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FOJNDATIOﬁ INVESTIGATION BEPORT
. For - .

‘Proposed  Crossing at R ~
Blackwell Sideroad and " C.A.H. #402 .
Line *C!, Lots 12 & 13, cCon, VII,

Twp. of Sarnia - County of Lambton
- District #1  (Chatham, Ont,)
W.J. 69~F—91 S== 7 WP, 43266-05

1. IKTBODUCTION:

4 request for a foundation investigation at the -
crossing of the proposed C.A.H. #402, Line 'C' and Blackwell
Sideroad, was received from Mr., A. P, Watt, Regional Bridge
Planning Zngineer, in a memorandum dated October 6, 1969.

4 field investigation was subsequently carried out
by the Foundation Section to determine the subsoil conditions :
existing at the site, This report contains the results of this
investigation and our recommendations pertaining to the design
of the proposed structure foundatiens and approach embankments

2. DESCRIPTION OF THE SITE:

The site of the proposed underpass structure is situated
in the eastern outskirts of the City of Sarnia, approx. 3/4 mi.
north of Hwy. #7 on Blackwell Sideroad.

The surrounding area is flat and cultivated farm land,
At the west sgide of the existing sideroad, an approx, 23 ft, wide
and 5 ft. deep drainage ditch runs in'North-South direction.

Physiographically, the site 1s located in the region
referred to as the St. Clair Clay Plaln.

3. FIELD AND LABORATORY INVESTIGATION PROCEDURES :

A total of five sampled boreholes and eight dynamic
cone penetration tests was carried out during the course of the
field work. Boring was achieved by means of a continuous fliéht

o9 ,&,’;'7 . 2
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3. FIELD AND LABORATORY INVESTIGATION PROCEﬁURES:‘ (cont'd )

auger machine, and conventional diamond drilllng equipment
adapted for soll sampling purposes, . During the field work
disturbed samples were obtained by means of a standard split-
Spoon sampler: the energy used in driving 1t, conformed to
the requirements of the Standard PenetratlonkTést.

Jynamic cone penetration tests were carried out )
adjacent to sach borehole with the exception of B.H. #9, and -
also at four other locations. Driving energy to advance the
cone was 350 ft.-lbs. per blow. 'Undisturbed' samples were
recovered using 2 inch I.D. Shelby Tubes which were pushed into
the soil hydraulically or by hand. Where possible, Field Vane
Tests were carried out at elevations 12 inches below sample
depths,

The bedrock was proved at one borehole 1ocation using
BAT rock coring equipment.

A1l boreholes were surveyed in the field by personnel
from London Rezion Engineering Surveys Section, The locatlons
and elevations of the borings are shown on Drawing Ho. 69-F-914
which accompanies this report,

411 samples were visually examined and classified at
the site as well as in the laboratory. Following this inspection
laboratory tests were carried out on selected samples to determine
the following physical properties:

Atterberg Limits

Moisture Content

Grain-size Distribution
Organic Content

Undrained Shear Strength

Bulk Density

Consollidation Characteristics

The test results are summarized on the Record of
dorehole sheets contained in the Appendix of this report,

) o o0 08 3
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i, SOILL TYPES AND SOIL CONDITIONS®

4.1) General: o ,

Generally uniform subsoil conditionsfwere found to
prevail over the site area. The subsoil consists of a deep
deposit of cohesive material {(clayey eilt and silty clay) ﬁlth
some sand and traces of gravel, followed by a shallow zone of
very dense sandy till material, followed by limestone bedrock.

The boundaries between different deposits are shown on the Récord‘T,
of ZSorehole sheets attached to the Appendix. The estimated '
stratigraphical profile of Drawing 69-F-91A is based upon this
information., '

From ground level downward, the various strata are
described in some detail with regard to soil types and soil
properties, as follows:

4,2) Pill Material:

This material was encountered in B.H.'s 4, 5, 6, 8 and 9
from the existing roadway level (£1, 594) to approx. El, 589, The
material in the deposits consists of sand and gravel with traces
of fines. The relative density may be described as compact.

4.3) Clayey Silt with Some Sand and Traces of Gravel:

This deposit was intersected in all borings and extends
from imzediately below the topsoil, or the above mentioned fill
material, down to approx. £1., 543, The material in the deposit
consists of clayey silt with some sand and traces of gravel., A
plot of Plasticity Index versus Liquid Limit (Fig. 1) shows the
points to fall within the CL zone.

The upper 6 - 8 ft. portion of the stratum is a very
stiff to hard desiccated surface crust. Thls zone is brown in
colour due to oxidation. The natural moisture sontent, in gensral,
is at or below the plastic limit. Standard Penetration Test 'N'
values ranged from 21 to 39 blows per foot, The undrained shear
strength 1s in excess of 2000 PSF, This zone is highly over-
consolidated due to desiccation and/or weathering.

*eve s L”
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4, SOIL TYPES AND SOIL CONDITIONS: (cont'd.) ...

4.3) Clayey Silt with Some Sand and Traces of Gravel: (contfa;) }

Below the desiccated layer, the colour of the deposit
gradually changes from brown to grey.

The shear strength of the deposit gradually decreases
to a minimum value of 600 PSF at approx., £1, 570. From this
level on, it increases very rapidly to 1850 PSF at'approx. El. 565
and remalans more or less constant throughout the remainder of thé
clayey silt layer. '

Physical properties of the overall depoéit, as determined
from field and laboratory tests, are as follows:

Natural HMoisture Content (%) 15.0 to 24,5
Liquld Limit (%) sevseccscsocsssnse s e 23-0 to 3"‘1"5

Plastic Limit (%) 13.0 to 17.5

Organic Content (Desiccated Zone) (%) ... 0.5 to 1,0
Bulk Density (PCF) .teeeuceevccccoscnses 128 to 137
FPi2ld Vane Test (PSF} .eeececosceccoancses 560 to >2000
Unconfined Shear Strength (PS5F) . ..ieec... 650 to 1950
Quick Triaxial Shear Strength (PSF) ..... 600 to 1250
IN' Value (BLOWS/Tt.)  eueueseevesseeees 10 to 39
Sensitivity ceccosesssreesesnvassssanes 1,3 to 3.3

Typical grain-size distribution curves are included in
the Appendix of this report (Figure 2),

All of the field and laboratory shear strength measurements
are plotted on Figure 3.

The consistency of the overall deposit may be described
as firm to hard.

The results of consolidation tests (Figure U4) carried out
on selected samples, indicate that the preconsolidation pressure of
the undesiccated portion of the stratum is approximately 0.5 to

--o‘o- 5
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4,  S01L TYPES AJD SOIL CONDITIONS. (cOnt'd )

4.4) Silty Clay with Some Sand and Traces of Gravel.

This stratum was found to underlie the clayey silt 5
deposit and extends to approximate El, 474, The material in .
the deposit consists malnly of clay and silt with some sand - -

and traces of gravel, In some samples, thin layers of sand and
silt were found,

The test results are plotted on the Record of Borehole -
sheets, and also on Figures 1, 3 and 4 of the Appendix. The
average physical properties of the material are as follows:

Liquid Limit : L4OF Plastic Limit: 20%
Foisture Content: 24%° Bulk Density : 123 PCPF

Based on laboratory and field measurements, the
consistency may be assumed as firm to hard. ’

4.5) Heterogeneous Mixture of Cravel, Sand and Fines:

A very dense, heterogeneous mixture of gravel, sand,
silt and clay layer was found beneath the silty clay zone.
The estimated thickness of the deposit is in the order of
6 -7 ft.

4,6) Limestone Bedrock:

Bedrock at this site was found to consist of generally
sound limestone at El, 468 (B,H. #3).

