DEPARTMENT OF TRANSPORTATION AND CCWNTC?XTT ;

MEMORANDUM ‘/\ oM |2 ”37

£ Mr. G.C.Z. Burkhardt, (2)  Feom: Foundations Office,
' Reglional Bridge Planning ung,.' - Design Services Branch, L
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FDUNDATION uV"STiGATLDN REPORT
' For e
, The Mimico Creek Crossing. of thefﬂﬁ ”””‘ﬂ 
Proposed American Drive, Proposed Hwy. #h2"
- District #6, Loronto.;ré%iﬁWiv 34/
W.0, 72-11005 W.P, 48- ?} 08
CenT. 76“:9/ | .

Attached, we are fo*Warding to you our detailed

‘,fbuﬁdé on iqveat%gat*on report on the subaoil conditlenb ”si

fexisting at the ahovu-mentloned site.7 , . L
We believn that the faubU“} data ard recommend?t*ons

"fucntained therein, will nrove adequate for. your sign
‘jrequirements. ,ghoula additional info"mation be rnquired§
 please do not heoita e to contact our Offibe.' i
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FOUNDATION INVESTIGATION REPORT
For
The Mimico Creek Crossing of the
0 Proposed American Drive, Proposed Hwy. #427
: : ) District #6, Toronto
W.0. 72-11005 --  W,P, 48-71-08

1. INTRODUCTION: _ SErEn L
, ;,"  In a memo dated Decembﬂr 29, 1971 Mr G C E i
‘?’sBurkhardt Reg* onal Bridge Planning Engineer, Central Region”k
- requested foundation invest;gationc at the site of several
';sscross1ngs, prOposed to be built in conjunction w1th the future
s'Hwy. #4527, The proposed crossing of American Drive over Fimi o
'fsCreaﬁ, dissussed below is one of the requested projects : '
o The subsequent ?1eld investigation was carried out
sfunder the supervision of tnis Ofrice.: The borenoles wereﬂ

o ‘and survpyed in the . ficld by pe;somnel of th mnglneerinngurvey
"}*Office, Central Region.‘ﬂ § : ‘ ‘

Presented in this report are. the resu’ts of the ;nvest
ylgation as well as,recommendations pertaining to foundations and
;approach slope stability.

2 DnSCRIPTION OF THL SITE AND GEOLOGYa , :
T ‘ At the proposed crossing Mimico Creek is rough}y 20 25iﬁjf§
ft. wide and 1-2 ft. deep., East of the creek the bank rises

steeply from elevation 305 ft., up to elevation 530 ft.; West of  s”
the creek, there is a rather wide flood plain lying around

elevation 512 ft. The immediate vicinity is covered,by woocs
and brush,

Geologically the arsa belongs to the physiographis :
Tegion known as the "Peel Plain", The characteristic surface

oonocoz



  ,spoon samples were taken by performing standard penetration
- while the Shelby tabes ‘were pushed 18" inuo the undis*urbed :olls

:nffsamples were carried out 1mmediate1y upon recovery and again“
‘:‘flin the 1aboratory. The natural moisture contents of th° sanle
”’o>were measured in the laboratory.' In add*tion some Sdmple W '

feature of this plain is a gradual and fairly uniform slope
towards Lake Ontario, across which deep valleys have been cut
by several creeks and rivers. The underlying geclogicel ,
material of this plain.is a t1ll or boulder clay, containing g
'large amounts of Palaeozoic shals and limestone, :

3. FIELD AND LABORATORY INVESTIGATIONS;f e L
: Some three boreholes and ad jacent to B. n.'s #1 anu 3,
two dynamic cone penetration tests were carrled out during the L
eourse of the fleld work. 4 conventlonal diamond drill rig, rflyh
adapted for soil sampling purposes was used to advance the

‘holes, by wash boring techniques.~ Soil samples were recovere
by split spoous and by 2" diam. thin walled Shelby tubes.,;Sp_
“tests

’manually. Visual 1nopectlons and classifications of the Soli

°“SUbJected to Atterberg Limit tests and crain size nnalyols.{4_i
: Undrained shear strength parameters and bulk dnnsi* B

j were defermined by Derforming unconfined comprcssion and qulck
"ftriaxial tests on undisturbed samples. S : ,1 -
o Field and laboratory test results are marked on the,
/,accompanying borelogs, while the locations and eleVations of -
the borings are plotted on Drawing #72- llOOSA in the Appendix.»Vfo” ﬁ
A St”atigraphical profile projected to the centre line of ‘the
- proposed creek relocation is also given on the drawing.'

L, SUBSQOIL CONDITIONS:

4,1) QOverburden: e
Heterogeneous glacial and glacio fluvial deposits were

found to form the 40 -~ 47 ft, deep overburden, beneath which |

shale bedrock was encountered. The uppefmost 18 - 23 ft. layer

rﬂoooB



-3 -

-~ was identified to be clayey silt with some sand to sandy silt
‘1QI’ with some clay and traces of gravel. The 1argest portion of ,
the stratum is cohesive with firm to hard consistency. Penetration,
"N* values within the surficial 4 - 5 ft. or so were measured
to be 6 - 7 blows per ft. beneath which "N" values 1ncreased
considérablj, averaging approx. 50 blows. per ft The layer has
slight plasticity, with plastic limits of 12% - lh% and liquid :
- limits of 17% - 24%. The laborauorv grain size analyses revealed
a grest deal of variation- the constituent gravel po$tion .
',rranginz from 6% to 31%, sand from 30% to 51% silt from 30%'toi,
45%Z, and clay from 8% to 18%. Around elevation 1;89 ft. - Lok ft ;
';a'lo - 20'ft thick layer of. eilty clay With some sand and tra €
~fof gravel was observed ”he consistencJ of this 1ayer varies ‘
',,between firm and very stiff A Tew unconfined and quic& trla 1al
;ﬁ_oompreasiOq tests were carrled oul- on samoles taxen from the E
,_f;silty clays, yieldlng undrained shear °trengths ofyl OOO p.s f..
'fto 1,800 p.s.f. This portlon of the overburoeu has intermedlate
plasticity, with liquid limits of 36 - Lm% Below the sil ty cl“""
‘Tthe consisten"y of the soils increases agaln correaponding to,,
fL"N" values of 30 b ows pe* ft. and over.” This zZone was classifled L
~ to ‘be clayey sil* with some sand and gravel of very slight : : '
e'plast101ty.v The natural moisture content Wlth;ﬂ the. clayey sil"
are much lower than tae “plastlc limlts confirming the hard
;i~on51stency./k5 ’

y.2) Bedrock: S - s
, | Around elevation 472 ft, - 465'ft' bedvoc& was eotaolished{
and proved ‘in B.H. #1 by diamond drilling within a depth of 8 ft.
" The bedrock was identified to be a dark grey shale of the Dundas
formation. Some 2 - 3 ft. of the upper zone of the rock was
found to be weathered and fractured with soft decomposed seama. ;
Benaath the weathered zone the drilling yielded 80 =~ 90% recovery,~
indicating relatively sound rock.

'GGQOQ“



Y | .
4.3) Groundwater Conditions: S - o
QIB . ' The groundwater level inm the boreholes was established
to be roughly at elevation 510 ft. some 2 - 3 ft, below general .
ground surface, The creek water lsvel at the time of the field

work (Pebruary 1972) was measured to be around,élevationw508'ft}i;rﬁ
There appears to be a slight hydraulicrgradient towards thefcreek-

5. DISCUSSION AND RECOMMENDATIONS :

5.1) General: , ,

The present proposal calls for a single Span rigid :
k,frame structure over the realigned Mimico Creek in conjunction 55
yjfmith the construction of American Drive. mhe bridge is propose‘
~to be 110 ft, wide, the span length being 36 ft. Th= uop of
 pavement of Amerlcan Drive at the crossing is 6831gned to be

 roughly at elevation 531 ft, The valley will be crossed wi W
'7»ﬁ'embankments of 18 ft. - 25 ft, heights,, The slopes of the
'faporoach fills at the nostream and: downstream end of the br*gge
”ill be supporteﬂ laterally by retalning walls f
| : Subsoil at the proposed. cross1ng was found to conois
. of glacial and ‘glacio fluvial deposits of flrm to hard consistnnc
’ fand very dense relative density. S

5 2) Foundatloﬁs. .

L I-'s surmlsed that the creek bed of the rnaligned
'”;Mimico Creek will bte at elevation 505 - 506 ft. similar to
‘othe’existing one, The uppermost clayey silt and sanay,oilt ‘

- stratum appears to have sufficient strength to support both the i
°bridge and the adjacent retaining walls on spreéd footings.' ,
Footings should be placed at 4 ft., below river'béd, aISO'ensuring7'
;o adequate cover agalnst scour. This later should be determined
by the Hydrology Section., Assuming that the footings will be
placed between elevation 505 ft. and 498 ft., safe loads of 3 t;s.fQ-

may be employed on the footing bases, Should the footings - for

03009.5




"f‘anpiles, supported on<“'

"5”3' 3)

» to 1 vertica¢.

"'Slop’e 'Stabiliux.




) 6., MISCELLANEOUS:
, The field ﬁork, ca*ried out during the period of o .
February 1 to February 9, 1972, was supervlised bJ Mr.,J T, Bangs,,
- Project Foundation nngineer. uquipment used was owned ana operated

by Johnston Drilling Company Ltd., Toronto. Canlai

‘ - This report was written by ﬂr.,A, K. Earsvary, Seaicr
~aFouudation ungineer,'and reviewed by Mr.‘K G Selby, Superv“sing
‘:Foundaticn ungineer. ' :

‘efA*:K!fBaﬁsvary;jP:;Ehg;u

(4451/@4,

K G Selby,,? Eng.

1972,¢f' 







- FORM.-OD=MT -126. (REV, 1969} OFFICE- REPORT ON' SOiL' EXPLORATION: -

| oeeartmenT OF HiGHWAYS- ONTARIO e
- | MATERIALS & TESTING OFFICE RECORD OF BOR&HQLE Ne.1
|08 72-11005 . LOCATION Co-ords. 15,879,547 N; 969,89k E.
WP 1B-71-08 BORING DATE . Feb, -8, 1972 COMPILED BY
“DATUM “Geedetic BOREHCLE * TYPE Washboring, NX Casing CPECKFD BY
L“" [ : R L DYNAM!C PENETRATION RESISTANCE . LIQUID LlMiT i T
e ‘SO!PF”RQHLE : SAMPLES _ I 18IOWS/ FOOT £ : LASTIC LIMIT ';
: 5 8| < Lo 60 .80 100 WATER CONTENT-——-W.
i =2 &5 e B SHEAR STRENGTH PS.F. W S
. .DESCRIPTION 2 g ala . O UNCONFINED + FIELD VANE ,’,; RO — :
e =l 21 & Z| 2 | auick TRAXIAL x LAS. vanE WATER CONTENT %
GroundlLevel o 2T 1000 L2000 10203
; Sandy silt to silty HET Z ____! 510\
sand w-ith some clay T ' ; 5
, Bss e N d
ery. ‘en5en"';,g"’§ard: J; S3 97 o0 dq
55 &
S5 89 '
j SS DR ol
S hoot-
sSon
G =7 S | . o
: 480
SS9
55197 :
: ohT
< D1 g
BC | 759
RE 1A
RC.| o0 L6
. End of Borehole
ks
£




 FORM OD-MT -126 (REV.1989) ~ OFFICE REPORT ON SOl EXPLOR

DEPARTMENT OF HIGHWAYS- ONTARIO :
MATERIALS & TESTING OFFICE RECORD OF BORE OLE St
B 72-1100% LOCATION Co~0vds, 15,879,1;1;4 N; 969 935 E.
| we _18-71-08 __ BORING DATE__ Feb. 9, 1972
" | patum_____Geodetic BOREHOLE TYPE Washboring, X ‘Casin'g
L ¢ ' ‘ DYNAMIC PENETRAT!ON RESISTANCE LIQUID LIMIT -
. SOIL PROFILE _ SAMPLESE_; w |Blows 7o e ~IPLASTIC LIMIT=
x Seol 1 : ,
2 = 2| O [SHEAR STRENGTH PSF
ELEV. DESCRIPTION A gl »|o° UNCONFINED ~ + FIELD VANE
DEPTH i : i ::2, > 5 2 ® Quacx”mﬁmxm X LAB. VANE
151271 Grownd Level & al © : 1000 7 12000
0.0 | a1av , S sandv |4 ‘ L
oYy I Clayey silt to'sandy [.°,
N | silt with some clay 11951 6%510
' { & traces of gravel. 2 SS’;‘ Ll
' 38558
| | Fim to Hard TSI gy
o Brown to Grey cihETssTE
e hg’i«:? s ° 3
floss Ve
18.0 -
e ? 6 85119
.1 Silty clay with / - Lo
traces of sand and / AR . |
gravel. /
? 8 | T | P f
Stiff to Hard ZL L8o
/ 9 1 85 | 1, ) PR S
Grey //
th72.2 ¢ j’/ Ty Se—- e /G - O
140.5 | End of Borehole % )
Probible Shale N L0
Bedrock




 FORM OD-MT - 126 (REV.1968) . OFFICE REPORT ON.

| DEPARTMENT OF mGHwAYS- ONrAmo i e L et
| Wannis & Tt ommce  RECORD OF BOREHOLE No,
| Jos _72-12008 ; LOCAT!ON _Co-ords. 15,879,456 N; 969,870 B.
wi,  LB«71-08 e BORING DATE Feb. 1- 3, 1972 S s
,DATUM Geodet*c " BOREHOLE TYPE Washbormgr, BY Cablng i
DYNAMIC PENETRAT!ON RES!STANCE
SQ!L ’PROFI!’.E s SAMPLES - N e BLOWS/ FO ‘ ,
| T 5| 2 o 6o A
. : | 2l =l g Y SHEAR STRENGIH PSFE -
ELEY. DESCRIPTION »& 2l 2w . 1 © UNCONFINED + FIELD VANE
| DEPTH : el 3| = g > | ® QUICK TRIAXIAL x LAB. VANE
i 1512.0 | OGround Level & B W 1000 2000
L V.0 ‘ , o ' , N ey, MrOZEN
0.01 | R I | g 510 e
, Clayey silt to sandy 1185 7= g\\.
511t with some clay 2 | 68 | 17 ;
% gravel. 3 ls8s 29f 2\ , B
e - L8131 500 e
Firm to Bard . ‘
- 585 [ 58
L Brown and Grey .
- A IS T Y
- {u89.0 | 150
© V23,0 Silty clay, traces o.{'//
sand and gravel / 7183 1 27
Very Stiff ? 8185 L1580
78,0 v .
O Klavey 5117 To silt
b srﬁé sand and gravel. 9 | TW | P4 , Q :
hrk.2 Hard 10| 85 1185 : o
37.8| End of Borehole
170




ABBREVIATIONS USED IN THIS REPOR

'PE’N’ETﬁmONi RES!ST NC

o 0. SAMPLE ADVANS ED HYDRAU CALLY :
RN sampLE ADVANCED MANUAL Y

SOIL TESTS

UNCONFINED COMPRESSION = | V. LABORATORY VANE
" UMDRAINED TRIAXIAL V.. FIELD VANE . ‘
CONSOLIDATED UNDRAINED TRIAXIAL . € cousoummou

Qd  DRAINED TRIAXIAL : S SENSITIVITY
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 Depariment of Highways Optaric :
- Copy for the information of A, STERMAC
Purkharde

; Rlanning Nnﬁineer'
Qntavio '

July 19, 1972

-American Dr. Crossinc at Mimic <o Cr. o
SA{approx. 150Y west ef GOy ewa; Br. thersicﬂ
Wby 48-T4~ 88 vaite Zéw 5 :

_District 6 : L

ta” ad

e atobi

,]above mentacﬁeé tr gtur&.

. Tﬁ@ estimated cost o¥
f;_structhre is $60,000 which 1n¢¢uéeJ»f
;,engzneering and sundry constructien,~
: Anvy commeatg or rQV1510ns”
,'ul& be submltte& &vﬁhln,thrme;vee?'

CoB4 Grebski .- T
Structural Design‘Engingarg

MeKim
Davis
Stermac
"Anderson
Fitzgibbon
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SEPARTMENT OF TRANSPORTATION AND SOMMUNICATION:

m

FOUNDATION OFFICE

structuxal Offiae,‘*"

'Regional Structural Plamning Engineer, West Building, nowxsvzzw"

' 96 rlorel Pkwy, DOWNSVIEW.

, saptémbeff22i5197th<*

American Drive Crossing
at Mimico Creek,

Apprax.;lsa' West of R e
Goreway Dr. Extension, 7/§_~ = OO

- W.P, #48~71-08, Site 824~ 311, . SRl
Bwy . e Loc&l, Eistrict ﬁéa, S

Att&ched hexathh are prints cf the Prelimin"
*"Plan Drawing D~2§-311~?2 for tne above-mentioned structara, 

: . The estimated cost of the propose& structure?
wn&gh includas tander, materials, engineering and sundry cons

: , Any sommeats or revisions you may have shoulé bek
snbmiﬁtaa withln three week Pl

cs:dp SR  Structural Design Engineer.
Attach. T S e

L CCe A, McoKim,
- R B,o,:Ro D&Vﬁ.ﬁg
- A. Stermac, ,
e }m&erson; 2 8P T2
R. Fitzgibbon.
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' Deparim_em of Highways Ontario : i L e
Copy for the information of

A stermac, ‘ ' L : t:ucturai Oifica,
?xincigal Foundatien Engin&er, Wast Bidg.,”reg

muwzna zsz;s '

Aeriean Br.;Crossina at Eimice cr., S

?,Apprnx. 156' W. of Goreway Dr. Ext., : g

. W.P.448-71-08, Site $24-311, /
L ﬁwy. > 10(2&1 Qistri@t #60 :

/—~<§‘

i Attacheﬁ aﬁxawith we are aﬁbmittiag 1 final
high shuw thr fannﬁation design fﬁr this stru ture.

}\j ﬁ L 5w z«/{s’g‘
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Ministry of ‘ , | . ‘ POLoSNR [ <7L""
Transportation and . - e : , dg/%/ _ﬁ\; 0}

’ Communications : : :
Ontario Memorandum

Ye-7/-08
To:  Mryr. J.E. Callaghan. ’ From:  G. A. Metcalfe

Director, ‘ ’ -

Degign & Construction Branch.

“Attention: _ Date: 17 .0 7 18
. OurFile Ref. ' . Infleply to
. Subiecl:

The Engineering Materials Oi'ft(‘e and the Struc'mrai
- Office have carried out a cmnprehenmvc qtudy in
preparing this report.

Th15 offlce and the Fstlmatmg thc* prov1ded some
~input pertalnmc to construction. proceuure VLbratory'
rollers, etc. S

- The Engmeermw Materials and Structural Offlce have
lnltlat“d some changes and are requestmg '{oscarrh
hﬁudy be carrlcd out on vibr atory roller forces.

: Recornn“cvld the 1‘eport be dlerlbuted to mteresuad
'fsectwns in the Mmlstry

- G.A. Metcalie,z ‘
Contract Management Engincer.

GAM/sc



INTRODUCTION

: the completion of the retaining walls, the box cu]vert and fhe assoc1ated

 new Hwy. #427 - Hwy. #409 complex at the western extremity of Metropo]itan f;,

:j:c;TorOnto, near the Toronto International A1rport construct1on of the comp1ex
f_; has been carried out under the Ministry's Contract No. 76-01,awarded to,C,A( :_“
‘ Pv;tts Construction Company Ltd. o : L

~ To determine the causes of the distress an investigation'hasiheen'carrjedjoutqf'

- A review of the Foundatior Investigation and Des1gn Report prepared for the ”

INVESTIGATION REPORT

For
Retaining Wall and Box Culvert Failure
at Mimico Creek and Hwy. 427
Dist. #6, Toronto
Cont. #76-01

In response to a request from the District, the Structural. Office and the 5011
Mechanics Section investigated the above mentioned fa11ure dur1ng the time of
construction The failure of the structural elements was ma1n1y in the area i
of the eastern portion of the south wall of the box cu1vert and adaoining re-w5~
ta1n1ng wall panels (Retaining Wall g ). The distress occurred short1y after

approach fi11l in November, 1976.

The retalning wall and the box culvert were being constructed as part of the

by the Ministry which consisted of the following:

retaining wall, the box cuivert and the approach fills.

- A review of the structural design of the retaining wall and the box cu1vent;'tpﬂ*“"

- A review of the sequence and methods of construction.

- A documentation of the patterns of cracks.

- A field investigation to determine the types and the extent of fill mat-
erial used and their respective geotechnical properties.

- An analysis of the earth pressures acting on the retaining wall and the
box culvert as well as the effect of the heavy compaction equipment.
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This report was prepared jointly by the Structural Office and the Soiil
Mechanics Section. It includes all the factuai data obtained, the relevant
field observations made during the site visits as well as an assessment of
the causes of the failure of the varicus structural elements. In addition,
this report presents the immediate remedial measures adopted during the time
of construction. Finally the recommendations to prevent future re-occurence
of such failure are discussed.

SITE CONDITIONS AT THE TIME OF FAILUR?

The construction site is located in the immediate vicinity of Mimico Creek
and Indian Line Road, which is partially in the City of Mississauga and
partiaily in Metropolitan Toronto.

At this location, twin three-span (70'-100'-70') structures were being con-
structed to carry the northbound lanes and southbound lanes of Hwy. 427 over
Disco Road. Under and parallel to Disco Road a double cell concrete box cul-
vert {21' span x 18" high x 705' long} was constructed to facilitate the Mimico
Creek realignment. To retain the approach fiil, end walls up to 240 ft. long
and up to 23.5 ft. high, at the east end of the culvert were also constructed.
The fill retained by Retaining Wall ‘B* during the time of construction has a
maximum height of 35 ft. in excess of the height of the wall and was built
with 2:1 slopes extending almost to the crest of the wall in the distressed
afea. It appears that the berms in the transverse direction of the southeast
approach fills were not fully developed to the required details in this por-
tion. However, elsewhere the berms were constructed as per contract drawings.

The substructure of the twin overpass structures at Hwy. 427 and Disco Road
were completed at the {ime of failure. The overpass footings were supported
on end bearing piles driven into the competent glacial till deposit; whereas,
the retaining wall foundations were supported on spread footings and the box
culvert on mat foundations, both being founded within very stiff to hard
glacial ti11. The foundations of the above mentioned structural elements were
constructed as per the recommendations contained in the Foundation Reports.
(Twin Overpass Structures - W.P. 387-65. Twin Box Concrete Culvert and Re-
lated Retaining Walls - W.P. 280-65)

The distressed arez and location of the retaining walls and box culvert to-
gether with other pertinent details are shown on Drawing No. 7601-A of
Appendix II.



DESCRIPTION OF THE DISTRESS

The first signs of distress became evident on November 22, 1976. This was
shortly after the completion of the retaining wall backfilling operation and
after the south approach fill of Hwy. 427 was completed. Panels 5 to 8 of
Retaining Wall 'B' and for a distance of 100 feet westerly of the south wall
of the box culvert showed extensivé cracks and excessive deformation.

The cracks in the distressed portion of Retaining Wall 'B' and the box cul-
vert have been recorded and also photographed by the Soil Mechanics Section
for documentation. The typical pattern of cracking of the distressed areas
are shown in Drawing No. 7601-B of Appendix I and may be briefly described
as follows: o

a) Culvert Southwall: On the front face of the wall, wide horizental ciacks

b)

up to 3/16" appeared at the top for a distance of about 30 ft westerly :
from the downstream end and numerous horizontal cracks 1/32" to 1/8" wide
occurred 5 to 10 ft. above the floor for a distance of about 100 feet |
(2 sections) from the downstream end. In addition, spasmodic hairline
cracks were also found along the wail for about 425 ft. Wide cracks and-
serious spalling of the concrete 5 to 6 ft. below the top of the box
culvert deck were visible at the backface for a distance of about 30 ft.
westerly from the downstream end. '

Retaining Wall 'B': Panels 5 to 8 deformed and cracks were evident on
both front and back faces of the wall. On the front face, delamination
of concrete could be spotted at the Tevel immediately above the channel
lining floor. In the lower portion of the backface, reinforcement was
exposed due to spalling of concrete and bent as a result of shifting
forward of the top portion of the wall.

