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iR
E. 3. MIGORMICK, »igng.

6. Ay RANKIN. Fang.

R, O MeCORMICK, », £86.

R D MALEN, oeNG;

AL FLHEETSOM

*S5aTaTES

o b MALCOLM, 2 kNa

C. FLORGRIENIDWSKE, b, enig.

SR BLAY, poean

Mr, A, Stermac, P. Eng,,
Principal Foundations Engineer,
Materials & Testing Section,
DEPARTMENT OF HIGHWAYS,
DOWNSVIEW, Ontario,

Agtention; Mr. K, G. Selby. P. Eng.

MCcCORMICK, RANKIN & ASSOCIATES
LAMITED

CONSULTING EMNGINEERS

PORT CRED¥T DTTAWA S STAVESANK SOAD

PORT CREDIT, ONTARIO

TELEFHONE 2783477

April 29, 1971

Dezar Siz:

RCM:lc
Encl,

cor Mr,

G. K. Hunter, P, Eng.

RE: W, P, 131-65-01 - Highway 25
From Highway 5 Southerly tc Q, E, W
District 4 - Hamilton
Qur File: W,O, 318-69

Please find enclosed drawings from the above project, -
which pertain to the retaining wall and to the Fourteesn Mile Creek

. - - - « 2

structure. We are forwarding these drawings to assist you in updating
the foundation drawings which will form part of this Contract, .
L

We have alsc enclosed prints of the foundation drawings

with some suggested revisions marked on them. If you require further
information, please do not hesitate to contact us, M
ot
Yours very truly, -
McCORMICK, RANKIN & ASSOCIATES LIMITED st




DEPARTMENT OF HISHWAYS ONTARIOQ
MEMORANDUM
To r. &, Stezase Frou: .¥, Booth
Foundetion Section Regional Hoad Design
Lab. Bldg.
w2 - o % r’{) X B 17, 1871
BrTTENTION: Hr. E. Selby o aTE: a4 s RFIL

Oun Fue Rer. in rEPLY TO

s e G0
SUBJERT: WP, 13106501 w- Hwy, 25, Broute Bd, P-A

Recopetruction £rom OFW Northerlv to Palermo

This wemo will confirm that we have received fyom you today
the following eoriginal drawings for the above mentiomed
proisct.

70+110304 = Bors Hele Locations & Soil Strata
Te-110308 ~ Sections and soil Strata

These drawings are in commection with the retaining wall
consiruction, 1If is our intenmtion to forwerd them to our
Congultant, MeCormich & Rankin Ltd. to be included in the
originals for the proiect.

Drawing No. 70=F=34 prepared in comnection with foundation

report No, WJ WeF=3 for the 14 mile creek structure we understand
iz in the Bridge Office and will be retsined there with the balance
of the origimal Bridge Or wings for this proiect.

For: Hunter
Regionnl Poad Design FEngineer

€eCo R0, Melormiek {(MeCormick & Rankin)
idge Office)
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DEPARTMENT OF HIGHWAYS~ ONTARIO O : i i KR
MATERIALS & TESTING OFFICE RECORD OF BOREHOLE No. 1 FOUNDATION SECTION
JOB  70.310%0 LOCATION Cgmoyds , 77k 662 N 3L, 215 B, ORIGINATED BY RAB
. - 85
WP, 131-65w01 BORING DATE __ April 13 = 1k, 1970 COMPILED BY RAH
DATUM Geodebic BOREHOLE Type Washboring, NX Casing CHECKED BY ~
5 B i P . : DYNAMIC ?ENETRAHON RESISTANCE LIQUID LT e 90
OlL_PROFILE SAMPLES _§ BLOWS / FOOY ; PLASTIC LT —— " .~
s Sl s 20 ﬂ 50 80 100 WATER CONTENT—m o b
d 3
£ Ey & % =R SHEAR STRENGTH BEE "o " 5’;;{% REMARKS
4?::.‘..\:”';.,:.,.* %:)ESCR‘YZH;;ON i;i :é:— B A{‘) . & GN(:ONF&NEQ + FIELD VANE )
FTTH el 2| X §§ Sl B QUICK TRIAXIAL % LAB. VANE WATER CONTENT % ¥
Jroa % % i1 ) P
. Ground Level | - @ o 1000 2000 10 20 30 PG EIGRSA S CL
/’“1 5y ailt with Home " e A
fmn?%ﬁ trRces E}} »:;'r*g‘ SN CERE . BN S = o 129
L0O.1 ISAEE. Black & Brown 5 '
2.0
2|88 32 :
Clayey silt, sand \\\
\MWM"‘MM‘“
and proesl 3188 b3 AL
{Glaeial T111)
Hard h 55 ?ﬁ # ?1(71" _ _ﬁm 309G, 2
488 B57/6n o P -
391.6 6.1 88 W56 A
19.5%(  Emd af ;:m*fé%‘za::fm
390 -
i ! ]




DEPARTMENT OF MIGHWAYS- ONTARIO

RECORD OF BOREHOLE No. 2

" i Fy L4
MATERIALS & TESTING OFFICE FOUNDAHON SECTION
JOB _ 70-110%0 LOCATION Coeords, 77h,558 N3 93,145 &, ORIGINATED BY RAH B
WP 131.65.0) BORING DATE _ dpril 1y - 15, 1970 COMPILED BY RAH,
DATUM Gendetic BOREHOLE Type Washboring, NX Casing CHECKED BY e
¢ | DYNAMIC PENETRATION  RESISTANCE LHGQUID LIMIT wy
SO PROFILE SAMPLES 1w |BLOWS/ FOOT PLASTIC LIMIT-———wp >
- o| z WATER CONTENT—— v B
5::) G i o ¢4 i - 1 it vz
‘ 1 % o 2 ISHEAR STRENGTH PS.F Vip Wy D21 REMARKS
ELEY. oWl ow | S e S
iy DESCRIPTION Slo=l el vl 1 © UNCONFINED + FIELD YANE =
DEPTH ' x ::é?' > {?'é > B QUICK TRIAXIAL X LAB. VANE WATER CONTENT %, ¥
o 4 e BT
378.5  Ground Level “ @\ o 1000 2000 10 20 30 P.C.EIGR SA S CL
0.0 Clayey 211t to ailt W) ]
with traces of sand ML | TW o M A
& organigs + & N
\ Y b 36326 0§
37%.0 {Topsoil) M T o 08I
5 -
? ERERE:! ° =
Clayey s11lt, sand and ;
gravel, traces of L yss | 27
ghale 370¢
Glacial Ti11) £ i g o
{(Glacial T111) 5 5 135
|
Vary stiff to hard
6 |85 | 87 j
7 088 l1p5 gy o H {1y
3601
357.5 V . G, 88 [115/6n ]
21.00  End of
| I )




DEPARTMENT OF HIGHWAYS~ ONTARIO
MATERIALS & TESTING OFFICE

%’Eiﬁ@ﬁﬁ OF

BOREHOLE No. 4

L ke

& 188 1n0/

2

OB T0«11030 LOCATION Sowords . 833,999 E, ORIGHNATED BY
W.E 131eAN.0 BORING DATE  ippil iié, COMPILED BY
DATUM fopdatic BOREHOLE TYPE Washboring, NY Casing CHECKED By
¢ z « {)‘{NAMC FENETRATION  BESISTANCE LIQUID LIMIT e
SOIL PROFILE SAMPLES - w EOOT e PLASTIC LIRMIT ~———w, D
e ol 2 ; % i , , WATER CONTENT— sy b
o 2l = £ | 3 [SHEAR STRENGTH PSF, e w 52
ELEV. BESC RIBY o B0 -l N ‘ UNCONFINED + FIELD VANE ‘ S s
P DESCRIPYION a] = A N
DEFTH o 53 o 5 = ¥ LAB. VANE WATER CONTENT % 4
312.,9 Ground Leyval e s o 2000 026 30 P.CE
U.U Hlace Organio Materia o h e
o PR 1 e | Wpe pLE -
Clayey silt with tracep| b Wioghy |09
. A 310
of sand and organies PN v
W, 9 Y2 | W
.o Bilty ﬁfmd with layers| ..
of gand and organic o
E14 ,{x %i . Lt
‘vf%_},, bl (ﬂl‘a‘f;““f W??w#‘uﬁiﬁ c:infi ) i ]
A0k, 0 mrav,Some shale V.sbiflii(l 3 | 88
8.0 Badronk Ke
Heathe "ed Shale 4 | s
300
5oL 83 130/

B
gy
L

FOURNDATION SECY)

=

e
G -

SO S TR L




DEPARTMENT OF HIGHWAYS - ONTARIO
MATERIALS & TESTING OFFICE

RECORD OF BOREHOLE

No. &

FOUNDATION SECTION

JOB _ 70-11030 LOCATION Co-ovds. 774,328 N: 93h,323 E. ORIGINATED By RAH
W, P, 1 31501 BORING DATE __ April 17, 1970 COMPILED BY RAH
DATUM datic BOREHOLE TYPE Washboring, NX Caging CHECKED BY
N PROFILE AMP DYNAMIC PEN{TRAUON RESISTANCE LIQUID LIMYT oo ¥y
SOIL PROFILE SEMPLES | 1BLOWS/ FOOT PLASTIC LIMIT - vy
= 9 4 : ! } , WATER CONTENTmy s &
L E 20 Wl E Y ISHEAR STRENGTH PS.E we W g% REMARKS
5:2._,_&. DESCRIPTION gl 21 & 8] | o UNCONFINED  + FiELD VANE N 5
DEPTH el 2 > Zﬁg o1 ® QUICK TRIAMAL  x LAB. VANE WATER CONTENT ¢ bl
317.6 Ground Tevel ap “ 3 1O00 2000 30 20 30 P.C.FICR 54 51 ¢t
9-C | Clayey silt, traces || BERRT | HOm g .
of sand & organins A
& +
SLipe o | qw | e o R 130
SLipd iy
311,61
TS O N E e
%\}:;,5;; Ommgz: S1TE ol 3 s 4 ey o
3 B e fod .
7.5 M&ymf sﬂ t,8am) and 310 -
gravel, btraces of -
Y 3 # e
o oass &
5,1
1.5 | Badved e
W6 | ;fzi;hvrﬁ" hale e 5 155 1103 .
130 Brd of Mr‘f»} ole
300
o S
i { 3 £
! i ; i

R



DEPARTMENT OF MIGHWAYS- ONTARIO

RECORD OF BOREHOLE

QORIGINATED BY

e
MATERIALS & TESTING OFFICE No. 5
JOB 7011090 LOCATION Co-ords, 77h,265 Ny 93L.h36 E,

Wp. 13768201, BORING DATE  April 20, 1970

FOUNDATION SECTION

COMPILED BY

DATUM  Ceodedbic BOREHOLE TYPE Washboring, WX Casing

CHECKED BY

LA

, 5 DYNAMIC ”ENEYRA'I(ON RESISTANCE LIQUID LT Wy
50i _PROFILE SAMPLES I, 1BLOWS/ FO PLASTIC LIMIT——w,
5 9| = i . , , , WATER CONTENT—my
N & @) | & 5 [SHEAR STRENGTH PSF M w oW REMARKS
ELEY. DESCRIPTION ot B B @ . B UNCONFINED s FIELD VANE
DEPTH - é 51 = g z 2 QUICK TRIAXIAL % LAB. VANE WATER CONTENT %,
516, 8 fBround Level Gl # @ i 1000 2000 22 e JeR.24.31.0L,
0.0 Clayey 811t, fraces ‘ oW oM 310 Q b e ¥ 09,5
of orpanics. " +y 22ho '
7.3 ¢ wa:n{‘):’m—-—m;
3.5, Clavey 5176 3a0d & gr)|| |2 TW | ™
05 - Bha1ee 1911). F.swieg tal |13 s o0t
5.0 Bedrock 9
ol .5 Heabheresd Shale e n AN RN e
6.3 Fnd of Borvehols




DEFARTM&NT QF HIGHWAYS~ QNTAR]O

MATERIALS & TESTING OFFICE RS RECORDQF BOREHOLE No. 6

FOUNDATION SECTION
JOB ___70-11030 LOCATION Cosords. 77h,0535 Ny 93l 182 & ORIGINATED BY _ppe
WP, 131-65-01 _ BORING DATE___ April 21, 1970 COMPILED BY Ran
DATUM Geadetic BOREHOLE TYPE %mahbaring, KX Gasing CHECKED By ,{f
PP TOVNAMIC PENE?RAT!ON RESISTANCE LIQUID LIMIT
SOl PROFILE SOMPLES 1w [BLOWS/FOOT | PLASTIC LIMIT———w, -
5 81 = ‘ , . WATER CONTENT—— s
et U E PSE ‘ x = : MAARS
ELEY. S EI R SHEAR STRENGTH PSF W 321 Remarks
et DESCRIPTION f{ = o g -1 @ UNCOMFINED + FIELD VANE )
{ DEPTH ) xf 2 > z Z | ® QUICK TRIAXIAL x LAB. VANE WATER CONTENT % ¥
379.0 | Oround Level 5 | @ 1020 P.CFIGRSASICL
570 L | s |507in 25 62 113)

Clayey 8il%, sand and

gravel, °
' o s
Very dense or hard R s gy 37h.8
373.0 B
372.5 | Bedrook-weathered shall 3 | 55 [1i0fs"
LaxT Lot
370
Sound Shale
5 |aXT |93%
Béxi.g
.5 Ind o Borghole

bd
™
Fa?