5. GRBOUNDWATER CONDITIONS:

The following groundwater levels were observed during
the field investigation:

B.H., #1 Caved in at El. 509.1
El, 583.1

El, 573.6

El. 587.4

El, Dry

2
3
5
9
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5.  GROUNDWATER CONDITIONS;: (eont-dJ);n )

It ie~polnted out, that the foregoing quoted figures
may not represent the true groundwater levels, due to the
relatively impermeable nature of the snbsoil and the short
duration of the fleld work

Natural gas was observed 1noB;H. #3 when contact was - -
made with the bedrock. B |

6. DISCUSSION AND RECOMMENDATIONS:

6.1) General:

It is proposed to build a four-span (35’-73 5'-73.5'-35")
underpass structure at the crossing of new Hwy. #402, Line 'C! and
Blackwell Sideroad, The proposed profile grade of Blackwell
Sideroad will be approximately 20 ft. above the proposed Hwy. #&02
grade of elevation 594,

4s described in the previous paragraphs of this report,
the subsoll at the site cousists ofva deep deposit of clayey silt
and silty clay, contalning some sand and traces of gravél. The
upper 6 - B ft. of the deposit 1s a very stiff to hard desicocated
surface crust, Below this depth the shear strength of the material
decreases until a minimum value is reached, then increases again
with depth, with some random variation;‘>The desliccated surface
crust appears to be suitable for spread footing type foundations.

Because of the compressible nature of the subsoil, it is
inevitable that consolidation settlements will occur over a long;
term period due to the imposed loads of structure and embankment,
Past experience, however, indicates that these settlements will be
of a minor nature. ' '

6.2) Foundations:

(a2) Spread Footings in Original Ground:

The entire structure may be suoported on spread footings
placed within the very stiff to hard desliccated zone of the subsoil
at or above £l. 588', A safe net pressure of 2.0 TSF-may be assomed
for design purposes. ' T ' ‘




6. DISCUSSION AND RECOMMENDATIONS: (cont'd.) ...

6.2) Foundations: (cont*d.) ...

(a) Spread Footings in Original Ground: (cont'd.) ...

The desiccated zone ls susceptiblé to sgfteding on
contact with water, therefore, it 1s recommended that the base
of the footing excavations be protected by a concrete working
slab, immediately on exposure. ’

All foundations should be protected agalinst frost action

bty at least 4 feet of earth cover, Ko dewatering prbblems are
anticipated.

The estimated maximum settlement will be 1in the order
of 1.0 and 1.5 inches under the pier footings.

(b) Spread Footings on Compacted Fill:

As an alternative, the abutments may be supported on
spread footings placed on well compacted, suitable grénular
material within the approach fills., A safe design load of
2.0 TSF may be assumed, The granular material should consist
of G,B.C. Class '4' and should be fully compacted according to
the current D.H.O, Standards. A detalled construction scheme
is outlined on Figure 5 of the Appendix. '

(c) Perched Abutments on Short Piles:

As a second zlternative, the abutments may be constructed
within the approach fills and supported on short piles driven
through the fill and some 5.0 ft, into the desiccated crust. 1In
the case of 12-3/4" 0,.D. and 1/4" thicx wall steel tube piles, a
gafe design load of 25 tons per pile may be used,

It should be pointed out, that this latter proposal is
based on experience with similar structures and similar subsoil
conditions in the general area., To obtain more detailed information
about pile lengths, plle types and design loads, a full-scale
pile loading test would be advantageous and it is strongly recommended
that such tests be carried out, Therefore, the recommendations
given for this iype of foundation are subject to change, depending
on the results of the planned plle loading tests,
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6. DISCUSSION AND RECOKMENDATIONS: (cont'ds) ...
6.2) Foundations: ({(cont'd.) ... - ~
(¢) Perched Abutments on Short Pilles: (cont'd.) ...

Hegardless of which method is adopted, the structure
should be built to accommodate the 3,0 to 3.5 inches differential
settlement between the abutments and plers.

(d) End-Bearing Piles: ,

4As another alternative, the abutments and piers may be
supported on steel H-piles driven to bedrock. For 12 BP @ 53,
a safe design load of 70 tons per pile may bé assumed,

6,3} Approach Embankments:

The shear strength of the subsoil is such that it will
be able to safely support the 24-ft, high approach embankments
constructed with 2:1 side slopes. The fill should consist of
well compacted acceptable material, Care should be taken to ensure
that no bouldery fill 1s placed within the approaches through which
piles have to be driven, and it is recommended that this portion of
the fill contain no larger grain sizes than 3 inches, .

Calculations carried out by conventional methods indicated
that the settlement due to consolidation of the subsoil caused by
embankment loading directly beneath the abutment location will be
in the order of 13 inches, Based on the performance of structures
and embankments built in the same generai area and under somewhat
similar subsoil conditions, it is our opinion that the above gquoted
figure of 18" is gzrossly overestimated., A maximum settlement of
4 to 5 inches appears to be more reasonable, To minimize the
effect of differential settlements between the abutments and pier
footings, it 1s recommended that the approach embankments be built
in advance of the structure for as long a period as possible. The
topsoil and the soft organic material should be removed in accordance
with the pertinent D.H.O, Standards within the construction area,

L N ] 9
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7. MISCELLANEQUS:

The field investigatlion was carried out during the
period October 20 - 25, 1969, under the supervision of

Ar. P. Payer, Project Foundation Engineer, who also prepared
this report.

Equipment was owned and operated by Dominion Soil
Investigation Ltd.

This report was reviewed by Hr., K. G, Selby, Supervising
Foundation Engineer.

Hovecber 1359
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&N SOIL EXPLORATION

DEMRIMENT OF HIGHWAYS- ONTARIO
MATERIALS & TESTING OFFICE

RECORD OF BOREHOLE No.

FOUNDATION SECNO!;‘ ‘

|  Browa and Grey

i

H

-
o

04\0\
R

570

+1.8

N/

“Stlty Clay
S with udhe ‘sand

OO\

I3 ™| o]
SIS
18 T B

530

540

2.1

“Jos 69-F-91 LOCATION Sta. 13+86; 15' Rt. ORIGINATED BY ____ PP
WP, L3-66-05 BORING DATE October 20, 21, 1969 COMPILED BY PP
,bATUM(lL Geodetic BOREHOLE TYPE _Washboring - NX Casing CHECKED BY M
L
§ . DYNAMIC PENETRATION RESISTANCE LIQUID LIMIT w,
5 9| ¢ 2 6p__8q 100 WATER CONTENT—— w <=l
gl &) | =| % [SHEAR STRENGTH PSTF. wp w, 3%
NEIE . | © unconrineo + FIELD VANE — =)
‘ DESCRIPTION é § r ?) : 0 QUICK TRIAXIAL x LAB. VANE WATER CONTENT % | y
Ground Level » @ o 10D 0 ‘ # .
590 —ﬁ
Clayey Silt with 59 34 o t ‘
traces of gravel

. Bud of @‘préhole




w (vev. 1969)

 OFFICE REWOR

SOIL EXPLORATION

DEPARTMENT OF HIGHWAYS - ONTARIO
MATERIALS & TESTING OFFICE

RECORD OF BOREHOLE No. 3

69-F-91 LOCATION ___ Sta. 16+10; 18' R4, ORIGINATED BY __ PI
13-66-05 BORING DATE October 22 & 23, 1969 COMPILED BY FP
. DATUM ___Geodetic BOREHOLE TYPE _Cont, Flight Auger & Washboring CHECKED BY 34?
A
DYNAMIC PENETRATION RESISTANCE LIGUID LIMIT w S
SOIL PROFILE SAMPLES | L BiE WA kOO BLA ST T .- N
5 8| 2 6 100 | WATER CONTENT——w 13 R
&1 % - - S |SHEAR STRENGTH PS.F wp ¥ w, 'éé '“EMNQKS]
DESCRIPTION E g a. g . © UNCONFINED 4+ FIELD VANE o
o 2 bt 3 > | ® QUICK TRIAXIAL x LAB. VANE WATER CONTENT % vl | -
Ground Level » 2| o .10 2 2 .C:Flo
st M — ;
>
#'/ °
; —o
Clayey silt with | 580 L] 1.7
some sand and 1 £ 1
tri%ea of gravel
A: : +1l9
Brewn and Grey 570 +1.8
+1.h N |
JA 9 S»I
: +
7 560 é 1.3
' l +1
*‘ TIBT
’ +1I
0
" 41.6
13 2
. -
811ty Clay wiih ? 33[# Sho
- sand and traces /
| of gravel ?
SR 18 530
T v st tomara [ /]
/ 520
? 15 510
/ 500
/
AL 490
WWxture of gravel, "
| sand, silt & clay |7\ 470
¥, Dense ‘s t] 19 o) ot
Bedrock 4 20
Limestone
¥nd of Borehole
X Léo