In the upper portion of Panel 8 adjacent to the culvert. extensive dia-
gonal cracks were noted and they appeared to have progressed from the
culvert through the vretaining wall - culvert wall interface. With regard
to these observations reference should be made .o the photographs and
sketches contained in Appendix I.



REVIEW OF THE BACKGROUND INFORMATICN

A summary of the resuits of our review of the background information is gi-en
belew: ‘

Review of Foundation Investigation and Design Reports

Foundation investigations for the design of Mimico Creek culvert, the related
retaining walls and the southeast approach fills for Hwy. 427 were carried

out by the Soil Mechanics Section during the periods January 19, 1572 to -
February 11, 1972 and April 4, 1972 to April 13, 1972. Factual data together 2
with our recommendations were submitted in Foundation Reports for N.P;,280#65+00‘
issued on April 27, 1972 and for W.P. 387-65 issued on June 11, 1973.

The investigations revealed that the predominant deposit at the site isa

“very stiff to hard glacial til1 30 to 60 ft. thick, which is composed of a

. heterogeneous mixture of clayey silt, sand and gravel. Occasional random‘

" water bearing sand and gravel layers were also encountered in,this‘debdsitL S

‘At certain locations, the upper 3 to 4 ft. of the glacial till has been soft-_'f~  .
ened somewhat by weathering and the material in this zone has a firm to»stiff;f  .l

~consistency. The glacial ti1? deposit is underlain by shale bedrock of’the,,_i'; -Lﬂ
Dundas-Meadford formation. ’ g

Observations indicated at the time of the investigation, the groundwater'1evel":' =
was found to lie between elev. 500 to 521, which corresponds to depths rahging;;*,"
from 2-23 ft. below existing ground surface. Except in the high ground the
water level was found to correspond closely to the water level in the creek 
which was at about elevation 502. This indicates a gentle hydraulic gradient
towards Mimico Creek.

The recommendations contained in the various foundation reports for the de-
sign and construction of the box culvert, the retaining walis, and the asso-
ciated earth works are as follows:

Box culvert: It was recommended that the twin cell box culvert be founded
within the competent glacial till deposit with an allowable bearing press.vre
of up to 2% tsf provided any water bearing pockets or softened zones are

y
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subexcavated and replaced with mass concrete. Further the report stated that
it may be advantageous to protect the subsoil at the footing foundation level
by covering it with a iean concrete working .lab immediately after completion
of the excavation. For a continuous mat foundation of the size contempliated,
imposing the aforementioned pressure it was estimated that the settiement
would not exceed % inch and would be of a recompression nature.

Retaining walls: It was recommended that the retaining walls be supported on
spread fortings within the till below the frost penetration zone, using an
aliowable bearing pressure of up to 3% tsf if proper foundation treatmentis such”’

Tined previously were observed. Settlements were estimated to be less than
% inch.

Other considerations: The following is an excerpt from the foundationvreporﬁ
concerning the recommendations pertaining to the earth pressure computations
for the retaining wail.

"All the walls wi.. be inherently stable with respect to a deep-seated rota-
tional type of failure within the foundaticn subsoil.

"In computirg the siiding resistance between the base of the rough concretek,
footing and 1) the cohesive gTacial till an adhesion value of 3,000 psf ,
should be employed, and {i) granular fill a coefficiant of friction of 0,65
should be employed.

"If the structures are designed as ric:d frames, then a coefficien* of earth
pressure at rest (Ko) of 0.5 should be assumed for the granular fill material
placed behind the wall when designing the sections. However, if some move-
ment of the top of ihe wall is permitted, then a coefficient of ,active earth
pressure (Ka} of $.33 can be used.

"In crder to reljuve the buildun of excess hydrostatic pressure behind the
retaining walls, suitable measures should be provided. Backfill behind the
retaining walls should be carried out in accordance with current D.T.C.
practices, specifically Standard #S.D. 4-58."

as prevention of ground softening and subexcavation of softened zones as out- =
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Approach fills: Stability of the approach fills were analysed by Janbu's
method, using the following soil parameters:

Earth Fill Parent Glacial Till

Bulk Unit Weight (Y) 140 pcf 140 pcf
Apparent Angle of Internal 27° 27°
Friction (¢)

Apparent Conesion{c") 150 pcf 580 pcf

In the analysis, the full effects of the induced porewater pressure in the
fill_ were also considered.

To ensure the safety and satisfactory performance of the fills, the foi]ow1ng
recommendations were made: '

- In the Mimico Creek Valley floor between Sta. 629+60 and 695+00, the upper
3 to 4 ft. of the softened glacial til1 should be subexcavated as it is
~1in a softened condition. (Refer tc Contract Drawing Sheet No.f72-2)

= Wherever the fiii heights are in excess of 20 ft., topsoil within the
plan limits of the embankment should be stripped.

- In areas where fills are to be placed on existing slopes of the Mimico
Creek Valley, topsoil should be stripped and the new fills should be
benched into the banks in accordance with current MTC practices. {Refer
to M.T.C. Standard DD-414)

- Earth fills should he placed 2nd compacted at a moisture conten: within
1% of the optimum moisture content, as determined by Standard Proc .or
Compaction test.

- Fills up to 52 ft. should be constructed with a side slope not steeper
than 2:1. The proposed grade for the transverse slope, which incorpor-
ates & mid-height berm of varying width, was shown in Centract Drawing
Sheet No. 52 and also the pertinent cross-sections was shown on Sheet /-2,

- It was assumed in the Foundation Report that the following constructica
orocedure would be followed.

Mimico Creek would be diverted through the box culvert - open channel sections



as soon as they have been completed. Following this operation the obsolete
portion of the existing channel would be backfilled. Prior te placing any
fill 1in this area all organic or unacceptable material present would be
compietely subexcavated.

Peyview of the Structural Design

The cross-section dimensicns and length of the culvert were designed to meet.
the road geometric and hydrology requirements. The structural design was

in accordance with the Structural Office's stand .d practice in culvert de-
sign. In this project, the culvert was designed for the following service
Toads.

a) Granular Backfill with Bulk Density of 120 pcf
b) Lateral Earth Pressure equivalent to Fluid Pressure of

36 psf ﬁwith no surchavge)
45 psf (with 2:1 slope surcharge)

¢) H20-S16 Truck {nc impact)

The design and analysis were carried out with the aid of a computer program
for culvert design (Program No. 140). '

The retaining wall was designed for a lateral earth pressure of 45 psf which
includes a 2:1 slope surcharge. The proportioning ¢f the dimensions and

the detailing of the reinforcement were prepared with the aid of the Struc-
tural Office's standard design table for retaining walils and a computer
program was used for checking. The recommended allowable bearing capacity
was used for the design of the culvert foundations and also retaining wall
foundaticn.

Sequence of Construction

The sequence of construction for the culvert, in the distressed area from
Sta. 21+18 to Sta. 25+41 and for Retaining Wall 'B', as recorded in the
Ministry Construction Inspectors' Diaries, are summarized in the Appendix III
of this report. In general, construction for the cuivert commenced from its
centre and proceede: towards the east, thence to the erection of Retaining
Wall 'B'. After the completion of Retzining Wall '8! the wastern portion of
the culvert was constructed.



The culvert construction began with excavation at Sta. 25+50 sTightly"beyohd';”,‘
the distressed arza on August 3, 1976. The eastern,porticn‘af the cUTVert’

was constructed in 9 sections about 50 ft. long each. The construct1on of
gach section proceeded according to the fo]low1ng typ1ca1 schedule

Day 1 Excavate for the Culvert
Day 2 Pour Concrete Floor
Day 4 Strip Floor Forms
Day 10 Pour Concrete Wall
~Day 11 Strip Yall Forms
Day 31 Pour Cencrete Deck
‘Day 33 Strip Deck Forms :
Day 35 Backfill behind Concrete Na]]s
“Day 37 Backf111 on. Deck

: '70n Octaber 25, 1976, prior to completion o‘ the construct1on of thﬁ;box cul-

7, 'vert, constructvon began for Retain1ng Wa11 'B' This reta1ning wall, 240
'k1ong, cons1sts of 8 panels taperino from a wa1] he1ght of 23 5 ft downw 0
- 4 ft. The construction of each 30 ft. long pane] proceeded accord1ng bfthe
>~fvf0110w1ng typlcal schedu1e e e

LR R OB NN OB

i ;lDay l; Excavate for Retaining«Wall
~ Day 2 Pour Concrete Footing

" Day 3 Strip Footing Forms

‘Day 4 Pour Concrete Wall

Day 5 Strip Wall Forms

Day ‘6 ‘Backfill behind Wall

Construction Equipment

vao types of heavy compaction machinery were used; cne being é“Bumangw 210
drum drive vibratory roller which delivers a total force static p1us*dyhémic-['n
of 52 kips over an 84 inch wide drum, the other type being a Hyster C 450 A
capable of delivering a static force of 60 kips over an 80 inch wide drum.

The pertinent technical literature related to the respective equipment is
contained in Appendix IV. To take advantage of the high compactive energy of
these equipments, the fill was compacted in 1ifts up to 4 ft. thick. It was
also ascertained that these compactors had been used in very close proximity
of the retaining wall, as well as the box culverti.




POST FAILURE INVESTIGATION

An investigation was initiated immediately after failure had occurred in order
to assess whether all pertinent recommendations contained in the Foundation
Reports were carried out during construction. A field investigation was
carried out to determine the engineering properties of the fill material, as
well as backfill material for embankment constructions and the associated cul-
vert and retaining wall structure. The results of the field work/may enabTe o
us to re-assess the stability of the earth fills in the retained aréasfand also E
to evaluate the most probable earth pressure exerted on the retaining struc- -
tures. This will give us an insight as #o the causes of the failure of the
culvert, as wall as the retaining wall.

Immediately after the failure the investigation was carried out on November,30; o
1976 and also from December 10 to December 18, 1976. The subsurface investi-
gation consisted of a total ¢f 21 sampled boreholes. A1l borings were ad-

‘vanced by a continuous flight auger machine equippec with a 3%" 1.D. hol]dw, 

stem auger, except B.H, #5017 which was advanced by washboring techniques.
Locations and elevations of all the boreholes carried out during the design

- stages, as well as subsequent to the failure, are shown in Drawing No. 7601-A.

The post failure subsurface investigation revealed the following:

It was found that the approach embankments were constructed with a material
composed of a cohesive glaciai deposit consisting of clayey silt with some
sand and a trace of c¢iravel. It was also established that the backfill for
the retaining structures is composed of two granular types of material, one
being a fine crushed stone and the other a silty sand with gravel. The ap-
proach fill and the backfill were placed directly on the parent glacial till.
However, at certain locations near the original Mimico Creek where subexcava-
tion of organic or softened material was specified, isolated inclusions of
organic material were observed at the contact batween the parent glacial till
and the fill material.

The detailed descriptions of various soil types encountered in the post
failure investigation, together with their geotechnical properties, are as
follows.
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Embankment Fill

The embankment fill is composed of clayey silt of a glacial origin containing
some sand and a trace of gravel. Typical grain size distribution curves for
the embankment fill material are shown in Fig. 1 in an envelope form. ‘This
fi11 material has a typical liquid limit of about 17% to 28% and a typlcal i
plastic Timit of about 10% to 16%. These results, when plotted on a p]ast1city ff
chart,(Fig. 2)fall in the CL zone, indicating that the fill is 1norganic and :
has a Tow plasticity. The in-situ undraivned shear strengths as measured by ,
field vane tests, were found to be in excess of 2,000 psf. The effectlve shear{;f?
strength parameters were determined by carrying out conso]1da*ed undra1ned ‘
~triaxial tests with pore pressure measurements (C U, tests) These tests
gave the following results (Fig. 3).

Range
’k,Effective Cohesion Intercept (C') 450 - 600 psf
. Effective ‘Angle of Shearing 26 - 27.5 degrees

‘Resistance (')

~ The field moisture ccntenés for this fill material range from about,Q%'tb,14%;e['“
~ which indicates that the fill materfal was compacted within 1 to 2% of the =
: ‘opt1mum moisture contents (10-12%). The in- s1tu den51ty of this mater1a1 was ‘ ;
found to be ranging fromn 130 pcf. to 143 pcf. with an average value of 135 pcf.k
‘The Standard Penetration Test 'N' values range from 13 to 20 blows per foot.;
" These va]ues indicate that the fill material was wel] compauted over the en-~
tlre area.

In certain locations (Refer B.H. 505A, 506, 507, 509, 530) 1mmed1ate1y be]ow
the embankment material, 1so?ated inclusions of crganie material up to 5 feet
thick were encountered at the contact wit: the parent,subsoi]. This 1nd1cates'
that in the vicinity of the old creek arez subexcavation specified in the con-
tract drawings has not been fully carried cut.

Granular Backfill Behind the Retaining Wall and the Box Culvert

The granular backfill on this project is comprised of two types of materials
used randomly and the geotechnical properties of these materials are described
below.
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-

Crushed stone (source: Indusmin From Acton)

Typical grain size distributiorn of the crushed stones are shown in F1g 4 It : h
is to be noted that this material contains 13% to 28% particles f1ner than s11t
size (i.e. Sieve #200). Tre maximum bulk density ranges from 147 pcf to 150
pcf with corresponding opt1mum moisture contents rang1ng from 7.3%: to 7. 9% _
The falling head permeability test carried out in the laboratory 1nd1cated that
the permeab111ty is in the order of 5 x 10~ -5 cm/sec. €onso]1dated undra1ned

on Proctor moulded samples. The results on Fig. 5 show that the mater1al nas ifzﬁ
an effective angle of shearing resistance of 459, ' E

SiTty'sand with gravel (source: From Brampton and Milton)

: :The swfond type of backfill is of g]ac1a1 origin and may be descr1bed as s1]tyt“9?
: ;sand with gravel containing numerous cobbles and trace of c]ay Typ1ca1 gra1n;5_f

*s1ze distributions of this material are shown in F1g b6 & 7 in an enve]ope ,'h;
: :form It is noted that this material a1so contains about 17% to 25% particlesf’jh
”1,passing sieve #200. Standard and Mod1f1ed Proctor compaction tests have been ﬂ;if
',Qperformed on this mater1a! The results are summarized below: L L

: ; wqptf(%) & Max. Bulk Density (pcf) ‘hih
| Standard Proctor | 6.1 to 6.3 149 to 151
 Modified Proctor ' ‘ 4.8 to 5.1 ' 15] t03|53

,Th1s material at-Proctor density was so impervious that a back pressure of - 70, S
psi-had to be applied in-order to induce a fiow of water through it The ,
permeability of the saturated specimen as measured by this method was found to -
be in the order of 4 x 10 -7 cm/sec.  During the permeability test it was obser-
ved that this material has a swelling ratio o 1.5% upon,soakiné.,:Consoiidated,
undrained triaxial tests with pore pressure measurements were carried out on
Proctor moulded samples of this material and are shown on Fig.’8. The tests
gave the following shear strength parameters in terms of effective stresses:

37°
720 psv

Effective Angle of Shearing Resistance ¢'
Effective Cohesion Intercept c!

The Standard Penetration Test ‘N’ values were found to be in excess of 100
blows per foot which indicates that this backfill material has been subjected
to a very high degree of compaction.

‘triaxial with pore pressuve measurements tests (C.I.U. tests) were carried outf;",
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Since there were no records of the in-situ field densities of the backfill it'
was not possible to compare the in-situ field densities with the Proctor

Densities as determined in the laboratory.

Groundwater Condition

Groundwater elevations at the time of post-failure investigation were found to
be at or above the original ground elevation in the vicinity of Mimico Creek..
Elsewhere, even in the area of the high embankment, there was no water be;ween o
the natural ground and the fiil material. ' g

At the time of failure, the granular backfill was excavated and found to be‘; ,':f”‘“
~relatively dry. :

DISCUSSION OF FAILURE

In order to invéstigate the reasons for the failure, the fo11oWing probable
causes have been studied: - : SR

1. Stabi]ity of the embankment

2. Strength of the Concrete
. Earth Pressure
a) Effects of Sloping Surcharge on Retaining Walls
b) Effect of Sloping Surcharge on Box Culvert
¢) Effects due to Compaction Equipment
d) Effects due to Compaction

Stability of the Embankment

The stability of the constructed embankment in relation to the retaining wall
'B' and adjacent box culvert was investigated. The conclusion of the aﬁa1yses :
is that the earth fills are inherently stable with regard to rotational or:
sliding types of failure, inspite of the presence of localized organic layers
which were not fully subexcavated in the area of the old creek channel.

The parent subsoil is competent. T..e field observations, together with the
results of the post failure investigation, confirmed that there is no possi-
bility for a bearing capacity failure of the foundation.
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Strength of the Concrete

In order to assess whether the failure may be due to Tow strength of the con-
crete the compressive strength of the concrete used for the retaining wall and |
box culvert was examined. The design requirements call for a'minimum'strength ,
of 4000 psi for the box culvert and 3000 psi for the retaining wall. The -
compressive strengths of the concrete test cy11nders obtained from the Reg1ona1',
Quality Assurance Office are as follows:

Ages (in Days) Range {psi) Average (psi)
28 5000 to 7500 6000
4 - 2800 (one test)

2 2700 to 3300 3000 (Considered to be)

The above results show that the concrete had attained sufficient stréngth.'ﬁ .
Consequently, the failure is not attributed to lack of compressive strength
of the concrete.

Earth Pressure

The earth pressure on a retaining structure is affected by a number of fattors; 7k .
among which the deformaticn characteristics of the wall, the types of backfiil

_mater1a1 and the method of placing the backfill. An evaluation of the most

probab]e earth pressure acting on the df stressed retaining structures has beenk
back calculated using the results of field and laboratory data. '

3-a) Effect of sloping surcharge on retaining wall: A cantilever retaining wall
js usually designed to withstand an active earth pressure because of its flexibilit
to rotate above the base. The amount of deformation at the crest of thes wall re-
quired for the retained soil mass to mobilize its shearing resistance, thereby
reducing the earth pressure ¢o an active one, is very small {generally about 0.002 |
for granular soil with no <loping surcharge). Deflection of such magnitude can be
easily attained by a cantilever retaining wall. The lateral force acting on a
retaining wall due to active earth pressure quite often is evaluated from the Timit
equil1ibrium of the retained soil mass. In such an analysis, a slip surface is
assumed to have developed in the soil mass, causing the soil immediately behind

the wall to slide down along the slip surface, thereby exerting a force on the
retaining wall. In the analysis of the state of 1imit equilibrium, it is also
assumed that Mohr-Coulomb resistance is mobilized along the slip surface. A
variational method giVen in the Appendix V is used to locate the most critical
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$1ip surface which would induce the largest active force on the wall. Once the ©
location of the slip surface has been determined, the lateral force, together
with its point of application, can be obtained by the method of slides. The
results carried out for a 25 foot wall retaining a soil mass with the fo]?bwing
paraméters

Y =135 pcf

¢ = 150 psf
g = 27°

and a 2:1 sloping surcharge are summarized in Fig. 9, i0, 11 . In the com-f :
putation, a cohesion intercept (c) of 150 psf was used in orﬁer to account for a
the residua1 or the post-peak condition and the effect of the rate of strainon
the shear strength parameters. It was found that the lateral force has a magn1-  o
tude of 18000 1b. acting at a point about 13.7 feet above the base of the wa11

This lateral force under the above mentioned condition can also be stated as an o
equivalent fluid pressure in the order of 60 psf which is 33% greater than the '1‘;f"
pressure used for des1gn Further, the point of application of this lateral forceufv

~was also found to be much higher than the 1/3 height of the wall erg1na11y

assumed in the des1gn of the retaining wall (refer to Fig. 11).

3-b) Effect of sloping surcharge on box culvert: The box culvert is a rela:ivelyilf

rigid structure. Its deformation is usually not sufficient for the retained soil  5:
~mass to mobilize its shearing resistance. Under the circumstances where 11tt1e,«'

or no lateral deformation is allowed, the horizontal earth pkéésure acting~onfthéb :
wall is usually approximated by the Tateral stress within the soil mass under an
at-rest condition. ‘

This jateral stress o at any depth z below ground surface can be evaluated fromi‘

o, = Ko (Yz + Aoy)
where ACv(z) = (Iv(z,x) a{x) dx

is the vertical stress increment induced by the surcharge q(x), which in this case
is the 2:1 approach fill. In the above equat1on, 1 (z x) is the influence function .
for the vertical stress.

Using K, = 0.5, = 140 pcf and evaiuating I, numerically from Boussinesq's theory,
it is found that, for practical purposes, the lateral stress in this case can be
estimated from

0, =70 z + 375 (psf) for 227 ft. (thickness of earth cover for
the box culvert)
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“{hThe 1atera1 force exerted on the twin box cu1vert, tai ngx1nto account th
":],surcharge of 2:1, together with the deformation charoct\r tics of thi
k',were found to be much higher than the 45 psf equiva]ent}fatid4pressu(e used,

: design.u : ~ Y z

3-c) Effect due to compaction equipment As. mentioned previous]y. hea '; '
was used to compact the granu]ar backfill and the associated high sloping earth
embankment behind the retaining structures. e

The earth pressures induced by the compacting equipment at various distances away
from the wall was computed by Boussinesq's thecry, using a Poisson's ratio of
1/3 for the compacted fi11. The additional 1ateral earth presSure distributionh~ S
due to the heavy equipment is given in Fig. B. The results indicate thatjthe“ :
additional lateral earth pressure is highly concentrated near the top of~the;w311.kkv
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3-d} Effect due to compaction: Compaction will generate high horizontal streséeég
These stresses may be retained in the soil mass as locked-in residual stresses
and may be accumulated to a very high vaiue. These residual stresses are:affected;
by a large number of var1ab1es'am0ng which include roller size and weight, rO]Ter o
~frequency and forward speed, 1ift heicht, number of roller coverages, gradation

of the fi11 and its moisture content. Results of research on recidua1 stresses
‘caused by compaction published by Sowers et al 1957, ‘D'Appolonia et al 1969

Gou!d 1970, Casagrande 1973, Aggour & Brown 1974, Ingold 1877 may be summariacd

as follows:

- Overcompaction or the use of vib‘atory eqy’ pment will resuit in a residual
stress considerably greater than the at-rest pressure. If the bacxfi'l'l is weﬂ”
graded and contains a high percentage of fines, even the use of 1ight v1bratory
mach1nery will cause the lateral pressure greater than the Ko va‘iue. e

= COmpaction is a form of "over consolidation", Therefore. the resuTtant Ko
va'lues are much higher than those of a “normally conse'lidated" soﬂ s qmte'
often that Ko of a compacted fil1 attains a vaiue greater than one., (Fig C" G

4’ - ¥ T T T T — 7| - v"
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o TO ROLLER PATH AT DEPTH=2.0FT S
;L N ki = Horizontal stutic stress)’
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> ———~ 26 CPS R R I
A 22— memema 19CPS - e
g .
3
"*: 1 "/ - _ rm—
B -1 '

— s s e e G w— i) w——

“0 é PSSR aalbuedl sanad
)-%4

ol—.

1 2 4 6 8 10 20 40 60 80 100

NUMBER OF ROLLER PASSES (6.3 KIP Roller)

Fig. {C) variation of K with respect to the number of roller

passes and operating frequencies
(From D'Appolonia et al 1969)
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- The -. :* wal stresses generally assume a cistribution with depthlSimi]arjtpiihq§ ;
as shcun in Fig. (D), i.e. heavily concentrated near the top of the wall. L

Firal

Initial SRR CR
' \(-Ar rest

N

. HE IGHT “‘,:‘F ROM BASE: feet

2 ‘ 4 . 6 8 'IO ’ V2
PRESSURE : Ib/ft?x102 ‘ .

Fig. (D) Distribution of Residual Stresses (From AngUr &;Bkown.'1974)f,

~ While the residual stresses do not appear to change appreciably with time in
coarse granular material following the compaction, for fill containing a high
percentage of fines, the Tateral stresses may increase with time due to the
gradual release of the locked-in energy.