DEPARTMENT OF HIGHWAYS~ ONTARIO

MATERIALS & TESTHNG OFFICE RECORD OF BOREHOLE WNo. v FOUNDATION SECTION

JOB 7011030 LOCATION Co-orda. 77h,hhl ¥z 934,313 E, ORIGINATED BY WAl
WP 13165001 BORING DATE April 2223, 1970 COMPILED BY %’i"‘f
DATUM Geodalic BOREHOLE TYPE Waghboring, WY Casing ) CHECKED BY
pRnE AR ﬂ‘fNAM!C PEN{ETRATK)M RESISTANMCE LIQUID LIMIT e Wy
301 _PROFILE SAMPLES 1 . | BLOWS/ PLASTIC LIMIT———w, >
5 g = . . . . , WATER CONTENT— vy
e 4 . owad
CLEY af B || ¥ [SHEAR STRENGTH PSF W m SZ1 remarks
i DESCRIPTION =g B 0 Y O UNCOMFINED + FIELD VANE 3
DEPTH =) 2 o 51 & § ® QUICK TRIAXIAL  x LAB. VANE WATER CONTENT % ¥
wd 54 £3 8§ B
377.2]  Ground Level v CAN 1000 2000 00 pcflorsascl
G Clayey 11%, sand and ’”& 1 imw | o ‘ o
gravel  traces of 3 L
organies, i 4
373,72 SLAY .;’ o T P ©
L.0 ;
88 | 48 0 ° 1
Clayey silt, sand and 3 (98 158} 5
groesl,
L oss | 5o
Vary dense or hard "
5 1ss hho n R
{glacial T111) .
6 Bs jioofs > 1P |
36
45:4 88 poosen
SH
Bl




OFFICE REPORI £ XPLORATION
W

DEPARTMENT OF RIGHWAYS~ ONTARIO I
MATERIALS & TESTING OFFICE FOUNDATION SECTION
08 70-11030 LOCATION ORIGINATED B8Y _ R4
WP 131-65-01 SORING DATE COMPILED BY
DATUM  Cadedic BOREHOLE TYPE : BY Caslog CHECKED BY
: A AASLES YNAMC PENETRATION  RESISTANCE LIGUID LIMIT Wy
it PROFILE SAMPLES {DYNAMIC
50 b : w §BLOWS/FOOT PLASTIC LIMIT ——; -
= 8 E ‘ i . ) . WATER CONTENT-—— w i ,
- o el ~ -~ - . (U4 — =& B ATAT
BESCRIPTION 2 = a. g . O UNCONFINED + FIELD  VANE o k
s =020 3 ® QUICK TRIANIAL  x LAB. VANE WATER CONTENT % oy
. 1 Qi % 1000 2000 i 20 3 bl
Grovnd Level 1 & 1 - ey iy PC.EIGR 84
B Eaw Dreanie NaLerid N } o 2 66
831ty sand, traces © i
- i
i +
gravel and organles. i
4310.5 2 Lo om o o 67
[ 410 :
Sand to silty sand. ' !
i1 pssgoee
Compach L
hob.o L ihiss |27 !
10.5
g 88 | 82
; ‘
341t : *
| 88 | i
sand and gravel
Hard
{Giaeisl Ti11) bt oS8 Liehior
H
2 Sl A - - op e - SR I ¥ - i 200
; ;
38h.0 s | 85 100/3"
30.5 ] Badrogk <L
Weathared Shale
Y-8 N 380 -
G o ;
25. ;
10 (AT 1I00E !
11 AT 1878
s
i ]
i |
20

13-9~5 % STRAIN AT FAILURE




DEPARTMENT OF MIGHWAYS- ONTARIO ; \

MATERIALS & TESTING OFFICE RECORD OF BOREHOLE FOUNDATION SECTION
JOB 7011030 LOCATION bo-ords. 77h,6L9 N3 93hL,360 E. ORIGINATED BY _RAF

WP 1316501 BORING DATE __ fprdl 23, 1970 COMPILED BY
DATUM _ Gecdebic __ BOREHOLE TYPE w,smhbe:sringﬁ M¥X Casing CHECKED BY

5 e S AMPLES DYNAMIC PENETRATION RESISTANCE | LIQUID LIWIT — W,
SOIL PROFILE MPLE BLOWS / FOOT PLASTIC | IMIT ——w,

WATER COMTENT—-y

H 3 :
StEAR STRENGIH PS5.F

D UNCONFINED + FIELD YANE
& GUICK TRIAXIAL X LAB., VANE WATER CONTENT %

1000 2000 10 20 30

ELEY.

REMARKS
Sepl  DESCRIPTION

BLOWS /FOOT
ELEY. SCALE

Ground Level
Hlack Creanie Materle
Clayey 511 tq’(fz*aw@ af
sand, gravel & organic
Srife

i‘{ STRAT. PLOT

JGR,SASLCL

\

o4

2
gg

R

&

S




ABBREVIATIONS USED IN THIS REPORT

PENETRATIO W SISTANCE

STANDSAD PERETAATION RESISTANCE '®' ' - THE NUNBER OF BLOWS REGUIKED TO ADVANCE A STANDARD 3PLIT SPUON SAMPLER

12 IRCHES INTD THE SUBSOIL, ORIVEXR &Y BEANS OF 4 130 POUND NAMMER FALLING FREELY A DISTANGE OF IO IMCORES.

TYRAMIC PEMETRATION RBEMSTANCE : - VHE HUNBER OF DLOWS REQUUIARED TO AODVAHCE A 2 1INCH,
TO THE END OF DRILL RODSZ, 12 INCHES (MTO TPE SUBSOIL, THE DRIVIRG ENERGY BEING

&0 DEGREE CONE, FITTED
B0 FOBY POUKDE PER BLOYW.

DESCRIPTION COF SOIL

THE COMSISTENCY OF CORESIVE SOILS AND THE RELATWE DENSITY 08 DENSEWESS OF COMESIOHLESS BS0IL3 ARE DEICHIBEDR
HOYHE FOLLOWING TERNS - -

CONZISTERDY ‘% B, OUESFT e LB./ 8% FTL DEWSEMESS ‘% BOwS ! FT,
VERY SOFT 6o~ 2 6 - 285 VERY LOGSE o -4
SOFT z - a 250 ~ 300 LOOSE & - 1D
FiaM 4 ~ @ 300 - OG0 COBPACT ¢ - 30
STIFE 5 ~ 18 WHo - 2000 DEHSE &0 - 30
YERY STIFF 18 - 30 2000 - 4000 VERY DENSE > &0
B&RD » 30 > g00n

TYPE OF SAMPLE

$.8 SPLIT SPOUN T THINWALL OPER
#HE WASHMED SAmMPLE TR THINWALL PISTOR
88 SCRAFER BUCKET SAMPLE 2.8 QESTERBERS SAMPLE
&3 AUBER SAMPLE F 38 FOl SAMPLE

<s CHUKK SAMPLE &L HOCK CORE

3T SLOTTED TURE SauPLE
P SAMPLE ADVARCED WYDRAULICALLY
Pt SEMPLE ADVANCED MAHUALLY

$O1L TESTS

Qu UNCONFINED COWMPRESSION LY LABORATORY vamE
2 URDRAIKED TRIAXIAL £V FIELD VANE

Gcu CONSOLIDATED UNDRAINED TRIAXIAL 4 CONSOURATION

Qd DRAIMED TRIAXIAL 8 SENBITIVITY

e

e




LBBREVIATIONS USED IN THIS REPORT

SCiL. PROPERTIES

re UNIT WEIGHT OF soiL {Butk oEusiTY) ks = 31815
Yy UNIT WEIGHT OF S0LID BARTICLES & BASE OF RATURAL LOGARITHYS 2-TI83
Yo  UMIT WEIBHT OF WATER logez or ing HATURAL LOBARITHE OF @
¥y VT BRY WEISHT OF 301 [ORY DENSITY) 09,9 GR 109G LOSARITEN OF g Ty 843E 10
e UNIT WEISHT OF SUBMERSED 30iL ¥ THEE
3 SPECIFIC RAVITY OF SOLID PARTIOLEE G » Za g ACCELERATION DUE TO GRavIT™

Fe Y VOLUME
& VOID RATIO W WEIGHT
1t POROSITY 8 BHOMENT
= WATER CONTENT F FACTOR OF SAFETY
3, DEGREE OF SATURATION
YL HeWE L STRESS AMD STRAIN
Wy PLASTIC LIMIT

ia PLASTICITY INDEX

PORE PRESSURE
§  SHRINRAGE LimiT

s HORMAL ETRESS
W g & HORWAL EFPECTIVE STRESS (& 8 ales USED }
t ceamy [l
. LIGUIDITY (NDEX & v )
le T SHEAR $TRESS
g N . N W, ~ £ LINEAR STRAIN
z CONSISTENCY INDEX = g";“" 7 SHEAR STHAMS
Bmey  WOID RATIO 1N LOGSEST STATE ¥ POISSON'S BATIO { L 15 ALSO USED)
Bain YOI RATIO W DEMSEST STATE E WODULUS OF LINEAR DEFORMATION { YOUKGS MODULUS }
; € o — € G WODULUS OF SHEAR DEFGRMATION
DEMSITY iMDEX » —D8E S s
B €mez ~ 2min K HODULLS OF COMPHESSIBN ITY
RELATIVE DENSITY D, 1S ALSO usEo 7 COEFFICIENT OF VISLOSITY
h MYDRAULIC MEAD OR BOTENTIAL
o SATE OF DISCHARSE EARTH PRESSURE
- ¥ WELOCITY OF FLOW
i HYDRAILIC GRADIENT 4 HSTANCE FaOM TOP OF WALL TO SOINT OF APPLICATION
& COEFFICIENT OF PERMEABILITY oF eREssuRg
! i SEEPAGE FORCE PER UMIT JOLLME B AKGLE OF WaLL FRICTION
~he % UDIMENSIONLETS COEFFICIERT TO BE USED WITH YARIDUS
Ty COEFFICIENT OF vOLUME CHANGE nm SUFFIZES 18 EX "RESSIONS REFERRING TO NOAMAL STRESS
GTE Ao On WALLS
& DEFFL F oONSOL 108 N
3 b CORFFICIENT OF ONSOLBATION K COEFFIIENT OF EARTH PRESSURE AT REST
Co  OMPRESSION NDEX » —— BB
" L10G,, T
FOUNDATIONS
Te TIME FASTOR » %f—?- {4, DRAINACT PATH } R
8 BREADTH OF FOUNDATION
U DEGREE OF COMSOLIDATION
d SHEAR STREWG L LEMGTH OF FOUNDATION
Te #E EWETH
v; EFFECTIVE COKES o DEPTM OF POUMDAT:OR BENEATH SHOUND
, CTIVE COMESION .
IHTERCEST \1 W TERMS OF N DIMENSIONLESS COEFFICIENT USED WITH & SUFFIX APPLYING
TR : 5
) H - TO SPECHIC GRAVITY.  DEPTH 4D COHESION EYC. i THE
. ¢ EFFECTIVE AWGLE OF EFFECTW? STRESS FORMULA FOR BEARING CAPATITY
: SHEARNG RESISTAMCE, | T, ¢ + O ton ¢
OR FRICTION Ky RODULUS OF SUBGRADT MEACTION
. 2y APPABENT COMESION )
. W TERME OF
L AEBSRENT RNGLE OF & TOTAL STRESS SLOPES
SHEARING RESISTANCE, % o tand B
e eRieT Te e lyr tan
< OF FRICTION ~ ] VERTICAL MEISHT OF SLOPE
4 4 OOCES IR W " - :
# COEFFICIENT OF FRICTION o DEPTH BELOW TDE OF BLOFE TO MARD STRATUM
<. g2y
= SEREITITY £ ARGLE OF SLOPE TO HORIZOMTAL

T

R T o e T
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: ;aay 23}:&, 1974,

etaining wWall oa Ewy. 25 im;,
mna.. x:w: 124, Comtract #73-47, :
4.0, 7@1&33@. WP, m:e-—as«-oz.

CBE 2&1&% %
'm wm are a8 foumww

: ' Bk mﬁn@ a&: e ahwmum location
mbﬁay ZM, 1976,_ - 4 o

(c} dacreasing the ¢ :

2. xﬂsewmmwmummm&. m%agmy,.
atlmtsﬁﬁmmixauaafmml it will then e

possihl b ixmmehﬁnmbemmﬂm
of the wall w wchim 1.{b} and what changes
behind ¢he wall to achieve l.{c).

3. Enquiries should be m Eroun Wi&}.iah grouting contractors

o determine Wkﬂwmh@mm& i.ia).

4e m&&aﬁi.ia}. ¢

%
gy o

{a) Remove esaxth £411 from behind wall,
Pilace new £ill in fromt {(properly compacted).

{c} Grout bin interior.

{d) Bench slopes behind wall and place new £i11,

mimmmmxmmmmeﬂmaa
incrzeses.

Provided that sil goes well, it would be sdvisesble to
instsll a slope indiestor

of any possible futurs Dovements

ewsnn /2

M%mﬁl%mﬁ%a&v&mw;



-2 -

- The foregoing is believed to
Presemt time since it promiges

.

f It is understood that the original wall designers will bhe
mmmmemgmmémmaﬁmmrm

- cetermining the o ' Eoment it should be assumed that the
; of the original movement wes 1.0,
Office will sdvise and sasizt the designers where NECLBRBLY o

BGs/m3
Cate Re Plllen
e MOHim
» Cant
Ve MeParlane
Gy mm

#ay 23vd, 1974,

the most ecomomical solution te the

LEE - HEp W0 F0=131030.

K.G. Selby, ;
Supervising Ingineer,

DEABUYes.