"

DEPARTMENT OF HIGHWAYS-~

RECORD OF BOREHOLE

Ne. i

MATERIALS & TESTING OFFICE , ‘ FOUNDATION SECHION
1OB 69-F-91 LOCATION Sta. 13+86; 19' Lt. ORIGINATED BY |
W.P. 1;3-66-05 BORING DATE October 22, 1969 COMPILED BY
DATUM ___ Geodetic BOREHOLE TYPE _Cone Test Only CHECKED BY
DYNAMIC PENETRATION RESISTANCE LIQUID LIMIT w,
SOit PROFILE = w |BLOWS/FOOT ‘ ' PLASTIC LIMIT—— w, -
5 8 ] 20 ho 60 8 100 WATER CONTENT-—y == |
=] & w| U [SHEAR STRENGIH PS.F. ws W, 321 remarxs.
ELEV S8l wi st @ — % 22 S
= DESCRIPTION =l | & g . O UNCONFINED 4+ FIELD VANE a3 I '.
<«
DEPTH x|l 21 Z | 3| & | ® Quick tRiAxiaL x LAS. vaNE WATER. CONTENT % y
59%.1} Grownd Lewel ol £ 2| © - F.
g.g y T e ————
Probably -
590.1] P§11 Meterial —
ST . 590 T——-—
k.o \
Probibly
Clayey S5ilt K
S0 R
578.2 ~

15.% End of Cone Test

570




MATERIALS & TESTING OFFICE RECORD OF BOREHOLE No.s FOUNDATION SECTION
308 69791 __ LOCATION _ _Sta. 1h+3l; 18' It ORIGINATED BY P
w.P. L3-66-05 BORING DATE___ October 22, 1969 COMPILED BY PP
DATUM __ Geodetic BOREHOLE TYPE Wastboring - WX casing CHECKED BY .
' ' T TOYNAMC PENETRATION RESISTANCE  JLIGUID LAMIT — —w,
SOiL PROFILE _samptes | RN OOT CE PLASTIC LIMIT——ws N
5 ol 31 ‘ 80 100 WATER CONTENE—w x> R
o = 2l v "'s'HfAs"‘E svg"e%@jg PSE ' we x SZ] remars |
ELEY, DESCRIPTION 12 2 § . | © UNCONFINED ~ + FIELD VANE ‘ o
DEPTH ' g § by 3 i ® QUICK TRIAXIAL  x LAB. VANE WATER CONTENT %. Y
| 593.9] Gromnd Lewel 5l % 2| @ 1000 2000 1 2 3 e ic
© 0.0] Fill Material >
589.6] Sand & Grawel Sod N
k.3 5 \ o 1 = W.L.
Clayey Silt with ﬁ*"‘ﬁ 19 <> 58?’&’,
0-1}156~-
Seme Sand and traces ﬁ 1 580 7 ‘
of grawel : . J° —jo— ,
> 128
Brown & Orey . : H2.~——0
Firm to V. Stiff ' - 2.2
] e _ :
| 570 o +— 3-18-18-31 5
+ —» )
g7
+ —=
é —p——td
10| T M 132
560.9 560 +3:3
 33.0| End of Borehole
i
!
%
| I l 1 i {




_DEPARTMENT OF WIGHWAYS- ONTARIO BE B A SR T
MATERIALS & TESTING OFFICE RECORD OF B E No. 6 | FOUNDATION SECTION
J08 69-F-01 LOCATION _Sta. 15401; 227 Ly, ORIGINATED BY PP
W.P. h3—66-0‘1.., BORING DATE___ October 23, 1969 COMPILED BY D
patum  Seodetic BOREHOPE Type Cone Test Only CHECKED BY %&,{{ f
SOIL PROFILE  SAMPLES DYNAMIC PENETRATION RESISTANCE LIQUID LIMIT w, j
— =1 w |BLOWS/FOOT PLASTIC LIMIT——w, -
ol . ol I L 20 Lo 6 8 100 WATER CONTENF——w w = !
ELEV =) Z1 | =| 3 [SHEAR SRENGH PSF. w w, 32| remarcs
DEPTH DESCRIPTION “l 1 =~ 2 . | o uncowfined + FIELD VANE —— =5 i
| 2| =1 3| & | ® Quck TRAmAL x LaB. vANE WATER CONTENT % | ¥ |
593.9] . Ground Lews) » al m P Elor sa si
6.0] Probebly ‘\ |
589.9] PE11 Material N :
Prcbably , K
Clayey S11t ‘D ‘
5w : \ ’~:
575.9 k\
{1 18.0{ Bnd of Cone Test 1
I
570 F
k +
% X
i
H
i
|
4 i | B 2




| DEMARTMENT OF msms- ONTARIO

'RECORD OF BOREMOLE

. FOUNDATION SECTIOP

i

MATERIALS & TESTING OFFICE - R
108 69-F-91 LOCATION Sta. 15+76; 18' Rt. ORIGINATED BY PP
- WP 43-66-05 BORING DATE - Cctober 23, 1969 COMPILED BY L
s 3 ’ ) e
DATUM ___ Geodetic BOREHOLE Type Ceme Test Only CHECKED BY ﬂ .
3 _ - B B
: : . MIC PEPEYRAT!ON RESlSTANCE LIQUID LIMIT w, "
SOit PROFILE sameies | | QNAMGS PLASTIC LIMIT——w, >
5 Ql = 20 60 8g 100 WATER CONTENT——w xt .
ELEV =] ] L1 =] 9 [srear STRENGTH PS.F. wp Y w, 3'% REMARKS
DESCRIPTION z § - g . O UNCONFINED + FIELD VANE ‘ ‘ o ‘
EEPTH =t :z; - x - > & QUITK THAMAL x LAS. VANE WATER CONTENT % Y
59C.h| Ground Level 12 s &l ] - le.c.eler.sA S,
Prebably ' ' '
Clayey
80
s11t 5 N
570
560 <K
554.5
35.9] End of Cone Test
550
i | | - |




DEPARIMENT OF WIGHWAYS- ONTARIO T e o
MATERIALS & TESTING OFFICE RECORD OF BOREHOLE No. 8 FOUNDATION SECTION
08 69-F=91 LOCATION - Sta, 16+¥16; 23' Lt, ORIGINATED BY PP
w.P. hil-66-05 BORING DATE ~ October 23, 1969 COMPRED BY  FP
DATUM Geodetic BOREHOLE TYPE _Come Test Omly CHECKED BY M |
, : AMIC_PENETRATION RESISTANCE ] LIQUID LIMIT w1 —
SO _PROFILE SAMRLES 1 o u.ms/ FOOT PLASTIC LINIT——w, |
s gl 2 20 6@ 8 100 WATER CONTENF— = K
2 = < | & [SHEAR SRENGTH PSF w g . SZ1 REMARKS
| ELEY. DESCRIPTION LI g| . | o uvconemen s FiELD vane 28l =
- | DEPT ; : e g z 21 > | ® QUICE TRIAXIAL x LAB. VANE WATER CONTENT % Y
: a s
593.4 Groummd Lewel n 2] ® :C.FIGR.SASLGL
0. bl :
- 589.5 P31 Naterial 5 — -
5 Reobetiy ] = *"\\
Clayey Siit i A
580 ? 4
. »57? -,i ¥ -
15.9 Bnd of Come Tost
570




OEPARIMEWT OF MIGHWAYS- ONTARID .  BEAADR  AE BABCLE A S
MATERIALS & TESTING OFFICE 7 R!ECQRD OF BOREHOLE No. 5 - FOUNDATON. SECTION
108 63-F-91 LOCATION Sta. 15+76; 21' L. ORIGINATED BY __ PP

W.P. L3-66-05 BORING DATE - October 23, 1969 COMPILED BY _ PP
DATuM __ Ceodetic BOREHOLE TYPE _Cont. Fiight Auger CHECXED BY ﬁ

N ! -
' ' DYNAMIC PENETRATION RESISTANCE LIQUID LIIT ——— W,
S0iL PROFILE SAMPLES w HBOWS/ FOOT PLASHIC LIMIT ——ws >
5 9| 4 W é 8 100 WATER CONTENT—w =1 :

A 2| § &} Y |SHEAR STRENGTH PSF. w x ™ 321 remarxs
ELEV. DESCRIPTION % a g . © . UNCONFINED + FIELD VANE R gﬁ L
DEPTH o § > z > | ® QUICK TRIAXIAL. x LAB. VANE WATER CONTENT % y
 593.6{ Ground Lewel » 2| @ 1000 2000 ! 2 P.C.E.