- The residual stresses are anisotropic. The maximum value occurs on a plane per-
pendicular to the direction of the roller advance while the minimum occurs on the
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plane parallel to the roller path (Fig. E),

4 T
__ 7| HORIZONTAL STRESSES
) AT DEPTH=2.0 FT
" Opaerating frequency: 27.5 CPS
4 3 R
»
u.i iy
2 e U=
:'?) 9~0\‘\ , ; ON S’
v 2 P e DIRECT!
-— (d A
> Q.%“\‘o\ \‘_\ng
b <
1 : ’/‘ pARALLEL 1Q ROUER PATHL ] |
1n
° ,
- I
0 )5
1 2 4 8 10 20 40 60 80100

NUMBER OF ROI.LER PASSES {12.5 KiP Ro“er)

'Fig. (E) Vvariation of K, with respect to the number of ro]]er passes and
,An1sotrophy ofn (From D! Appo!onia et al 1969)

Reasons For Failure

 The aforementioned discussions show that the primary cause of the fa11ure of
the retaining structures was not due to 1nstab11ity of the h1gh embankment in thTS “

area or due to the quality of the concrete. The various anaIyses, together with
the patterns of crack formation, indicate that the distress was due to h1gh :
lateral earth pressures exerted on the retaining structures (Retaining Wall B and
the Twin Box Culvert South Wall). The high lateral pressures are mainly due to a
combination of the following factors:

1. Surcharge due to high sloping backslope
2. Overcompaction due to heavy vibratery compaction equipment.
3. Improper backfill mate:ial.

As mentioned before, Retaining Wall B and the Twin Box Culvert were designed for

an equivalent surcharge of 2 feet which will exert a fluid pressure of 45 psf. The
results of our earth pressure computation which takes into account the fuill

effect of the sloping surcharge, indicate that the lateral forces, together with
the lever arm of the point of appiication, are much greater than the values assumed
in design. The combinaticn of these could produce a maximum theoretical flexural
stress as much as 100% larger than the design values. However, this aspect alone
should not result in the failure of the retaining structure. The ultimate
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capacity of the wall calculated for the sections where the cracks occurred & e,

~ immediately above the floor 11n1ng and immediately above the cut-offs of the F

reinforcing bars) still has a factor of safety greater than one with respect to the
bending moment caused by the lateral force induced by the retained soil mass
{(Appendix VI). '

The heavy vibratory compacting equipment used in this project resulted in oVéﬁ-~'
compaction of the granular backfill and the related earth fill. This method'of =
construction contributed to large horizontal stresses in the soil mass. These
residual (locked-in) stresses induced additional lateral earth pressures on the
retaining structures. As mentioned previously, the walls would be subgected;, :
to h1gh flexural stresses due to sloping surcharge. These additional lateral

- earth pressures induced by heavy vibratory compacting equipment, together w1th

,the,s]opxng surcharge, resulted in the failure of the retajning structures.

In the distressed area, well-graded granuiar material containing a high portiqn'of,
fines was used as backfiil. This material is very easy to compact and attains;a"w
very high density when compacted. Further, because of the'high degree of inter-
locking of particles, the compactive energy transmitted to this materiaY wi11 be‘;

Tocked in and accumulated. Consequently, very high horizontal residual stressesﬂ‘
are resulted in the soil mass.

CORRECTIVE MEASURES INCORPORATED DURING CONSTRUCTION

~Since the cause of failure was established as excessive earth pressure, the im-

mediate step was to release the earth pressure acting against the culvert and the
retaining wall. ' ‘

To this purpose, the following measures were taken:

1. Removal of the approach fill immediately behind the culvert and retaining wall
was recommended. This was achieved by reducing the width of the approach
f111 of the overpass, as the required width was designed &s a provision fer
future widening of Hwy. 427 roadway in the ultimate scheme. As a result, the
toe of this slope was moved 15 feet to 55 feet away from the back of the culver
and the retaining wall.

2. A trench was excavated behind the culvert to a depth of about‘s feet from the
bottom of the culvert. This space was backfilled with sand and gravel which
was loosely placed to relieve the residual stresses induced by compaction.
The pertinent details are shown in Drawing 7601-A.
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In addition, the damaged retaining wall and the culvert wall were repaired. The
repair works invelved the following:

1. The 105 feet of damaged retaining wall was removed to 2 feet above the footing,,
and replaced with new concrete and reinforcing steel. ' ‘

2. The end 30 feet of the east wall of the culvert was partially removed and
replaced with new concrete and reinforcing steel.

3. A relieving slab 14 inches thick was buiIt'against the outside wall of thé }f .
culvert to strengthen the culvert wall. (Sta. 21 + 50 to Sta. 23 +,ZO).

To find out the actual earth pressure acting against the culvert and reta1n1ng
wall, the Research and Development Branch carried out measurements and 1nsta11ed .
~ strain gauges in the new retaining wall, part of the culvert and the relieving ‘:

‘slab. The instrumentation layout and the related data is given in Appendix Vil {f'
of this report. The readings obtained up to May, 1977 indicate that~subsequént ‘ j
-to. the repair works,'only small forces were acting on the retaining structures.
Further monitoring will be carried out by R & D in order to establish def1n1te
conc1usions with regard to pressures exerted against the structureq

| 'RECOMMENDED PREVENTIVE MEASURES

- The failure of the retaining wall and box culvert has revealed certain in-
adequacies in the present Ministry Design Standards and Procedures pertaining ;
to retaining structures. To prevent recurrence of similar failures the following ¢
measures are sﬁggested for design and construction:

1. The lateral earth pressure is known to be affected by a number of factors,
among which are the deformation characteristics of the retaining wall, types
of backfill material, method of placing the backfiil, surcharge conditions,
etc. If the wall is of a rigid type, the earth pressure at rest (k,) should
be used. In addition, the full effect of any sloping surcharge should be
taken into account by using any well known method of earth pressure computation

2. The process of compaction, under certain conditions of 1ift thickness, roller
weight, vibration frequency and amplitude, and other variables, generates
incremental earth pressures that often exceed the earth pressure at rest.

To prevent forces on retaining structures from attaining excessive levels due -
to such incremental earth pressures, the foliowing interim criterion is
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suggested. Vibratory equipment exceeding 12.5 kips static weight shouid,be ,
kept outside of a 1% vertical to 1 horizontal iine extending upward from the :
base of the retaining wall stem. Further research will be required to |
confirm this criterion. ' :

3. The use of granular materials that contain a high percent of fines, (e.qg.
Granular D) should be discouraged* since they tend to over compact easi1y _ '
and do not drain as freely as desired. ' ' .

4. On future similar projects the backfill should be p]aced prior to construct1on;
of any restraint,such as a channel! 1ining at the base of the wall to alTow
necessary movement of the wall in order to develop the active earth pressure

~case., In general, any hindrance to the yie]ding of a retaining structure :
under backfilling operations should be reduced or minimized as much as
possibie. ‘

MISCELLANEQUS

This report was prepared by Mr. B. Ly, Senior Engineer, Soil Mechanics Section, ,{
with the assistance of Mr. M. MacLean, Project Engineer. The review of the
structura] design was done by Mr. W. Lin, Regional Structural Design Engineer,

: Structural Office. This report is a joint effort of the Soil Mechanics Section :
and the Structural Office and was reviewed by Messrs. M. Devata and C.s. Grebsk1. ?

i 7 IN . Ryt

W. Lin, P. Eng. M. Devata, P. Eng.
Regional Structural Design Engineer Supervising Engineer
Structural Qffice Soi11 Mechanics Section
June, 1977

* A joint study between Central Region and the Soi1 Mechanics Section is
in progress to determine appropriate grain size 2nd compaction criteria
for retaining wall backfills.
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PLATE 1: GENERAL VIEW OF THE SITE (LOOKING SOUTH)
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PLATE 2: BACKFACE OF THE CULVERT AND
THE PRESSURE RELIEF TRENCH



PLATE 3: BACKFACE OF THE CULVERT AND THE RETAINING WALL
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PLATE 6: DELAMINATION OF CONCRETE IN THE FRONT FACE OF THE
RETAINING WALL JUST ABOVE THE CHANNEL LINING



PLATE 7: CRACKS IN THE FRONT FACE IMMEDIATELY
ABOVE THE CHANNEL FLOOR LINING



PLATE 8: SPALLING OF CONCRETE AND DEFORMED ‘G”BARS IN
THE BACKFACE OF RETAINING WALL (PANNEL 8)



PLATE 9! SPALLING OF CONCRETE IN THE BACKFACE OF RLTAINING WALL
IMMEDIATELY ABOVE THE CUT-OFFS OF THE ‘F’BARS
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~ DRUM DRIVE VIBRATORY ROLLERS

Appendix 1V

BOMAG BW 210D7 210PD

i Deep Lift Compaction in a Variety of Solis

(Granular 1o Cohesive)

.+ Variable frequency
"« Iiydrostatic.drum drive

s Ligh impact pad foor drum design

“Highly Maneuverable

. (,mtcmmculanan
+:30% oscillation of drum

« » Flush side Tor work close to obstacles
- » Superior traction with ribbed tires

* No-spin axie

Operator-Oriented

¢ Manual and automatic control of vibratory
rmechanism

* Exceptional visibility

».Clean, comfortable operator station

Minimal Maintenance

» Oit-lubricated vibratory bearings

* Drum cleaners adjustable and replaccable
* Maintenance points jocated for casy aceess
» Vandalism instrument shicld

-Wideh (shipping & opcuung)

Height, o0 Lo o e

Drum dmncter ..............

Drumwidth .5 O o iy .‘ ’ ;
Turning rsdms(mstde} VERBAA 16'10"(513} mm)
Wheelbase .. 00000 e e s 109(2769 mmj
Curb'clearance . ;. 0. .. B R .IS"(SBI mm}

- ENGINE OFﬂON" ‘

BW 21OD/BW 210PD SPECIFICATIONS '

DlMENSlONS
Weight (mass) Bw 210D ’ 3
Weight (mass) Y BW 210PD . ., :

Overall Icngth M W s e e

*scludes Tire Pallast

GM 4-53
Dcmz F#: 'NZ

Air clcanes |

Electrical systcm. o ...... e e

Fucl tank capacity. ., . . ..

POWER TRAIN :

Brum and wheels hydrostatic; Ncrspm diffctentxl'

SPEEDS , s

Ist. .. 3.1 mph an Y mph = 3rd .6.8 mphk o
“ 5.0 km/h) (7.7 kmih) (110 k"‘ h)

BRAKES :

Service .. L el e . .Hydroﬂatn: thru drive syslem

Emergency and parking. . .. Dm: bnkc on drive: shaft

STEERING SYSTEM ‘

Full power, hydrostatic
Tires BW.2I0D .. C .. .. 230 x 268 ply“All \\rcaﬁwr
Tires BW 210PD . .. 002300 x 268 ply CHcavy Luggcd"

VIBRATORY COMPACTION DRUM BW.210D .

Hydrostatically driven-—-automatic and manual control ;
Pynamicforce .., . . L0 L 0l m om B (18 144 kgy.

Totalapplied foree . L0000 L 5t l"\(” 292 kg
Frequency . .o oL 2o . 14501 le’ o vim 24 w 3t Hz)
Applicid foree per fineal mch : A
ofdramywidth (.00 CL o on o0 611 s (277 kg) e
Amplitude (dmmk) ........... [RETNY m4“ (z6mm)

VIBRATDRY COMPACTION DRUM. BW 210PD
Hydmstam:ally drwcn—automsuu and manual control T
Dynamic force . . . .. .. ved e 40,000 tbs (18 143 kp) -
Total applied force . . . .. .. ... . 54,5001bs (24 721 k).
Frequency . . . .. ... .. 1450 to 1850 vpm (2410 31 1Hiz)

Ground prossure. . ... J.. 2. . 1266 psi €AY 1 kg/sg o)
Pad penerrationdepth . L 0oL o 0L L, $4 7 (LOS )
Amplinade (doubleY. .. 0oL L GORO™ (2.0 mns)

STANDARD AND OPTIONAL EQUIPMENT
See BW 210, page 21

NB - Smooth roller was used to compact the granular backfil?

- Sheepsfoot roller was used to compact the embankment earthfill
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ywa11 due to active earth pressure. Common to all the theories is the re-f

“‘However, they differ in the assumption about the shape of the s11p surface and :

, Cou1omb s theory assumes that s]iding occurs a1ong a p1anar slip surface T e

: ‘The method developed by Spencer assumes sTip a;ong a circu]ar arc and makes use
‘ v\ef tbe method of slices. Since in these methods the slip surfacesare restric ed
Slan a-priori to a certain class of functions, ‘the active force S0 computed may not

?‘f the most critical one. Recognizing that the determination of the active force
uan ‘extremum problem, in which the force 1s computed for a number of trial sTi
fsurfaces until a maximum value 15 obtained for the lateral force, a variationa

- all admissable functions, without restricting to a particular shape of inp

‘derived for the lateral force by the method of slices and a differential equatio*

DETERMINATION OF THE CRITICAL SLIP SURFACE
~AND THE ACTIVE EARTH PRESSURE
BY MEANS OF A VARIATIONAL METHOD

There are a number of theories to compute the 1ateral force acting on a reta

quirement that the soil mass be in a state of 1imit equ111brium and that the
strength of the soil be expressed in terms of the COulomb-Mohr fai]ure criterion

in the application of statics.

1at1ons used by the U.S. Dept. of Navy are basad on 1ogaritnm i sp1ra1 s]ip surf

technique is used in this report to locate the most critical slip surface among,

surface. In this method, a functional in terms of arbitrary 511p surfaces: is

together with the boundary conditions,is obtained by setting the variation of the
functional with respect to the slip surface equal to zero. The critlcaI slip
surface is then obtained as the solution to the differential equation which,
satisfies all the boundary conditiens. Once the critical slip sur?ace~has been } -
located, the lateral force, together with its point of appiication, can be o '
determined from the method of slices. Derivation of the method is given below.

1. Assumptions

The following assumptions, in addition to those in the analysis of the state :
of 1imit equilibrium, are made in the derivation of the method:
The soil mass is homogeneous

The retaining wall has a vertical back face

The shear stresses between the wall and the soil are neglected
The inter-slice shear forces are neglected

No porewater pressure.

1




-2-

2. Derivation of the D1fferent1a'l Equation and the Boundary Conditions

tet us consider theequilibriumof an arb1trary shce as shown in Figure 9.{_ :

From 2Fx = 0 and 2Fy = 0 we obtain
AE =S cosa- N Sina
and W =S sina+ N Cosa
‘since W =Y(H +8x - y)Ax
S = C Secalx + N Tan )

it

Sina- (—-——ﬁ72)
and Cosa= \/—]_r(y?
by substitution and solving forAE, we get ,
AE = - @ (x,y,y)Ax e
where ® =Y(H +Bx - y) (y'- tan 9)-c[] + ()?] | "
1+ytanp |
Integratwn of {1) fmm x=0 to x=b and making use of the conditions
E(b) =
E(0) =
 results in e
P (b,y,¥) j ® dx e (2)

: ‘whﬂch expresses a functional relationship between the lateral force and the shn
surface. For P to attain a maximum value, it is necessary that P be stationarv’
‘with respect to y. Setting the varjation of3Pequal to zero, i.e. 8P = o, we

obtain
d d -
(®3x +———Q——»BY)i j ( —-—~@—— & -—;%— )8y dx=0
------------- (3)
From {3), we obtain the Euler differential equation
dwv-0 e (4)
where W= Y{H+* Bx - y) sec2 g+ L {[1 - (y')z] tan g - 2y'}'
My tang)2 e (5)
R“ (tan¢ ‘.Y'j _____________ (6)

1+ y* tan 8




3=
and the natural boundary conditions

®dx + d®-8y=0 at x=b ' PR

Jy' : e - (7)

The natural boundary condition given by (7) can be further simp11f1ed by mak1ng ,»», ,
use of the geometrical boundary conditions ;

]

y (0)
y (b)

0 e
H +Bb - g}_;_ tan (%1 +’ ) | ---------‘--(9),_[

]

and the transversity condition

8y (b) = [B-y(b)] 8b
to yield another boundary condition ; ; ‘ e s
@+¥ (B-y)=0 atx=b cememmmaann (o)
which specifies the va]ue of y' at x = b ‘ » S
The differential equation given in (4), together with the boundary cnnditfons (8),31[‘;
(9) and (10), determine the location and the shape of the critical slip surface.

3 Method of Solution

Equation (4) is a non-linear differential equation,Close form sclution is not e

‘generally avai lable except for some simple cases such as when B= o0 or when either
C=0org=0. In general, equation {4} has to be solved by numerical method L
Although it can be solved by the method of perturbation {or the method of smaﬂ S
parameter) by considering tan ¢ as a small parameter, a 're'laxat'igm 'technique“ |

given below is favoured becausez of its ease to be computer'iyzved.‘ The method is a,s:,: ey
follows: :

- Assume an arbitrary value for b, and set Ax= %—
- Evaluate y, = y (b) from (9) and y, = y' (b) from (10)
- With Yn and Yn known, compute
W¥n from (5)
~ Caleulate y,_, = ¥, . YnAx
and\¥n-1 =W¥n -nlx
which in turn yields y;j_,

- Repeat the above procedures until

Yo = ¥(0)
is computed
- If Yo = O then the solution is obtained, otherwise, a new value for b has to pe




ésSumed and repeat the computation untiTryo = O~is=achieved;

- Once y has been determined, P can be obtained from (2) and Ek from (]),  3*‘7’
- Consequent]y, Ek 1= sz : : S :

- with Ek’ wk and Rk of each slice known, the point of appTication of P can be
~ determ1ned by the method of string po!ygon as shown in F1g (10)

: , , . - b '
So]ut‘ions obtained by thiskmethod for the cases when B 0 é O Lﬁ 0
‘are identical to the classical results. Results of our solut1on for the &
M1mico Creek Retaining Wali B are summarized in F1g (11) :

B. Ly ' R S
Sotl Mechan1cs Serion snny
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APPENDIX VI
ULTIMATE CAPACITY OF THE RETAINING WALL

k?_' §Ca1¢u1ation,For Mu at point A,

to= (1.25 + 15529) x 12 = 23.125 4n,

- 1.27 S 2 Lo
as = L x 12 -1 s 1n‘/ft_, (410 @ 107)

© bd = 12 x (23.125-3-0.638) = 12 x 19,49
: | = 233.88

>»

$

pg\—-—

d = 0.00652
q = p;% = 0.00652 x %9 = 0.0978

Mu = g [bd?fc q (1-0.59q]]
= 0.9 x[12 x 19.492 x 4 x 0.0978 x (1-0.59 x 0,0078]] x 3y

126 k'lp-ft./ft

§ As fy (d - Asfy/ftb x 1.7)
0.9 x [1.524 x 60 x (19.49 - %4%35—§=§9T?ﬂ X %z

X &4 X
126 kip-ft./.,

Mu

ft

i

My = 13 x 8.8 = 114 kip-ft./




Fg=15 KIPS

*‘I

Al hs=108°

l

"LCaTculation»For My at point B,

b= (1.25 + 29) x 12 = 25 1in.
| 25 + 77) |

As = 3.088 tn?/ (#10 @ 5")

bd = 12 x (25-3-0.635) = 12 x 21.365
‘ ~ = 256.38 1n.?

. 3.048
p m 0.0119

q=0.0119 x $ = 0.178
Mu = 0.9 x [12 x 21.365% x 4 x 0.178 x (1-0,59 x 0,178)] x 1

282 kip—ft./ft

- X 1
Mu = 0.9 x [3.048 x 60 x (21.365 - Fvog—p)]* 73
262 kip-ft./, |

1]

M, = 15 x 10.8 = 162 k‘ip—-ft./ft

(B. Ly, Soil Mechanics Section)
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Ontario

Attention:

Cur File Ret,

Ministiy of
Transportation and
Communications

Memorandum

To:Dr. R.A. Dorton From: Enginecering Research & Dov;]opmcn
Manager, Branch.
Structural O0ffice

pate: May 20, 1977

In Reply to

Subiject:

Re: Mimico Creek Structure - Hwy. 427 - Contract No. 7601

After the failure of this structure, a total of 23 strain
gauge sites were installed., These sites indicated in
Figures 1 to 3 were selected to monitor reinforcing steel -
strains in portions of the retaining wall, rellev1ng slab
culvert wall and test slab.

Strain gauges, compensated for temperature, were bonded to

the reinforcing steel bars to measure the axial strains
induced in the steel. By monitoring these strains, an .
indication of the earth pressures actlng on the structure
cun be obtained.

Monitoring of strain data began shortly after the concrete

was cast. Figures 4 to 7 show the various strain levels in
the reinforcing. These are plotted against time with the
ambient alr temperature recorded on the same date as the
readings. This strain data is approximately 3 to 6 percent
higher than the nominal strain in the reinforcing steel due

to a small loss in the cross~sectional area of the reinforcing
steel at the gauge. site.

The strain readings vary from +61 to -108 in/in x 10 -6 for
all locations, between February and May 16. This represents
an axial force in the reinforcing steel of 1425 to -2475 1bs.
or steel stresses of 1800 to -3100 psi, These strains can
be caused by earth pressures or tempsrature change. The
temperature change can cause strain if the structure is not
free to move as the temperature changes.

It appears that up-to-now only small forces have been actlng

on the structure, Further monitoring is necessary to establish
definite conclusions with regard to pressures exerted against
the structure.

It is suggested that monthly readings be continued for at
least 6 months to observe subsequent strain levels.