N
Ministry of
Transportation
and
Communications Box 5020, Burlimgton  L7R 329
Yay 28, 1974
MINUTES OF FIELD MEETING - CONTRACT 73-L47
HIGHWAY #25 FROM g B, TO HIGHWAY #5
DISTRICT #, HAMILTON - HELD ON MAY 22, 197h AT 10:00 A.M,
AT T?\Dihh‘
G, Turvey Armco Canada
J. Madlsen Armco Danada
R. MeCormick ¥YeCormiek, Rankin & Assoc, Lid.
3, fCant Censtruczicﬂ Branch, M. T.C. Downaview
Ao MeEinm Construction Branch, M.T.C. Dovnuvisw
G. Purkhardt Regional Structural Planning, M.T.0.
We ¥illin Regionzl 3tructural Planning, ¥.T.C.
We MoFarlane Structural Design Cffice, M, T.0,
La Seliby Scil Mechanices Section, ¥.7.C.
I, daller District Construction Engineer, M,T.C
J. Regan Corstruetion Supervisor, ¥.7.0, Disir
¥, Xeizars ?roject Supervisor, M.T.C. District %h

SUBJECT:
Aol i

To deteraine cause and propose counter measures for bin iype rets
moverent on the west side of Highway 25 scme 1500 feet north

ining wallts
of 3.E.W, {sm Lion
122+00+ to Station 123+50+ left of centre line Highwar 25),

Following zt tha
® discussions, thas meeiing was moved to Rronts field office on South Service

15

IT WAS EXPLAINED THAT:

In this location bin type retaining wall was selected for earih
because it was appraised to be the most aconomical means »F exbarics

2} Design safety factor of 2 was plamned and, in ef”ect, cver 2 was
several bins. Design is usually for 1.5 safeiy factor

1571
pie
o
4
i
s
e
o3

3} General soil study indicated that wmaterial on slope is basically stable,

«

Placing material bshind wall is very important
the structure.

¢ 1o the sventual strength in

acted 1o

tis*wcn1aq of H.T.C. 1nspecta awwva, Ure;ant y, voﬂding bore
; » lack of convactloﬂ of granu.ar material in bins,

RE N
nreanﬁwveo ‘
{(= !ZQ ﬁ \
2 3 % |
“gﬁ%eﬁm,% %




- MINUTES OF FIELD MEETING

- CONTRACT 73-47 - HIGHWAY #25
FROM Q.E.W, TO HIGHWAY #5

VaPa

&)

Bin panels #'s 0, 1, 2 and 3
- designed elevation. R

)

2. EELD WA 22, 197L
wérc'coﬁstfucted 7 feet deeper,aﬁd raisadyto rmest

Most base plates are sitting on and/or in shele rock.

| IT WAS NOTED THAT:
1)
o

,Although not as pronounced, movemsnt of bin paneis has taken place at existing
- ground level, ‘ :

B
5)

6}

Bin type retaining wall at top has moved in the vicinity of bin pansle #'s L,

5 and 6 ‘at maximum to '+ westerly and 'nil' at bin panel #0 from designed
ali g !m‘ n‘t L : ' : : - ' :

A cushioned pad was not dealgned undear bease plates which is normally included
with this type of structurs. :

Earth £ill on top is sliding and settling into bins,

Movement of bin type retaining wall was not noted in the month of May.

Present safety factor of bin type retaining wall is about 1 (K. Selby).

* IN REGARDS TO BIN TYPE RETATNING WALL, THE FOLLOWING POINTS WERE MADE:

1}

2)

3}

L)

5}

Groutiang - To increase density of Granular “A* and stability of bin type
retaining wall. Although this proposal has a lot of merit it was not
determined what effect such zi operation will have on bin columns and

stringers.,'Furthermore, consideration must be given o overturning facter
of the present wall. It was concluded to contact expertise on this matier.

‘Replacing existing wall with concrete retaining wall., Cost of

this proposal
rust he evaluated, ' ‘

Installing tie backs to stabllize presemt wall. Basically two

methods were
considered,

(a) Drilling through the front and back stringers of bins and

anchoring into
shale rock, or

(b} In front of wall installing a beam with braces to top which are connected

to drilled anchors behind the wall. Again, cost of this proposal must
be avaluated,

Removing part of earth fiil at top of bin wall and replacing with rubble and .
cover with asphalt at a better than 2:1 slope in conjunciion with tie backs.

Replaéing'present wall with earth embankment. This proposal would completely

eliminate access road to historical cottage and may change appearance of
present siops.

.OIIOOO/B



MINUTES OF FIELD MEETTNG
CONTRACT 73-L7 - HIGHWAY #25

FROM Q.E.W. TO HIGHWAY #5 o HELD MaY¥ 22, 1974

&) Rebuilding some or 211 bin panels.

7} The'presence of historical oak tree, Dntario Hydro transmission pole,

new
sanitary sewer and watermain, storm sewer, benching of slope, perched water
were also noted and considered,

IT WAS PROPOSED 70 TREAT SECTION. OF BIN TYPE RETATNING WaLL

FROM PANEL #2 to #8 INCLUSIVE AS FOLLOWS:

1} Take cross-sections prassent and original about L0 feet down siope and at right

angles to highway from base of each columm.
2) Design earth fill in front of bin type retaining wall.

3} RBemove sarth £il11 behind bin wall.

L) Review 2:1 fill slope to sse what effect a steepsr slope would have {zontast

HM.3.5. re access road). If a steepsr slope is designed, consideration should
be given for a paved runoff ditch at toe of slope.

5) Place earth fill in front of bin type retalning wall.

This may necessitate 2
low concrete retaining wall at brow of slope.

Investigate low pressure grouting of material in bin and go ahezd if okay,

Place earth fill behind retaining wall ... 8lowly ... benching ... and monitor
retaining wall, 3See atiached sketoh,

IT WAS CONCLUDED THAT:

McCormick, Rankin & Assoc. will design under the proposed guidelines,

MeTaCe firld office will supply cross—sections snd other dats presently
available.,

Presently, members of this meeting were not able to deiermine thas cause of movemsns
in the bin type retaining wall.

Heeling adjourned at 1:30 pum.

Please advise this writer if any omissions or errors are noted in thes

at 827-LL61.

1]
£
¥
%
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M. Keizars
MX:lo Project Supervisor
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ATTENTING

MINISTRY OF TRANSPORTATION AND COMMUNICATIONS, ONTAR O

MEMORANDUM

¥r. K, Selby From: T M. Kelzars
Foundations Office Project Supervisor
West Bailding Bistrict #i, Hamiltonm
Downsview, Onitaric

Cate: June s 1974

2uRr Froe Ree,

N REPLY TD

SuBJEDT:

Bin Type Retaining Wall on the West Side of Highway 25
Station 122400 to Station 123+50 - Contract YE=v]
R A T LT, e

With reference to our meetiog on May 22 s 197k enclosed you will find crosse
sections from ceutrs line of Mighway 20 wasterly for approximately 2L0 feet
at each base columm. I have taken the liberty of mailing original roll to
McCoradck, Renkin and issociates, If further informaticn is needed with

regards to the above, plesss feel free to contact this writer.

g 7

Al

=7 T
a"! T 7
¥. Kelzars
MK:lo Project Supervisor
Encl,

C.0. Re Mrlormick



MINISTR /QE:&NSPORTA’FION“ANDCGM&}UMCA@ S, ONTARIO
| - MEMORANDUM '
tor Mr. C. Mirza,

Soil Mechanics Office,
West Building.

From:. &L G. Relly,
: Systems Design Branch,
East¢ Building.
ATTENTION: _Mr"K, Selby. B ’ k Date: Juné:LS, 1974,

o OUR Fice REr. CinresLy o

SuBsEDT: |

W.E. 131-65-01 - Highway #25,
Erom QEW to Highway #5 (Palermo)

This Branch is in receipt of an addendum to the Ministry's agree-
ment with McCormick, -Rankin & Associates Lrd. instructing the consultant
to carry out the engineering investigation and to advise of the remedial
measures to' be taken at the Armco ‘type bin retaining wall constructed

- between Sta. 122400 and Sta. 124475 left, Contract #73-47. The esti-
mated c0nsu1tani’s fee for this work is $5,000,00. '
Before we process this addendum we solicit your opinion as to

whether “the failure was a design deficiency, a foundations problem or
;& construction problem.

/j
é‘»&x«/ o

AGK/DWF /dp A A6 x;ZSy,

Manager, :
Special Designs & Analysis Office.
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Gedld meshanics Section,
Ssotsshnicel UFfice,

T sadgne & inalysis, WoEt Burlding, Dosensview,
Bading, Downovies,

Jume Vi, 1574,

&R Waly 3:&1“@%‘“{?3.3 mwm %‘?M‘;&a
Dighway 05 £rom C.D.i, i

Purcher o vour s

| Puriher » dated June 18th, regardisg the bin
wall fallure on the abovessmmt Bnec contrach, the srobsiise main

s 0f fedlvrs. is onw epindon ares an follows:

(1} Zack of adequate bevching and stripping of topecil
on the existing 1.4:3 slopss Deldnd the bin wail,

{2} Pesvy rain which orrurred during or afeoy placing
of cohesive £11) wsterial on the L.4:1l mlopes
referrad o in {13,

{3} Leck of compnction of tha Famular waterisl placed
insids the Dine and helidns he bing,

{4} seepzos of water from zones within the existing siores,

Bzmrhing was & neos BAYY Tetuizement in order to aghlsve
amfitions ssewad for the darion. The fact that propar beschive
wmE e g in ponfia My M.T.C. verords im tho Flald office.
Eorings cervied oo v this Zection o0 Spril Avd, 1%74 shew

e matzzial in 9 bins to be in 2 loosg, Poorly ¢ 2 shate,

E B, MaTefs vepsede &5 net somiiye tha Pavtion v the

Feiic
Coniacts was unsetisfactory,

ol sodmes {1} - {4) wowis Yo to ircrease
sot. on the wall and decresse e yesisbing
b Te 2 Rlltiwme o7 the wall would, however, resuln is

alightly more favourabla o Szy slmee the material hebhing L

Sl
the

wall deprossed as tha whil mew 4 ferwerd.  The present safaty
factor is estimeted to b Blighily in orceeg ~¢ 3

e AT o
et oL Lhe worst

o

ot
o B M om g ok
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‘ ; of ¥ey 23xd, 1374, he
arse o new m&.ﬁn which mighe cost upwards

Ros/m3

Lalle




EVGINEERING RE PORT‘ o

Ob TLINING RL‘VIEDIAL \/iEASJRLS
FOR

BIN TYPH RLTA.[\;{NG WALL,

HIGHW!-Y 25 o h‘f* '

“ September 1974

s

cCORMICK, = RANKIN . AND ; ASSOCIATES LIMITED
' , ' Consulting  Engineers
MISSISSAUGA ' ST. CA THARINES

OTTLWA



INTRODUCTION .

- REMEDIAL 3CHEMES

- TABLE OF CONTENTS

& e L o N R IR

;EXzST’zz\édfcoszTidNS‘* . Dy
FIEL;D’ INVESTIGATIONS . . | S
3,i k’ Miniystry;b.{k Transpor{jation

and Communications ST
3.2 Goider&ssécﬁiétes e

' STAB’ILITY OF WALL SRR

STRUCTURAL STRENGTH OF BINS .

GROUTING MATERIAL WITHIN BINS |

TEMPORARY REMEDIAL MEASURES
CONC LUSIONS
APPENDIX

ig. 1 Golder Report

b
<

.2 Cementation Report

10, 3 Cost Estimates

-

.

7.1 Tieing Back Existing Bin Wall .
7.2 Repiacing Bins ., ..., L0
7.3 " Concrete Retaining Wall |, | .

"

ot

e

3

W

(823

10



‘réecommendations on the tetnporary a

1. INTRODUGTION

In June 1974, the Ministry of Transportation and Communications
retained McCormick; ‘Rankin and Associates Limited to carry out an
investigation-and advise on the remedial measures to be ‘tal

ken at the
Armco-type bin retaining wall constructed on Highway 25, '
This report contains the results of fthis investigation and contains
nd permanent remedial measures

required as well as the estimated costs of these measure s,

z. EXISTING CONDITIONS

The construction of the ‘bin type retal
1973, and was backfilled in October 19732
noticed tha

ning wall was undertaken in
Almost itnmediately it was
t movement of the bins was taking place,

Field myeasurements
indicated that some of the binsg wo

ved as much as four feet at the top and
one and 'a half feet at the bottom {as measured at the ground surface).
These measurements have been taken continual

1y since last fall and it
has been found that no measurable movement has taken place since Aprit

1974,
3. FIELD INVESTIGATIONS
3.1 Ministry of Transportation and Communications

As mentioned previously, imvmediately upon completion
and prior to completion of the backfiil behind the wall, it w
the wall had moved and this movement was mon

of the wall
as evident that
itored by M, T.C. personnel.
all had moved up to four feet
nd a half feet at the ground surface in [ront of the

wall, These readings also indicated that the majority of the movement took

ceased,

This information revealed that the top of the w
at the top and up to one a

place in Jate 1973 and that the movements have now

In addition, the M, T, C. took borings within the bins to determine
the type of backfill material utilized and it was determined that ¢

at the material
contained up to 35% silt and was in a very loose state of compaction,



C3020 CGolder Associates ’

- Golder Associates ‘dug test pits both in front of the wall, within
‘the bins and behind the wall and in addition, falling head permeability
tests were carrvied out to establish the ability to grout the backfill material
within the bins, The results of this investigation are included in their : '
report {Appendix 10.1) and are summarized below
oo, density of back{ili - 80- 879,

Q
... permeability of backfill 2 x 1071 cmifsec,

S .. osilt content of backfill 10 - 359

4, STABILITY OF WALL

The original design calculations carried out by MeCormick, Rankin
and Associates Limited provided minimurn factors of safety against sliding
and overturning of 1,7 and 1.8 respectively, These values were obtained
using a conventional analysis and utilizing the recommended valees contained
In the Foundation Investigation report recommendations, o e

Golder Associates have subsequently recalculated the factors of
safety for the wall and have obtained factors of i.1and 1.8 for sliding and
overtarning respectively. The significant difference between these values
is in the factor of safety against sliding and Golder Associates feel that a

~cohesion of 1, 000 psf, as opposed to 3, 500 psf, should be used for the
calculation of the sliding resistance.