9.0] Fi11 Naterial ' B ~

Sand apd Grazwvel )
586.6| Gmpant. st sw ot later
51 A - -g- o~ | jlewad
Clayoy silt with not ‘
and 13 ! °  jestablishe
+
Some sznd —d—w--m- 1. ,
traces of gravel 580 - ]
a - +1.3
+L. .
Firm to Hard 8 ss|io 1
4.8 |
P . le Ho—rn  §99.82.3648-3)
- 16 sm 1. 8 . ‘
, -
™| PH :
| +1 .
i SS |16 'i‘ B - e ) 4-218-53.25
560 — ..
14 @ : [o]
555-5 - —>
38.01 2nd of Borehuvle t
| 550
: !
] i | 1 i { 1 i ! | IS |




PLASTIGITY INDEX ~ Per Goat
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© . g

L DEEXS L , 1

e 7w | o A L ' ‘ K

o © 20 30 40 s0 ) 20 20 100,

LIQUHD LIMIT -~ Per Cent '

R MATERIALS and PLASTICITY CHART WRHo 43 -66-05 1

i:’;: TESTING JOBNo. 49-F-9]
=/ owision CLAYEY SILT & SILTY CLAY o2 f




UNIFIED _SOIL CUASSIFICATION _SYSTEM

CLAY & ST AL :
_ fine T diedium | Coarse Fine Coarse
100 DEPARTMENT SKEVE ODESIGNATION 270 200 140 00 6350 4030 20 4 108 4 % W W TR
- PR
e R i B agpoedihaar e
L
s0 e T ot
— 10
el o
! P‘/ ’ ‘/' .
20 o
= 0 -
)
A ,
70 — } ,/ i %
i i L
60 : V4
o t o 40 a -
2 i | @
B f — 2
> ] <
L 1]
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w i1 A SAAME =
& 40 1 P L NO SYMBOL 0 g
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T a
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30 } % f 3 70
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R 7

28 80
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10 90
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580}

560 F G .
1osa ] CLAvEY SILT
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ELEVATION.(FT.)
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*
154
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530 -

>

40

520

510 e %1 .
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vOID RATIO &

VQID RATIO €

78

74

-66

-58

15‘

50

-44

.
~b . .
. ‘ |
ol il

™
L.

PR
w9

)

VOID RATIO @ 1 e
v{i‘ - ;‘4“:' v gy
[«]

-55

50\

01

g , 100 o o w v Wkio.o‘
PRESSURE TONS /SQ.FT. . PRESSURE  TONS /5Q. FT.

BH. 2 78 ¢ TTITIF

SAMME 5

BH. 3
L |SAMPLE 10

iz 1 Wt 288 1 W, = 30-5
= ===t L8 Wp = 180 70 .

DEPTH W'-a" 74 d

2-55p.s). |ELEV. 574-8 :

ELEV. 560-8

)

62

) ) Wp= 16-0
‘Qq.‘ ' w = o W)H’ZH tsf. | W 225

Cc = -98% Cc = 136%|
had S _,]f.[_

[FR -,

-62

VOID RATIO €
- 2

01

) , 0 oor 0 10.0
PRESSURE TONS/SG.FT. _ PRESSURE TONS/5Q.FT,

FIG. 4
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~
7 ~
4 ~
EARTH FiLL ~

GRANULAR A’

~.
> N
2 ‘ P TO THIS
3 =BUILD U HIS LEVEL THEN
NOT O SEALL “EXCAVATE FOR Foor:ms/
2 iy .
10" e
/// .-
N gohii et laa EARTM FiLL
|
~ GRANULAR ‘A’
EaRTH FuL -
P REMOVE TOPSOIL & SOFT MATERIAL
LONGITUDINAL SECTION
NOTES

1 - REMOVE TOPSOIL &/OR SOFT SUBSOli UNDER AREA OF COMPACTED GRANULAR ‘A’

2 - PLACE GRANULAR ‘A’ TO TOP OF FOOTING LEVEL, COMPACTED ACCORDING TO
CURRENT D.H.O. STANDARDS. -

3- EXCAVATE COMPACTED GRANULAR 'A' MATERIAL FOR FOOTING.

FIG. 5



ABBREVIATIONS USED IN THIS REPORT

PENETRATION RESISTANCE

STAKDARD PENETRATION RESISTANCE 'N': - THE NUMBER OF BLOWS REQUIRED TO ADVANCE A STANDARD SPLIT SPOON SAMPLER
12 INCHES INTO THE SUBSOIL, DRIVEN SY MEANS OF A 140 POUND HAMMER FALLING FREELY A DISTANCE OF 30 INCHES.

DYMAMIC PENETRATION RESISTANCE : - THE NUMBER OF BLOWS REQUIRED TO ADVANCE A 2 INCH + €O DEOREE CONE, FITTED

TO THE END OF ORiLL RODS,

THE CONSISTENCY OF COMESIVE SOILS AND THE

N THE FOLLOWING TERMS - -

consisTENCY

VERY SOFT
SOFT

FiRs
STIFF
VERY STIFF
HARD

5.8
ws
58
AS
cs
8T

qw

12 INCHES INTO THE SUBSOIL,

DESCRIPTION OF SOIL

‘M BLOWS/FT. ¢ LB./SQ.FT.
0-2 o - 230
2-4 250 - 500
4-8 500 - 1000
8- 18 1000 - 2000
15 - 30 2000 - 4000
> 30 > 4000

TYPE OF SAMPLE

SPLIT SPOOM T W
WASHED SAMPLE TP
SCRAPER BUCKET SAMPLE 0s.
AUGER SAMPLE Fs
CHUNK SAMPLE RC.

SLOTTED TUBE SAMPLE
PH
P M

SOIL TESTS

UNCONFINED COWPRESSION LV,
UNDRAINED TRIAXIAL FV.
CONSOLIOATED UNDRAINED TRIAXIAL c
DRAINED TRIAXIAL S

THE DRIVING ENERGY BEING 330 FOOT POUNDS PER BLOW.