’// /‘/ Ki et

M. Holowka
encls. Research O_J;*

cc: P. Csagoly
C.5. Grebski

MH/pm

MAY 2 4 1977 2]
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! THE A!GOMA STEEL CORPORAT!()N LIMITED S f%\ f
S

QUALITY - SERVICE SAULT STE. MARIE, ONTARLIC STEEL Foa STRENGTH

37 EA TT. ABER. NAME ENTAY DATE ITEMS | ORDEA WEIGHT TRPE REF . T R groti w0

? : MT AND ¢ JAFR 18/77 - NO : 190"’31
SaF 10 —mma

HEI’IEIN CALLED BUYER)

»:" OF TRANSF AND COﬁMUNTC ATIONS MTC ROWEN RI) FATROL YARD- Nd Nlmi)f\ﬁNT Ol
SON AVE HOWEN ROAD AND QEW INTERCHANGE AFF ROX
ﬁf[[‘ﬂ ONTARTIO = M3IM 1J6 14 MILES SQUTH OF NIAGARA FALL .5 UN 1 ARED
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SFORT o ’ Sl G
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TOTAL PILCES ) TGTAL WEIGHT TOIAL ARCUNT "
' lo 36814
BASE EXTRAS
paice / SiZL' | LENGTH GRADE CHEMISIRY SILICON | PICKLE | TESTING ] Ml |ouabmiy URIY PRICE
75X 8§ ax” - _ , . Tz SO

Wi oW gy B 6 b
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OFFICE REPORT ON SOIL EXPLORATION

MINISTRY OF TRANSPORTATION AND COMMUNICATIONS—ONTARIO

HIGHWAY ENGINEERING DIVISION - ENGINEERING MATERIALS OFFICE - SOIL MECHANICS SECTION

RECORD OF BOREHOLE N2 501

& Open on completics

Note: Hole stayed dfy

Contract o =
76-01 LOCATION__Co-ords N.15 87% 058: F 971 040 ORIGINATED 8Y BL..
DIST___ 6 mwy _ 427 BORING DATE _ Wav. 30, 1976 COMPILED BY_ RL - j
-DATUM __ Geodetic BOREHOLE TYPE Wash-Boring & c Penetration Test CHECKED BYM”
» 2 IDYNAMIC COME PENETRATION LIQUID LIMIT Wi e :
SOIL - PROFILE SAMPLES 2 [Wsistance ot PRt P .-
ol 2] % 7o 0 o do ibo |WATERCONTEN_w ZE |
ELEV Eyu|w 2] g [SHEAR STRENGTH wp W 3 I REMARKS
BETH DESCRIPTION 2 R R 2 {0 UNCONFINED + FIELD VANE : L Y S
o 21" € 1o OUICK TRIAWIAL % 1AB VANE {WATER CONTENE %} " oo
525.5| Ground Level A Z | ey 10 20 30 4¢P.C.FacpsasiCL
0.0] Fiil: Silty Sand — T
with Clay gnd 1| SS {14 <
gravel s ] —
Fine au_.ha“srouéﬂ‘( e —
with fines, white) /4.3 | 8S 172 <>
sand @ RN , o
¥ cobbles. Sons L o4 i 120" o
silt & trace of c] E
507,71 Reddish Brown - &gx o 157
17.8 1 Ead of Borehole

20
159-5 % STRAIN AT FAILURE
0



MINISTRY OF TRANSPORTATION AND COMMUNICATIONS - ONTARID

HIGHWAY ENGINEERING DIVISION - ENGINEERING MATERIALS OFFICE - SO MECHANICS SECTION
RECORD OF BOREHOLE N2 505 .
Contract 76-01 LOCATION Co-ords. M. 15 878 905; E 971 130 oriGinatep sy B 1
[>11:3 S HWY 427 BORING DATE  December 14, 1976 COMPILED By Bl ,
DATUM__Geodetic BOREHOLE TYPE . Eollow Stem Auger CHECKED s’vﬁ:@,
' @ |DYNAMIC CONE PENETRATION LIQUID LIMIT ——% ] = =
SOIL_PROFILE SAMPLES = [RESISTANCE PiOT PLASTIC LIMIT Wy ":5
Bt = 2] 3 Jo do. 8080 100 | WATER CONTENT.% [ Zw
ELEV alwiw 3] g [SHEAR STRENGTH RS.F. W w.oo W z
SEFTH DESCRIPTION -2 B B - 3 1© UNCONFINED + FIELD VANE | > y g
&l 217 171 8 |e ouck rriaxia X tAB vane WATER CONTENT % e
520.9 | Ground Level héd = LELEV 500 10Q0 2000 10 .20 30 .. 4PP.C.AGR SA S
0.6 70 ‘ L
Fill: Clayey silt [
traces of gravel 1 88 1%
and ‘sand
PRI AR EE - :
5074 » s
05.9 | Topeoil B 3., %—;—}1— X .
15.0 very clayed b & 16 " °
: Slacial Till: 0] 2 s5148
Het. Mixture of 1 500
‘¥
clayey silt,sand & | e T 5 Sothe o
gravel I ’/F l
. Pis |
492.9 | Very stiff to hard pid:]l .« ﬁﬂd&"

28.0.] End of Borehole

BOREHOLE Nb 505A| Lobatr

OFFICE REPORT ON SOIL EXPLORATION

520.9 | Ground Level ' ' 590__1D0o 2490 Same a BorshLl§
0.9 pi13: K »20
© Clayey silt
traces of gravel
& sand ><
o T TW [FE & ot ] 130.0) ¢ ,2 |
L 504.4 | Charclal ¥ Drpamic i d- I 4 ° hesol ssz

6.5 End of Borehole

Note: Hole was wet {at
Biv. 506+

20
1565 % STRAIN AT FAILURE
19




QFFICE REPORT ON SO EXPLORATION

MINISTRY. OF TRANSPORTATION AND. COMMUNICATIONS—ONTARIC

HIGHWAY ENGINEERING DIVISION -~ ENGINEERING MATERIALS OFFICE - SOIL MECHANICS SECTION

RECORD OF BOREHOLE N2 506

BL.

Contract 76-01 LOCATION Co-oxrds K 15 878 328; E 971 166 ORIGINATED BY -
DIsT__ 6 HWY ___ 427 BORING DATE. Dee. 15, 1976 COMPILED BY_ BL - }
DATUM . Geodetic BOREHOLE TYPE Hollow Stem Auger __ CHECKED BY L=

: o IDYNAMIC CONE PENETRATION LIQUID LIMIT - ——W =k
SOML PROFILE SAMPLES E RESISTAMCE PLOT PLASTIC LIMIT ———-Wp. ':5; :
51« al = 7040 80 8o 0o | WATER CONTENT_W } Ziw 1 B
ELEV glajw |21 2 [SHEAR STRENGTH W weo ™ = | REMARKS
ey DESCRIPTION =lsi > | €<} 3 o unconrineD + FiELD VANE } - . B O B
DEFTH ?_: 2 Z1 % e ouick TRIANAL x (4B vang ] WATER CONTENT % 14
6-5 Fill: Clayey silt 3 39:5:09#5" o
gome sand & grave. 2
3 I'ss [20 °
510
inclusi;;smoé_ o-r_;ax;l'.c— g %’"2}“ c?——*

] wood fibres & cind e Trey i
304.1 7. 4188 ’Eg’fu i
15.0 | Glacial T111 ? T

Very stiff tc hard 4 500 i
kor.s AT s BT R ko 30 G0y
21.2 |End of Borehole R

HNote:  “Hole dry on

completion

20
1545 % STRAIN AT FAIWLURE
10



MINISTRY GF TRANSPORTATION AND . COMMUNICATIONS~ONTARIO
HIGHWAY ENGINEERING DIVISION - ENGINEERING MATERIALS OFFiCE - 501 MECHANICS SECTION
RECORD OF BOREHOLE N2 507

Contract 76-01 LOCATION Co-ords N 15 878 9455 E 971 143 ORIGINATED -BY:_BL g

oist__6 HWY 427 BORING DATE December 14, 1976 COMPILED BY BLy & .

DATUM _ Gecdetic BOREHOLE TYPE Hollow Stem Auger . CHECKED BY:ﬁ:
SO PROFILE SAMPLES x  JDYNAMIC CONE PENETRATION LIGUHD LiMIT. ———We | - Ei
& |ResisTancE pro7 PLASTIC LIMIT wel =5
51« a1 3 Zo_do__¢o _do 0o [WATER CONTENT—w | Z54 .
ELEY afw w { 2§ 2 [SHEAR STRENGTH P.5.F- we w Wi 2 F REMARKS'
e,

5EF DESCRIPTION iz > 124 2 o unconrmen + FIELD VANE , Yoy -

el 217 1T 18 (e quick TRIAKAL X 1ag vANE | WATER CONTENT %{.. w o

15,8} Ground Level vi Z JELEy 500 1000 1500 2000 2500 10 20 - 30 0 &Q GR SA SHC
0.0 ) ] . P

1i: i ) : :

Fé round 1] 8§ 133 : 11735 (16))

51 Sa; N e
Salty Sand, Dot s 510 : : '2:23 45 30

Clayey silt ST E 1 B : .

Some Sand 4 88 113 + : ) iS5 W S
501, 3 |with organics—§-decay 2., 85 134 Org. fon
R 6] S8 [70 o “2.8Z%
14.5 Z8n 500 Rt
Glacial Till: ") ;

very stiff to hard
494.3 |47 755 {103 o
21.5} End of Borehole 1

[N
¥

515.8] Ground Level

BOREHOLE | No| SG7A Coords

Qf FICE REPORT ON SOW EXPLORATION

g Cco 2300, X 1% 8781951 /F 97% 135 |
L3 N .
Fill: Brown
Silgy Sand . | 510
Clayey Silt
some gand . |
303.310rganics & wpod fibred Tt

Llvd Claye A9
S00. R iGiacdal Tiit "XL-

15.0/End of Borehole

Note: water level nof]
eatablished

|

20
159-5 % STRAIN AT FAILURE
30
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MINISTRY. OF TRANSPORTATION AND. COMMUNICATIONS~ ONTARIQ

RECORD OF BOREHOLE N2 508

HIGHWAY ENGINEERING DIVISION - ENGINEERING  MATERIALS GOFFICE - SOl MECHANICS 'SECTION ‘

Contract 76-01 LOCATION Co~ords N 15 878 9755 E 971 204 ' ORIGINATED gy_&______
DIST_-_ 6 HWY 427 BORING DATE Dec, 16, 1976 COMPILED BY (BL.
DATUM Geodetic BOREHOLE TYPE Hollow Stem Auger CHECKED: BY - ¥
SOIL PROFILE SAMPLES % . IDYNAMIC CONE PENETRATION LIQUID LIMIT —Wp 0
b IRESISTANCE PLOT : PLASTIC LIMIT e | =5k
6l w. A 20 do _so B0 8o I WATER CONTENT—w L Z 5 |
ELEV Epwiw 31 9 JSHEAR STRENGTH K Wy wy "3y
BEFTH DESCRIPTION 1S > | £ 3 |o UNcONFINED + FIELD VANE ’ oty
P 24 & 1 ® GUICK TRIAXIAL X 1AB VANE | WATER CONIENT %}
524.9 | Ground Level “ Z ey o G
0.0 | Fill
Clayey silt
‘some sand & gravel 520
— 1.88 [3121 ~
Pine crushed stonks),
white, with fines 3 1sg (12
rss 7] 10

502.4 { Glacial Till @ 503.5 ¢ N5 Tg=—535
21.5 1 End of Borehole :

i Note:
Hole was dry on
complztion

20
15¢-5 % STRAIN AT FAILURE
0




MINISTRY OF TRANSPORTATION AND COMMUNICATIONS—=ONTARIO
HIGHWAY ENGINEERING L VISION - ENGINEERING MATERIALS OFFICE - SOIL MECHANICS. SECTION
RECORD OF BOREHOLE N2 509

Contract 76-0L __ LOCATION_ Co-ords N 15 878 978; & 971208 : : ORIGINATED BY. ‘B -
DIST__.6 _  HWY 427 BORING DATE Dec. 16, 1976 L . 'COMPILED BY._ BL._

DATUM _ Geodetic ‘ BOREHOLE TYPE .. Hollow Stem : CHECKED BY
1 | . o IDYNAMIC CONE- PEMETRATION - JLIQUID LIMIT ——_Wll‘ .
soit PROFILE SAMPLES £ |Ressrance piof ' BAnc tmT — w3
oy vl 2 To 4o 80 g0 1bo | WATER CONTENTW | Zi
ELEV Zjw!lw 23] 9 ISHEARSTRENGTH . = § ¥ —w W jo
BEFTH DESCRIPTION shz - | & B | o UNCONFINED + FIELD VANE |0 s :
' x % e & & QUICK TRIAXIAL © X LAB VANE - | WATER CONTENT %] .~
524.9 | Ground Level @ Zleev] ' ' '
7001 2413 . Clayey silc
some sand
e el i 520
; 1 85135
Browm
7’841ty Sand
T T T T 2 %
Fine crushed 85 1
stones , white
' » 5T 510
505.4 | Traces of Organirs | AS | .-
502,41 Gecial T11l W TIRELTA

21.5 | End of Borehole

Note: Hole was drylon
-completion.

S
o
-
<
[+ 4
o
g
(-9
3
o
=
O
LA
4
()
o
- ¥
[
o
ST
v
e
O

20
1595 % STRAIN AT FAILURE
10




MINISTRY OF TRANSPORTATION AND COMMUNICATIONS~ONTARIO
HIGHWAY. ENGINEERING DIVISION - ENGINEERING MATERIALS' OFFICE ~-SOit 'MVECHANICS SECTION
RECORD OF BOREHOLE N2 510
__GComtract 76-0L .~ LOCATION Co-ords N 15 878 682; E 971 212 'omcmmsu 5&’
DIST 6 HWY 427 BORING DATE Dec. 15,-1676 : 5 SCOMPILED BY )
DATUM_ Geodetfc -~ BOREHOLE TYPE _Hollow Stem ; S : . CHEC’KEDf‘B\”,I"

BL
“BL

DYMAMIC. CONE! PENETRATION LIQUID LIMIT

‘501t PROFILE ‘ | SAMPLES & ¥
: 5 JRESISTANCE PLOY BLASTIC LIMIT— LV
slol 1ol 3 [ &b do do jbo|waATER CONTENT_W |
afwl w21 g [SHEARSTRENGTH | e . we
DESCRIPTION 2= l>1421 8 {o unconmnes smEDVANE | T T
~ E121 7171 & |eouck thiaxaw xuap vane |WATER CONTENT %]
Ground Level Iz ZVEEY . R Sy :
F11l: -
Clayey silt
some sand & 520
gravel 11 85113
£ine crushed N2 188 61
stones, white, 22 : T -
with fines . 510
3| 85113 :

End of Borebole

Nete: “Hole was: dry. 4
‘completion

s

OFFICE REPORT ON' SOIL EXPLORATION

20
15¢-5 % STRAIN AT FAILURE
10




MINISTRY OF TRANSPORTATION AND COMMUNICATIONS-ONTARIO

HIGHWAY ENGINEERING DIVISION - ENGINEERING. MATERIALS "OFFICE - SOIL MECHANICS SECTION )

RECORD OF BOREHOLE N2 51

Contract 76 -01

DIisT

6 HWY 427

DATUM Geodetic

LOCATION

Co-ords. N .15 879 012; E 971 167

BORING DATE December 15, 1976
Hollow StenkAuger

BOREHCOLE TYPE

ORIGINATED BY _BL
COMPILED BY. 1M
CHECKED BY

SOIL PROFILE

_SAMPLES

DESCRIPTION

Ground Level

STRAT. PLOT

NUMBER

TYPE

‘N’ VALUES

T GROUND WATER

m

DYNAMIC. CONE . PENETRATION
RESISTAI'CE:- PLOT i

20 A0 6083 : 100

o UNCONFINED + FIELD VANE

® GUICK TRIAXIAL © X (AB VANE | WATER CONTENT % |

A . TR - B LUV LA
$SHEAR STRENGTH We, w

JLIQUID UMIT ——W¥u b
PLASTIC LIMIT ——<We |-
WATER CONTENT._w |

W

CUNIT
WEIGHT

~

Fili:
some sand

fine crushed
stones, whit

brown sility s
some "cobbles
& gravel

Clayey. =iit K

S§

S8

'very st{iff‘to “hard’

Glacial Till:

End.‘of ‘Borehole

“30ft. c.cep.

| Ground level

Note:. Hole was vet a :

S .| 38 |

50/

520

310

500

503.9

F111- " Clayey s_ilt
fine crushed
-stones, white

Brown Sand
with gravel -
511ty sand/Sandy S11
numerous cebbles &.
gravel traces of cla;

22.0

26.5:

1492, 4 1 Haxd

Glacial Tili:

8s

88

520

510

304

4 18/879"

_BOREHOLE No 512 [eootts. |-

155

Eerdizi

End of Borehole

"Note: hole was dry of
completion

Groupd Level

18

E.971

125

3

‘F11k:  Clayey silt

Sandy silt
brown

fine crushed stones

te

Silty Send/Ssudy silf

brown

Traces of Clay

Glacial Till®

with cobbles & gravel)

520

310

BOREHOLE, Nb 3513  ko-ords.
: O 53 rs_._!@Té"

Ng [
WO
o la

oo O

End of Borehole

dote: water level nof
esgtal sned

20
15 9-3 % STRAIN AT FAILURE
10




kY

MINISTRY OF TRANSPORTATION AND COMMUNICAV'!'IONS—'ﬂ B

“R10

HIGHWAY ‘ENGINEERING DIVISION - ENGINEER!NG MATERIALS  OFFICE - SOIL MECHANICS SECTION

Contract 76-01

RECORD OF BOREHOLE N2 514

LGCATION fo~ords. N 15 878 680; E 971 224,

S R B

J23.e

d.of Borehole:

ote: water: l,evkeiknat
.- established

DIST 6 - va 427 BORING DATE - December 10, 1976 *\.OMPH.ED BY -
DATUM_ Geodetic BOREHOLE TYPE _ Hollow Stem Auger CHECKED av;”
‘SOIL PROFILE S5AMPLES x DYNAMIC [CONE PL:ETRATION UQU!D UM!T ___W,_ “I'
T : o RESISTANCE PLOT : SLASTIC LIMIT ——We |2 05
sl ol 3 20 o WATER CONTENT_W | 25
JeLey : Sy w2 8 [SHEAR STRERGTH e w w2
I5epm DESCRIPTION - g2l > 2] 3 |o unconmnes +FIELD VANE | - e e
: gl 2|7 | 2] & |eouckTriaxiar x iap vane - WATER CONTENT %} 7.0
515.€ | Ground Level 0 £ 1 ELEV. : i 10 20 30 4
U U FTLLS Clayey silt 3 R =
: some sand & g:a‘ 1 188 110 a5
B P 3 &5 1ii] 510 —
S:thy sand to’ - ’ Sk
) sandy silt 3 188 |51 b
son| TR gravel & cobbles 1; 55 . o ~ /  e
’.173.0 ~ Very clayey P74~ iss& 281 500 D S
Glacial Tiil: B B -
Het Mix. of :clayey 7R T VA L
gilt, sand & Gravel  [l~ig° - o :
. o S .
‘Very stiff to hatd kb p—ree—rnafct e

20
1545 %
10

STRAIN AT FAILURE

ORIGINATED By ..____3’- '




o MINISTRY OF TRANSPORTATIORN AND COMMUNICATIONS—ONTARIO
HIGHWAY ENGINEERING DIVISION - ENGINEERING MATERIALS: OFFICE = SOIL " MECHANICS SECUQN o
RECORD OF BOREHOLE N2 515 ,
Contract 76-01 LOCATION Co-ords. N 15 678 905: F 971 199 . ORIGINATED BYBL
DIST 6 HwY 427 BORING DATE December 10,.1976 : ) : COMPlLED BY. MM
DATUM _Gendetic BOREHOLE TYPE __ Hollow Seen puger __ CHECKED sv 5

OIL  PROF - & JOYNAMIC 'CONE PENETRATION = LIQUID LIMIT" Wy /gb—,
> ORILE SAMPLES & |RESISTANCE "PLOT PLASTIC LIMIT ——wp | = 5
53 a3 20 40 60 80 100 - L WATER CONTENT__w Zu,
Eley : : Elw w2 [ 2 [SHEAR SIRENGTH .~ . - W W W TR
DEPTH DESCRIPTION ;’ P2 g 3 [ UNCONFINED OFIELD VANE 00 e e ,; 'L 7 :
'5 g = - & e QuICK TRiIaXiAL X 1AB VANE": f WATER CQN!EN’T,‘/.-’ LT
5i6.9) Ground Leval 0 Z JEiEV oA e 1y 200 3 4
0.0] Fill: Clayey. 81 : - : T
—————— & Y 18
. Sandy silt 1|58
to Silty sand 2.4 58129 510
some-gravel . &: TEITER e J
ki occasional cobble = o
. I ie b
503,9 [traces of clay . 55 .43 < :
13.01 clayey [ f=>—1—SS+284 - :
_.___z.?;. 6 85124 500 : : = :r , g 1--0——1
Glacial T111: o S b o I , > g '
Het. Mix. of clayey P11 RN
Silt, Sand ‘& Gravel At :
i ; ‘ B85 11 [ ¥
ol Very Stiff o B 054 490
486.6{ to Hard oo el ! i

30.3] :End of Borehole

NOTE: Hole was wet ‘at
20ft. deep

Z:
Q-
L
<L
o
&5
-t
=
&
Eni
=
o
28
nZ
O
e
ot
9
a.
5
o::
W
o)

20
159-5 % STRAIN AT FAILURE
10




OFFICE REPORT ON SOIL EXPLORATION

MINISTRY GF TRANSPORTATION "AND COMMUN!CAT!ONS—ONTAR]O

HIGHWAY ‘ENGINEERING DIVISION. - ENGINEERING 'MATERIALS . OFFICE ~ SOIL MECHANICS: SECTION

Contract 76-01

RECORD OF BOREHOLE N2 520

LOCATION  Co-ords N 15 879 051; E 971 129

ORIGINATED BY . BL

NOTE: Water Level ng
established

pisT 6 Hwy . 427 BORING DATE Dec. 16, 1976 COMPILE'D,BV BL
DATUM _ Geodetic BOREHOLE TYPE _  Hollow Stem Auger CHECKED BY O
SOIL -PROFILE SAMPLES o IDYNAMIC CONE PENETRATION LIQUID LIMIT —==WiLE 1o
- IRESISTANCE fLOT . PLASTIC. LIMIT wpl 7y
, 5t A 20 4o 0 do_ B0 T IWATER CONTENT-.W: Zu | ;
gYuw w20 ¢ {SHEAR STRENGTH We Wi W 2| REMARKS
ELEV " o | a — z CI | SIS I ;
DEPTH DESCRIPTION 12| > | €1 8 ]o uxonrined + FIELD' VANE 1yl e
, 22| 7 || & e ouck TRiaxiaL x (A vane | WATER CONTENT %1 % ‘¢ o o -
/526.5! Ground Level v Z L ELEV 10 20 3049 . .|GRSA'StCLE
~0.0] Fill: . ' B e
Silty Sand to: Sai 1 | 55 118 20
S1lt, Keddish Bro 5
some gravel &
cobbles. traces o 2| 85 |22
elay B
T T hKleo “some
‘ g 3 27
fine, white crushed 45 510 e
41 ss 111
501.5|Clacfal T111 at-soz 525
'23.0}End ‘of Borehole
Note: Water Level not
=" Established
SRS : BOREHOLE No 5|21 ko-orids. k
526,5 | Ground Level X 15 1879 054, 9711133
0.0 Fill: Silty sand w
. gravel |,
’ clayey sile T ssT5E] o5
: fine crushed stones ‘
515.1 white 7 1 85125 e ogievayl
11.5} End of Borehole LR

20
15¢-5 % STRAIN AT FAILURE
10



MINISTRY OF TRANSPORTATION AND COMMUNICATIONS—ONTARIO ‘
HIGHWAY ENGINEERING DIVISION - ENGINEERING MATERIALS- OFFICE - S0it MECHANICS SECTION /-

RECORD OF BOREHOLE N2 530

Contract 76-01 LOCATION  Co-ords N 15 878 882; E 971 163 ORIGINATED BY . BL_ | |
pDIST.__ 6 HwY _ 427 BORING DATE  Dec. 18, 1976 i . COMPILED BY_ . BL i
DATUM _Geodetic BOREHOLE ‘TYPE __Hollow Stem Auger R CHECKED BY .
SOIL - PROFILE SAMPLES & FDYNAMIC: CONE 'PENETRATION LIQUID LIMIT ——=W_ ¥ ’i
& JRESISTANCE . PLOTY PLASTIC LIMIT Wy 1 2= (5
&1 o T 70 _do 8o do b0 | WATER CONTENT_W } Z &
ELEV &fw | w | 21 g ySHEAR STRENGTH Tlowe oW TR
BEPTH DESCRIPTION 512 > | €£F 3 JounconeNeD .+ FELDVANEL © - ° y
P @l 2|7 17 ] & |eouckmana xtiasvane | WATER CONTENT %f
1519.0| Ground Level v Z ] ELEV B10- 20030 - 4D
V.G F1li: clayey Silt Q : :
some sand &
traces of gray
510 - e :
d1 lss T2 o v }org. ent.
e ] 2 185 |28 ] - % 4.2%2F
root A ; . :
5?2-8 Some Topgeil & hair ¥ SS |26 o
500.0 | Glacial T1ll i ss 141
19.0 | BEnd of Borehole
NOTE: ‘Bole stayed dry
& open on completion

OFf FICE ‘REPORT ON SOIL -EXPLORAVION

20
15 %5 % STRAIN AT FAILURE
]




OFfiCE REPORT ON SOIL EXPLORATION

MINISTRY OF TRANSPORTATION AND 'COMMUNICATIONS=ONTARIO

HIGHWAY ENGINEERING DIVISION - ENGINEERING MATERIALS OFFICE - SOIL MECHANICS SECTION

RECORD OF BOREHOLE N9 ‘533

Contract 76-01 LOCATION Co-ords N 15 878 901; E 971 183 ORIGINATED. sv_m.___

DIST__6 HWY 427 BORING DATE _ Dec. 18, 1976 COMPILED BY: :
DATUM Geodetic BOREHOLE TYPE ___ Hollow Stem Auger : CHECKED 5Y—-—~7
SOIL . PROFILE SAMPLES e |DYNAMIC - CONE “PENETRATION LiGU!D LIMIT Wy ,‘5‘ :
b |RESISTANCE £LOT PLASTIC LIMIT ——Wp | =g
51 o el B o4 o fo o | waTeR CONTENT—w | Z 4 |
- Tiuwiw | 2] 2 [SHEAR STRENGTH we wow 2
ELEV @l a - < " (IR (RN :
BEFTH DESCRIPTION s> L] 8  }o unconmnen + FIELD  VANE - Ly
1 el 2|+ & ] e ouick TRIAXIAL. X LAB VANE | WATER ‘CONTENT % :
512 3 10 20 30 4p s
515.0 | Ground Level v Z leev : -
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Te - J.B. Wilkes : From: _ Engineering Materials Office
- Executive Birecter o , T Structural Office
East B81dg. ‘ : e ~ West Bldg.
AT%ENTJD'N; ) DATE: 77 06 729
CSue Fioe Rer. . ‘ ) InREPLY TO

SuBJECT:

4 , Report on Failure of
A : : Retawnung Wall and Twin Box Culvert
§ ) Mimico Creek™ & Hwy 427

2 : _ . Cont. 76-01 Dist. #6

N
\v 5
e | | | |
\')bf\) . ' o . : i
e Attached please find a copy of the report dealing with the failure of -
 ~ ﬁﬁhn Retaining Wails and Twin Box sulvert which occurrediin"N0vembek of 1dst5ﬂjj
fiyggUSQQ | year on Contract 76 01.  This report'hés been prepgred joint1y by,tﬁe"
: :ﬁ_(gﬂw . ' Structural Office and the Soil Mechan1cs Section. You will note that
“y :"" the main cause of -the failure has been attributed to the use of unusal}y
Eﬁ;é heavy vibratory equ1pment for conpactxng the backfill mater1alﬂ§gﬁlgp gﬁ;ﬁj' :
,‘;%ﬂgi' ~structures and to the use of*1nfer10r backfill mater1q} cg§§a1nwwg aﬂh;g; -
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rollers wag also a key factor in the generation and tranay ission of
-high lateral carth pressures througha dense-radad sramilar boekfill

Special Provision limiting the use of heavy vibra itory equiprent to a
Gigtance not closer thag ?," ft. to the wall or Tt'};c culvart,

B / S
The inteunt of this memorandum is to advise you of the cvents that h:w\,

ceglonal Lirectors J.¥ . Collathan ~~ ol

Baclk{ill to Fetaining Walls
and Larze Dox Culveits

-

On 2 recent contract we experienced the failure of a riyld twin box
concrete culvertwall and a cantilever type retainiag wall, In-
vestxgattons indicate the possible exmtenu& of excessively hizh

lateral earth pressures acting on stroctures of this type, aarttcularly
when the backfill has 2 surcharze I-:rﬁrh'w conditina. A report on the
failure is presently heing prepared joi ntly by the Structural Office L
and the Soil ;.;ccbamce Section. ' '

i

Preliminary a'mly_,eo h:’x cate that convpaction with heavy vibratory '

material, For this reason con paction of backfill r aterials behind

retaining walls is being controlled on fortheoi ag cortracis by a

occurred and the reason for the fpecial © rovision for ret. dniay wall
projects. .