The conclusion reached has been that the movement of the wall is
a sliding movement as opposed to an overturning movement and the fact

at the wall has moved so much further at the top than the bottom is due
e bins is not compacted encugh to give

the bins the reguired strength to maintain their shape,

o
jay
"

to the fact that the material within th




?emf* itthas been dete rmined that the Proctor density of this naterial is

e bers of t’fle

“mate rial wwhm the
“distortion from: the backful ‘Pressures.as
“te the settiemeﬁt of the nlatemat Wzthm tne bims,

Cwithin the Lins

of. {he mate rxal “ oma be to crout the bm

grouted

5. STRUCTURAL STRENGTH OF BINS

As *m,mmned the backf i1 material within the bing'is very loose

agproxmra tely '80 = 87% of Op‘fxmum In addition, it is evident that the

bins have been suo;ected to severe stresses as there is

“evidence of’ sumucam mstortmn cf thie: bm mcmbcrs Tne bma are

intended to prowvide a ! skm” to the mazer'al ‘within thp bins to ensure

that this matenal within the bxrs acis as a bomofmneous masc o If the

‘bins is not faily cumpacted the bins are sub;er*ea to
well as szgmhcam: stresses due

l\&ﬁetzno‘; with reovpsentahve< of *he maruzacw?er of the bm wa,ll
Armco, have mchcaued that unless further settlement of the material
ig pr‘_ventea the structural integrity of the bins canrnot’
The only positive mesns tf 'preven ;uraher tsettlement,

be guavanteed

Therefore any remedxai scheme analvmg Ie»ammﬁ the bin wall
wah require the ‘grouting of the material within the bins

' Golder A“Su{:icﬁteﬁ
have determmed by means of pérmeability tests that

‘he backfill can be

6. GROUTING MATERIAL WITHIN BINS

Cementation Company (Camada) ulmltéd were asked to submita
proposal mclud;ng estimated costs for the grouting and their reportis

included in Appendix 10.2.  The estimated cost of this work, incl luding

-access, is approximately $50,; 000, 09; hewever, it should be pointed out

that this oper d‘{um is pa*’*culaﬂ, senszﬁve to (,uswr OVC runs botauee of
the inabiiit




7, REMEDIAL SCHEMES

As recom:nenced by Goider Assocxates two of the remedial
schmnes wvoive the 1ohowmg PR

S.osta 'uzma thema:eriai w;thin the bins
... increasing the factor of safety against sliding
-.. ensuring adequate drainage is maintained.

Tne third remedial scheme mvolves constructing a new-cencrete

‘retaining wallin front of the Bin wall. - Therefore, the three remiedial
schemes are as follows:

Scheme 1° Tieing Back Existing Bin Wall
‘Scheme 2 Replacing Bins
Scheme 3 Concrete Retaining Wall

~The total estimated cost of each of these schemeés is as follows:

Scheme 1 - $150, 000. 00
Scheme 2 $170,000. 00
Scheme 3 $170, 000,00

A breakdown of each of these costs is given in Appendix 10.

~J
of *hzc report,

In addition to the above, a scheme of f*limg in front of ¢
was censidered -but an adequate factor of safety ag

be cbtained,

he bins
gainst snam« could not

7.1 Tieing Back Existing Bin Wall

This scheme involves arouhng the bins to prev
material within the bins,

en the front of the wall,

ent settlernent of -.’no

installing a tie-back system ut ilizing a grllid{,e
installing additional drainage, and providin g a
clay blanket on the slope behind the wall, The total o

estimated cost of this
scheme is $150, 000, 00, The advantage of this scheme is that it m

the provision fur access into the valley in front of th
the original contract,

ai*}tahs
¢ wall as envis ged'in



Replacing Bins

This scheme would involve removing and replacing bins 3 to 10
inclusive, insi:alling additional drainage, an
on.the slope behind
is $£170,000, 00,

& providing a clay blanket
the wall, * The total estimated cost of this scheme

7.3 Concrete Retaining Wall
This scheme involves abandoning the existing bin wall and con

structing a new concrete retaining wall in front of the exist
The total estimated cost ofthis scheme is $170, 000,00,

ng wall,

8. TEMPORARY REMEDIAL MEASURES

It appears likely that this report cannot be considered, pre-
engineering carried out; tendering carried out and still provide adequate
construction time for the remedial measures to be carried out prior to
1975, Therefore, it is mandatory that some remedial work be cacried
cut this fall as

there is more than sufficient evidence that the wall will
not

be stable with any build-up of hydrostatic pressure,

Therefore, it is recommended that the fill be placed in front of
wall immediately and the remainder of the remedial work can
carried out next vear, Alse, because of the low factor of safety of
sliding of the wall in this condition, piezometers and slope indicators
should be installed in the slopes,




/
/

4’ CLAY BLANKET
- R

L 24'@ SAND DRAIN

- GRANULAR MATERIAL IN
1 BINS TO BE GROUTED

ADDITIONAL WEEP HOLES

: ~GROUND

o
ik

Y

ASS. BEDROCK

N : . /A\%A\VX\\YA Nvg
6" SUBDRAIN \LFOGTING ,

/

4/.6 ROCK ANCHORS

SCHEME |



7
6" SUBDRAIN
, /

- REMOVE &
REPLACE
BINS

PN NN AN g

4’ CLAY BLANK

/

ET

CONSTRUCTION GRADE

ASS. BEDRCCK

SCHEME

=1

PENNEANNY



- CONCRETE
RETAINING

ﬂ GROUND
o ‘

| GRANULAR
BACKFILL

‘;'§~.
el

- 4 CLAY BLANKET

ASS. BEDROCK

6 SUBDRAIN

SCHEME 3

EN PN NN



TEMPORARY BERM
( GRANULAR 'AY)

\ ASS. BEDROCK

NN NNy Y NN S NN RN

~ 3" SUBDRAIN

TEMPORARY REMEDIAL MEASURES



‘the estimated cost of Schemes 2 and 3;

diffioult

b‘)

~ dem ion is made on the 1m£:xle;n

9. CONCLUSIONS

Although thn estlmaLed cost of 8¢ch. 2me 1 is scmewhat less than

it is recognized that the groutmg,

asily be low because of the :

vin’ cs:lmanlng the quaxntity of grout-in v?o,ved Therefore, it is

felt that the final costs of the three schmrne:c avre equivalent, "Consider=
ation should be given by the M. T.C, to al three sazemes before a

tc;.txcm of one hem

&

costiincluded in Sr‘hcme 1 could guite e

Itis recommen
be carried out if the above measures cannot be cafried oyt in 1974,
.o Place fill in front of wall

.+« ipstall slope indicators and a*ezometers

10,

ded that the fullowmg temporary rernemal measureés.”
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ABSTRACT

The results of an 1nvest1gatlen carried out to deternlne
~ the probable cause{s) of movement of an approximately 25 ft.
‘high bin type retaining wall on Ewy 25 about 1/4 mile north
of the Queen Elizabeth Way in Oakville, Ontario are reported
and recommendations are provided for stabilizing the exlstlng
wall or repla01ng the wall w1ch a’ peW'structure.' :

: L Based on the results of thls 1nvestlgat10n,'it appears‘
that the observed movements ot the wal1 are due prlmarlly to:
5 Slldlng along the base of the wall, probably

during periods of h;gh groundwater leve‘s behind
4‘T.*ae wall, and

ii)} - Structural dlstress of  the bins themselves'due to
consolidation of the poorly compacted backfill
w1th1n the bins

To prevent further movement of the wall, it is recommended
that either the exlstlng wall be tied-back by means of tendo
grouted into-the rock and the bins grouted {this will, as- a
precautlon, necessitate installation.of a new drainage system
behind the wall) or alternat 1ve1y that  the wall be replaced
with a new bin wall constructed on: a granular pad keyed into
theybedroox. As a temporary remedial measure, a stabilizing
berm could be constructed along the face 6f the wall. In

‘this case, it is essential that the wall be instrumented as
discussed in the report.

. Golder Associates
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'INTRODUCTiOﬁ

CH. Q. Golder & A35001ates Ltad. have been re*alned

by McCormlck, Rankln & A55001ates lelted, Consultlng

~Eng1neers to the Mlnlstry of Transportatlon angd: Communlca—:"

',,t;ons to carry out an 1nvestlgat10n regarding the movement

~of a bin: type retalnlng wal fon Elghwaj 25, about 1/4 mile
north of the Queen Ellzabebh ‘Way in ‘Qakville, Ontario.

The purp@seskofkthls 1nvest1gatlon were as follows:

1y to analyze the stability of the ex15t1ng slope and

Letalnlng wall,

2) ; to assess the structural 1n egrity of the bin type
retaining wall proper, ‘

3y to prdVide geotechnical‘récommendatiensrfor the
design and construction of alt ernatlve schemns for.
stabllzzatYOn of the bin wall.

HISTORY OF PROJECT

Grade improvements and re-aligmment of Highway 25

~were carried out for the 2.5 mile section of roadway

between the intersection of Highway 5 and 25 south to
the Q.E.W. under the Ministry of Transportation and
Communications project W.P.131-65-01. 1In order to avoid
a wide embankment fill siope, a bin type retaining wall
as manufactured by Armco Canada Ltd. was built during the
period August to October, 1973 to retain the section of
roadway £ill on the east bank of Bronte Creek between
about Statlon 122+00 and Station 123+450.

The installation,andkbackfilling of the bin type

retaining wall was completed by the end of October 1973.

Golder Associéies
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Csanrs

V;Within one month, however severe structural distress was
'apparent in the column members and strlngers of several
 ”b1n sectlons.7[Erom~fleld measurenents, it was: establlshed

,*that the top of the blﬁ wall had moved forward 51gn1f1cant1y

“~ ['from ;he "as bg;lt" lccaticn (average maximum movement of

3.7 feet at;édlumhs 3 to 8 1nc1usxve) ‘Based on the resultskijfﬂ

of field monitoring of the blp columns from. November 26,

1973 to August 19, 1974, thekmovement,of,the top of the,

: cblumns,csntinge&,at a'reduced'raté during the period -

December 1973 tc Mar¢h~1974'and,has virtpallyfceased5frdmf

April'I, 1974 to daté,(maximum total lateral movement of

4.2 feet aticolumn~5}b

A control dine af the toe of the bln wall was

1'estabilsked in AUIll 1974 and it was therefore not poss;ble

to determine the rate of movement at groundllne at the front
face of each bin. Pcwever, the resuits of the field survey
indicate that measurable 1ateral movement occurreé at Lhe'

‘qroundllne level from the "as-built” locatlon 42.2 fee;

maximum mcvement at column 5).
jgﬁ

PREVIOUS INVESTIGATIONS BY OTHERS

Al soil invéstigation was carried out at the site of
the proposed bin type retaining wall by the Ministry of
Transportation and Communications (formerly'ﬂepartﬁent
cf HighwayS,Ontario) during April 1970; the results of
their'investigation are presented iﬁ,afreport No.
W.0.70-11030, dated June 19, 1876. This report indicates
that the scil conditions at the site consist generally of
a surficial organic material underlain by heterogeneous
layers of clayey silt with some sand and gravel {zlacial

till) which in turn were followed by weathered ‘and sound

Golider Associates
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shale bedrock. The report further indicates that the
groundwater level varied between 1 and 15 feet helow
ground elevation with a naturally steep gradient
towards the Bronte Cresk.

In April 1974, the M.T.C. put down two boreholes and
one cone penetration test within the bin sections proper,

{(M.T.C. Project No. 74-11006}. Copies of the field log

sheets and results of laboratory testing orn the backfill
samples obtained during drilling were provided to us by
the Ministry of Transportation and Communications. Based
on the results of this investigation {(pertinent informa-
tion given on Figures 2 and 8) it was apparent that the
backfill at the borehole locations consisted of a dirty

sand and gravel material (10 to 35 per cent by weight

passing the No. 200 mesh sieve). The results of standard

penetration tests carried out during sampling operations

in the granular backfill range from 3 to 10 blows per
foot indicating that the material is in a generally very
E loose to loose state of packing.

4.0 PRESENT INVESTIGATION

The field work for the present investigation was
carried out during the period July & to August 15, 1974,
and consisted of six (6) band dug test pits at locations
shown on Figure 1. The pertinent information regarding
details of the test pit locaticns and purpose of the
excavations are given below.

TEST PIT LOCATION DEPTH PURPOSE OF EXCAVATION
No. (FT.)

WITHIN BIN SECTION

1 Bin 5 6.0 In situ testing of
2 Bin 7 6.6 granular backfil

Golder Associates
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TEST PIT LOCATION ~  DEPTH  PURPOSE OF EXCAVATION
CNO. T ey i ek i
FRONT TOE OF
e . BIN WALL
3 ” At,C01.’j7'V‘7': 5.1"‘f»,iocatlon and ‘examina-
T S e e wtion of column base
2 At Col. 6 6.0  Plates
REAR OF
BIN WALL
5 ' ,At'COIg' 5.0 00108 Location andrexamina—:,f
o : s ‘tion ©f top of rear bin
6 Atcol. 7 3.5 columns ”

At Test Plts e and 2 1n qltu &enSLty testing of the
« granular backflll was’ carrled out at regular 1 foot Lntezvals
of depth. Two bulk samples of the backflll materlal were
obtalned from Test Pit 1 and were brought to our iaboratory
far gradatlcn analysis and standard PrOﬂtOr compactlon
 test1ng. In addltlcn, falllng head permeability tests were
carried out in the granular £3i11 from. the bottom of the
test pits at various levelS‘duringkegCavatidn to establish

the permeability_characteristics,of the bin £ill material.