RELATIVE DENSITY OR DENSENESS OF COWESIONLESS SGILS ARE DESCRIBED

DENSENESS ‘N BLOWS /7 FT.
VERY LOOSE 0 -4
LOOSE 4-10
COMPACT 10 - 30
DENSE 30 - 30
VERY DENSE > 8o

THINWALL OPEN
THINWALL PISTON
OESTERBERS SAMPLE
FOIL SAMPLE

ROCK CORE

SAMPLE ADVANCED HYDRAULICALLY
SAMPLE ADVANCED MANUALLY

LABORATORY VANE
FIELD VANE
CONSOLIDATION
SENSITIVITY




- W . € O D

my

Cu

s

ABBREVIATIONS

USED IN THIS REPORT

SOIL_PROPERTIES

UNIT WEISHT OF SOIL {BULK DENSITY)
UNIT WEIGHT OF 30LID PARTICLES

GHIT WEISHT OF WATER

UMIT DAY WEIGHT OF SOIL {DAY DENSITY)
URIT WEIGHT OF SUBMERGED SOIL

7,
SPECIFIC GRAVITY OF SOLID PARTICLES G = 7‘—

VOID RATIO
POROSITY
WATER CONTENT
DESREE OF SATURATION
LIQUID LIMIT
PLASTIC LiiT
PLASTICITY INDEX
SHRINKAGE LIMIT
W= Wp
P
COMSISTEMCY INDEX o fl-ll
P
YOID RATIO IN LOOSEST STATE

VOID RATIO 1N DENSEST STATE

LiQUIDITY INDEX =

DENSITY INDEX » Smox ~ &
Coas ~ ¢ min

RELATIVE DENSITY D, 1S aLso usED
HYDRAULIC HEAD OR POTENTIAL
RATE OF DiISCHARGE

VELOCITY OF FLOW

HYDRAULIC GRADIENT

COEFFICIENT OF PERMEABILITY
SEEPAGE FORCE PER UNIT VOLUME

~Ae
COEFFICIENT OF VOLUME CHANGE -z—s—-,-
I+e)Ao
COEFFICIENT OF CONMSOLIDATION

Ae
PR 10N -
CONMPRESSION INDEX Tiogao

L3
TIME FACTOR » -Edlf— { d, DRAINAGE PATH )

DEGREE OF CONSOLIDATION
SHEAR STRENGTH

EFFECTIVE COMESION

INTERCEPT N TERMS OF
EFFECTIVE AMGLE OF EFFECTIVE Rzs3
SUEARING RESISTANCE, | 7, ¢ + O ton ¢
OR FRICTION

APPARENT COWESION
IN TERMS OF

APPARENT ANGLE OF TOTAL STRESS
SHEARING RESISTANCE, A

OR FRICTION Trecat o tony
COEFFICIENT OF FRICTION

SERSITIVITY

GENERAL
" =3-1415
e BASE OF NATURAL LOGARITHMS T-TiIgs

log,z or Ing NATURAL LOGARITHM OF 2o
logugorloga  LOGARITHM 0F @ To BASE o
t TIME

g ACCELERATION PUE TO GRAVITY
v VOLUME

w WEIGHT

M MOMENT

F FACTOR OF SAFETY

STRESS AND STRAI

PORE PRESSURE
NORMAL STRESS

NORMAL EFFECTIVE STRESS (T i ALSO USED )
SHEAR STRESS

LINEAR STRAIN

SHEAR STRAIN

POISSON'S RATIO { Ju IS ALSO USED)

MODULUS OF LINEAR DEFORMATION ( YOUNSS MODULUS )
MODULUS OF SHEAR DEFORMATION

MODULUS OF COMPRESSIBILITY

COEFFICIENT OF VISCOSITY

LD XOMAIQY O A Qq e

EARTH 2RESSURE

d DISTANCE FROM TOP OF WALL TO POINT OF APPLICATION
OF PRESSURE

] ANGLE OF WALL FRICTION

DIMENSIONLESS COEFFICIENT TO BE USED ITH VARIOUS

SUFFIXES IN EXPRESSIONS REFERRING TO NO®MAL STRSSS
ON WALLS

=

Ko COEFFICIENT OF EARTH PRESSURE AT REST

FOUNDATIONS

BREAOTH OF FOUNDATION
LENGTH OF FOUNDATION
DEPTH OF FOUNDATION BENEATH GROUND

DIMENSIONLESS COLFFICIENT USED WITH A SUFFIX APPLYING
TO SPECIFIC GRAVITY. DEPTH AND COMESION ETC. IN THE
FORMULA FOR BEARING CAPACITY

[ MODULUS OF SUZGRADE REACTION

Z20rw

SLOPES

H VERTICAL HEIGHT OF SLOPE
OEPTH BELOW TOE OF SLOPE TO HARD STRATUM
ANGLE OF SLOPE TO HORIZONTAL

n <@




FRINT RECORD
&0 | FOR {DATE
R

HIY Lo

1 k] A vt
e ZI ule 5} I <

2 / A !
s Moo Yol
+f Yo = I ! \/

TR 4 i rrenoses roomnes
{

N 1 123+00/ " ! |

- &) L

’ Y |

L
BLACKWELL ___REVISION !
B8
W‘\
5
___________________ et
{ GRAVEL)
4
92— e (SaH -
~—— g . —— T T T
— P L_ﬁ I,
PLAN
?p i0 0 SCALE 20 40 FT

3&%8 9& 7 1&& 5 28&3
4° & 4 % &
820 i 620
- - LEQPOSED  GRADE, A e
21D 610
§ LINE 'C
a0 BIFCO BT EONE 4 aAF c YL}
B/F CONE /F CONE i 3
0o 0 00 sp ™ 00 . 50 N{
550 T L LY % T y—1 590
kS T 0 BEIRE MBS
! et 1 :
580 2 i 580
I ]
IR} N
378 CLAYEY SILT 570
E SAND,TRACES
540 rr(n to V. 5tif coq
1
L
555 il 550
i
540 549
230 530
520 SILTY CLAY 520
"/ SOME SAND, TRACES OF GRAVEL 7
515 7 V. Stiff to Hard z s10
500 500
290 499
280 480
o
470 t-&;, 7 F:- V. Dense’s » 270
260 PROBABLY [BEDROCK 460
= =
s 2
450 2 q4 2 458

SCALE
20 i 9

G PROFILE

40FT

REFNO. E-4845-1

LAKE HURON. ——— -
|~ 5
/ < -
Ty 105 OF LAMBTON
e :
_— ‘ g SITE
or-u seor-frwrsor @ pmerc] ]
ol 4 i
;L > —7
m TWP OF SARNIA
R
KEY PLAN
~ , o5 o SCALE xu} MILES 2 s
LEGEND

-’- Bore Hole

~$— Cons Penstration Hole
¢- Bore 8 Cone Penatration Mole

=X~  Water Levals estoblished at time
B of tield invesiigation. OCT. (559

NOTE - Waterlevels not estabished i Sore
Holes 1&9 ot hme of field
iavestigotion

NO. {ELEVATION | STATION GFFSET
1 59¢-9 5+08 22 RY
2 591 1 13+86 157 RY
3 5906 16+10 18 RT
4 5941 13+86 19°LT
5 5939 14+34 18
6 593-9 15+01 22T
7 5904 i5+76 18’7
8 593-4 16+16 23T
? 5936 15+76 FARES A .
— NOTE -

The boundaries between soil strata have been sstabiished only ot
8ore Hole jocations. Betwesn Bore Holes the boundories ore assumed
from geclegical evidence and may be subject to considerable error.

s
: DATE 0] DESCRIPTION
DEPARTMENT OF HIGHWAYS ~ ONTARIO
MATERIALS & TESTING OFFICE - FOUNDATION SECTION
BLACYWELL ROAD
KING'S NO. 402 LINE'C' DIST. Ko, |
o, LAMBTON
TWP___SARNIA T 12&13  con___ Vil

BORE HOLE LOCATIONS & SOIL STRATA

SuBMU P p. [CHECKED TP Jwp o, 43-066-05 |M8T-DRAWING NC.

ORAWN  S.O. | CHECKE JOBNO.  69-F-91 69' F"Q] A

UATE 26 NOV. 19469 SITE MO BRIDSE ORAMING NC.

AWEB_W%
P T

520'(\'. NO.
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. DEFARTMENT OF HIGHWAYS ONTARICG i

MEMORANDUM
To: Mr., A. Stermac, From:  C,S, Greb ski,
Principal Foundation Engineer, Bridge Office

koom 107, Lab. Bldg.

ATTENTION:

Date:  November 9, 1970

Our FiLE ReF. iN REPLY TO

W.P. 43~-66-05, Site No. 14-339

SusuEnT: Blackwell Sideroad Underpass P
1.2 Mi. East of Modeland Avenue, b7 - F -G/
Highway 402, District No. 1

Attached herewith we are submitting the final
bridge drawings which show the foundation design for
this structure.

Kindly give us your comments at your earliest

convenience.

