 2 rows of 10, placed at 4 foot centres.
Approximate dimensions of pile cap = 40 by 6 fest.

Settlement considerations:

Lower third point of piles begins at depth of approx. 21 ft.
Consider layer 21 - 41 £, H =20 x 12 = 240 ins.

Po at mid depth of 3L f%, = 50 x 31 = 1550 psf.

Unit loading from piles at 31 ft. for 30° load spread =

0 - = 0 a33 tsfo
{6+11.6)(40+11.6)

mv from consolidation curve 32 ft. = ,0273 sqeft./ton
S = 240 X .33 X 00273 = 2.16 ins.

4dd % inch for deep seated settlement = 2,7 ins.
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Appendix P.5

’ 3. Su.EQort of Piles at Elev, 1.29_____5

Tltimate capacity per pile = 9 x 1200 x .78 + ﬁ’x 70 x 800 _ = 92 tons
2000

Use 2 rows of 8 piles placed at 5% foot centre, with rows 4 ft. apart.
Load per pile = 300 ~ 19 tonms.

16
Settlement considerations:

Lower third point of pile group begins at depth of 46 feet.
Consider layer 46 - 76 feet: H = 30 x 12 = 360 ins.
Po at mid depth of 61 feet = 61 x 50 = 3150 paf.,

Unit loading at 61 feet = = 0,223 taf,

300
(6+17.4)(40+17.4)
mv from consolidation curve for &4 feet = 0,039 aq.f‘b/ton
S = 360 X 0223 X 0039 = 3.1 ins.

C. Summary
Settiement of Centre piers at Elev. 239 ft. = 5 ins.
‘ Total pile footage = 20 x 48 = 960 ft.
Settlement of Centre piers at Elev. 199 ft. = 6 ins.

Total pile footage = 60 x 30 = 1800 ft.
Settlement of abutments including effect of approach f£ills

Founded at Elev, 239 ft. - A/ 10 ins.
Total pile footage = 20 x 30 = 600 ft.

Founded at Elev. 199 ft. -~~~ 10} ins.
Total pile footage = 16 x 70 = 1120 ft.

More economic proposal - wood piles founded at Elev. 239 ft.
Differential settlement from abutment to centre pier = 57 ins,

Ratio of deflection to span = 5 = __1
55x12 132

Duration of settlement, taking coefficient of consolidation Cv very
approx. = .06 8q.ft./dqy and thickness of drainage layer = 30 ft.:

Fifty percent settlement -~ 9 yrs.
Ninety percent setilement ~ 4O yrs.

Settlement estimates belisved to be high because of support at
. pile cap level, assumed loads may be too high, and compressibility
of goil less than laboratory tests indicate.
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D, Alternative Foundation Proposal

Use steel H piles to bedrock.

Assume 60 tons per pile.

No. of piles, centre pisrs =

Foctage = 12 x 100

Abutments = 300
60

Footage = 5 » 110

Settlement - zero,

1200 feetb.
5

550 ft.

Appendix P.6



TABLE NO. 1
SUMMARY OF FIELD AND LABORATORY TESTS

Depth Shear Str.K.S.F. & Pene.Resis, I DNat. Moist. Cont, % Dry Weight

Nat, Unit Weight pef

Hole No. Hole No. : Hole No,
Feet 1 2 3 4 1 2 3 4 2 3 4
10 N=7 N=9 24.8 20.1
V=22,2
15 N=7 N=push N=7 2L.2  37.2  39.9
V=1.,34 V>2.2
20 N=9 =9 8.7 37.6 111.4
Qu=1.55 L1=563.9
PL=26.7
25 N=7 N=push §=7 4l 48,1 37.6
V=1l.6 11~62,3
PL=21.5
30 N=5 V=.93 V=2.,06 ©N=5 32.6 30.8 110.8
Qu=0.72 Li=44.4
=1.35 PI=19 ok
Check MC=28.6
31 ft.LI=40.4
H1 PL=17.9
35 =push V=1.52 28.6
LL=29.0
PI=15.5
N=push N=push 7:4 2442
20 V>2.2 V=L,6 V=1.68
=11 N=4 bhre5 52.8
45 V=1.76
N=4 57.5 47 55.4 105.6
Qu=0.8 N=push N=push 11=60.6
PI=24.0
50 V=1l.68 V=1,3, V=1.51
N=push N=3 57.0 52.9
55 V=1.51 V=1.52

N=push N=push nggljzg 47,0 §744

108.1

SALVIOOSSY ANV MOYL 'V WVITTIM




TABLE NO.1 (CONT)

Depth Shear Str.K.S.F. & Pene.Resis, N Nat, Moist. Cont. % Dry Weight Hat, Unit Weight pef

SALVIDOSSY ANV MOIL 'Y WVITTIM

Hole No. Hole No. Hole No,
1 2 3 4 1 2 3 4 1 2 2 4
60 V=1l.43 V=1L,18 7V=1.34
Qu=1,02 53.0 110.1
N=push =push  LL=60.5 37.9
FL=22.4

65 V=1.09

N=push EF=push 39.3 343
70 V=1.26 V=1.72 N=push 36.8

V=1l.51 HN=push

75

N=push HN=push
80 v=2.1 =push

V=1,51

LEGEND: V = field vane
Qu= undrained triaxial
N = penetration resistance, Blows per foot, 350 ft. lbs. energy
LL= Liquid 1limit
PL= Plastic 1limit
Me= Moisture content
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