The soil stratlgraphy encounterad in each test pit,
rtogether with the results of the field and labﬁ*atory
testlng are glven on the Record of Test Pit sheets. and on
Flgures 7 and 9, following . the text of this report.

In addition to the test pit work at the site, the
batter of 14 bin columns (columns 0 to 13 inclusive) was

nedsured,on July 24, 1974, and this information is
presented in Table ITI.

Golder Aaspciateg



kASSOClateS met with Mr. M. Kalser, M.ToC.

The locatlons and ground surFace elevatlon at the,
test pltS were- establlshed in the field by Golder

A%SO”lates personnel., The ground elevatlonq are refer-

encad +o known elevatlon points at the 51+e es: abllshed

= by M T C fleld staf and are’ referred to Geodetlc &atqu~

Several sources of 1nfornat10n regardlng varlous
asp@cts of the bln wall have been ‘used: 1n the 9rnpara~ o

: tlon of thlc report and are glven 1n Appondl ¢ Al

 During thé'inveétigation; Mr, B. Gray of Golder'
rogect Snperv1sor,
on several occas1ons at the M T.C. site. offlce (Hwy 25,

1 MIle nortn of Hwy 5) to dlscuss'varlous constructlon 3
detalls of the bin tjpe retaining wall and to obtaln the‘f

~resu¢ts of the monltorlﬂg pfogramme {by M.T.C. ‘site ctaff)

at the bin ﬂolumns.

'RESULTS CF bIELD INVESTiGATION

5.1 Bln ‘Backfill Materlal

‘Test'Pits 1 and 2, dug within Bins.5 and 7, encounter-

ed surfL01al £i1l material con51stlng of brown clayey- szlt,
“sandg and rubble to depths of 1.5 and 3.7 feet respectively.

This surflclal £ill is underlain by grdnular backfill to

_the maximun depth of exploratlon (6.6 feet). The results:

of grain size analysis on bulk samples of the granular
material obtained from Test Pit 1, are given on Figure 9
and indicate that the material does not meet M.T.C.
gradlng specifications for Granular Class 'A° Hackf:ll
{excessive fines on No. 200 mesh sieve}.

Grain size distribution curves for granular samples -
¢bhbtained during samplirg operations in Boreholes 1 and 2,
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within Bins 5 and 6, {M T.Cx Pr03ect W.0.74~ 11066
April 19"4) showed 51m11gL grading ﬁlscrepanCLQS from
‘Granular "A' backfiil speﬁlflca ions.

The resultsyof a laboratory standard Proctor
compaction test carried butfgh a bulk sample of the
granular backfili (éand aﬁd~gravel with some silt) are
'given on Figure 7, and indicate a maximum dry dnnéity
of 130.1 pounds per cubic foot at an. optlmum water
content of 8.1 per cent.

Reference to Figure 7 -indicates that the ‘in situ
dry density of the upper 3 to 4.5 feet of the granular
backfill in Bins 5 and 7 is typically only about 80 to'
87 per cent standard Proctor density and ‘it is therefore
considered that the materlal is in only a loo,e state of
packlng. The results of standard penetration tests
{M.T.C. Boreholes 1 and 2} in the granular backfill in
Bins 5 and 6, gave 'N' values ranging £rom 3 to 6 -blows
per foot. There is an indication that the loose state
- of packing of the granular backfill could extend to the

bottom of bin (maximum. test depth of about 21 feet below
ground level}.

The results of falling head permeability tests carried
out in the granular backfill from the bottom of the test
pit &t variocus levels during excavation are given on the
Record of Test Pit sheets. The average permeability
coefficient X, of the granular backfill based on 19 tests
is about 2 x 1071 centimetres per second. It would appear
that there is a discrepancy in the coefficient of
permeability X for the granular backfill based on field
test results and the K value which would be estimated

from results of grain size analyses for dlr ty granular
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'backflll (per cent paSSLﬂg No. 200 mesh sieve ranqlng

between 10 and 35 per cent}. However, lt is believed
that the K value Frﬂm Fleld results ig “realistic because
of the loose state of packing of ‘the backfill materlal,»

- based on den51ty test results 1p the ues+ plts and from

valuesrecorded in the borﬁholes.

25,2 Conditi01 Of Bin Wall' 

The bin type retalnlng wall construc+°d at: the site
durlng the perlod August to October 1973, con51sted of
17 bin sections (numbered Bln 0 to 16 inclusive). All,

,,standavd bin sections manufactured by Armco Canada

Limited, have a single panel width of 10 feet (front and

rear "stringer" members 9.5 feet 1nflength). The}base~@idth?

Of Bins 0 to 10 inclusive is 14.3 feet (transverse side

members - "spacers" are 14 O'feet;in length). BRBins 11 to

1& were canst*ucted u51ng a smaller spacar lencth-of 11.8
feet.

The'thickness of the Stringers vary from 10 to 16

gauge (0.138 to 0.064 inch) depending on the height of

‘the bin wall which varies from about 15 to 30 feet.  The

4
thickness of the spacers is typically 12 gauge (0.109
inch). The bin wall was installed’with a batter or

inclination of 1 to 6 (2 inch per foot of height).

In addition, a 6 inch diameter perforated pipe sub-
drain was specified behind the back of the bin wall and

discharging through Bin 14, into the existihq storm

sewer system.

Based on discussions with M.T.C. site personnel and
avallagle photcgraphs taken during the erection of +the
bin wall, it is believed that the bin columns were
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installed at a batter of about 1 to 6 and that the stringer,

and the spacer members were in satisfactory condition

{dimensions of,thé memberskgenerally within,manﬁfécturing

ktqléfanées),, At the time of the‘field WOrkffor’this'r
~investigation, some 9 months after erection of the bin
“wall {October 1973), several wi

visual signs of the distress

: inuthe bin'wa1l~¢¢n1§ be observed.

(a) The front face of the bin wall (Bins 0 to 12
inclusive) which was originally straight {per -
contract,Specifications)‘hadfobViously moved and
formed a curve. Particularly large differential
‘movement cf the front face of the bins had
occurred at column 2 {between Bins 2 and 3).

(b) The batter of the bins had visibly increased (the

original 1 to 6 batter was now approaching vertical
at Bins 4 to §). : : :

{c) Theistringer‘members were badly distorted and bent,
particularly in Bins 3 to 7 inclusive.

(@) Several stringer to stringer bolted connections had

failed or showed signs of distress (rotation of
“bolt and tearing of stringer member).

{e) Losskof bin backfill was,occurring alcng the front
face because of distortion of the stringer members.

(£} Loss of bin backfill had also probably occurred
through the 6 inch diameéter pipe sub-drain as
evidenced by soil ‘deposited in the manhole in front

of Bin 14 {single discharge point for sub-drain
behind bin wall).

Test Pits 3-and 4 were dug at. the toe of columns 7
and 6 to expose the lower section of the bin columns and
examine the condition of the column plates. The base

plates for columns 6 and 7 were encountered at elevation

'373.5 and 373.2, about 5.3 and 4.6 feet below ground

level respectively; which is close to the design level

for the base plates under conSideration, elevation 373.6.
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“The base plates at bﬂth locatlons were badly bent and
the bin columns were not centred on'.the plates., The
maximum movement of the base plate relative to ‘the bin
column (or vice versa) had occurred at Bin 6 where the

'bln column was at the extreme ‘edge of the base plate
{about .6 1nches relatlve mcvemert had occurred). In
addltlon, the lower SeCthn of the column appeared to
have buckledfsl;ghtly and the bottom of the column was
not pérpendicular to the base plate.

The soil straflgraphy in the test pits is given on
the Racord of Test Pit sheets and consisted of reddish
brown clayey silt tosilty clay £ill with cobbles, boulders,
shale f*agments and rubble, to about 5.0 feet, underlaln
by silty clay with shalé ‘*agmen;s becoming sound shale
bedrock. The base plates were founded on raddish brown
silty clay with shale fragments (a piece of 2 x 10 lumber
was encountered beneath column 7). Sound shale bedrack:

was within about one foot of the undetside of the base
plates,

At Test Pits 5 and 6, dug at the rear of Bins 5 and 7,
all accessible 5/8 inch diameter bolts connecting the
spacers and rear bin columns were in place and tight
during our inspection. The horizontal distance between

front and rear sections of the bin wall was about 14 feet.

Figure 2 presents topographic sections through Bins 5,
6 and 7 and ocur estimate of the approximate existing
configuration of the bins. It would appear that the
corners of the bins are not square and haveldeflected and
moved forward. The top of the rear binat columns 5 and 7
has moved laterally and downward slightly from the
Yas-built” location.
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5.3 Movement of Bin Wall

A monitoring programme of the bin wall movement was
carried out during the period November 1673 to August

1974, by *he Ministry of Transporitation and Communica-’

tions. The maximum lateral movement of the front top

of the bin wall and the'groun&liné at the base of the
bins has been presented diagrammatically on Figure 1.
Tables I and II present fieid measurements of the
lateral movement and elevaticon changes of the top of
the bin columns at variocus time intervals during the
monitorinq programme. Table IIT gives batter measure-
ments of the bin columns carried out by members of ocur
endineering staff on July'24, 1974.

Based on the results of the field monitoring as

given in Table I, it is apparent that 60 ﬁo 70 per cent
{some 2.4 feet) of the total lateral movement at the top of
the bin columns 3 to 8 inclusive, occurred by November 26,
1973, within 1 month following completion of backfilling of
the bins at the site. The movement of the top of the bin
columns continued from November 26, 1973 to April 1, 1974,
at a significantly reduced rate and it is understocd that
the wall movement has virtually ceased from April 1, 1974

to date. The maximum total movement of 4.2 feet has occurred

at column 5 with an zverage movement of 3.7 feet along the
length of the wall from Rins 3 to 8 inclusive.

The existing position of the top of the bin wall is
indicated on Figure 1, which illustrates the approximate
curved shape of the bin wall when compared to the "as-
built" location for the structure. The elevation of the
top of the bin columns as measured periodically from

November, 1973 to August, 1974, is given in Tablie II and
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indicates a downward movement of generally less than

0.2 feét‘(average Vertiéal movement of bin’columns

since complétion'of bin wall is typically less than 0.5

“feet).

Table III ‘gives the results of batter measurements
of the bin columns and indicates that the batter of bin

columns 3 to 8 which have showed the largest movement

‘has “increased from'thé design value.of 1 o 6, to about
S an average batter of 1 to 11.

The control reference line at the base of the bin
wall was established in April'1974, and no movement of
the bin wall at the groundline has been measured to
date.  However, the groundline at the toe of the bin
type retaining wall from bin coiumns 3 to 8 inclusive,
has moved forward an average 1.7 feet from the %"as-built”
location (maximum deviation from construction position
measured at bin column 5 - some 2.2 f2et)., The present
location of the groundline at the'base of the retaining
wall ‘is given on Figure 1.

DISCUSSICHN

6.1 Principle of Bin Type Retaining Wall

The bin wall is a gravity retaining wall consisting
of continuously connected steel bins which are filled

with earth. In essence, the earth mass acts as the

gravity wall with the steel members serving to hold
the earth mass intact. Because the bin walls are
constructed of lightweight, deep corrugated steel
members, the sides of the bin can deflect, thus permitting.

stress relief from soil pressures and any superimposed
locads.
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Since the confined earth mass serves as a gravity
wall, it is impbrtant that adegquate foﬁndaticn”suppbrt
be provided under the earth mass as opposed to beneath
the steel members. If the bin wall is to be constructed

on a rigid foundation, it lS normal practlca to prov1de

Ca compreSSLble cushion under tha base plates to ‘allow -

for slight settlement“of the bln columns. In this regard,

the column base plates are provided to aid erection and are

not a functional part of the bin.

The bin type retaining wall must be proportioned
(bin dimensions and batter of wall) to resist overturning

and sliding forces imposed by soil pressures and from

‘surcharge loadings. When the bins are erected and back-

filled, the structural analysis and intarrelation of the
soil/steél system is guite complex. . However, the bin
type retaining wall becomes a statically indeterminate
structure when excessive deflection of the bin members
takes place, or when the backfill within the bins is no
longer -a confined earth mass (loss of grourd through

front face of bins or into perforated pipe sub-drain
system) .

6.2 Stability Analysis of Bin Wall

The bin type retaining wall must be stable when
subjected to lateral earth pressures and superimposed
surcharge loads. Figure 3 presents a force diagram of
the bin wall retaining structure, eqguations for
determination of factor of safety against overturning

and against sliding, and soil parameters assumed for
calculation purposes.
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The stability analeis has been carried out on a
28 foot high bin section with a batter of 1 to 6,
assuming two c¢ifferent surcharge configurations. Case
A represents the condition of the above dimensioned

bin section supporting the design £ill slope, 2 horizontal

to 1 vertical. Case Bfrepresents'the 28 foot bin - section
ywith an intermediate surcharge'slope,corresponding to

about existing ground surface conditions.

The stability of the bin section (Case &) was

computed for wvarious assumed unit weights of bin backfill.