C.S. Grebski,

Bridge Design Engineer
CSG:rd
Attach.

c.c. Poundation Office

(fME‘ TES T 12 oot
>t—£T)
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GEOPROBE ONTARIO

Suite 289

37 King St. East
Toronio 1, Ont.
Tel. 3680760

GEOPROBE PRESSUREMETER TESTS
Tor
THE ONTARIO DEPARTMENT OF HIGHWAY<®
at

BLACKWELL ROAD & HWY. 402
/i ,,5;/; - /_j&/ﬁf":/'—d%

MANUFACTURERS OF CELL TESTING EGUIPMENT RENTALS OR CONSULTATIVE BASIS ROCK & SOIL INVESTIGATIONS



.0

INTRODUCT I OH

Seoprobe (Ontario) Ltd. was authorized by Mr. A.
Rutga, Ontario Department of Highways, to carry

out a foundation investigation using the veoprobe
pressuremeter equipment.

The site is located near the proposed underpass of
Highway 402 and Blackwell Rd. The exact location

is chown on D.H.0. drawing 70-1i0494, <opy of which
is enclosed in this report.

The purpose of the investigation was to evaluate the
performance of round steel, H and "Hercules” precast

concrete piles driven to depths of 20, 40 and 60 ft.

GECPROBE PRESSIOMETRIC TEST

GCeneral

A pressuremeter test is a test carried out in a pre~
viously drilled borehole in order to obtain in-situ
ctress-strain information. A radially expandable,
cylindrical probe is inserted into a borehole and

set at a test clevation; the probe is then expanded
incrementally against the side of the borchole with a
combination of gas and liquid pressure; each pressure
increment, in a standard test, is held for a period of
one minute. The recession of the side of che borehold

under cach pressure application is measured by a volune



change in the central part of tﬁe probe only. The
pressure increments are continued until failure of
the soil is reached. By plotting volume versus
pressure, a stress-strain curve is obtained. As
mentioned previously, the‘expansiOn of the borehole
is measured over the central part of the probe only,
in order to approximate conditions of plane stress,
plane strain; thus the soil deformation.can be ana-
lysed as a two dimensional problem in a radial plane.
from the streSsttrain curve the following paraneters

are derived:

(a) The limit pressure denoted P, which corre-
sponds to the pressure at which total fail-
ure occurs in the soil surrounding the pres-
sulemeter probe. This parameter reflects
directly the strength of the material under
test and is used in the derivation of the
shear strength.

(b) The creep pressure denoted Pg, which indi-

cates the upper limit of the pseudo- elastic
zone or, in other words, the pressure at

which plasticity is initiated.

{c) The modulus of deformation E, which is




3:9

derived from the sliope of the curve in the
pseudo-elastic range. It should be noted
here that the Modulus E is derived from the

parameter E which is measured directly
i +9

by the test. The parameter E is re-
) -+ 9

lated to the shear modulus G by the relation
26 = _E
i +9

COMPUTATION OF SHEAR STRENGTH

The computation of shear strength in a cohesive mater-
ial is derived from the Expression ,
¢ = _PIL - Pg ‘ (1)

i + Log £
e —TTse72¢

Expericnce shows that the denominator of this express-

ion varies within well-defined limits according to the
values of E/PL. Therefore expression (1) is usually

presented under the form

c = P,Zaspg (2)

where Kg takes the following values:

For E/PL = 10 Kg = 2.7
E/PL = 15 Kg = 3.2
/P = 20 Kg = 3.3
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COMPUTATION OF BEARING CAPACITY OF PILES

The End bearing value is given by the expression

Quitimate = %o * K (PL - Po) (3)
where Jg is the overburden pressure at the depth of
the foundation.

Quitimate is the ultimate pressure that
the soil can sustain at fail-
ure at the depth of the foun-
dation.

K a coefficient varying with the

depth and the type of soil,

here K = 2.
PL is the limit pressure
P the horizontal pressure at rest

° (Po = Koiy) for clays

if we express Q,]¢ as the net surcharge that the
s0il can sustain, neglecting the difference be-
tween the density of the pile and the soil and
writing ?Li = P - Py, we may write

ale = xp/ (4)

Skin friction

The peak values of the skin friction SS which may

be mobilized are given as a function of PLI and will



be Tound on graph No. {4 appendix“N,lt should be
noted that these values are peak values used in
the compufation of pilie settlement and should be
reduced by 80% (in clay) for estimating the load

carried by skin friction at failure of the pile.

5.0 PILE SETTLEMENT

The pile settlements have been calculated utili-
zing a method proposed by P. Gambin (sols-soils

No. 7, 1963). 1t involves the use of Rules T.2

and 2 described in the Geoprobe handbook.

Briefly Rule T.] treats of the skin friction mobili-
zation as a function of the relative movement between
the pile shaft and the soil; in th- present case it

is cxpressed by the relation
w = ¢, T (5)
2 E
or Y 2 E W (6)
cid

]

where

pile diameter in inches

piie movement in inches
pressiometric modulus of
deformation, T.3.F.

shearing stress around pile
shaft

a coefficient, here C; = 2.1

dk mL o
i

.
i



Rule T.2 treats of the mobilization of the point
resistance in function of the movement at the
pife tip. 1t is expressed here by the relation:

W = N A, D ‘ (7)
TE 2 -

where

H

Normal stress acting on soil
at pile tip

Ey = Alternated modulus
%2 = Shape coefficient
D = pile diameter

The calculations are proceeded with as follows:

The pile is divided in a number of sections;
the first section has a height of 3 pile diameters,
and then each following section has a height of 5
feet. If a normal stress Ny is allowed on the soil
at the pile tip, this wf!! result in a movement W
at the pile tip which is calculated from equa. (7).
Adding the elastic shortening of Section (1) to Wy,
the shear stress mobilized around the pile shaft is
then calculated from equa. (6). Knowing the shear
stress, the load carried by section (1) is then cal-
culated. This operation is repeated for each sec~
tion of the pile. The results are then tabled and

the shear stress < mobilized at each section is then



compared with the maximum skin friction 55 as com-
puted from graph No. 14 (sce paragraph No. 4.2).
From the ratio Eglq’the maximum value of the normal
stress Ng on the pile head for which no overstress-
fng will take place, can be calculated {as the re-
iation is proportional for a range inferior to over-
stressing). For a value of Ng greater than the
abbve plastic deformations will start to occur.

The complete calculations reiating to three of
the piles are given as cxamples and will be found in

appendix 7"BY



FIELD TESTING PROGRAM

The field testing program was carried out from Nov.
I0 to Nov. 16, 1970.

Two boreholes were advanced and tested as the drill-
ing ﬁrogressed. The location of these boreholes,
denoted Sl and ©2, has been supérimpOSed on D.H.O.

drawing 70-11049-8 which will be found in appendix

The exact elevation of the boreholes as well as the
stratigraphy encountered are not recorded here since
the responsibility for this work was assumed by the
Department of Highways, Ontario.

Both boreholes were advanced from the top of a 12
foot high fill. Borechole Gl was advanced by driving
a Bx casiné, washing out the inside of the casing
and then pulling the casing back in order to expose
the soil; the probe was then inserted through the
casing and the test carried out. This operation was
repeated every 3 feet in borehole Gl till a depth of
42’ when the hole had to be abandoned due to broken
casing. However, this method did not prove satis-

factory as the borchole had a tendency to "squeeze-in”
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as soon as the casing was pulled back; this phenomenon
was probably due to the recent placing of the 12 foot
fill. Borehole 62 was similarly advanced to a depth
of 20 ft. Thereafter borehole G2 was advanced utili-
zing a special tool referred to as an “open end split
tube”. It consists of a 4 foot length of Bx casing
the bottom end of which is shaped into a sharp driv-
ing shoe and incorporates 0 equidistant iongitudinal
slits along a 3 foot length. The tool was screwed to
standard Bx casing and driven into the soil, the in-
cide washed out at regular intervals to prevent the
forming of a ”"plug” inside the tool. Whenever a test
was required, the érobe was lowered to the elevation
of the slatted casing and the test performed at that
elevation. The resistance to outward expansion of
the “split tube” is quite small and in any event is
measured by performing an "inertia test” prior to
testing. This method permitted the performance of

satisfactory tests.