J.3, Callaghan,
Lirector,
JFC/CEB/sc Testga & Construction uram.,h
c.e. J.B. Wilkes
R, Dorton
A, G. Sternac



{Appendix VI).

“retaining structures. As mentioned prev1ousiy, the walls would be subjectEd

- the sloping surcharge, resu]ted in the fa11ure of the retaining structsres

9.
capacity of the wall calculated for the sections where the cracks occurred (i.e.
immediately above the floor ]1n1ng and 1mmed1ate!y above the cut-offs of the F-
reinforcing bnrs) still has a factor of safety greater than one with respect to tbf
bending moment  caused by the Tateral force induced by the reta1ned 5011 mass

-

The heavy V1bratory compacting equipment used in this project resulted in over~}':f1
compaction of the’ granular backfill and the related earth fill. This method of f’i
construction contributed to large horizontal stresses in the s0il mass. These ;’
residual {locked-in) stresses induced additional ’atera1 earth pressures on the

to high flexura1 stresses due to s]op1ng surcharge "These add1t1ona1 }ateral x 
earth pressures induced by heavy v1bratory compacting equipment, together w1th

In the distressed area, we]1 graded granular mater1a1 contaxnxng a h1gn portxanio
fines was used as backfill. This material is very easy to compact anu attazns/
very high density when .compacted. Further, because of the high dsgree of 1nter-
lockzng of particles, the compactive energy transmitted to this. matar1a¥ w1¥1 be,

Tocked in and accumulated. Consequently, very high horizontal reszdual stresses /
are resulted in the soil mass

(CORRECTIVE MEASURES INCORPORATED DURING CONSTRUCTION

“mediate step was to release the earth pressure actxng -against the culvert and the

Since the cause of failure was established as excessive earth pressure, the ?m4[‘“‘

retaining wall.

To this purpose, the fb]]owing'measureS'were taken:

1. Removal of the approach fill immediately behind the culvert and retaining wa%? ﬁ
was recommended. This was achieved by reducing the width of the approach” ,”
fill of the overpass, as the required width was designed as a provision for .
future widening of Hwy. 427 roadway in the ultimate scheme. As a'result “the

toe of this slope was moved 15 feet to 55 feet away from the back of ‘the cu!var
and the retaining wall.

2. A trench wés excavated behind the culvert to a'depth of about 3 feet from the ks
bottom of the culvert. This space was backfilled with sand and gravel wh1ch

was loosely placed to relieve the residual stresses induced by compaction.
The pertinent details are shown in Drawing 76071-A.
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L RE:,OMMENDAUONS FOR_FUTURE . PROJECTS

\\m - . _ ‘ /\}} 9 j; 1);/)}12% é i

- structures and the construction of the backf1;1

e (ool o

. . .
3. The backfill should be compacted, but _tompaction to over TOO% of the Proctor

. ‘ . - w
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20.

~ In addition, the damaged reta1n1ng wall and the cuTvert wal
repa1r works 1nvoived the following:

1.

1wmer@awm;'méQ

The 105 feet of damaged retaining wall was removed to 2 feet above the
. footing and replaced with new concrete and rewnforcxng steel.

The end 30 feet of the east wall of the culvert was part1a17y removed and
replaced with new concrete and relnforc1ng steel. :

Tl

~3. A re?ieVIng slab 14 1nches thick was buiit against'the'outsfée wa}l~0f;the~~ 
culvert to strengthen the culvert wall.

To find out the actual earth pressure actin
wall, the Research and Development Branch ¢
strain gauges in the new retaining wall

slab. The instrumentation layout and t
of. this repart.f

g aqalnst the culvert and retaanlng o
arried out measurements and installed Q_J
» part of the culvert and the relieving n t ﬁ‘
he related data is given in Appendix - VII

—~ | | A w"ﬂ% r**:;’,

/’ W f"‘;
The failure of the retaining wall and the bo

X cuivert has reveaied that'a numbe
of inadequacies exist in the present Mxnvstry S desxgn standards for reta1n1ng ,

To prevent failures of similar
nature frqm re-occurrence in the future, che fo?]owzng zaagxdgﬁagiggs shou}d be

//

1. The lateral earth pressure. is’ known to be affecfed by a number of factors,' [
ameng which are the deformation characteristics of the retaining wall types Df‘ :
backfil} material, method of placing the backfill, surcharge conditions, etc.

If the wall is a rigid type, the earth pressure at-rest (Ko) should be con-.
sidered, 1In addition, the, full effect of the slo

ping surcharge on the re-
taining structures should be taken inte account.

2. If the backfill behind the wall js heavily compacted or is subject to

vibrations, the earth pressure will increase above the value at-rest (Ko)

Therefore, it is recommended that no ‘heavy vibratory equipment should be

allowed to operate in the close pr0x1m1tv of the retaining structures. Such
equipment should be kept away from the wall at 1east 15 feet or 2/3 of the
height of the wall, whichever is the greater. ' '

./j«,‘"j‘

density should be avoided. It is further recommended that the granular back-

fi11 should be compacted to a minimum of 90% and a maximum of 95% of the
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maximum dry dens1ty as determined by the current M. T. C procedures and 1n . ;
1ifts of 6 to 9 1nches ‘ '

f It has been stated in textbooks and manuals that free draining type of E

granular material should be used for backfill. The 1mportance of the use o
proper backf111 material cannot be overemphaSTZed Backf111 should be s1m11
ﬂf*,\gy7p‘ to M.T.C.'s Granular 'A'. Material containing a high portlon of fines: S“Ch

\M\/ .
f:‘:“**’“‘"“*;—

e S L i

# the one used in this progect should not be used Furthér, the current % T.C0

&‘ ’i} backf1]1 Standards for reta1n1ng wa1ls and: box cu]verts should be rev1sedl

‘ according1y d be revise
{ /*‘ . "4:;. T et W Mo e
)
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e 5. 1In recent years the construction 1ndustry 15 very eaqer to use heavy v1b;
equipment for compaction purposes In this reqard to develop a baianc
_ between the construction innovation and des:gn, further fie}d observat1ons

to monitor the performance of heavy equxpment c1ose to the structure w11}
requ1red L ‘ ‘

Joint materlal used between the channel 11n1ng and the reta1n1ng wa11 should
rev1ewed Also, it may be advisable that backfill should be pTaced before th

channe? lining is poured “This will a??ow the wall to yield or rotate under'“
pressure.

A

im"V

. ﬂISCELLANEOUS

: The soil mechanics portion of this report was. prepaved by Mr. B. Ly, Senwor 15
m . . Engmeer, assisted by Mr. M. MacLean, Project Engineer, and reviewed bv Mr. ﬁ
& Devata, Supervising Engineer. The structural portion was prepared by Mr. W. L1n

Ilj' o Regional Structural Design Engineer and raviewed by Mr. C. Grebski, Structural i
% Design Engineer. i
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m W. Lin, P, Eng. M. Devata, P. Eng.
S Regional Structural Deswgn Engineer Supervising Engineer
) Structural Office Soil Mechanics Section
dune, 1977




FOUNDATION INVESTIGATION REPORT
For

Madawaska River Bridge
Arnprior Bypass

W.P. 198-62-00, Site 29-191

Hwy. 17N, District 9, Ottawa

INTRODUCTION

This report contains the results of our investigations of the
subsurface conditions existing at this site. The fieldwork wasi“ff':
done in various stages and the results of 18 borings pertlnent to

the proposed structure and the related approaches are presented .
Borings on land were advanced by means of an auger machlne or a,ea;f
diamond drill rig. Borings located in the river were done by means&y
of a diamond drill rig mounted on a raft The borings. ranged in ’:‘,
depth between 11 feet and 42 feet below ground surface or the pre—eee

valllng river water level. Bedrock was proven by obtaining wai;f‘*'
size rock core samples. In addition, a field permeability test

using double packers was also performed in one of the boreholes on“gfpf
either side of the river. '

SITE AND GEOLOGY

The site is located near the Town of Arnprior on Lot 1, Conc. By
Township of McNab, County of Renfrew and is situated some 550 feet
downstream north of the existing Ontario Hydro Dam. At this
lccation; Madawaska River is about 300 feet wide and is deeply
incised into the surrounding tablelands. The river water level,
which is controlled by the Hydro Dam, generally varies between
elevations 254 feet and 258 feet. Iccording to available informa-
tion, the maximum depth of water in the river in the vicinity of
the site is in the order of 45 feet.

The river banks in this locale vary from moderately steep rockface

on the east to steeply shelving rockface on the west. In the vicinity
of the site bedrock is generally exposed, except at certain locations
where it exists at a shallow depth. The area east of the river is
sparsely vegetated, whereas the area west of the river is heavily
covered with spruces, pines and cedars. According to available
information, the approaches to the structure have been constructed

to their full height under MTC Contract 78-42.



Geologically, the area is located between the Precambrian Upland. :
to the north and west and the Ottawa Lowland to the south and east.g 
A depression geologically known as the 'Ottawa-Bonnechere' graben,

is located in the County of Renfrew. Within it are prominent east-
west trending scarps (fault zones). One fault zone is located ’ | ’ 
just upstream of the main dam area. Redrock here mainly con51sts t‘”
of crystalline limestone and has been subjected to faultlng,; : =
weathering and erosion. The overburden mainly consists of sén51t1ve 
marine clays deposited by the Champlain Sea when it 1nundated the
Ottawa-St. Lawrence Jowland.

SUBSURFACE CONDITIONS

General

In the area under investigation, bedrock is eyposed or ex1sts at .
a shallow depth. The overburden, wherever it ex1sts, malnly con51sts,
of a thin layer of clayey silt. On the east side of the river,

the thickness of the overburden appears to be increasing towa;ds i i
‘the Hydro Dam. At certain locations on the east bank rodkfilinupf"”‘

to 8 feet thick was placed on the original ground after cdnstfﬁcfio@’f
of the Hydro Dam. The locations and elevations of the borings”aré’ " 
shown on Drawing No. 29-191-2, together with the estimated stratl—ff'
graphical sections. It should be noted that the approach fills .

were already constructed under a separate contract. For detalls

about the type of fill material and the geometry of the approaChes;z
references should be made to Contract 78-42. A description of the
subsoil and bedrock conditions encountered during the time of
investigation is as follows.

Clayey 8ilt

"This cohesive deposit has a variable thickness, being generally ,
less than 2.5 feet thick on the west side of the river to about 12
feet thick at one location on the east side of the river. According
to the geology of the area, the cohesive subsoil wa. Jeposited by‘
the post-glacial Champlain Sea. The clayey silt is desiccated,
brittle and fissured. The Standard Penetration Test 'N' values
recorded in the cohesive deposit ranged from 9 blows/foot to 18
blows/foot and it is inferred from this that the consistency of the
clayey silt is stiff to very stiff.



‘Bedrock

eBedrock, in general.‘is exposed on'both sides'cf”the'river5bahks
and also within the river bed. Elsewhere ;n some locatlons

e ;‘;bedrock is covered with a thln layer of clayey 311t

fractures.f Some of tbese fractures are open an'_ eath
n.the upper 15 feet of the bedrock the Rock Oualrt"
(RQD) varles randomly from 25% to 100%, 1nd1cat g'
fcellent rock qaallty.j At depths below 15 feele , )
ﬂthe rock quallty can be cla551f1ed as excellent, a 7e 1dencw
‘the con51stently hlgh RQD values of 90% to 100%

‘  *tDeta11ed descrlptlons of ‘the rock cores are glven 1n the |
",ﬁ:Borehole Sheets and the Dlamond Dr111 Record Sheets 1nc1uded
e Appendlx. ‘ ' :

”'Tlghtness of the jOlntS were examlned by means of borehole permea
"‘blllty tests using double packers. The results of the tests a'e
reported in the Record of Borehole Sheets. - It can be 1nferred fro

these results that the joints in the bedrock on the west bank belo
a depth of 10 feet are generally tight, whereas those in the eaSt
bank are moderately open for at least to a depth of 35 feet below
the rock surface.

Groundwater Conditions

The results of groundwater observations are reported in the Record
of Borehole Sheets. The groundwater level at the west bank appears 
to be influenced by the continuity of the joints and fractures in’

the bedrock and varies randomly between elevation 260 and elevation




268, conSLderablv hlqher than the river water level. At the“
east bank where jointings in the bedrock are mcderately open, the
groundwater level descended graduallytowards the river from
elevatlon 269 in the high ground to elevatlon 255 near the rlver
The river water level at the time of 1nvest1gat10n was found t‘
~at elevation 255. | | ¢

B. v, P:" Eng.
SeniOr anineer

/7 Qyrade

M Devata, P Eng. , e
Superv1s1ng Englneer‘a‘*
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SOIL. PROFILE SAMELES x DYNAMIC CONE. PENETRATION LIQUID LIMIT. Wy
8 % "|RESISTANCE PLOT PLASTIC LT Wy :
6| « O 20 40 60 g0 ibo _ JWATER CONTENT__w Vel
&|wiw |21 5 [SHEAR STRENGTH _ We w oW “ L REMARKS
DESCRIPTION 12> <>I 3 O "UNCONFINED - + FIELD VANE : : o
@l 277 T 1.8 | e QuicK TRIAXIAL X (A8 vANE - | WATER CONTENT %1RqD g
Ground: Surface » Z L ELEV ' ' %GR SASECEL
Topsoil &-.clayey. o e o
silt \
Crystailine Limestone NX |rec 280 : ‘
Bedrock. Coarse tex- 1 B e : ; 1. 100
turé, weathered RC 1 1001% ' . )
joints ‘at 6.4 ft. L S
and 7.8 ft . WX [Rec : . =
and.7.8.1t. Z 1're {100)2 w1100

“End of Borehale ‘ JERSES PAERPSO PEN GENIEN CRENEE SE

‘- INote: GWL not ROCK CORE DESCRIPTION.
e .established
281.2
280
LEGEND g
771 Crystalline
Limestone
275 ~ Rock Joint '
NN Fractures
- 272.2
270

20
1545 % STRAIN AT FAILURE
10



MINISTRY -OF TRANSPORTATION AND.'COMMUNSCAT!O‘NS—ONTARIO

HIGHWAY ENGINEERING DIVISION - ENGINEERING -MATERIALS - OFFICE - SOIL "MECHANICS SECT!QN ’

RECORD OF BOREHOLE N©° 6

WP 198-62-00 LOCATION__ Co~ords. N 16,505,580; E 1,038,472 ORIGINATED By (BL  {
N 1ot : . oo
DiST_ 9 iy 17N Line "CoopING DATE  March 31,1977 COMPILED. BY. BL
LD
DATUM Geodetic _ BOREHOLE TYPE NX Rock Coring CHECKED BY St
SOIL PROFILE SAMPLES & . |DYNAMIC CONE PENETRATION LIQUID LIMIT ——W
= |RESISTANCE PLOT PLASTIC LIMIT Wy
&l o a3 2040 60 80 100 | WATER CONTENT_w | oLy T
ELEV &lw| w | 2} 9 [SHEAR SIRENGTH we wo W | REMARKS 1
| 5EFTH DESCRIPTION 121> ' 3] © UNCONFINED + FIELD. VANE : g e
S i =127 | D | & leauick rRiaxial x 1as vane | WATER CONTENT %bpon | - o =
1:286:1} . Ground Surface: w Z 1 ELEV . i L2 IGR SASSICL
-0.04 Crystalline LimestonFoad " s
: Bedrock. Coarse ;%( gg; o5
texture,. several :
joint fractures from NX |Rec] 280 75
“16.-fr. o 10 ft. RC 1907 i .
o NX {Rec ; i
RC ‘|100{% 95

13.3]

“INote: GWL not establikhed:

End of Borehols - - e
) ROCK CORE DESCRIPTION

286.1

285
LEGEND :
pmr—ms Crystalline
280 Li.mestone i
—sFractured &
2= z[Broken Core
Rock Joint
1275 Fractures

272.8

20
15 ¢-5 % STRAIN AT FAILURE




MINISTRY OF TRANSPORTATIOM AND. COMMUNICATIONS~ONTARIO ERe Sy
HIGHWAY ENGINEERING DIVISION - ENGINEERING MATERIALS ‘OFFICE - SOIL MECHANICS SECTION'
RECORD OF BOREHOLE: N2 7 ‘
WP . 198-62-00 LOCATION . Co-ords. N 16,505,598; E 1,038,678 ORIGINATED BY 5L
DIST -9 riwy 178 Line'C’ gopinG DATE March 29, 1977 , COMPILED BY  BL:
: BBL ; REE
DATUM -_Geodetic BOREHOLE TYPE NX Rock Coring - CHECKED BY
SOIL PROFILE SAMPLES & DYNAMIC CONE PENETRATION LIQUID LIMIT ———%;
’E RESISTANCE PLOT PLASTIC LIMIT ——Wp
o1 ol 3 20 40 80 do b0 | WATER CONTENT_.W EE
Aeev : Elw| w | 2§ 2 [SHEAR STRENGTH wp w W REMARKS:
A5erh DESCRIPTION 2t s> | <1 8 o unconmned + FIELD VANE - X
xS 1718 |e quick TriaxiaL x LaB vANE | WATER CONTENT % QD gl
273.4{ - Ground Surface by Z | eLev Ny lersasicr)
27Y:7|Topsoil & clayey sil ¥ e o
~1.7|crystalline Limeston 1 | NX|Rec| 270 i : 50y
A Bedrock.' Coarse RC /54 ] =y
texture. lféath;:red 5 NX |Rec 65
beddin: ane frac- . ’
tures St 1.77-2.27 RC.|95% : , :
A vertical fracture i
4.5¢ NX:)Rect ¥ o | 95
at 4.5% to 9.5'. - 3 |"gc (100l 7= ! i ’
: 260 - :
4 NX | Rec ) {95,
RC {100} %
Erd ¢f Borehole i
ROCK ‘CORE DESCRIPTION
270
265
- LEGEND
Crystalline
. 4 Limestone
4 =77=] Fractured &
ﬂ Broken Core:
Rock Joint
Fractures
255
253.9

20
P o 15 0-5 % STRAIN AT FAILURE



MINISTRY OF TRANSPORTATION AND COMMUNICATIONS= ONTARIO : Lo
HIGHWAY ENGINEERING DIVISION - ENGINEERING MATERIALS OFFICE - SOIL° MECHANICS SECTION

RECORD OF BOREHOLE N9 7A
WP 198-62-00 LOCATION Co-ords. N 16,505,600; E 1,038,686 ORIGINATED BY .
DIST__ =9 Hwy 17N Line™C’ gopinG DATE March 30,. 1977 COMPILED BY . “BL .
EBL .
DATUM - Geodetic BOREHOLE TYPE NX Coring & Packer Test : . CHECKED Byﬁ
SOIL PROFILE SAMPLES = DYNAWC CONE PENETRAYION LIQUID LIMIT ———W
; RESISTANCE PLOT
ol o 20 4o o g0 180 | WATER CONTENT._w .
1 . alw| w | 29 9 [sSHEAR STRENGTH wp w dt REMARKS ‘
A ELEV o a - £ L
BEPTH DESCRIPTION 12> 121 3 |ouwonmmen  + meod vane Packer Test]
: 1 j=l 27 | C| & |e ouick reiaxiac x 1a vane | WATER CONTENT % gop | - esuH i
272.0} Ground' Surface 0 Z LELey ) . ) . : % ““E'"' ;\" :
2?2.? Ciavey s%lt with bou! I 1 RX 507 270 J T T ] 1 J . Je = Hesi) {99 min
sLie Crystalllne Limestong) 2 | NX {100}% ROCK CORE DESCRIPTION ’ 50 S B
Bedrock. Coarse NX' | Ree EREI K B T g
texture, hard. 3.1 ®re {100l% 270.9 B (B T ‘ L
210 ¢ S
o B 180
- NX {Rec 250 95 - : e
Joint fractures at 41 RC |95% % T
2 ft., 11 ft., el
18 ft. and 26 ft. NX {Rec : P .
51 & |100{% 265 100 f———— ‘_,
¢ | M |Rec| 250 f 100 "’ e
RC 110017 : :
108 |0
| EL) | 2lal
& € - LEGEND 1os | o
MK [Rect 240 P Crystalli .95 ‘
8 rystalline T :
RC | 98% ’I/ Limestone . "83' ',0 Sy
NX | Rec Frectured § : ol
9 - 100 ~
2 RC | 1001 % . 255 - Broken Core S
1o | MK Rec . 4 68 Q0
. RC | 100| % 230 m Rock Joint 100+ .
¢ Borehol. Fractures
gnd o Bore’ole 77§ki . % Upper
INote: GWL not ‘establishefi 250 < zgglgrnor"
! —_— /’_}( seal
D ]
245
240
235
230