The results are given in Figure 4, and for convenience,
are summarized below:

Unit Weight of Bin Computed Safety Factor
Backfill Against Sliding ~Against Overturning.
¥ = 110 1b/cu.ft. 1.0 .
¥ =120 1ib/cu.ft. 1.1 1.8

The above unit weight values fér the bin backfill were
selected for illustrative purposes and represent the typical
ranges of in situ density test results measured in the
test pits.' The lateral pressure acting against the bin
section due to solil pressure and superimposed surcharge
loads was taken as an eguivalent fluid pressure of
50 pounds per square foot {corresponds to an approximate
active earth pressure coefficient Ka = (.4).

The sliding resistance mobiliied along the base of
the bin section was computed using the friction component
cf the bin section and a friction angle Scﬁ 25 degrees
between the granular backfill and underlying clayey

till/shale bedrock. This § value may be considered
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relatively high for design purposes ( §= 20 degreas a
more typical value). It is believed however, that the
friction angle mobilized along the bin base is about
25 degrees because of thz recorded movement of the bin

wall under known conditions of surcharge loading and the
like.

For comparative purposes, the sliding resistance
of the bin seciions assuming a constant adhesion force
Ca acting along the base of the bin has been computed

for wvarious Ca values and is summarized below:

Assumed Adhesion C
At Base of Bin Wall Safety Factor
{(1b/sg.ft/ft. width of bin) Against Sliding

2000
3600
4000

1=

.2
.6
.0

LS

The effect of the unit weight for the bin backfill
on the toe and heel pressures is given on Figure 5 and
shows that the maximum toe pressures at the base of the

bin wall could be as high as 6 tons per sguare Ioot.

All stability analyses for the bin sections
previously discussed in this report have assumed that
there is NC hydrostatic pressure build-up behind the
bin wall (sub-drains sufficient to maintairn fully
drained conditions at back of bins). The effect of
hydrostatic build-up behind the bins on the
stability is illustrated on Figure 6 {for Casze B -
intermediate slope corresponding to existing ground
profile) and in the following table:
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FACTOR OF BSAFETY HYDROSTATIC HEAD ABOVE
BASE OF BIN WALL
(Et.) {ft.) {ft.} {(F&.y

0 5 10 15
Against sliding 1.1 1.0 <1.0 =<1.0
Against overturning 1.8 1.7 1.6 1.4

In summary, computations for the 28 foot high
bin wall with 1 to 6 batter and surcharge loading
{see Figure 3}, indicate that the safetv factor against
overturning about the toe of the bin wall is slightly
less than 2.0 and it is therefore considered adequate.
However, the sliding resistance of the bin wall (assuming
a high friction angle =25 degrees and full drainage
behind the bin section) is only marginal at about 1.1.
This value could approach unity if -here is a small
build-up of hydrostatic pressure (apout 5 feet of hesd)
above the base of the bhins.

]
:

6.3 Mechanism of Failure

The bin type retaining wall was constructed on the
west side of Highway 25, about 1/4 mile north of the
E Q.L.W. during the period August ko Octocber, 1973.
Within 1 month cof completion of backfilling of the bins,
severe distress was evident in several of the bin
sections. The top ¢f *he bin wall (bin columne 3 to 8

inclusive} had moved forward an average of 2.4 feet.

The bins continued to move, but at a reduced rate
over the 1873/1974 winter period. o movement of the
bins has been recorded from April 1, 1974, to date.
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Based on the dex alls of the known movement of the:

kbin wall, togethe; Wlth the results of the present

investigation, it is considered that two main factors

have attributed o the lateral movemen+ “of “the bin wall,

cand subsequent dlstortlon of the bin members-

a)  Insufficient compaction of the granular
~ backfill in the bins

'b)', Marginal‘slidingfstability of the bins

It is believe& that signifiCJnt settlement of the
looSe qrannlartbackfill occurred alimost immediately after
completion of the backfilling cperations due to weight
of the bin £ill itSelf, weight of surcharge fill material,
and by downward seepage of:surface rain water during a
wet fall season. '

The densification of the bin material resulted in
substantial drag-down forces {similar to negative skin
frictin) on the stringers and bin columns, which deflected
and distorted. The lateral movement of the front face
of thefbin,wail ¢could result in a slight loosening of
the granular backfill because of the increase in volume
of +the earth mass within the bins, and loss of material
through the distorted stringer members.

The factor'ofksafety against sliding for the bin
sections at the site is only marginal assuming full
drainage conditions behind the bins, and could approach
unity with hydrostatic pressure zuild up of only about 5
feet above the base of the bins. It is believed that
a ‘portion of the observed movement of the bln wall can
be aftrlbuted to slldlng at the base of the bins. The
build up of a hydrosratlc pryssure behlnd the bin wall

is possible due to several factors regarding site
conditions:
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a} presence of dirty backfill within bins
b} bleckage/silting up of perforated pipe sub-drain

¢} seasonal freeze and thaw cf front face cf bin
wall and drain ocutlet(s)

d} peculiar site groundwater conditions consisting of
tccal springs flowing in directicon of Bronte Creek

e} surface water run-off entering bin backfill

Because of the depressed groundwater conditions
during the summer period, the sliding stability of the
bin is not as critical as the fall and spring periods

when there is movement of large quantities of groundwater
and surface water run-off,.

RECOMMENDATIONS

As previously discussed in this report, the factor
of safety against sliding at the base of the bin wall
under full drainage conaitions of the ba kfill is
marginal. Tnerefore. should the water level raise only
about 5 feet {for any yeason), it is possible that
lateral mcvement of the bin wall could ccour since the
safety factor would approach unity. The folliowing alterna-
tive schemes are recommended to increase the iractor of
safety "gainst sliding along the base of bin type retaining
wall.

7.1 Tied-Back Anchorage System

Consideration should be given to resisting the
lateral earth pressures behind the wall {(increasing
safety factor against s1iding) by means of tie-backs
grouted intc the sound shale bedrock {scheme shown
diagrammati~ally on Figure 10}.

CGolder Assosiates
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© 7.1.1 Tied-Back System

; Ityis anticipated that one'tie-backk(conventionalf
tendon) wili be,requifed'pe; bin section along a seiect',
' ybrtionfof the binytype‘retaining wall. It is suggested
for estlmatlng purposes tnat tle—ba ks;be proviaéd,for 
10 bin aectlons.' ‘ |

We reﬂommena that the followxno parameters be used.

, for the dESlgn of the t;e ~backs {detalls shown on Flgure
10). '

a) The tie-backs should be inclined,dbwnwatdsknct less
~ than 30 degrees and not more than 45 degrees from
the horizontal. ' :

B} - The anchorage should begin not closer to the back
' of the bin wall than a line inciined upwards from
the heel of the bin wall at an angle of 45 degresas
to’' the horizontal plus 0'15 times the total height
of the £ill (see Flcure 10} and the anchorage should

be not less than 5 feet below the: surface of the
sound shale.

¢} The maximum design allowable stress between the
- grout and the shale should be taken as 100 pounds
per sguare inch.

a4y The total bonded length of the tendcn should be
' not less than 10 feet.

During construction, ‘each anchorage should bz tested

to at least twice its design capacity by jacking. Further,

we recommend tnat tha anchor rods be heavily greased above
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the bon&ed pOrtloﬁ and that thewentire dxiil hole be"
carefully grouted follow1ng 1oad'testing1cf thé'anchbr.
,Based on. prellmlnary de51gn'informaticn, it.dis recdm-:
'mended that each tendons befcapable of aevoloplng a
desxgn worklng load of 50 th

,: 'To p2eVent.damage‘tc the porﬁidn‘ofythe,anchor
_rods outside of the drill holes and possible distortion
of the rods due to sattlement of the backflll in the,
bin wall proper we récommend that each anchor be‘
encased in a s1eeve extendlng the fall dep*h of the bin
section. These,sleeves ‘should consist of rlg;d steel.
,pipe”having an insidefdiametet at least 2 to’3,inches,
 largerfﬁhan'theﬂdiameter of  the anchdr rod. The annular
' ,SPaCe within thé“sleeveé sﬁould be packed'with grease to
”fprevent COrrosioh*of'the rods. ' : '

‘TO‘ensure load transfer from the tie-back to bin
type retalnlng wall we recommend a steel grllldgn be
prov1ded at the front face of the bin wall. In th*s
regard, the vertical steel members of the grillage : hould

be supported on concrete footings douelleq 1nto soand
shnle ‘bedrock. '

7.1.2 - Grouting of Bin Backfill

It is undérstood that Armco Capnada Limitad have
recommended that the bin wall be grouted to ansure the
structural integrity of the bins theméelves. Although
this matter is outside our field of exper*lse,'we can

~omment on. the geotechnlcal aspects of ‘grouting. the
bln wall.
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The purpcse of the grouting operations would be
to £ill the voids within the bins to prevent or minimize
further settlement of the backfill and thus prevent further
structural distress to the bin columns, stringers and
spacers. Because of the high silt content of the backfill

material, it is anticipated that the actual grout take

{using water/cement mixture} within the bin fill {exclusive

of voids) will be relatively small.

Although grouting of the voids within the bin type

retaining wall would increase the unit weight of the
backfill, greouting "take®” within the bins will probably
E b2 quite variable and it is considered that the overall
’ factor of safety against sliding {due to an increased
welght of backfill) would not be substantiately

increased by grouting of the bins alone.

It should be noted that during grouting operations,
the existing drainage system (6 inch diameter perforated pipe
sub-drain installed along the heel of the wall and
surrounded by granular filter material) could inadvertently
be grouted. Any resultant build up of hydrostatic
pressure behind the wall could drastically reduce the
factor of safety against sliding and could resvlt in
failure of the wall. To minimize the possibility of
accidentally grouting the drainage system, we suggest that,
rior to consclidation grouting of the bin fill material,
a cut-cff be provided at the rear of the bins by controlled
greouting using a thick cement/bentonite mixture and
injecting measured velumes of grout at low pressures
through closely spaced injection pipes along the back
of the retaining wall. However, because of the location

and condition of the back face of the bin wall and of +he
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drainage system are not known, provision of the cut-off
at the rear of the bins (although desirable) may not
be practically successful and it is not possible to
state with certainty that the existing drain pipe and.
surrounding granﬁ1ar filtexr material would remain

effectivekaftér grouting of the bin fill was'completed.

‘It is. therefore recommended that additional drainage
facilities as shown on Figure. 10 be provided to ensure

full draining conditions behind the bin wall.

This drainage scheme includes twenty-four inch
diameter augerholes drilled at the back of each bin at
abautrs foot centies along the length of the retaining
wall. The holes should be backfilled with crushed stone/

peagravel and concrete sand with provision of a clay

seal as noted on Figure 10. It is recommended that

lateral drain pipes be provided through each bin section

and installed such as to intercept the vertically augered
drainholes at the back of the bin wall. The horizontal
drains should discharge into the existing storm sewer
system or a frost free outlet.

7.2 New Bin Retaining Wall

As an alternative to the tie-back anchorage system,
consideration should be given to replacing several of the
more severely damaged bins (Bins 3 to 10 inélusive; by
the construction of new bin retaining wall. The new
bin type retaining wall would involve use of the same
size of bin (14.3 foot width) and provision of a key

trench extending into the sound shale bedrock and back-

filled with angular {crushed) material as illustrated on
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kFigure 11. Based on the stability calculations for

this stfucture {assuming a bin backfill unit weight of @
130 pounds per cubic foot, friction angle élong base of
bin wall & = 30 degrees and a 2 horizontal to 1 vertical
fill s1ope), the~féctor*of~saféty,against,sliding with
paSsive;tdékpfeSSure ignored is about 1.5. The factor
of safety against overturning abont the toe o0f the bin

wall is greater than 2.0 and is therefore considered

“adeguate.

Because of the‘rélatively'high assumed unit weight.
of bin fill and friction angle at base of bin wall it is

imperative that continuous construction inspection be

provided during §1acemént and compaction of the backfill
in the key trench beneath the bin sections and within

the bins. It is recommended that the backfill consist of

~.a crushed clean free draining granular material meeting

M.T.C. granular 'A' sgpecification {frequent grain size
analysis should be carried out to ensure proper gradation
of backfill). The granular £ill should be placed in
horizontal lifts not exceeding 6 in. loose thickness and

each lift should be compacted to a minimum dry density

equal to 100 per cent of standard Proctor dry density.

Proper care and attention should be given to the manu-
facturers recommendations for installation of the retaining
wall. Details of the recommended lateral drains through
the bins are given on Figure 11. This drainage system
should discharge into a frost free outlet to prevent

build up of water pressure behind bin wall.
The removal of several of the existing bins will

probably involve a major detour of Highway 25 in order

that construction side slopes behind the wall are stable.
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To this end, it may be desirable to relocate the new
bin wall a few feet west of the existing location to en-

surean overall construction slope of about 1 horizontal
to 1 vertical.

7.3 Temporary Remedial Measure

Because of the 'short time remaining . in the 1974
construction season, it may'not be possible to carry

out permanentyrepair work to the bin wall as recommended

in Section 7.1 and 7.2. Cbnsequently, to increase the

stability of the wall against sliding during the 1974-75
fall and winter period, we suggest that consideration be
given to constructing a temporary stabilizing berm along
the face of the wall. Figure 12a presents details of
a-suggested berm at the base of the bin wall. ' The

main features of the berm construction are given below:
aj The provision of granular berm with the £ill
material meeting M.T.C.kgrading specifications

for Granular A, -Granular B or eguivalent

placed ‘in horizontal lifts not exceeding 12 inches
locse thickness and compacted to a minimum dry

density of 95 per cent stanlard Proctor maximum
dry density.

b) The geometry of the earth berm includes. a 10 to
153 foot wide crest width {depending on available
space at the base of the bin wall) and side slopes
inclined at 1-1/2 horizontal to 1 vertical. All
organic, compressible and other unsuitable materials
should be stripped from the area at the base of

the bin wall prior to placement of the berm fill
material.