GEOPROBE TEST RESULTS

A total of 28 tests were carried out; the curves and



10

derivationsrelating to each test will be found in
appendix “A “. The results have also been grouped
and are presented on the following pages under the
{Torm of 3 graphs.

Graph No. | shows the values of PLi versus depth

(PL = Pr-Pg).

Graph No. 2 shows the variations of the modulus of
deformation "E” in function of depth. An average
value line has been drawn through this graph and re-
presents the values utilized in the calculation of
settlements.

Graph No. 3 indicates the shear strength versus
depth.

Examinations of the tests performed at 27'-0’ and
over in borehole 2 reveal a high ratio of E/P_ which
is indicative of an overconsolidated deposit.
Examination of the curves reveal an extremely sharp
break once the creep pressure Pg has been reached.
The writer has never experienced as sharp a break ex-
cept in ieda clay. This was totally unexpected in a
basically unsensitive clay (sensitivity index l.4 to 2)

and probably reflects a fragile structure. Any sample
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taken for laboratory testing would thercfore require
the utmost care in sampling technique as well as

1

handl ing.

ANTICIPATED PILE BEHAVIOUR

The anticipated behaviour of H, tubular steel and
"Hercules™ concrete piles driven at depths of 20, 40
and 60 ft. was studied utilizing the method described
in a previous paragraph. The results are presented in
the following pages under the form of graphs numbered
4-12; a summary showing the allowable bearing capacity,
the limit of the pseudo-elastic range and the ulti-

mate load at Tailure will be found on pages 20 to 22.

DISCUSSION

The effects of driving the piles into this soil which
exhibits a fragile structure are unknown; the probabie
effect will be a reduction of the values of the modulus
7E” which govern the settlement of the piles. One
should therefore anticipate settlements somewhat larger
than those calculated if the piles are tested shortly

after driving.

GEOPROBE ONTARIO

M=

Y. BROISE
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SUMMARY

_OF RESULTS

Depth of Pile Tip 20 FEET
Allow. Pseudo-elastic Uitimate
Load Limit - Load
Tons Tons Tons
Tubular Steel Pile
127 3/4 §19.45 30.4 43.5
concrete Pile .
“Horcules” 127 23 35.8 30.
H Piie
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SUMMARY OF RESULTS

Depth of Pile Tip 40 FEET
Allow. Pseudo-elastic Ultimate
Load Limit Load
Tons Tons Tons
Tubular Steel Pile
12”7 3/4 30.7 44.8 65.7
2oncrete Pile
“Hercules” 127 28.18 35.7 79.35
 Pile )
{2-8P-32 37.1 32 78.5
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SUMMARY OF RESULTS

Depth of Pile Tip 60 FEET
Allow. Pseudo-elastic Hitimate
Load Lemit Load
Tons Tons Tons
Tubular Steel Pile
a7 2/4 47.5 50.5 59
Concrete Pile )
“Hercules” 127 35.8 60.4 it5
H Psle

r44
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Round steel pile - concrete filled

driven to a depth of 20 ft.

Specifications of pile:

12.75 inch diameter, .25 inch walil

area of pile shoe .Y93 sqg. ft.

area of pile shaft section: .89 sq. ft.
circumTerence of pile shaft = 3.34 ¥t.

Equivalent section modulus for calculation
of pile shortening

Ep = 4. % 103 T.5.F.



Calculation of Bearing Capacity

End bearing capscity
Quit -~ Qo = K (Pg ~ Po)

Where Qg represents the weight of the soil removed;

As the s0il is being replaced here by a concrete pile of
nearly the same density we will write

gu!t = K (pL - PO)
and writing P - Py = Pl
Quit = K P/ ,
From graph K = 2 (soil category I, Hc ) 2)
D
As Pl = 7 T.S.F.

Then

Qui1+ = 14 T.S.F. )
with a safety facter of 3 Q, = 4.7 T.S.F.

and in terms of load not stress Q. = 4.7 X .995 ¥ 4.7 7

a

Skin Friction

We will divide the pile in 3 sections and number them
i to 5. (See Table No.iS)

Section No. | is 3 ft. long (3 pile diameters)

Bection Nos. 2,3,4 are 53 ft. long each.

Section No. 3 is 2 ft. long (1 ft. + | pile
diameter)

Against each section we will list the corresponding averags
values of the Modulus E, the limit pressure P!, and the
skin frictionSg . (The values of the skin friction being
given by graph No.14). These values of skin friction are
the peak values of skin friction which occur when relative
movement between the pile shaft and the soil are small. As
s00n as movement becomes large, in the order of .5 to | inch,
such as at failure, the skin friction will drop to a lower
vajue which we will refer to as residual skin FrictionSSKa
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This would appear to be mainly true in clays and the writer
has adapted a coefficient of 0.8 to obtain the value of the

residual skin friction. (1f dealing with sand no drop in skin
friction will be allowed).

The contact area of the pile being 3.34 sg. ft. per foot
tength, then the total residual skin friction (at failure)
that may be mobilised is

(7]
[7a]
»

i

= 0.8 E&t (2 X .825 + 10 X .545 + 5 X .625)]

]

20.5 Tors {The skin friction on section 5
being disregarded)

Bearing capacity of pile

1t is customary to adapt a safety factor of 2 with re-
spect to skin friction, then

Aliowable Load on pile

P sllowable = 14.75 + 4.7 = 19.43 Tons

Ultimate Load at failure

P ultimate = 29.5 + 14 = 43.5 Tons

Settlement of pile

#hen a pile is subjected to a load P, the focad induces
normal stresses on the soil at the pile tip and shear stresses
on the sides. The resulting settlement Wy at the pile head
criginates from 3 phenomena:

ig the settlement at the pile tip.

39 the deformation of the scil along the shaft due
to the shear stresses.

3) the shortening of the pile itself.

The pile has been divided in five sections, numbered | to 5,
startgng from the pottom. (Each section should be 5 - 7 ft.
fong.
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Let us denote Nj, Ny, N, N4, NS the normal stresses in
the pile at the bottom of sections §, 2, 3, 4, 5; the corre-
syonding settiement of the pile at each of these elevations
Wi’! be é#!, ﬂz' ‘i:‘}, ﬂd' ds. -

Then Ny is the contact pressure at the pile tip.

tet us consider what occurs when we apply a contact pressure
of 3 T.5.F;

N = 3 T.S.F.

The settlement will be given by the expression:

W= hz D
4E,
where Q = contact pressure =3 T.S.F.

M 3 = shape coefficient =1
D = diameter = {3.5 ins.
E, = 3E = 210 Ts&.F

Then
Wy = 3X 13.5 = .0482 inch
4 X 210

Settlement at Tip of Section (2)

To the settiement of the pile tip we will add the elastic
chortening of section (1) applying Hooke’s Law.

Wy = dy + (height X stress) of section (1) = Wy + H N
Hodulus of pile material Ep
Wy = W +36X3.00 = .0482 + .00026 = .04846 inch

4.1 X 102

The mobilisation of the skin friction in function of relative
movement between the pile shaft and the soil is given by the
expression

Ci b
where here

L'L = 2-!
B- = 12.75 inch {shalV.diom)
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Then we can write:

§ = 2.X70 X .04884 = .255 T.S.F.
2.1 X 12.75

The wmobilisation of the skin friction i = .255 T.S.F. around
the circumference of section (1) means that this section is

now carrying a load. Expressing this load in terms of stress
{Hot Load):

I

Ny N| + height X circumference (of section (1))x ]

section of pile

Ez - 3 + 3 x ﬂ'3"§' x 3255 = 3 + 2087 = 5-87 T-S-F-
-89

Settlement of Tip of Section (3)

] W, + 60 X 5.87 = .04846 + .C0086 T .04960 inch
3 2 " 98 Nt

f

2 X 60 X .0496
2-; x ’2-75

Ny = Ny = 5 X %.3& X .222 = 5.87 + 4.17 = 10.04 T.S.F.