229.1

|
’ |
|
|

i

15 -5 % STRAIN AT FAILURE




MINISTRY OF TRANSPCRTATION AND COMMUNICATIONS=ONTARIO

HIGHWAY ENGINEERING DiVISION - ENGINEERING “MATERIALS OFFICE - 501L MECHANXCS SECTION

RECORD OF BOREHOLE N2 8A

wp_ 198-62-00 ____ Locarion_ Coords. N 16,505,571; E 1,038,683 ORIGINATED 8y BL - |-~
DIST 9 Hwy DN Line ™€t g0 6 DATE March 30, 1977 COMPILED BY o
DATUM _ Geodetic BOREHOLE TYPE NX Rock Coring CHECKED'BY
SOIL PROFILE SAMPLES « DYNAMIC CONE "PENETRATION LIQUID LIMIT W,
= |RESISTANCE PLOT PLASTIC LIMIT Wp
G « bl 70 4o g0 80 1bo | WATER CONTENT_w i
ELEY a o w =2 e SHEAR. STRENGTH : Wp w Wi REMARKS.
DEPTH DESCRIPTION 2121 > | £{ 3 |o unconaneo + FIELD VANE : .
el 2407 1T 18 1 e QuicK TRIAXIAL- X LAB VANE - | WATER CONTENT % RQD -} e
. Ground Surface v Z 1 ELEY : % - JGR'SA S €
Topsoll & clayey 81l R > B RS
Crystalline Limeston 1 gé 1;?% 25
Bedrock. Coarse 270 T
texture. Weathered 2 g}é %8% 80 |
joint fractures :
parallel to bedding : e
MX |Re =
at 10 ft., 15 ft., 3 e bz 55
and 21 ft. 260
: NX [Rec X )
‘Steep - fractures 4 'we hood 7 95
J|at 2.5 ft. and > e
3 fr. NX [Rec
: 5 |re jooy

95

End of Borehole

ROCK
275
T 274.2

U=
270
265 /’
255 /
250

250,1

CORE. DESCRIPTION

LEGEND
Crystalline

P

Limestons

Fractured &
== Broken Core

Rock Joint
Fractures

20
15 9-5 % . STRAIN AT FAILURE




MINISTRY OF TRANSPORTATION AND COMMUNICATIONS-ONTARIO

HIGHWAY ENGINEERING DIVISION - ENGINEERING MATERIALS OFFICE - SO MECHANICS -SECTION
RECORD OF BOREHOLE N2 9 .
wP_ 198-62-00 LOCATION Go-ords. N 16,505,586; E 1,038,698 ORIGINATED 8y . BL = o fri i
17N Line'C' N ORI .
DIST_ 9 HWY BORING DATE March 29 & 20, 1977 COMPILED BY BL ‘
DL T ; o
DATUM  Geodetic BROREHOLE TYPE _NX Rock Coring CHECKED, BY$~ ;
SOIL PROFILE SAMPLES & JoynAmIC CONE PENETRATION LIQUID LIMIT ———W, g B
b RESISTANCE PLOT PLASTIC LIMIT Wp
ol « 21 3 20 40 b0 g0 b0 | WATER CONTENT—_w ol
ELEV & oW 3 2 SHEAR STRENGTH Wp w Wy REMARKS |
BEPTR DESCRIPTION 2l 2 > 121 3 jo unconrnen + FIELD VANE ey P il
3| "7 & | ® QuicK TRIAXIAL 'x (AB VANE | WATER CONTENT %
1272.3 | Ground ‘Surface v Z VeLev
T oL
. 278.2 Topsoil & clayey silt 270
21 Crystalline 1 NX: Rec 106
l.imestone Bedrock RC 1004 ROCK' CORE. DESCRIETION -
Coafse texture. 2 NX lRec« 270 270.2
RC 10074 100 :
260
Steep, weathered NX Rec :
" . " 3 o . s
open -fractures at RC 1004 "’?‘ /| 1aa.
‘16~ 19.3! 265
; N¥ - Rec — ;
Y R 4 1 rC 1007 60",
Bediing plane - 250 - :
;| fractures at 5 | ME [Rec o5 1
1727, ft.; 32 fr. RC. 100
|and 35 fr. - P
e o |8 [Rec 260 ;
RC- |1007% 95
4 240
NX :jRec o
? I're |1001 95
255 ‘i
NX. IRec
8 I&e (1001 % LEGEND ; 35
— - 7 Crystalline
End of -Borehole //’? ,IA Limestone
‘Rock Joint
__.250 Fractures
245 /
240 /
235
230
230.2
|
| |

20 .
15 0-5 % STRAIN. AT FANLIRE . - .




s

MINISTRY 'OF TRAMNSPORTATION AND - COMMUNICATIONS—ONTARIO

HIGHWAY ENGINEERING DIVISION - ENGINEERING MATERIALS OFFICE - $OIL- MECHANICS SECTION i

RECORD OF BOREHOLE N¢ 10 E :
WP . 198-62-00 LOCATION Co-ords. N 16,505,565; E 1,038,706 ORIG!NATED‘BYL b
DIST_9 Hwy 178 Line'C' gORING DATE March 29, 1977 COMPILED BY_ BL.
DATUM__Geodetic BOREHOLE TYPE NX Rock Coring CHECKED BY -
SOIL: PROFILE SAMPLES x DYNAMIC ' CONE  PENETRATION LIQUID LiMIT Wil
v [RESISTANCE PLOT PLASTIC LIMIT Wp
of o al 3 7040 do 80 180 | WATER CONTENT_ W, el
ELEV gfwlw 21 9 [SHEAR STRENGTH wp W REMARKS |-
DEPTH DESCRIPTION ZI1 21> .21 8 o unconenen + FIELD VANE | ) o 1
o o 2 i G | ® QUICK TRIAXIAL x LAB VANE WATER ‘CONTENT % RQD e i
273.7.| Ground Surface o Z |elev : Zolersasicil
272.4} Topsofl & Clayey siit B PR
L3 , , T Jrec _'_270 o
RC |99%|= i
Ciystalline =
Limestaone. Bedrock‘ 5 Eé 11‘88 60 |
‘Coarse texture =
-Several : NX | Ree i
Bedding ‘plane 3 rel100 260 100 4
fractures from s
3 ft. to 5.7 ft. ;
& from 11.7 f£t. BX' | Rec o
‘ 41 re 100 100

‘£0°13.3 ft.

: En@ of Borghole

ROCK CORE DESCRIPTION
272.4
I
270 %
265 : LEGEND
o 4 Crystalline
7z Limestone
;ls"—; Fractured &
/ E Broken Core
____26(] 7 Rock Joint
/ ﬂ Fractures
255
252.1

20
1545

% STRAIN- AT FAILURE




MINISTRY OF TRANSPORTATION AND COMMUNICATIONS - ONTARIO = 3 15
HIGHWAY ENGINEERING DIVISION - ENGINEERING MATERIALS OFFICE - SOl MECHANICS ‘SECTION

RECORD OF BOREHOLE N2 11A -}
WP 198-62-00 LOCATION Co-ords. N 16,505,577; & 1,039,106 . ORIGINATED BY _ M1
DIST . 9 Hwy 17N Line'C' gaping pare April 6, 1977 COMPILED BY - BL
EBL ] g 1 f
DATUM Geodetic BOREHOLE TYPE NX Rock Coring CHECKED 'BY :
SOIL PROFILE SAMPLES &  JDYNAMIC CONE PENETRATION LIQUID LIMIT w,
= |RESISTANCE PlOT PLASTIC - LIMIT W
ol « w3 20 4o 6o fo. 100 WATER. CONTENT - w / . o
ELEL alw|w ! 3| 2 [SHEAR STRENGTH T 1w W W | REMARKS
SEPTH DESCRIPTION 2121 > | €] 8 o unconfinep + FIELD' VANE , S
i i 2 [ "l G | QUICK TRIAXIAL" x (AB VANE. | WATER CONTENT-%] RQD 1. . g
1261.5}  Ground Level 0 Z JEev : %GR SA SLCL
c.o|. Ce! 260 e P
: Rockfill b<‘
. : pK N -
253.0 ‘ +
s 5 | NX |Rec s ' :
8:5[ Crystailine '~ 7 RC -1 90% ; . -} ;50
1+ Limestone ~Bedrock 250 : i
v - 3 ¥X [Rec :
‘ Coarse texture RC 1100}% | 1500
“if.Vertical joint : .
‘fractures‘at 13.5 £ty 4, | NX [Rec . : g
= 14,5 ft. RC | 957 : 275
o - : 240 2
| 167 £ - 180 e, Y NK | Ree . 100
236.7) > A ;
: Eﬁd of Borehole
: ROCK CORE DESCRIPTION
253.0
i , ‘ 250 LEGEND
. 7 Crystalline
! 'I‘ Limestone
Fractured &
7/ = Broken Core
245 - i
Rock Joint
Fractures
240
236.7

20
15 ¢-5 % STRAIN AT FAILURE



MINISTRY OF TRANSPORTATION AND COMMUNICAT’ONS ONTARlO

- HIGHWAY ENGINEERING DIVISION = ENG$NEER‘NG MATER.ALS OFF”'E = SOII. MECHANtCS SECTION

, RECORD OF BOREHOLE Ne: 12A ,
198-62-00 LOCATlON o—ords. N 16,505,531; E 1, 039 1 5: ORIGINATCD Y,‘
L et - .
= 5 Hwy 17N Line_C BORING, DATE “April 4, 1977 ‘compuso e .
Geodetic: BOREHOLE TYPE - NX Rock Coring “i»CHECKED BY
SOILPROFILE - " SAMPLES x DYNAMIC CONE PENETRAT!ON 4 LlQUlD LIMIT.: wl_f :
_ - & |RESISTANCE PLOT S |
ol gl 3 70 40 60 80 1En~~ WATER CONTE’NT_)N
& = w 2 e SHEAR. STRENGTH : We W W
DESCRIPTION 12> ] 8 |o unconeNgd +FIED VANE S R
b 215 17 & e quick triaxiaL  x (aB VANE wArER.coNrsNr %) 2o
1 Gvound Level vl L2 L ELEV . . : ol i
18 100 )% ] I
*ock. Coai’se , 9N Rec. . s e
" Bara 2 e j100fz 00| © ROCK CORE DESCRIPTION
SRR g T ; 'N,XkRec' 25 ,4
gVe:tic‘al»-jomra: w37 Re 1100 |% : 14
8' - 10,8 G ) o
) ‘;Weathgred»vertical 4| BX |Recl: e 255
oint at 17 fri = RC |100)%:
s S T 240
Bedding plane 5 NX 100 %
fractutes at 3.5 ft, ‘NX . |Rec
Y d13 £t RC|1001%
{35 an 5 ___——‘- ’ ’250
o N [Ree| 9230
2oRC Lyoofz e
B NX |Rec LEGEND ‘ )
J 2 |'RC11001% ¢ Ctystalline} ;
TR B i Kty (O 23 Limestone :
S| NK {Ree ] 2220 i
9 J:re100)% Fractuted &
NS - . Broken Cote
SR g F . Rock Joint.'",
GWL.not establishdd - 240 [/ Fractutes
235
230
225
220
217.3
I
L

20
1505

Y. STRAIN. AT FAILYURE =




MINISTRY OF TRANSPORTATION AND. COMMUNICATIONS=ONTARIO
HIGHWAY ENGINEERING DIVISION - ENGINEERING - MATERIALS OFFICE - SOIL MECHANICS SECTION
RECORD GF BOREHOLE N9 15 o
WP 198-62-00 LOCATION Co-ords. N 16,505,565; E-1,039,324 OR’GlNATEDZBY’ 3 MM__
178 Line'C"' - SBL
DIST 9 . HwY BORING DATE April 4, 1977 COMPILED BY: . . : 1 .
DATUM_ Geodetic  EBL BOREHOLE TYPE _NX Rock Coring CHECKED BY . (&
SOIL- PROFILE SAMPLES & DYNAMIC - CONE - PENETRATION LIQUID LIMIT, Wy
% |RESISTANCE PLOT : PLASTIC LIMIT Wp
ol « e 2640 g0 80 B0 | WATER CONTENT_w
ELEV E w w = S SHEAR STRENGTH - Wp w Wy :RE’MAR!(_Syv p
DEFTH DESCRIPTION 0= > | 1.8 |o unconmmep + FIELD VANE , ‘ sy
! L e z2 7 & ] e QUICK TRIAXIAL X LAB VANE: | WATER CONTENT. % Rob | e
279:2 1 Ground Level 0 i 2} ELEV s V% |GRSASICL
0.0 Crystalline 4 ; -
: Limestone . Bedroc 1 Rec i
Hard RC ‘| 100}% Sy
"1.80ft weathered 1

‘calcite seams at 2 gé %?% 270 230

42 5,6% and S, | ¥E |Rec 5 2 R T
oL 7.3Y = 8. 3% we l1pale™ 100
264.5 ‘ & 0017% 20

End of Borehole

Crystalling
Limestone

Fractured &
Broken Core -

Calcite
Seam

N R‘OCVK QORE DESCRIPTIOH
280
279.2
275 S
- L LEGEND
210
R
25 1
264.,5

26
1595 % STRAIN AT FAILURE
10




; . MINISTRY. OF TRANSPORTATION AND COMMUNICATIONS=ONTARIO
! HIGHWAY ENGINEERING DIVISION - ENGINEERING "MATERIALS OFFICE - SOt MECHANICS SECT:QN’» :
‘ RECORD OF BOREHOLE N2 1& SR
wp _198-62-00 LOCATION . Co-ords. N 16,505,505; E 1,039,319’ , ORIGINATED By (1M
. fne'C! - 3
BIST.__ 2 Hwy 17N Line'Cl gORING DATE aApril 4, 1977 , , COMPILED BY_B.
DATUM _Geodetic BOREHOLE- Typg - 34" Hollow Stem Auger & NX Rock Coring CHECKED BY 42
SQIL-PROFILE SAMPLES o« JDYNAMIC CONE' PENETRATION LIQUID LIMIT, —cwy |
= [RESISTANCE -PLOT PLASTIC -LIMIT Wp
: G| o e 7040 do 40 8o | WATER CONTENT_w
ELEV . a|w|w |21 g [SHEAR STRENGTH W W
SEPTH DESCRIPTION 212 =1 <] 8 [o-unconkned + FIELD VANES[ 0 o
' | S 17 1T & | quick TRIAXAL X 1aB VANE | WATER CONTENT %]q
273.1]’ Ground ‘Level v Z lEiev: i '
7 0.6 | some:-boulder & cobbl
aver clayey silt, 270
saanl-trdce to some sand,
26575 Brown, Stiff )
7.6 Crystalline ' : :
s .1 Limestone “Bedrock A 1 gé 1;88 4
'+ Coarse ‘texture ; 2‘60
‘o] Steep joint fracture NX |Rec
|t 17e5 £t. % | re [100{2
: End of Borehole - ’ ’ . ; .
ote: GWL not establishdd B _ ROCR' CORE DESCRIPTION =
265 265,35
—— =Y
Z A
LEGEND .. sl
7 Crystalline |
; ,Limevstqge’ L
260 B L
_— = Fractured &
) Broken Core
; —— Rock Joint
N Fractures:-
A 255 '
2548

20 : ‘
1565 % STRAIN AT FAILURE sl
10 k g




MINISTRY OF TRAMSPORTATION AND COMMUNICATIONS=ONTARIO

:probable bedrock

HIGHWAY ENGINEERING DIVISION - ENGINEERING MATERIALS  OFFICE - SOIL MECHANICS SECTION
RECORD OF PROBEHOLE N 17 & 18 S
wp__ 128-62-00 LOCATION See Below ORIGINATED BY M ey
DIST 9 fwy 17 Lin='Claoping DATE April &, 1977 COMPILED BY_ BL
DATUM _Geodetic BOREHOLE TYPE 3%" Hollow Stem Auger CHECKED. . BY k6
SOIL: PROFILE SAMPLES I DYNAMIC CORE PENETRATION LIQUID:LIMIT W =5
- |RESISTANCE "PLOT PLASTIC LimiT W k2.5
ol « ol 3 204 do fo 8o JWATER COMTENT—w [Zg |
ELEV ' &lwiw ! 2] 2 [SHEAR STRENGTH 1 we w wy 3. | REMARKS
: SEPTH DESCRIPTION 12| =1 €18 o unconrnep + FIELD VANE | el S
‘ ‘ =1 R R G |8 QUICK TRIAXIAL . x tAB VANE | WATER CONTENT.%f = T) o 0
» Z JELEV : GRISA SIICL
|
' PQOBJEHC)LE,’LW Co-okds. N 16,505,%0: &
27351 ‘Ground .Level e e o |
272.0 'Fi1ls sand with graﬂ% ) .
©.1.51"End 'of Probehole 270
" Auger ‘refusal on
probable bedrock .
S S : : ’ g ( Co-ords Ni-16,505,590;E 1,039,322
:}276.1] - Ground: Level PROBEHC LET 18 == =5 ‘1"3 - 2 13'?’,,
: ,111: sand- -with'grave .
5} End ‘of - Probehola
| Auger refusal. on. 270

20
15 -5 % STRAIN AT FAILURE
10




MINISTRY "OF TRANSPORTATION AND "COMMUNICATIONS=ONTARIO

WP 158~62-00

DIST 9

DATUM_ " Geodetic

LOCATION
et
Hwy 1725} ine'Ch goRING DATE

BOREHOLE TYPE

Co—ords. N 16,505,584; E'1,038,954

HIGHWAY ENGINEERING DIVISION - ENGINEERING MATERIALS OFFICE - SOIL MECHANICS SECTION

RECORD OF BOREHOLE N2 51

ORIGINATED

June 22, 1976

- COMPILED BY

NX Rock: Core

~ CHECKED BY

DYNAMIC CONE  PENETRATION:

JLIQUID UMIT =W |

| ke |1

SO!L PROFILE SAMPLES = - :
£ [ResisTaNCE PiOT ~ PLASTIC LIMIT Lo W
ol « il 7o 4o 8o 80 100 | WATER CONTENT_w .-
Ny a|ygilw 3 L 8 [SHEAR STRENGTH e L
i, DESCRIPTION Sl = 2] 3 o unconsinen  : e FiED VANEL T
e |20 5 | 7| & le cuck triaxiar x(a vane |WATER CONTENT %] g
Water: Level s z ey e e e
i Water, - 250
River Bottom =~ [T
Pl B L | fRecl
C\:}'s"t:a}lixie_ L RC.|100 % ‘240' bt
‘Limestone .. S T g
-~ Bedrock. . % DA % | e {100]%
| NX' {Rec
| Re 100§
— o] 2301
NX. [Rec
100

20
15 9-5 % STRAIN. AT FAILURE
10




MINISTRY. OF TRANSPORTATION AND COMMUNICATIONS=ONTARIO . ~2]
HIGHWAY ENGINEERING DIVISION - ENGINEERING MATERIALS OFFICE - SO MECHANICS SECTION

RECORD OF BOREHOLE N2 52

wP . 198-62-00 LOCATION Co—ords. N 16,505,563; E 1,038,962 OR|G|NATED BY “1:13 3
DIST 9 Hwy 17N Line'C gORING DATE __ June 23, 1976 . COMPILED BY. SM - | .
: EE ) : '
DATUM Geodetic | 3 BOREHOLE TYPE NX Rock Core CHECKED BY @ L
SOIL PROFILE SAMPLES = |DYNAMIC COWE PENETRATION - [LIQUID LIMIT wi
‘ £ |RESISTANCE PLOT PLASTIC LIMIT wp
o1 wl 3 20 40 60 80 180 | WATER CONTENT.W B
CLELEV a|w) w31 9 [|SHEAR STRENGTH W, w W - | REmaRks: 1
DEPTA| - PESCRIPTION sl=| > 1 2] 3 |o unconenes + FIELD VANE , : i
+ ~ 21217 | 71 & |equck imaxian x s vane | WATER CONTENT %} oo
254 4] Water Level v Z JELEY : z
A 0a0) =]
4 Water — - 250
246.1 | 'River Bottom ~= . o
T T T | RC 847 : | 58
-8:31 Crystalline ; ; R
Al Limestone : 5 | XX Rec ) ‘ “lgs
Bedrock RC |98% 240 Sl : iq. ’
“Sound Y NX | Rec ] . S i
s 3 | re |99z , : : e
NX “IRec : o 1
4 |"RC.|1100|% - = ) L o 1100
230 =

| "End of borehole

20
159-5 % STRAIN AT FAILURE ~ - .~ -




MINISTRY OF TRANSPORTATIOMN AND COMMUNICATIONS=ONTARIC

we

HIGHWAY ENGINEERING DIVISION - ENGINEERING MATERIALS OFFICE - SOIL MECHANICS SECTION

198-62-00

DisT

9 pwy 17N Lire 'C'50RING DATE

E3L

DATUM. Geodetic

RECORD OF BOREHOLE

LOCATION

Co-ords, W 15,505,605; E 1,038,941

N2 53

ORIGINAT EDBY HS HS

June: 23 & 24, 1976

COMPP‘ £D-BY M-

BOREHOLE TYPE

RX Rock Core

CHECKED -8Y _.__@

SO PROFILE AMPLES & IDYNAMIC. CONE ' PENETRATION LIQUID LIMIT i
SAMP
= |RESISTANCE ~PLOT
5l . af 3 20 40 do g0 b0 | WATER CONTENT__w o e
ELEV &fwlw | 21 5 [SHEAR STRENGTH we W CREMARKS |
DEPTH DESCRIPTION 212> < 3 |o unconeines + FIELD VANE g : o
z| 27 |7 1'8 |eouick triaxial. x 148 vanE | WATER CONTENT %[ gop o
254.7: Water Level n Z | gLev : ' % JGRSASI.CL
Sl - = +
R 250
Water :—_'
i 240
233,31 . River Bottom: -
2Ll : . T
o ; ec| 230 L
1 {&rc [100|% 8
R 74 2| W [Rec s ]
: Crystalline i RC ' 194% 89
7} Limestone
AT ) NX - |Rec| 220
- Bedrock 3| RC |97% 69,
: 'SOxiﬁld‘ : 4 [HE |Rec
: RC (1002

100

[vEnd of Borehole

20
15 9-5 % STRAIN AT FAILURE
10




MINISTRY OF TRANSPORTATIOMAND COMMUNICATIONS—ONTAR?O'

230

WP 198-62-00 LOCATION _Co-ords., N 16,505,468; E 1,039,250

N2 54

HIGHWAY ENGINEERING DIVISION - ENGINEERING MATERIALS OFFICE - SOH - MECHANICS. SECT?ON

RECORD OF BOREHOLE

ORIGINATED BY =SM

o |2s0.6

Tt % i
DIST 9 pwy LN LIneCluopine pATE gily 13, 1976 COMPILED. BY .
DATUM - Geodetic EBL BOREHOLE TYPE Washboring,. BX Rock Core & Cone Test CHECKED: BY b
SOIL PROFILE SAMPLES & IDYNAMIC CONE. PENETRATION LIQUID. LIMIT - Wy ‘ :
— & |RESISTANCE PLOT PLASTIC LiMIT Wwg
Of o 2] 3 20 4080, 80 160 | WATER CONTENT_W ol
ELEV = L w 2 2 SHEAR STRENGTH Wp W Wy - 'REMARKS
= P Ot i
SEPTH DESCRIPTION 2=z § 3 © UNCONFINED + FIELD VANE: ; i h
: : =127 % | e ouick TRIAXIAL  x LaB vaNE | WATER CONTENT % f o 1o oo
269.3 Ground Level Ve Z 1 elE 400 - 80012001600 2000 % GRSASHCL]
267: [oaf EIRBrver ooty o L Y
2.0 , 7 85 13 i
E Silty clay Tty 4::
; 4 18s {5
with some fine =g P 260 ?
sand seams B 85 9 \
S Very stiff ; N
255.2 | Bl dem mo kel ] I lzdlss isgzal e
J 141 erystalline 1B Rec S
i(§ L mg gtgne %gdrock 8" Ipe 138 b 198"
Sound ) Bounging R

‘| ‘End of ‘Borehale

Note: Water level
:"noty:, established

20
1595 %, STRAIN AT FAILURE




MINISTRY OF TRANSPORTATION AND COMMUNICATIONS—ONTARIO.
HIGHWAY ENGINEERING DIVISION - ENGINEERING MATERIALS OFFICE - SCIL MECHANICS SECTION

RECORD OF BOREHOLE N2 106

WP __ 198-62-00 LOCATION  Co-ords. N 16,505,577; E 1,039,272 ORIGINATED BY VK |-~
Tt Y| ——————
DIST . 9 pwy 178 Line'Ch ghpinG paTE December 11, 1974 COMPILED.BY . SO . o
EBL - : - =
DATUM__ Geodetic BOREHOLE TYPE _ Holiow Stem Auger & BXL Rock Core CHECKED BY e
SOIL PROFILE SAMPLES . |DYNAMIC CONE PENETRATION LIQUID LIMIT. ——W,
2 RESISTANCE  PLOT PLASTIC LIMIT Wp
O} « ol 3 7o 4o do_ 80 180 | WATER CONTENT_w
ELEV Zlw|w 2] % [SHEAR STRENGTH We oy Wy
SEFTH DESCRIPTION 212 = 1<) g |o unconmneo + FIELD VANE ° t
Lo . el 21" |7 % | e Quick TRIAXIAL X 1AB VANE - f WATER CONTENT % g
272,2} Ground. Level o Z | ELEV 20 40760 ' GR.SASICL]
0.0 Py = - e ! e
Clayey silt, trace Y] 270 ; -
s6g.2| to ggpe sand Brown 1 [ss (10 |¥ 5 067618

4.0 Crystalline Limeston
; . |* . Bedrock Sound
263.0 Grey

9.2 [ End of Borehole

20
159-5 % STRAIN AT FAILURE
10




Minigtry of . . . .
Transportation and 4 N o 5
@ Commumcahons . : ‘D'AMON_,D F’R.“-‘- R,E;COR'B\ KR HOLE MO ot BHELT N O, e
Ontano oir .
proreary W 1, 198-62-00 : 99 5 a ) . €Lev, COLLAR - 283.8
coeation  Dadawaska River Bridee i e i s oATUM Geodetic
Arnprior By-=-Pass Hwye 17 NX Core R : . GATE BTARTED T
. : - i - ]  GATE COMPLETRO
LATITUDE - - ’ i : B e PRILLED By
DERARTUNE '1‘1' tr CnoccED DY
BEARING TOYAL FOOTAGE 7
FOOTAGE : - SAMPLE . .
. N FORMATION K : 3 B . : REMARKS
¥ ROM Yo ) . - S g NUMBER ; e g
T T Uy stalline limesione, coarse texture, light prey colour, ’ o 3 L ‘Jomt Tracture 307 ot ﬁ, T anen
hard, bedding generally at 55° inclination nnr‘ sornetimes. i L i and weathered
contorted, e : : B
Jomt Iia(‘lu!‘e at 7y open and
webthered
JEUO)DIAN SIS § O AADIIRS 1111 RS ) L T R Ylorlzontal fracture ln'eakage

: ,appem‘s l'resh,

“April 28, 1977

CATE OF EXAMIMATION . .