Golder Associates
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c} The crest level of the earth berm varies along the
length of the bin wall in order that the maximum
unsupported height of the bin wall is about 14 fee:
as shown on Figure 12B.

aj brainage facilities at the base of the bin wall
will include provision of an 8 inch diameter rer-~
forated drain pipe, nomirally 5/8 inch crushed stone
filter and Weeping holes through the bins.

e} The granular berm should be keyed into the existing
ground at the toe of bin wall as shown on Figure 12A
and this work should be carried out in sections not

exceeding 10 feet in length.

Figure 12C presents the results of an analyses of
the stability of the bin retaining wall with provision of
the granular berm at the base of the wall. For the
existing slope {Case 1), the construction of the granular
berm following the recommendations given in this report
will increase the factor of safety against sliding along
the base of the bins to about 1.4 for an unsupported bin
height of 14.5 feet {assuming full drainage conditions
behind the bin wall}. The lateral earth pressure developed
in the granular berm in front of the bin wall has been
computed using a valiue of 1.0 for the earth pressure
coeffic’ This value is considered to be realistic
based on , cobable movement of the bin wall for
mobilization of the computed lateral pressure and the
actual geometry of the granular berm as dictated by the

available space at the base of the bin wall.

As shown on Figure 12C, the safety factor against

sliding for the bins with the design fill slope 2

L Goider Associates
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horizontal to 1 vertical, in place, (Case 2 denoted by
dashed line of this figure) is about 1.2 for the
’recommended maximum’bérm height and assuming full
aréinage from behind the wall. '

The effect of'hydrostatic pressure build- up'behind =
the bin wall on the factor of safety against slldlng
has also been computed and is- presented on Figure 12C
for various assumed water levels | Hw = 0 feet, 5 feet,
10 feet, etc.). - Because of the severe'reduction in
safety factor for hydrostatic build-up of only about 10
feet it 'is imperative tﬁat particular attention be
given to preventing hydrostatic build-up behind the bin
wall. In this regard, a'possible system for groundwater
control ‘behind the bins is shown on Figure 12A and would:
inwolve a prov1szoq of a perforated drain pipe, f£ilter
material and weeping holes through the bins (system to
be connected to frost free outlet).

It is understood that the design fill slope (2
horizontal to 1 vertical) may be completed after the
construction of the temporary granular berm at the base
of the bin wall. Because of the relatively low safety
factor against sliding of the existing bhins with the
design f£ill slope in place (see Figure 12C - Case 2}, it
is recommended that the conditions of the bins and earth
slope be monitored in the field during construction and
during the coming winter. To this end, it is suggested
that at least 2 slope indicator casings be attached
directly to the front face of the bin columns (between
Bins 4 and 5 and betwensn Bins 6 and 7). The slope
indicator casings should extend at minimum of 10 feet
into the sound shale bedrock.

Golder Assocciates
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gx/ In addition, it is suggested that a slope indicator

be located behind the bin wall on the existing shoulder
of HighWay 25 and installed at. a Sufficient depth

(say 40 feet) to reCOrdHPOSSible;mbveméntiéf'the‘subSOii
which~cculd,indicate déép—seated'instability of the
slope. - ' ' ' k

' Furthéf, it is,recommende& that a minimum of three
{3) piezometers be installed behind the bin wall to
permit 'monitdring of any groundwater build-up behind

the wall. The slope indicators and piezometers should

be read at frequent intervals during and after placement
~of the slope £ill material. The results of the instru-

mentation shonld be plotted and reviewed by an experienced

‘geotechnical engineer in order that appropriate remedial

action may be taken, if warranted.

H. Q. GOLDER & ASSOCIATES LTD.

B. R. Gray, P.Eng.

w3, B. Davis, P.Eng.
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SCURCES OF INFOOMATION
USED 177 PREPARATION OF REPORT
BIN WALL HWY 25 ONTAPRIC

{i} Chronological sequence and details of construction of
the bin wall based on information in M.T.C. Field
inspectors' diaries. (Appendix B to this report)

{(ii} Drawing showing details of M.7.C. topographic survey
on May 27, 1%74, (section profiles along length of
bin wall at each bin column location).

{iii}) M.T.C. fiela survey information - the elevation of the
front bin columns {zee Table T)

{iv} M.T.C. field survey information - details of the
movement of the bin wall with +ime T

o (D
.

{v} Record of Borehole Sheets and results of laboratory
testing. (Boreholes 1 arnd 2, M.T.C. Project
W.0. 74-11006, April 1974)

{vy) Toundation Investigation Report prepared by former
Department of Highways Ontario, titled "Propcsed
Realignment of Hwy. 25 (New) Pill Stability, Station
120+00 to Station 124+00, Hwy. No. 5 Southerly to
Q.E.W., District No. 4 {Hamilton) W.0O. 70-1103¢C,
W.P. 131-65-01" dated June 19, 1970.
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B R

CHRONOLOGICAL SEQUENCE

W
BIN WALL CONS%EUCTION DETAILS
HWY. 25 ONTARIO
Date {1973} Remarks
E August 15 Start EBExcavation c¢f Bin Wall.
August 21 Excavation of Bin 0 and Bin 1 completed.
August 22 Excavation of Bin 2 and Bin 3 completed.
August 23 Excavation of Bin 4 completed.
Rugust 24 Backfilling commenced in Bin { and Bin 1.
August 27 Backfilling at Bin 2 in progress.
August 28 Backfilling stopped - granular material

from Sherman pit teoo dirty.

September & Excavation completed Bin 12 and Bin 13.

September 24 Field Inspector's ruport mentions back-
£iililing and compacting of £ill {bin

=0 numbers not recorded)
27 - Latter of bins checked - 1 to 6.
October 26 211 bins assembled and backiilled.

on ahout
Novemer 23 Visual distre-s noted in stringers of
bin wa'l.

November 26 Monitoring programme of bin column commenced.

NOTE: The above infnrmation was cbtained from field
inspectors' <laries during a July 3, 1974
meeting between Mr. B. Gray {Golder Associates
and Mr. M. Kaiser (M.T.C.), at the field office
on Hwy. 25, about 1 mile north of Highway 5.

Golder Associates
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FIELD MEASUREM o
oazzoNTALVMOVEMENTSQ,
_ OF BIN WALL

TOP FRONT co MN”f[fﬁ:‘?RONT“EAPE'OF'ﬁiN"57};]57
_OF BIN WALL _ WALL AT GROUND LINE
T Fr.) & (FE.) -

. 2;2, , 3?5,‘,  !4;9 
'1'2?8\‘1   3;3  : ~ 3;§ : |

)

2)

3)

4y

, 2
. N/A 2
CN/A 1
N/A 1.
N/A 0
NSRS hS

~ Nov. 26f73 Maz. 6/74 Apr 1/?4 Apr.8/74

[ETE
£ *
m‘v

1.8 3.2 ~ 3;7 ‘

et

PR S

e
: 1) 00
OV R T T N N 0D

LR Y

LS

2.2

e T
Ce e Y 3t ;
oy o

~h0rlzontal ‘movement of bln wall establlshed -inthe

field by M.T.C. during the period Nov/73 to May/74
with respect to control base lines.

Reference line at base of bin wali e;tabllshed in
Aorll 1974,

,Horivontal movemerit measurements reflect changes

in the horizontal distance from the base line to
top of the bin wall and are based on an assumed
"as-built” location for the bin wall.

N/A - nFOLmatlon not ‘available at tha tlme of
the pveparatton of this report.
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- .~ FIFELD MEASUREMENTS OF =

. ELEVATTONS OF COLUMN CAPS
.. OF BIN WATL .

. HWY. 25- .  ONTARIO

cooww

T L T N

121498 4095.45  409.40  409.35 509.40
122408 409.4C  409.32  409.29 409.%6
©122+#17  409.18  409.08 409.06 409.07

122426 407.44  407.32  407.31 . 407.29

122435 405.68 405.83  405.63 405.65
122+44  404.26  404.16  404.13  404.12
122455 403.23 . 403.07  403.05 403.04

122464  402.24  402.07  402.04 402.08
122473 400.98 400.83  400.83 400.81

122483 398.41  398.30  398.29  398.12
122492 397.16  397.06  397.06 396.87

123+01 1395.77  395.68  395.67  395.71
123+10  394.40  394.35 394.33 394.36

123+20 . 391.73 391.69 391.68  391.68

Elevation of column caps establiéh’ed in the field
by M.T.C. site staff.
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FIELD RESULTS OF BATTER MEASUREMENTS
~__ON COLUMNS OF BIN WALL
oo HWY. 25 ONTARTO

Sl . WALL HEIGHT = . DEVIATION APPROXIMATE
. COLUMN  TO GROUNDLINE  FROM VERTICAL = BATTER
Mol ek S . (ft.) - OF coLUMN

:5‘,4_" P 0.7 o 1:8
Al gl 1a6is
7.5 SRR . 1:6.5
20,50 s 5 1:9
23.9 1 1125
‘23D’7:’_ ; it : 2.3 . 1:l0.5

B e
22,9 SRr2es e gy st
226l 2.0 1315

20,5 2.0 1:10.5
19.5 - 1.8 . a1an
18.9 | g o 1:8
7.0 2.2 1:7.5
14.3 b IR B 1:8.5
15.0 ‘ | 1.9 ~1:8

[ERTPSOF. Rt TSRS N N u:*d‘H'O‘j'

el i e
R R A =

NOTE: The field survey work was carried out by members

of Golder Associates engineering‘staff on July 24,
1974,
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LIST OF ABBREVIATIONS

The abbreviations commonly employed on each “Record of Borehole,” on the figures and in the text

of the report, are as foliows:

I. SAMPLE TYPES

AS  auger sample

€5 chunk sample

DG drive open

DS Denison typ. sample
FS  foil sample

RC  rock core

s

7 slotted tube
T3 thin-walled, open
TP thin-walled, piston

WS wash sample

I1. PENETRATION RESISTANCES

Dynamic Penetration Resistance: The number
of biows by a 140-pound hammer dropped 30
inches required to drive a 2-inch diameter,
60 degree cone one foot, where the cone is
attached to ‘A’ size drili rods and casing is not
used.

Standard Penetration Resistance, N: The num-
ber of blows by a 140-pound hammer dropped
30 inches required to drive a 2-inch drive open
sampler one foot.

WH sampler advanced by static weight—
weight, hammer

FH sampler advanced by pressure—pressure,
hydraulic

PAif sampler advanced by pressure—pressure,
manual

NoTtes:

I11. SOIL DESCRIPTION

{a} Cohesionlzss Soils

Relative Density N, blows/ft.

Very loose Otc 4
Loose 4 to 1§
Compact 10 to 30
Pense 30 to 50
Very dense over 50

(b) Cohesive Soils

Consisiency Ty 1b./5q. 2.
Very soft Less than 250
Solt 250 to 500
Firm 500 to 1,000
Stiff 1,600 to 2,000
Very stiff 2,000 to 4,000
Hard over 4,000

iV. SOIL TESTS

C  consolidation test

H  hydrometer analysis

A sieve analysis

MH combined analysis, sieve and hvdrometer?
0] undrained triaxiai?

R consolidated undrained triaxial?

5 drained triaxial

U unconfined compression

vV field vane test

*Combined analyses when 5 to 95 per cent of the material passes the No. 200 sieve,

*Undrained triaxial tests

in which pore pressures are measured are shown as Qor k.

Goider Associates
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LIST OF SYMBGLS

i. GENERAL

r = 3.1418

¢ = base of matural logarithms 2.7183

log. @ or In ¢, natural logari.em of

logis e or log a, logarithm of g to base 10

H

g
v

w
A
F

time

acceleration due to gravity
volume

weight

moment

factor of safety

II. STRESS AND STRAIN

)1

pore pressure

normal stress

normal effective stress (3 ,s also used)
shear stress

linear strain

shear strain

Poisson’s ratio {u is also used)

moduius of linear deformation ( Young's
modulus)

modulus of shear deformation
modulus of compressibility
coefficient of viscosity

111, SOIL PROPERTIES

*For the case of a saturated cohesive S0, by

{a) Unit weight

unit weight of soil (bulk density)

unit weight of solid particles

unit weight of water

unit dry weight of soil (dry density)

unit weight of submerged soil

specific gravity of solid particles Go=v/v,
void ratio

porosity

water content

degres of saturation

as half the undrained compressive strength.

{b) Consistency

%y
Wp

iz

liquid limit

plastic limit

plasticity index

shrinkage limit

liguidity index = {w — wey/ I p
consistency index = (w; — wy/Ip

void ratio in loosest state

void ratio in densest state

relative density = (g,,, — &}/ {Lmax = Cmte)

{c} Permeability

By @

T @ .

hydraulic head or potential
rate of discharge

v-locity of flow

hydraulic gradient

coefhcient of permeability
seepage force per unit volume

(@) Censolidation (one-dimensional)

nt,

coefficient of volume change

= ~—Aef/(J+eids’
compression index = —4e/ A logyy o
coefficient of consclidation
time factor = ¢2/d® {d, drainage path)
degree of consclidation

{e} Shear strength

it
Sy

shear strength

effective cohesion 3
intercept i terms of effective
effective angle of + stress
shearing resist- |7, = ¢’ 4+ ¢’ tan ¢’
ance, or iriction
apparent cohesion®
apparent angle of |in terms of total stresg
shearing resist- {7, = ¢, + « tan e
apce, or friction

coefficient of {riction
sensitivity

0 and the undrained shear strength 7, = ¢y 15 taken
I 4
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FORCE DIAGRAM OF BIN WALL
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ole & dssociates Lt RECEIVED AUG I

Brian. Gray

Grouting of
ing Wall o

@ between  our i
”Craj and f,' 1ol BeCormick, Rankiu- 8
Au“nbL artl

Weunderstand .chat thn biv typ rctaliln“,wall crected un
the west side of ‘ :
approxisEcely 167 Feet long i
the bin is approxinately 24 r;;c an 1m3 thWu&h 15 Icea and 33 feet

approximately.