.222 T.S.F.

-

Settlement of Section (4)

d; = M3+ 80 X 10.04 = .04960 + .00146 = .05106 inch
4-; X 0
3 = 2%X60X.05106 = .228 T.S.F.
2.1 X 12.75
Ny = M3+ 5X2.24X.228 = 10.04 +4.28 = 14.32 T.S.F.
.89

Settlement of Section {(5)

dy 60 X 14.32 = ,05106 + .00209 = .05315 inch
4.0 X 109

2 X 120 X .0;3‘5 = ,396 T.S.F.
2e 4 2.75

WS

{4




N = Nq + 3 X 3.3¢ X .396 = 14.32 +7.43 = 2i.75 T7.S5.F.
2 .89

dc now add the clastic shortening of section (5) -
dg = W5+ 24 X 2173 = .03315 + .00127 = .05432 inch
4.1 X 10

%o = NS = 21.75 T.5.F.
Listing the values of N, W,q’ on Table No. 13, we see that the
ratio 82 is lowest (1.537) at Section {4), i.e. if we increase
rhe normal stress Ng to a value of 21.75 X 1.57 = 34.1 T.S.F.
we will reach the maximum stress 43 = 025 T.S.F., For any
value of N, greater than 34.1 T.S.F. plastic deformations
will start to occur; in terms of load on the pile head this
will occur at

P = 4.1 X .89 = 30.4 Tons
The corresponding settlement at the pile head will be

Wy = .05432 X 1.37 = .085 inch
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Hercules concrete pile

driven to a depth of 20 ft.

Specifications of pile:

Hexagonal concrete pile, precast, 12” across flats
area of cross section .§3 sq. ft.

circunference 3.5 ft.

Modulus Ep = 200.000 T.S.F. (of concrete)

Average diameter of shaft 137

Calculation of bearing capacity

i) End bearing capacity
Quie = KPPl = 2x7 = 14 T.S.F.

in terms of Load
Qujt = 14 X .83 = 12 Tons
Taking a safety factor of 3
Q allow = 4 Tons

2) Mobilisation of skin friction

Divide the pile in 5 sections, and prepare Table No. {6
listing against each section the corresponding values
of E, P, .

Then the total skin friction mobilised at failure
wli! be (in terms of Load)

ZSSR— 0.8 E&.s(g X 1.03 + 10 X .68 + § X .74_)]
H=%0

= 38 Tons
Taking a safety factor of 2,the permissible locad

carried by skin friction will be 19 tons.

3) Bearing capacity of pile

Alfowable lLoad on pile

P aflowable = 4 + 19 = 23 Tons
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Ultimate Load at failure

P ultimate = 12 + 38 = 50 Tons

Settlement of pile

Settlement at Tip of Pile

Let us apply a contact pressure of J T.S5.F. at the
pile tip, then

Ny = 3 T.S.F.
W = Nj A, D
where D = 13 inches
E, = 210 T.S.F.
N =1
W, = 3 X 13 = .0465 inch
4 X 210
Settiement at Tip of Section fZ!
Wy, = WM + 6 X 35 = ,0465 + .00054 = 04704 inch
2 X 10
¢ = 2.X70X .04704 = .241 T.S.F.
2.1 X 13
1] = Ny + 3X 3.5 X .241 = 3 #3.04 = 6.04 T.S.F.
2 b
Set+tlement at Tip of Section (3)
WB = W, + 60X 0.0% = ,04704 + .00i81 = .04885 inch
- 2 X 10
d’z = 2 X 60 X .04885 = .215 T.S.F.
2.1 X 13
X

NB = Nz + 5 : %.5 X .215 = 6.04 + 4.54 = 10.58 T.S.F.
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Settlement at Tip of Section (4)

w4 = Wy + 60 X lo.%os .04885 + .00317 = .05202 inch
= 2 X 60 X .05202 = .228 T.S.F.
<¢’3 2.1 X 13
N, = HN;+5X 3.5 X .228 = 10.58 + 4.8 = 15.38 T.S.F.
4 3 5“?3%_5
Settlement at Tip of Secticn (5)
W. = W, + 60 X 15.38_ = .05202 + 0046 = .05662 inch
3 4 5 1od
= 2 X 100 X .05662 = .413 T.S.F.
\E 2.1 X 13
Ne = Ngz + 2.5 X .413 = 15.38 + 8.7 = 24.08 T.S.F.
5 4 5__83_;

Settlement at pile head

Wo = W5 + 24 x ;4 83 = .05662 + .0028 = .03942 inch
0
Ny, = HS = 24.08 (Section 3 at plle head being dis-

regarded.)
Listing the values of N, W,d on Table No.16 we see that
the ratie Sﬁa— is lowest at section (4) where it is equal
to 1.79. Therefore the normal stress No can be increased
on the pile head to a value of 24.08 X 1.79 = 43 T.S.F.
approximately, before section (4) is overstressed.
This corresponds to a load on the pile of
P = 43 X .83 = 15.8 Tons
The corresponding settlement will be:
We = .05942 X 1.79 = .106 inch

A visual examination of the ratio sﬁ4&’indicates that after
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section (4) has been Overstressed most of the load on

the pile will be carried by sections 1, 2, and 3. Sec-
tions 2 and 3 will become overstressed at practically

the same time and rapid degeneration of settiement shouid

then occur. This degeneration should occur when settle-~

m2nt has reached a value of .15 to .2 inch.
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H Pile

driven to a depth of 20 ft.

Specifications of piie

Area of pile section (within perimeter) 1.04 sq.ft.
circumference of pile 4.1 ft.

equivalent ‘'modulus of pile section Ep = 2X105 T&F

Bearing capacity

1} End bearing
Quig = kPt = 2X7 = 14 T.S.F.

in terms of load

Qui¢ = 14 X 1.04 = 14.5 Tons
QaiiOwable = i%:i =~ 4.8 Tons

2} Skin friction

The residual skin friction wmobilized at failure
will be {in terms of load)

H=t -
ng = 0.8 \:;.I(S X .39 10X .59 +3 X .823)]
H=1s

= 35.6 Tons
Capacity of pile
aaliowabie = 7.8 ~ 4.8 = 21.06 Tons
at failure
Quitimate = 33-6 % 14.5 = 350.1 Tons

Settiecment

Allow contact pressure at tip of 3 T.S.F.
Ny = 3 T.S.F.
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Nj 1\2 D where D = 12 inches
Ey = 210 T.S.F.
3 A 1.12 X 12 = .048 inch
4 X 210
.048 + 36 X 3. = .048 + 00054 = .04854
2 X 109
2 X 70 X .04834 = .270 T.S.F.
2.4 X 12
3+3 XL 270 = 3+ 3.2 = 6.2 T.S.F.
.04
204834 » 60 X 6.2_ = 04834 + 00183 = .05039
2 X 02
2«1 X 12

609 + 2‘ x éa‘ 024D - btg + 4.7 = !l-6 ‘r‘s‘r
1.04

.03039 + 60 X 11.6_= .03039 + .0035 = .05389
2 X 102
2 X 60 X.05389 = .256 T.S.F.
2.4 412
1.6 + 3 X 4.1 .236 = 16.65 T.s.F
1.04
.035389 + 60 X 16.6055 = .05389 + .005 = .05889
2 X !
2 X 100 X 0589 = .467 TsF
2.1 X 12

16.65 + 5 X 4.1 .467 = 16.05 + 9.2 = 23.85 T.S.F.
<04

L0389 + 24 A 25.83
2 io

Ng = 25.85 T.&F

L0589 + .C031 = .0620 inch.
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Examining the ratio S“/,)—’i‘l: is seen that overstressing
will first occur at section (4) for a value of

H = Ng X 1.26 = 32.6 T.S.F.

in terms of load this will occur at

By = 32.6 X 1.04 = 34 Tons
The corresponding settlement will be

W = Wg X 1.26 = .078 inch
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