OB=NY~11Y




Mimistry of

Ef&fffn".i’ﬁﬁgfs"d : DIAMOND DRILL RECORD woe wo. & sueer wo.
Ontano ot
o
emorenty _ W.P. 198-62-60 90° CLev. EoLLAn 286.1
LOEATION Madawaska River Bridge . oATUM Geodetig
—Aroprior By-Pass Hwy. 17 NX Core DATE STARTED
. DATE COMPLETED .
LATITUDE ORILLED BY
DERARTUNE . 137 LOGGED BY
BEARING TOTAL FOOTAGE
FOOTAGE rORMATION sAmMPLE KEMARKS
fROM TO MUMBER -
Qo 1 134" | Cryvatalline limestone. coarse texture light_grey. colour Broken core, '8~ 716"
hard, bedding incliwation at 50Y sometimes contorted, . weathered. passibly. a vertical
) ; : ot inclinet joint
fracture area
i ] - JolInt Iractire 50° along beddmg
RYUTU -5 95% plane, open and wealhered,
BQD.. 5t - 814" 75% : )
BQD 8'4" = 134" 95% 5 : JOINU ITacuTe 30 "and at 90>
‘ - - i to bedding plaues at 5'117,
Joint [racture 50 and parallel
fo bedding at 8'6" weathered
nlso at 9'5" and ot o
Ilorlzontal ira(‘ture breakane
;appears fresh
DATE OF EXAMINATION April 28,1877 MR T . ‘ ; S B.K'.”G‘lassfm‘jd:ﬁ . \)
o8 =Me-1i3 ' : S ' : S : o




- Ministry of
Teansporiation and DIAMOND DRILL RECORD ’ HoLe w0 L ST MO

Commurnications
Qniano

DATE OF KEXAMINATION

[-34 .}
rrOPERTY W, P, 198-6%-00 _0q° FLEV, COLLAN 273.4
LOCATION Madawaska River Bridge ; DATUM Geodetic
Arnprior By=Pass Hwy. 17 DATK STARTED
NX Core DATE COMMPLETED

LAYITUDKE °—|LL!° By

OEPARTURE TRl LOGGED BY

BEARING TOTAL FOOTAGK .19.5_......_...__.._

FOOTAGE PORMATION SAMPLE REMARNE
FHOM T0 NUMBER
17 11957 | Crystalline limestone, doarse texture, light grey colour — | Broken core 118" - 218"
hard. bedding inclination 40%, sometimes_contarted, A 4'6. - 9'6. partly
Bedding plane fractures .
1t - 21" weathared
Vertical joint fracture at
4'6. ~.0'6" parallel'to G to Hwy,
open_and weathered.
RAD =TT TE5 0%
RQD - 4767 =815 " 60%
RQD-9767 <197h" 95%
"Horizontal frachire breakage
appears fresh,
April 38,1877 ~ S E . B.K. Glassford

OB =-MT=1i}

77




y Ministry ©f
@ Transporiation and
A Communications

Ontatie

. DIAMOND DRILL' RECORD

LLMoLE WO e A T 10 i

a 3 e
pmorenry W, P, 108-62-00 ‘ .90 tLev. couian 2721, 0
LOCATION Madawaska River-Bgidge : DATUM Lt - QGegdetic
Aruprior By-Pass Hwy, 17 :‘oATE B TANTED -
. i . oATE com{an
LATITUDE o e DRILLED Wy
DEFARTURT - e 7 LooatD 8y
BEARING \foTALiF;WTA@( _42—'].‘_];"_._.__——— T .-
FOOTAGE : L RAMPGE % o
FORMATION o - . G lEMA.K|
FAOM TO . - CNUMBER B
4" 127 - | NX Casing Core L 'Broken core A 4'0" 5
- 8 g ", 1OV ~~-26'6"‘
1ot 42011" Crystalline limestone, coarse-texture, Yiard, :md at ’!2'~ <:39'8" hroken:
. light grey colour;

contorted,

beddmg inclmatlon 407, soxﬁetlme

i honzontally into 3" sections‘

‘Jomt l'racture 80" at 2v0"

t‘-fractures at 112" and

RAD

17"

= 4‘2!1"1.,""1

”'2" 81 900 to heddmn nlmmc

DAYE OF IXANINA?‘ION‘

PN =1y




Ministry of

Eﬂi'mﬁ?gﬁgﬂ'd DIAMOND ‘DRILL -RECORD woux wo. .84 SHEET MO oo
OH(‘WG ote
momERTY W, P, 198:62-00 90° cLev. couLan 278, 00_
LOCATION Madawaska River Bridge . DATUM Geodetic
Arnpyior By-Pass Hwy. 11 NX Core DATE STARTED
. OATE COMPLETED
LATITUDE ORILLED BY
DERARTURE rr LOBGED BY
ETARING TOTAL FOOTAGE 2074
{ TOOTASE FORMATION SAMPLE NEMAAKS
FROM To NUMBEN
1747 2514 Crystalline limestone, coarse texture, light prey colour, Brok'en core 1’4" - 414"
Tord. bedding inclination 459, sometimes contovied “” :: gl gl
: 18!
laint fractire 80° kl'd” =414"
open and weathered,
] Joint fracture 90" and inclined
RQU 1737273 “0% at 75~ 9'1  open-and weathered|
RQD 14" - 18'0" 50% with cavities,
ROD. 1807 - 254" 25% ~ e ecroe
: L Tractures parallel.to bedding
B “planes at 16'10", 15'4" and 10'§”
Joint fracture parallel to bedding
Tnclined at 857 gpen and i
wealhered with cavities,
Two Traclire joints a1 90% 5 each
othar and each at:- 909 tobedding
“planeg, o s
Beddinﬂb’ane fracture 45%at 21!
Ioint fracture RhQat‘ZB‘Z" :
] lorizonta Tracturebreakage apps
dreshy 8
DATE ©OF EXAMINATION April 28,1977 ; B~.K~.y Glyassfo‘r‘d"”
POPATINTE : L L

ars

62



- Mimistry of ‘ ) : .
Transportaten and :
C?mfr?ur'\icz;hons DIAMOND DRILL RECORD - Mo MO e MEeT MO

Onlano

oI :
PROPERTY W. P. 198-62-00 . ~00° i ELEV. COULAR 272.3
LOCATION Madawaska River Bridge . ; DATUM. Geodetic
Arpprlor By-Pass Hwy, 17 N kax - ’ DATE SYARTED
- DATE COMPLETED

LATITUDE i DRILLED WY
CERARTURE - UL - LOGGED BY
WEARING TOTAL FOOTAOKE e

FOOTAGE ’ SAMPLE :

FORMATION REMARKS

FROM To ) NUMBEN )
211" | 42'17 | Crystalline limestone, coarse texture, light grey colour, i o Teint fracture 859 at 16' ~18'3"

haxd,.bedding inclination 457, sometimes contorted. i -parallel to @, , apen and weatherpd,
i Jolnt fracture, 8090 zf 20'67 - |
T 507 at 3y73"
- - 457 a1 40'0"

Redding plane fractures at
3

AL
32'0

ETIA

Brok_eri Core at 38'3"
T " L TR

' orizontal f‘ractures appear fregl

m’ - i o
B o TR SRR P SN U ) 0%
e ey e e L T gy oot 95%

S Apein 2o, 10T

RAYTR OF I:NAM"‘AY[O“'

on ~NT<113




Ministry of
; rtation and .
(??) e mons DIAMOND DRILL RECORD uove o, 10 sHeET No,
Onlano e
o
PROPERTY W. P, 198-62-00 o= 90 ELEV, COLLAR 272,17
LOCATION Nadewacka River Bridge — SATUM Geodetic
Aruprior By~Pass llwy. 17 . J8X Core : DATE BTARTED
DATRE COMMLETED,
LATITUDE ORILLED BY
OEPARTURAE T T LOGGER BY
BEAMING TOTAL FODTAO( _u...___.M' _._._' Sy
FOTTAGE ‘! FORMATION sAMRLE AEMARKS
FROM T N NUMBEN
114 211" | or ine limestone, coarse texture. light grey colour RBraken care n( H'n"; A'H“"
hard. bedding inclination 45°  sometimes.coutoried o t8'9 _-108

Bedding playe ' fractures at
373

7
5T
Tt
RQD__1'14'" = 615" 10% 127"
RD 65" - 11'5" 80% 13‘4"
ROD 1167 ~2i16" 100%. 1770

Horjzontal fracture breakaze app

Tresh. Inclined Iraclure 85V

273737 open and weathered at 2'

“Ineljned foacture 85° ap el iig

orlented 1257 10'G open and

weathered.

Vertical fraciure 113" 2 11‘9" ol

‘and-weathered;

TFractures gpen and wea(heted 8!

le’B at 90" to bedding. -

TATE OF EXAMIHATION

AW ZHMTLINL

April 26, 1077

_B.K, Glassford




Ministry of % g : BN o : ; : 5

Transporiation and AR R e S :

C:)mfnp:mc;!rans ““DIAMOND: DRILL-RECORD -/ " : S ; MoLE WO, oY 11A BHEEF MO i
Ontano : n" R ‘ .

RO i 281,50

ROPCATY W, P, -198-62~ 00
i DATUM o oo JGeodetic
g okit‘n,f;\u‘un AR R

LocaTion %rnpmor By- Pass Hwy. 17
: L DATE COMPLETED

LATITUGE I By —— s A e S DRILLED W
pEPARTURE - - — = — oYY I s S woatED By
BLARING - — E TOTAL FOOTAGE _____ﬂ s i - TR

FOOTAGE SR : : e R e [ lAM'Ll\, ; Gl ; i
. : FQRMATION L . : R e X . G . i S ncmc
raomMm TO REEICS BN NUM.(R i ¥ L 5 . "
4767 1 24797 Crystalling imesione, coarse Texhire,. htzht grey colcur. i ORCTE S o ER ‘1Broken and gaound core at

hard, bedding 407 jnclination ahd contorted in some areas.” L fvu'tlcal jolnl fracture at 51

5 Brojsencore 4'10" ”3" ) : .

'Brol_gen core 13'6" = 19'8"
-tlcal roint l‘récture‘,m_dm_a;_gﬂ_ o

L I AL Tno core log Submitted)

Pk )

T 86| Joreign particles of rock of jgr
metamorphic origin :

April 28, 1977

DATE OF ERAMINATION
YRS ITT Ry i




Mirstry of .
Transportation and )
@ CQM"SW.W DIAMOND DRILL RECORD _ worr ney A28 L sheey NOL e

Onlato ot
-62- : o . ' : i
"t ALRTY W, P, 198-62-00 . 90 - . ‘ELEV, COLLAR a%l'ﬂiouc
LOCATION Madawaska River Bridpe. ' DATUM
Arnprior By-Pass Ilwy, 17 NX Core . . i DATE BTARTED
. . CATE COMPLETED
(-\h LATITUDE DRILLED BY
DEPARTUAE ~— . T LOGOED BY
BEARING YOTAL POOTAGE _,.4.0.'.2.__.___...
l_— FOOTAGE BAMBLE. .
FORMATION g R MEMARKS
FaOM TO . . . NUMBER
66" 1402 |Crysialline limestone, coarse texture, light grey colaur . Broken core 8" - 127
hard, bedding 45° inclination-and-contorted-in-56me-arsas : S 716 - 7110
1Y - TI767
Joint fragtures 809 a1 . jgtg"
whathered. 8n° 1l ygigh
Tragtires 459 o¢ 318"
i b T AR
i o . [ " 1t 13'6”
- - : | probably bedding plane joints .|

morizontal‘fracfur‘e. breakage,

appears fresh,
nQD 8" < 130" 0%

o

DATE OF EXAMINATION April 28, 1077 ¥5. Glagsfor

€c

GB~NT-13




Mirusiry of
@ Transportation and
Communications

DIAMOND DRILL. RECORD

HOLK NG, e B ARt MO

Ontano ore
‘an®
PROPEMTY W.P, 198-62-00 90 LRV, EOLLAR 279, 21!
LOCATION Madawaska River Dridge GATUM Geodetic
Arnprior By-Pass Hwy, 17 _ DATE sTARTED
NX Core " BATE COMPLETED
(‘ LATITUDE ONILLEG BY
DEPARTUAR A poT LOGGED BY
BLARING YoTaL roorace 148 .
FOOTAGE BAMPLE
FORMATION - REMARMS
FROM Yo NUMBER
16" 114'8" | Crystalline limestone, coarse texture, light grey colour, Broken core 4'5" - 5'Q"
bedding 45% inclination and contorted in some areas. " W et gyt
Calcite séam AR SV A
T T qig _ gta”
Calcite seams are soft.. weathered
and stalned, .
Horizontal fracture breakiage. |
r appears fresh, )
RQD 18" - 87" 5%
RQD 617" 91" " 50%
RQD 8'8"7 - 14'8" " 100% .
DATE GF EXAMIMATION April 27,1977 v s B Glagsford :




=, Munistry of

Y? Transporiation and
Communicalions

DIAMOND DRILL RECORD HoLE NG, I B 9HEET MO,

Ontano

(<1}

£y (e}
PROPERTY W, P, 198-62-00 90 ELEV, COLLAR 273.11
wozarion . Niuliwaska Biver Brides., BATGM Geodetic
Arnprior By-Pass lwy, 17 DATE BTANTED
DATE COMPLETED

LAYITUDE DRILLED AY
OTPARTUNE LOGGED BY

184" :
DBEARING TOTAL FOOTACE

FOOTAGE BSAMPLE
FORMATION ; REMARKS
raom | TO NUMBER :

770 184" | Crysialline limestone, coarse texture, light grey colour,

Broken core 1610 - 17'10"

hard, bedding 45% Inclination and conlorted in areas.

Joint fracture 800 at 17,61 - L7'1D"

Micaeocus content in limestone

at 15'6 = 17147

Morlzontal Tracture breakage

appears fresh

QD 0 - 13787 100%

RRD 13'3%-18'4" " 70%

DATE er; EXAMINATION April 28, 1977

OB~ MT=(i}

- RK-Glassford

SCE



rd

!

" y Ministry ol
Transporiation and ! 51
Communications DIAMOND. DRILL RECORD HOLK NO, sHerT NO,
Ontano :
N 113 4
o
PROPERTY W, P, 198-62-00 20
LOCATION Madawnska River and Hwy. 1IN
DATE COMPLETED
LATITUGK
DEPARTURE 7
BEARING TOTAL FOOTALE _.._z_g.l_l-.s_——-————
FOOTAGE SAMPLE
FORMATION REMARKS
FROM TO NUMBER -
8.9 20, 168, Crvstalline limestone, light grey, mediumtn.coarse Widely snaced 459 joints at
toxtured, hard. Linintion 40459, slight weathering and 0,09, 7% 10,7 1102 which. ard
staining on some of the joints. . Jointg appear fo be open apen, : .
Vertical joint 13, 5! to 14.8" open:
Vertical joint. 19’
Core moderately to hadly
l‘urlzontallv fractured throughout
All horizontal fracturing appears.to hnvp heen rmmpd hv
the drilling procedures :
CATE OF EXRAMINATION Aug. 13/76“ : :13. K :G]E\SS?OI‘(’!‘_ :
08 ~MT=1i3 ’ : : i

Q¢



pres Miristry of
Transportation and .
Commurications OIAMOND DRILL RECORD woLE wo. 32 ___sueer wo.
QOntang
o
amoreary W P, 188-82-00 20° ELEV, COLLAR
vocarion  —Madawaska River and Hwy, LTN DATUM
DATE STANTED
DATE COMPLETED
LATITHOKL oRILLED BY
CEPARTURE LOGGED AY
ATAMINRG TOTAL FOOTAGE ..-———2-4‘—8'—-_
FOODTAGE SAMMLE
FORMATION REMARKS
FEOM e NUMBER
8, 54! 24, 8! Crystalline limestone, white (o light greyv, medium to ints
coarse textured, hard, liniation 407 - 60°. slight weathering 409 at 13,.5¢

on some ol the joints which are open

O at 14, 8' open

g. 55t~ 8.8 core ground

8"~ 24, 8' core badly {o

maderately fractured.

A1l horizontal fracturing appears to have been caused by

thie drilling procedures

DAVE OF EXAMINATION

0B -NT«13

Aug, 13[76 e

LK. Glasaford.

Le



'\ Ministry of
Transportation and 53
Communications DIAMOND: DRILL RECORD HOLE NO oo SHEET NO,
Ontano
oim
»ROPEATY W, P. 198-62-00 ane . ELEY, COLLAR
Locarion . Madawaska River and Hwy, 17N DATUM
DATE STARTED
DATE COMPLETED
LATITUDE . onlLLED BY
DEPARTURE 1L.OGGED WY
BEAMING voraL roovacs 4LLBBL
POOTVAGE SAMPLE
FORMATION REMARKS

FROM TO NUMBER

21, 95'1 41, 55' ] _Crystailine limesione,. light grey colour, medium fo coarse

23.948% =2 27,.9. coce is fractured

texture, hard, liniation varies 45° to 759 slight weathering

on some of the joints

moderately to badly

ointn

5 R 2‘.0!
45C at 24, 5!
450 at 25, 6/
450 at 28, 0!
45Y at 34,5'
50 at 36.0°

All harizantal fracturing appears to have been caused by

the driiling procedures.

27::91'= 36, 0! core is badly

fractured
36,0 ~ 37, 5! broken apd ground
core
I 5T A1 85 core is moderately
. rmctured

ot -at-ul

DATE. OF TXAMINATION. Alm‘.IBVITG' : . i o lR K ‘nl‘n';cﬁ‘n‘«d‘




“Rw Minatry
W Tranipor:
# and

of
tation

Ontario  Communications

FROPZRTY

DIAMOND DRILL RECORD

W.P. 198-62-00 90°

oDis

vocaTion e Arpprior Bypass, Hwyo LIN .

ELEV, COLLAR

DATUM )
DATLE STARTED
DATE COMPLETED

HOLE MO, cw i SHEET NO,

LATIYUDE ONILLED BY
DEPARTURE LOGGED BY
BEARING TOTAL FOOTAGE — ‘
FOOTAGE rORMAFION SAMPLE
» REMA
FROM To NUMBER Emanea

Hole #54

136! 14,15

Limestone boulder

Juoints

14,15 ) 18:6"

Crystalline limesione, white grey ¢colour. medinm:to

459 _at 15.0% open.

coarse texture, hard,

709 at-15.4"' open ;

.maderately fractured theon

DATE ©F EXAMINATION

DLES RETIE ]

August 13,1876

LK. Glasstord .

66



~_ tration test. in addition, two separate dynamic oone'penetratioh"

‘ikboreholes were advanced by means of a skid mounted dlamond drlll

40

FOUNDATION INVESTIGATICON REPORT
For

CPR Overhead
W.P. 199-62-00, Site 23%-200
Hwy. 17N, District 9, Ottawa

INTRODUCTION

This report contains the results of our 1nvestlgatlon of *he sub- .

surface conditions existing -at this site. ' The fleldwork was carr;éd
out in two stages. The early investigation was done durlng the '
~period of June 28, 1276 to July 7, 1976, ConSlStlng of six sampled
boreholes, three of(whlch were accompanied by a dynamlovcone penen

tests were alsc carried out. ' The subsequent 1nvest1gat10n was
'[:done on April 6, 1977 consisting of eighteen probe holes.;kThef

”frlg to depths rznging from 13 feet to 36 feet below ground surface.
e Bedrock was proven by obtalnlng NX and BX size rock core samples.;9

; | SITE AND GEOLOGY

; The 51te is located near the Town of Arnprior on Lot l Concess1on
.-B, Township of McNab, County of Renfrew.

‘ 'The relocated CPR tracks ar. situated in a cut section some 40 feetf;ﬂd
: in- depth. The bottom 10 to 15 feet is within the bedrock w1th al-

most vertical faces. 1In the overburden the earth cut. slopes of

',,the upper portions are as flat as 4:1 with a mid-height berm of

about 16 feet followed by a lower slope of 3.5:1. In addition, afd
berm of a minimum width of 5 feet is maintained between the toe of
the earth cut and the top of the rock face. '

Geologically the area is located between the Precambrian Uplandk

to the north and west and the Ottawa Lowland to the south and east.’
Bedrock consists of limestone with interbeds of sandstone and shale
and has been subjected to faulting, weathering and erosion. When

the Champlain Sea inundated the Ottawa-St. Lawrence Lowland, it
left deposits of marine clay.



'}:ﬁBeneath a thln mantle of topsoil is the predominant dep051t of

4

SUBSURFACE CONDITIONS

General

‘Underneath a thin mantle of topsoil (8 to 12 inches). is a dep051t
up to 26 feet thick of stiff to very stiff clayey silt to Sllty
clay. Underlying the cohesive stratum: is llmestone bedrock. _zn
certain locations a compact to dense dep051t up to about 2.5 feet
of silty sand and gravel is sandwiched between the cohe51ve ‘
‘stratum and bedrock.

As prev;ously mentioned, the bedrock is exposed in-the cut sectlon :
and in some cases extendlng to a distance of 30 feet back from the
face of the cut near the tracks. ‘

',Boundarles between dlfferent deposits are shown on the Record of
~Borehole Sheets Whlch are appended to thls report The . locatlons,.
,and elevatlons of the borings are shown on Draw1ng 29~ 200 =2 to-‘ V
‘e gether with the estimated stratlgraphlcal sections. A descrlptlon
jof the 5011 typee encountered in the borings is as follows.'jw ' '

e:*Clayey Silt to Sllty Clay

'clayey silt to silty clay with some seams or thin. layers up. to 3 o
1nche= ok pockets of 'silt and fine sand. This deposit 1s up to 267 .
- feet in thickness and is sensitive, brlt*le and flssured : Accordlng<
~.-to the geology of the area, this cohesive materlal was dep051ted ";,
,by ‘the postglacial Champlain Sea. s

Typlcal engineering properties of the cohesive subsoil are plotted
on the Record of Borehole Sheets and cummarlzed in tabular form
'below.

Index Proper:ies Range Average
Natural Moisture Content W (%) 28- 44 38
Liguid Limit W (%) 25~ 42 34
Plastic Limit Wp (%) 14~ 22 18
Ligquidity Index IL 1.0-1.8 1.2

Bulk Unit Weight 7 (pcf) 111-117 113



~ area varies from firm to stiff.

“Plasticity Chart, Figure 1. The testing indicates that the cohe51vefi

k':,The natura] m01sture content is above the liguid 11m1t as 1ndlcated
 'by the llquldlty indices which are greater than unity.. Thls 1s o
’fgusuallyftyplcal of the sensitive marine clay.

“ “From the undrained shear strength values it 1s estlmated that the

' ; con51stency of the cohesive stratum varies from stlfr to very
 ist1ff" However, at the western portion of the cut adjacent to the;
,exposed surface of the bedrock, the dynamlc cone penetratlon tests
'gave 'N' values ranging from 1 to 8 blows/foot and from th1° 1t 1s
';,estlmated that the con51stency of the cohesive overburden in thlS 3
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Undrained Shear Strength (cu) psf

In Situ Vane Testsg 1200 ~>2240
Unconfined Compression Tests 1070 - 1795
Quick Triaxial Tests 2335 - 2380

Effective Stress Shear Strength Parameters

‘Apparent Cohesion c'=350 psf

Apparent Angle of Internal Friction ‘=25%°

The Atterberg Limit Test results are also summarized: on the

stratum is 1norgan1c and of low to intermediate pldst1c1ty. ";

 The results of isotropically consolidated undrained triaxial com-

‘pression tests which were performed to determine the effective

stress shear strength parameters, are plotted on Figure 2.

For desian purposes the followino values are to be usac:

Bulkaensity =115 pef
Submerged Density = 53 pcf
Undrained Shear Strength c, = 800 psf
Apparent Cohesion in Terms of Effective Stresses c' = 250 psf
Appareht Angle of Internal Friction in Terms g = 22°

of Effective Stresses

Silty Sand and Gravel

In certain locations a thin granular layer up to 2.5 feet in thick-~

ness consisting of silty sand and gravel underlies the cohesive



"3oe‘R ,0.D. values of the overall rock core samples ‘ranged from 50% to o
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deposit. Standard penetration testing gave 'N' values of 20 blows/
foot which indicates that the relative density of this stratum is
generally compact.

Bedrock

The CPR tracks are located in a rock cut 10 to 15 feet deep.
Bedrock is exposed along the top of the rock cut for a distance~
of up to 30 feet from the face of the ‘cut. The surface of the

bedrock varies between elevations 303 and 323 which 1ndlcates that
the depth to bedrock varies from the ex*strng ground surface to7,7h
26 feet nelow ground surface. '

The bedrock can be identified as hard to medium hard crystalllne :
llmestone. It is generally sound, except in one locatlon near the:
~north corner of the western portion of the site (B.H. 4), where
the upper six feet of the roc) is weathered The exposed bedrock
in the v1c1n1ty of the -CPR tracks contalns vertical, as well as.
1ncllned jointing systems and the majorlty of: them are fac110
“e'towardsthe river. : E s

"100% indicating a fair to excellent rock quality. However, in. one
elocatlon near the north corner of the western portlon of the 51te;,
the R. 0.D. recorded in the upper 6 feet of the bedrock 1s very 1ow
be 1ng close to 0%. s ‘ :

A detalled description of the rock cores is glven in the Dlamond
,Drlll Records which are included in the Appendlx of thls eport.,

Groundwater Conditions

During the course of our field investigation all boreholes were
found to be generally dry. According to available information,
groundwater in this area has been lowered below the track elevation :
by means of a permanent subsurface drainage system consisting of
pumped wells,

ED . i\?/’
B. Ly, P. Eng.
Senior Engineer

o }Q§£40¢

M. Devata, P. Eng.
Supervising Engineer
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MINISTRY OF TRANSPORTATION A.ND COMMUNICATIONS=ONTARIO

RECORD OF BOREHOLE N9 1 : ,,
Wi 199-62-00 LOCATION Co-ords. 16,505,500 w; 1,040,128 E. ORIGINATED B‘Y PS
DIST_9 HWY __ 178 BORING DATE  June 28, 1976 COMPILED BY
DATUM Geodetic BOREHOLE TYPE NX ROCK CORING CHECKED BY - :
SOIL PROFILE SAMPLES x5 DYNAMIC .CONE PENETRATION LIQUID LiIMiT W
% RESISTANCE" PLOT ~ JPLASTIC LIMIT ——wp
Y el 3 20 40 60 . 30 100 §WATER CONTENT._W
ELEV &y | w | 2| 2 [SHEAR STRENGTH 1w w w,
DEPTH DESCRIPTION 121> 1<) 3 [o unconFiNeD + FIELD VANE E
‘ . al 21" |7 S | @ QUICK TRIAXIAL  x.1AB VANE - | WATER ‘COMNTENT %1
323:2 Ground ‘Level t Z ELEV 400 800 1200 1600 2000 20740 60 |
6.0 z‘/é‘ RC [Rec.
Nzt 1 NX 67%
Crysté;}.ine Limestone RC [Recd 320
2 NX {1007
Bedrock
RC |Rec,
3 ¥X 11007
Sound"
RC [Rec.
4 NX [100%

End~of Berehole

20
15 ¢-5

% STRAIN AT FAILURE
10_ o .




MINISTRY Of TRANSPORTATION AND. COMMUNICATIONS—ONTARIQ oA

RECORD OF BOREHOLE N2 2

wp__ 199-62-00 LOCATION Co-ords. 16,505,490 N; - 1,040,226 E. ORIGINATED By _SM
DIST__9 HWY _17N BORING DATE ___ june 28, 1976 : COMPILED'BY ' gu
DATUM Geodetic BOREHOLE TYPE Washboring, BX Rock Coring, Cone Test CHECKED BY_,_é__ ‘
SOIL PROFILE SAMPLES 2 - 1DYNAMIC CONE PENETRATION LIQUID LIMIT ———W1 | =%
i [RESISTANCE PLOT PLASTIC LIMIT Wl o
5l o ol = 20 4o 60 _do. 100 WATER CONTENT_—W gaj
ELEV Elw|w | 2| ¢ [SHEAR STRENGTH PSF We oy W 3
Bepth|.  DESCRIPTION 2121 > <] 3 o unconenen + FIELD VANE , iy
x| 27 17 & |® QUICK TRIAXIAL X {AB VANE | WATER CONTENT %
335.8 | Ground Level w Z | gy | 400 800 1200 1600 2000 20 40 60 | pcE
ToRso il — 1T '
e 1 SS 2
Clayey silt to silty % S
1135
clay, some seams or 2.9 T4 |I'PM i o 3
ithin layers of silt 330 i
~ e fine sand —
sensitive, brirtle 3 | B
i 4 58 6 0
fissured.
. : 15 T PM
Stiff to Very Stiff ;
- - S8 6

. AL LE Sand,Some grav.?@]. 6 i

RC |Rec.f 320

E Cﬂrysktalli:‘i.ne Limestone ‘7 | BX.195%
Bedrock

i 8 RC |Rec,

Sound BX. |1007

‘ %,
¥End. of Borehele %‘/ﬁ

'Borehbie Dry

20
15 9-5 % STRAIN AT FAILURE
10



MINISTRY OF TRANSPORTATION AND: COMMUNICATIONS—O'NTARIO

, | RECORD OF BOREHOLE N¢ 3 e ,
WP 189-62-00 LOCATION Co-ords. 16,505,450 N; 1,040,254 E. .~  ORIGINATED .
DIST. -9 HwY _178 BORING DATE __ June 29 &30, 1976 : SR COMPILED BY.
:DATUM  Geodetic BOREHOLE TYPE 'Washboring and ‘BX Rock Coring S CHECI;(E‘D;B‘
:SOIL ‘PROFILE SAMPLES - IDYNAMIC: CONE -PENETRATION LIQUID LIMIT W’
. % |RESISTANCE PLOT .- - PLASTIC: LIMIT ———Wp |
1 o ol 3 20 40 60 80 160 |'WATER CONTENT_w | Z
o : afw| w|3| o [SHEAR STRENGTHPSF | We = w W
DESCRIPTION Sl s =12 8 |ounconrinep " + FEDVANE |0 T
ey @217 17 & |e quick 1RiaxaL - xLap vane | WATER CONTENT %
|+ Ground Level af Z |eev| 400 800 1200 1600 2000 | 20 40 . 60 - |j
- Topsoil _lip1 [ss | 3 el
|'Clayey. silt to“silty 4 ; 2
‘cl.Ay‘,' some seams or [ 3 [ i Penl SiE
“+1"thin layers of silt / -
& fine'sand = o /L3188 | 44330 ;
I sensitive, brittle; | d R o e 2 o
b TW M
I 88 9
T
M le [ss |12
“some fk,g'r.'(ave»li; 17 : 5" L7 |
“gand & gravel. |3:|0 ;320
ompact. oL Telg gs a0
i Y
ne Limestong: |
Ah T | RC IRec.
" Bedrock” BE S

20
1595 % STRAIN AT FAILURE
10 R



MINISTRY  OF TRANSPORTATION AND COMMUNICATIONS- ONTARIO : 48

RECORD OF BOREHOLE N2 4

WP 199-62-00 LOCATION Co—crds. 16,505,517 N; 1,039,902 E. ORIGINATED BY SM - 0

pIsST__ 9 Hwy _17K BORING DATE July 1, 1976 COMPILED BY
DATUM Geodetic BOREHOLE TYPE Washboring, BX Rock Coring, Cone Test CHECKED ‘BY ..
S 2 - JDVNAMIC CONE PEMETRATION LIQUID LIMIT =Wy =
SOIL PROFILE SOMPLES | B [Resistance piot PLASTIC LIMIT — Wp | = 5
5l o ol 2 20 4o 0 g0 1do WATER CONTENT_W | Z 55 | . o
ELEV afw!lw |31 o [SHEAR STRENGTH PSF wr W "2 | REMARKS
BEPTH DESCRIPTION 2121 > | 21 8 |o unconrined + FIELD VANE y el
! @l 2|7 17 ] & |eauck TRianar x1a8 vaNE | WATER CONTENT %
133.6 Ground Level 0 Z ELEV 400 800 1200 1600:-2000 20: - 40 60 PCF:
0.0 Topsail 1 1 ss 5 :
>
Clayey silt to silty 330 b
clay, some seams or \ . N Ti1as
: 2 ™ PM A
thin layers of silt ;
. i >
& fine sand - < *
sensitive, brittle, 3 /W | PM d .«
fissured. 4 | ss 7 ( =6
320
1] 5 ™ P a ¥
A g =
| Stiff to Very Stiff ' : 111
L , 6 | Tw | Py IS S
>
F
ISR 7 88 | 4 '
“j8ilty sand & gravel i
Compact. 7o) 8 1ss |20 ~—
Boulder : 310
: ‘ ‘,’4‘.3
: ‘Crystalline Limestong ? | RC |40% ] S ve,éi
. : CqRQD=07
Bedrock BX  |Rec, . : ‘4~Q‘ T
weathered |
sound S DSt
10 | RC {1007 -~} RQD=80%
BX |Recd 300 ¥ ; k
AN
"“End of Borehole
| 'Borehole Dry

20
1540-5 % STRAIN AT FAILURE
10 I




MINISTRY OF TRANSPORTATION AND COMMUNICATIONS—ONTARIO 49

RECORD OF BOREHOLE N2 5 :
WP 199-62-00 LOCATION Co-ords. 16,505,478 N; 1,039,929 E. ORIGINATED BY ) S
DIST__ 9 HWY 17N BORING DATE _ Julv 5, 1976 COMPILED BY_ M
DATUM  Geodetic BOREHOLE TYyPF Washboring, BX Rock Coring, Cone Test CHECKED BY
- = IDYNAMIC CONE PENETRATION LIQUID LIMIT ———W, ot
SOIL_PROFILE SAMPLES £ IRESISTANCE PiOT PLASTIC LIMIT wel =5 |
S| ! o] 3 Zo 4o ¢o do 180 |WATER CONTENT_w | 24 iy
ELEY g|lw| w21 ¢ [SHEAR STRENGTH PSF W w W Z | REMARKS
: SEPTH DESCRIPTION 212 > ; 3 o unconFineD + FIELD VARE : Y : ey
: al 207 T & | ® QuicKk TRIAXIAL X LAB VANE | WATER CONTENT % :
334.4 Ground Level 5 Z |gley| 400 800 120C 16062000 20 4060 | per
0.0/ Topsoil || }/ ' '
330 ;
Clayey silt to silty!| |4 Ji12.
= ‘ 1 | TV | PM
clay, some seams orx N
thin layers of silt *
& fine sand - Al
sensitive; brittle, 2 |TW | M H=—10 ppliz
;yfis’sui:ed.' >
+ : .
320 17 |
sl 3 vl o
| Stiff to Very Stiff 3 TW LB
41 TW | PM > o
\\ *
;[ 5188 7§ 310
B
Cyr‘ystalline' Limestone 6 | re g2y
¥ BX [Rec |
Bedrock
Sound
7 RC 917’0 300
BX |Rec,|
End of Borehole
Borehole Dry
L
Vvk
ic’j.
i
s

20
1549-5 % STRAIN AT FAILURE
10



; MINISTRY OF TRANSPORTATION AND COMMUNICATIONS—ONTARIO.

RECORD OF BCREHOLE

N2 .

 ORIGINATED BY

Rec."'

WP 199-62-00 LOCATION Co~ords. 16,505,470 N: 1,040,029 E, . ]
ST 9 Rwy 17N BORING DATE - July 6, 1976 ‘ f - COMPILED BY
DATUM: Geodetic BOREHOLE TYFE Washbormg and: NX Rock Ccring e CHE‘VCVK,,ED‘ ¥
: L B E a . LDYNAMIC CONE PENETRA'HON LIQUID-LIMIT: ——W,
. SOIL“PROFILE SAMPLES G CISTANCE. PLOT
R 8
o ol wl=z 20- 40 0 " fc 1.60'
E‘LEVV e g wl w I3 }.2 [SHEAR STRENGTH ~ ‘ oy
SEPTH “DESCRIPTION sl 2> £} 3 |o unconFNed. T+ FIELDLVANE L o
el Lo el 21" | 7| & |equck Triaxiar  x a8 vaNE | WATER CONTENT
. ‘Ground Level n Z 1 ELEV LAt : : L
_T.Op.seil_-- L 1
‘Clayey silt to s:.lty/ A
clay, some seams. ot [f
thln layexs of s:th //
& flne sand = ; d :
sens;tive ‘brittley, ¥ o
fissured. . /
PRP 1 1 10
S
. B
1| R 96%
“NX-Recif :
—— 300
[2 ] relors

20
1505 %
10

STRAIN AT FAILURE




MINISTRY OF TRANSPGRTATION AND COMMUNICATIONS - ONTARIO

RECORD OF BOREHOLE Ng 7

WP__. 199-62-00 LOCATION Co-ords. 16,505,490 N; ° 1,040,016 E, . ORIGINATED ‘,BVY SM
DIST _ 9' HwWY 17N BORING DATE July 7, 1976 COMPILED BY‘ <
DATUM__ Geodetic BOREHOLE TYPE Cone Test CHECKED 8Y .-
<r 2OF : 2. |DYNAMIC ‘CONE- PENETRATION LIQUID LIMIT ——=Wi
sPIL_PROFILE SAMPLES £ |RESISTANCE PLOT PLASTIC LIMIT we | =
Of « ol 3 7040 do_do_ 100 | WATER CONTENT_w f 2.
ELEV | W w28 [SHEAR STRENGTH We wo S
DERTH DESCRIPTICN SPE > 12 3 o unconFnep + FIELD VANE ° :
, 2| 2|7 T & e quick TRIAXAL - x LAB VANE | WATER CONTENT % ey
1317.2 Ground- Level hd £ {EiEV . GR-SA'SHCL
“I'tlayey silt to silty|]| M g
clay, some seams or
thin layers of silt i
, 1
& fipe sand - )
sengitive; brittle; L
LE .
fissured. 310
3 ; N I
Firm to Stiff" "
: “
I
“End of Cone A
“J Probable Bedtock

20
15495 % STRAIN. AT FAILURE
10 .




MINISTRY OF TRANSPORTATION AND COMMUNICATIONS=ONTARIQ

o

RECORD OF BOREHOLE N2 8

wp . 199-62-00 LOCATION - Co-ords. 16,505,508 Ny~ 1,040,003 E. ‘ ORIGINATED BY _SM
DIST_ 9 Hwy 17N BORING DATE Jay 7, 1976 COMPILED BY . SM
DATUM___ Geodetic BOREHOLE TYPE __ Come- Test CHECKED BY -
iL PROFIL A S & |DYNAMIC CONE PENETRATION LIQUID LIMIT Wi ] " am
SOiL PROFILE SAMPLES 1 £ |Resistance piot , PLASTIC LIMIT — We} =5 |
Sl e il B 20 4o o do 180 | WATER CONTENTw | Zi5
ELEV Wi w3 2 [SHEAR STRENGTH wp w Wil e
‘DEPTH - DESCRIPTION sl > 1 g 3, © UNCONFINED + FIELD VANE by f
ol : 22| " | 7| & e ouck rriaxiai - x 1ag vane | WATER CONTENT %} ©
-+ +}315.5 Ground Level n Z PELEY : s e ]
©4].0:0 Clayey silt to silty
clay , som¢ seams or
thin layers of silt
& fine sand ~ /)
; § ’
sersitive, brittle, 310
fissured.
Firm'to Stiff
4 “

o\ Probable Bedrock

A

End-of: Cone

20
i50-5 . % STRAIN AT FAILURE
10




Ministry of

Communications ™~ -

Ontario

L
*
&
Q
2
T
Y
é < : LEGEND
: o / | BH SAMPLE | SYMBOL
1% & T,k : 2 2.4 o
X 4 : 3 3456] x
a + . / 4 2, A'é +
% : > e E : MH‘ OH 5 1,2,3 ~a
ENNy |
SN N\ ./i S m or B
M et 1 ; e . | |
0 0 20 T P V. e T Y 56 —t - . g
o " ‘  UQU!D umir °/.; i , ;
Tfansponationandf PLASTIC'TY CHART ' ; F'G No ] ;

- CLAYEY SILT TO. SILTY-CLAY:’k;’ﬂ' “   7  : ; WP 159-62-00

|est




30

LEGEND

SYMBOL

B.H.

i o —_—

4

nnnnnnnnnnnn

S
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L3 ' : :
; , e
oo Ministry of E :
| Transportation and ’ Sl . : :
e ealions ; DIAMOND. GRILL ‘RECORD Tl B e R
Onlano . : . : Lt
P
. [s]
PROPEATY W.P199-82-00 : 990 ELEV, COLLAR
LOCATICN i -pass and C. B R, X=ing R . ‘ OATUM
Station 80280 18" Lt of G : DATE STARTED
i DAYTE COMPLETED
LATIYUDE - . : DRILLED BY
DEPARTURE . - LOGGED: 8Y
BEANING TOTAL FOOTAGE f_ﬂ._la;l__m_—
*OOTAGE . ] : sSAMPLE :
FORMATION : REMARKS
FROM TO - NUMBER
0.0" [13.1° Crystalline imestone, light grey, medium to coarse .. |Joints
textured, hard. Slight weathering on some of the joints and 759, 2 joints parallel at 2, 9! and
mica mineralization present. : : 3.3 : i
: 60° joint.at. 5. B' 105, ) opex
g50 joint at 8, 2' to 10, 9' open
Core moderately fractured
AlL horizaotal fracturing appears.in have been caused by
the drilling procedures )
DATE OF EXAMINATION - Aug. 13/76 : B I : B, K. Glagsford
oB =T~} : : : R G T [ L




|

P . Ly L)
g Ministry of . .
T tation and :
o eations _ DIAMOND DRILL RECORD NOLE NO. ___8HEET NO.
oano - .
fo20.2
PROPERTY W, I 199-62-00 90°. ELEV. COLLAR
LOCATION Arnprior By-pass Hwy, 17 : DATUM
Co 2 Ru_Crossing GATE STARTED
Station 803+00 DATE COMPLETED
LATITULE ORILLED BY
TERARTUNE LOUGED BY
BEARING TOTAL FOOTAGE
FOOTAGE T SAMPLE .
FORMATION REMARKS
FROM O NUMBER
b . Holc #2 Joints
4.5} 238 AT rvsialline. limestone, white grey. colour,. coarsetexture S0 5T 15..5" open..careds
bedding appears to be horizonfal, hard to medium hard moderately fractured throughout
liole #3 Joints .
183! 23,4 [ Crysinllive limestone, avhite grey colone, coarse texture at . .0'open, ! v ben
bedding appears to ke horizon{al, hard to medium hard core. is mndcrmoly fractured thrgughout
Hole #4 . .Tniniq
23, 9" 34, 4" |Toinicstone boulder 23.97-34, 3" crystalline limestone, white U310  open, 807 at 32.0" opdn
grey colour, coarse texture, hard to medium: hard, bedding broken ground core.missing
appears to be horizopial, mica and sulphide mineralization core.24'-30" core ig badly {rac-
al.20.8'-31.9! tured throughout this section . ]
Haole 45 : R Joints
25.8' 136,90 |Crystadline limestone,. white grey colour: coarse texture, 90 at 25, 8' open
hedding appears horizontalohard to:medium_hard. mica and =809 at 26..8" open
sulphide mineralization al 25.8'-26, 3" _rock appears leached 457 at 28, 07 open
31.0'-36.Q" . 909 at 34. 7' open
. X 909 ot 35, 8' apen
Allhorizonial fracturing Appears m have heen cansed by the Weathered zones at 25. 8'~26, 3
drilling proccdures oI, 07=-36,07
BATE OF EXAMINATION Aug, 1876 - B./K. Glassford
08 ~MT~113 T ' ‘

96



4y

. Ministry of
Transportation and
Comrunicatiens

" DIAMOND DRILL‘ RECORD

“moum no, B 1 emeeT no.

Ontario
=11 4
PROPERTY WP, 199-62-00 90° £LEV, COLLAR
LOCATION Arnprior By-pass and C. P.R. Xzing : DATUM
Station 801+85 - 18! Rt. G DATE STARTED
DATE COMPLETED
LATITULY DRILLED BY
DELARTURE v = T LOGGED BY
BEARING TOTAL FOUTAOGE 24,0 ’
FOOTAGY SAMPLE
FORMATION ) REMARKS
FROM TO NUMBER ~

13,60 188" Crystalline limssione..light grey to grey mpdmm fo Joints

coarse textured, hard 459 -~ 14..85¢

. 300 - 181
18, 6' | 20, 25" -Gneiss, dark grey colour, fine textured, hard, mica rich 10° - 16. 6"
: 109 = 17,1

20,25') 24,0 Crystalline limestone, light grey to grey, medium to 307~ 17.68'

20° - 19,9

coarse textured, medium hard, .all core mineralized (mica)

45U - 20, 51

All hom/onml fracturing appears to have been caused bv

457 =91, 9}

the drilling procedures

17, 2" = 17, 5 weathered zone

Aug, 13/786

DATE OF EXAMINATION

08 =-MT-13

B.K.. G‘i‘iqssford ‘

4C



AT TOP OF CULVERT WALL .

AT BOTTOM OF
RETAINING WALL
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DELAMINATION OF CONCRETE AT BOTTOM OF RETAINING
WALL, NEXT TO CHANNEL LINING

BACK FACE OF CULVERT AND RETAINING WALL
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