Movement u's‘ucéurrb on the §€Ctlag:uf the:
wall 3ua~aas_heen

estima

@d ac three feet at the wo st place. ~ The
grading ei the grdanulazr at babkflll used in theconstruction of e
therwall varies coos 1aulably SLLhH silo contents fvom 10% to 3% being

found, Tﬂblau SLandard Procrors CinaCLLGP tests ken - F omkestrpills
on the site indicate values of between 80 and~90£.

It is felt chat pressure grouting of thesvoids within tiuis
material way cousolidate the struciure o preveny fquhef mbvenent.
Because of. (e varying silt content fo the‘maturiui grodring lasiing
cemeit Will be solective and ngorbulpallv ouly e aravel sizas of
the backfiLll can accept tuds Lpr of grout. It is folt Lowever sthat

1f acttuai velds exist within the bin due o aré@ing and’ leachiag out
of fine matevial thab grodting will COﬂbldéfublj enhance the overall
Ll ~

strength of thi backfl

Because of-the presen of a ¥ perforated pipe sub-drain
beniud the bins; it will be ueccssaty LukdfllL andigrout with-a thick

groul ab tne year of the Bin Lo produce aicut- off dhicn iv:is hoped

Sl a2




Golder & ASS“CLHLC Ledy,

Aupust 8, 1974,
ciHississauga, Un?ar O -

As Qhown cnothe
s this would be carried out- through L/Z”

dzameter DQ*fOra ed,injectlon ﬁlpes dr 1v¢n a§ z!

the ‘back Gf Lae :

~wiil~prevent leaka age of grout LHEQ th7s area
accompanylno'uraxinw

B dantres: alanvr e
: ua,Cementfl ‘
a5 poessible :

ures7énd in mﬁasurcu~vo;umes.

g wall

: It ia ay
tace of tne mali

£o carry out - the sawe proc
1 a
“to.the co!anug ~An”a

¥ e
cakage of grout could sccur ab tha ¢
lternative woulu be Lo caulic dach of
~areah,0£ leakage £ om & scaffold er rected in

sdureon the

orngttiony
the~§0tenciai

front of the retaining,wall,

Finaliy, grouting of fhe main part
- out using the split spacing method 6f primary and
outlined-on Lire accomaarylﬁg dra¢LPg

bins would be carricd
sccoudary holes as

,‘,';Itmis sugge sued tuaL an expe:;mgnhal section of perhap pS two
bias should be gr outed lﬂlugaliy to test oub the procedures outli
ubOVe and the efjectiveness of the grouting,

, He atlach our proposal and conditio ST ;

work and au estimate of the cost of the operatio.  Y0u will @ecytha“
we have shbwn,an estimate of the cost of £

the face of the re taining wall as an addi
necessary, It “ﬂOUlL be noted that an al
aéd grbutin the ‘bins would be from this

3 “foot centres horizontally into the bins
s81labs of concrete be encountered in the §

1

method than that cutlined above. . Finali

guired afre T grouting has been carried ou
out. by redr ;lfxqw the horizental grout hole

casing.

We hope this letter and the attache
of assistance Lo vou in solving

v
queries, please do not hesitate fo

. L

MO I b

A -
AL,



We give below an es szate of thc cost ui the er17Lng and:
kopelatlons as outllned Lﬂ the a;coﬂpaﬂyln\ lEtLLT

Iranqportatlon ano preparatlon of laboux and
planL to and frow‘oa: ]uld at Bramﬁton.,

Prov:sicn‘of 1 sbour aad nlﬁnt to carry OLL
drilling and: nxahtlnﬁ ophrﬁLLons ouLlwnem
in the aCuOﬁﬁ&ﬂVank§e tﬁv

2R

20 days of ES ‘hours each @ 51,000, DO!day
Materdials

5,000 bags of Cement @ $2.25/bag $ 11,250,

00 bags ‘of Bentonite @ $6.00/bag 35000
§0 tons of brzck Sand @ $6.00/ton L850,
o e S 4,730
CInjection pipes; bits, drive '
heads, etc, L allow C1, 500,
k ) 16,230
10% Overtiéad 1,623

oy

o,
[
1611
o2

i
o]
L%}

Addzt onal Item

lon and dismantling of
;

Provisien, ercc
frre uirem).

seaffold (i

grouting

0§ 2,000.00

20, 000,00

19,638.00
$41,638.00

3

220,




?our vard at Bramptox

‘Outllned Ln'tne ‘accomp;
}{of $800 OO . ;
;;requ red

'ForiprovieiOn
rta;nlng wall we woula xeq ire

;paterlals
' Gréu@ing*materialﬁ would be char ged a cost leu
-and ten percent profit
~and also injection pipes

iservicés”

'Ol.

plend‘aL an Qnd Lransp&VCatlon of ‘ud nlalt to ana fram:k

‘wc wogld rcqulrc a Lunp Sum o£ $2 OOO Od

For prOVl810n of 1 workxng foreman,;l
1 mlxcrman, drx,

tvach d 111~r, 1 pumpnan~and§i"
Lnﬂ‘and vroutlng equlpmcnt Lor arrv aut tne wor&

ferectlun;‘nd dlSmanullﬂg Sha

“a Lump‘ f;.un Df

}

‘pﬂrcenL overhgad

sand and ben tonlte
vand f£ittings used duxlng Lhe Gpcra lon.

This wodld 11cluae CEme

The: EQlEOWlnG sbxvzces Wuuld be prcvxued free of all CGoL Lo the
CemenLaLloﬂ Ponmaﬁv ~

Lo v An avequate oupplf of sater. closc tu he QTOQ”LHB
f(Stora ge tanks could be supplled by Cer&ntabxan e
2y Access. to'the base of the cretaining wall for
~diemantling of scaffold if required. . S
An area at the top of ‘the Lmoankment to SLY up our compresaor'
and Wroutlng equxpment : :
Ly Cl@arlﬂg of o pathway from this drea té £gc Llitate
the top.of the reLaLntyg wall for our track drill,
5: . .Glearing of ‘the area over the bins to allow decess
‘{Removal of cement blocks would be requived)

D rations.

v;ecuicﬁland‘

ACCess. Lo

for drilling.

6. Provision fer tenting and- hLaL;ﬂb LLJrGQULrQG,(or,compﬂnSaziun for
provision of same). 5 . g
for TIE CFLXNQALlO” “V'A“Y \CA\ QA) LIMILED
:\ I‘J
: . \ Gt : i - B
The foregoing Proposal and the attached Condigions are’accepta alc Lolus,
; ; 3 , :
for M, Q. GOLDER & ASSOCIATES LTD.
Dale




_'”wﬂpart :
fl.to lea\ft‘ th

J:w nrcuper uy of 4he C‘ ient above and Below e
Contrac or’ls: .uab ility sha}l b(, restr;c?c to*

: onces solely due ‘and aris ing fro "Lhe
‘Ccmtrartoy’ neghgen e,,_and L L

ARy ‘dﬁ‘riz‘w‘t}“z \p*cmreﬂss oI thc: ch !\,‘om’ m’lhox,
: - dollars $1 000, OOO) in respecr of any one
,ogcurr ce or series of sccurrences Ol‘;g)lnuf.}ng

fromy a suxrle event, L\CMSWO ol mterasi or'
 legal or other costs incurred for w}uch thg
Contraf\,tor;may be _Iecfukly Lmbh,, or

1) after com nlcimz\ or abs ndomne ntef i}w WOork
I 3
atotal of one mil Hion dollars 81,060, (J(:O\ in
_respectoof any nurn’u,r uf occurrences
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- Grouting Bins L

Supply & Install Tie

Back S_y'stem‘
Detour

Rerove Existing Bins

Rock Key

Replace Bins

Place Concrete'in

: Retaining Walls

Granular Backfill
Additional Drainage

Clay Blanket & Complete
Slope ‘

Miscellaneous
Total Cost

Engineering &
Contingencies

Total Cost

80,000 e

50,000

10,000

10,000

5,000
125,000

25,000

$150,000

10,3 _COST ESTIMATES

' 'S'chefn:é' e ‘Schemez i

30,000
20,000

20,000

L3

10,600

10,000

$170,000

9,000

Schieme 3 L

10, 000

5,000
145,000

25,000

$170, 000



“Dear Sir:

R R e et:mc was hel& on Audus’c 28, _197
in the M. T, C. oii.‘cei‘ to review the Consultant’ gress. on th‘
: above noted prcuecf.. The followmc We?e in. attendanc:e* L

;Mr’ A Sui&ve}la e ‘Ev{‘mstry of Tva'zsportatvon

: & Commumcahcns
K Sexby’ \/ : Mlnlstry of Transporiat on
& Communications .
Ministry of Transporta‘c;on”
& Commumcauons : ‘
I\’Imlstry of Transporracmn .
& Commumcatxons

M,
Mz, J negan

Mr, Miro Almer

M1 J. Davis

2 & Assocxatew
Mz, B, Gray . , Gol er &z Assou?tes
Mr. R. McCormick zwccormzck,”aanlain‘&
R o : Associates Limited
Mr., F. Tuck ~ X ~“MeCormick, l\anlx:m 8

“As s oc,iate = Lxmlu.d

The following matters were discussed: "

%
2 %{}‘L

) \fﬁ'y T o8 mm%?“

MISSISSAUGA ‘ OTTAWA s , . ST. CATHARINES



l‘statm bead bullds up to about 5 feet
toldess than 1y 0
‘cu be aaequate.

‘this fac’cor of qa.fety,reduces
‘The factor’ of safety aga“nst overmrnmg apnear%
Guk’ier have found that the material within the bm

| V«aanhams approxxmatc;y 30%. 511t and 1s ccsmpaci,ed to 80- 90 o Prec,ter
'denblmeb. el

’\m . Dav1s also e\p*aincd iha‘c & IYlL“tlYL% hdﬁ neen he*d w1th As::”nccs ;
and than Armeco have stated that further settlement of the matc rial
in the bins: rnuct be: prcvented in order to ensure the structura}. :
: ;meg,ru.y of the bins, In order to ensure thdt no further 'consohdat;on‘k
-~ takes place within the bins it is felt that grouting must be carmed '
Out ‘and in this regard Cpmematﬂon were asked to review the" praject
~tn the site and provide an estzrnat of the cost of grouting the b*ns.

‘Go‘der feel that the material can be grouted because of the presenca '
of woids within the mdter*' . ~The eetlmate for
apprrommately $50, 000.' OO.,

grout ng:the bing is:

)

‘I order to increase the factor of safety agamsf €11 dmr* it is also

necessady to tie back the wall and t}ue estimated cost of tieing back:
the wall is $50,000. 00, ' ‘

6)

Also; adchtlona} drainage will have to be- prmnded to ensure thet the
grouting of the bins has not destroyed the drainage symen“ and-a
{:Lay blanket will have to be installed on the slope to ensure that

he hvdroslahp build-up is not excessive,

7} The total cost of the remedial measures is tharcforc in Lhe c;rcier
of $125, 000, 00,



, ion took place as to the pos
reconstructing some of the bins. 7]
this as one possible remedial sch

The meeting adjourned at 11+

~Yours:

'McCORMICK, RANKIN & ASSOCIATES LIMIT

G S NP R,’ﬂ{jv,k.‘Mk;;Cormick, ‘P. Eng.
RCM/sif REVE s
cc to all present.




cHrs R. Bulsvells. Soil Hechanics Section,
e ?m;@s.:t Design Ingineer, Sectechnical Offics,

- Syatems Design Office,

: Wost %‘:sailg;mg Eﬁ:‘s@m&vﬁ%&
ff,.imt’r&l Ra@im ?@mnmﬁ

Q@%ﬁ@r 1st, 1974,

ining wWall at Mwy. 25,
amt;met ?Em@?g CLEL i o
ighway ¢85, District 4, Hemi

i : Yo :%mva rﬁw.w the mimmim x@p&w@: pzazgar@é
By MeCormick, Rankin & Assoc. Ltd. outli cpmad

- mmasures for the Bin W Retaining Wall on tﬁw &hmmw

- mentioned co~tract. Dased on the information in %:h@ mmm

- and on our ¢.n ml@ aﬁf the situation, our recomm
- are as fallm*‘m :

: 1. 7he tesporary m r@fm&i o in the report should be
: ,mmtz:ws:m 22 swon ag possible.

2. Mo asditional ﬁm should be placed on mp 2 the wall
o for the time heix;g

B *‘%i% é:mtiam wm mmﬁ slope indicators and pilezowmeters

and will cbeerve these over the winter axd spring periods.
we should be able in this way to & rsdne 2oy failure
planes vhich exist in the soil bel the wall.

fe The ﬁi&ﬁfﬁ.@k should continue to monitor the wall,
S

rfter &Wiﬂg the performance of the wall over the

oxitical periods we will ba in a better maitim to maks

& decision for a perssnent soluticn.

KeBo 3533;%';

Res/my Supervising Engineer.
Calla Lo Waller,

Yo HoF Efwm:

. Metcidlifs,

&n %W;ﬁ

L. Burkhsrdsz.

Files

Dovanents



megéﬁAmaag

é. 314..1_3’ vells
Reglopal Syst@ms 3681gn;

DaTe: Q@tober aajkag?%"

In QEPLY TC? ©

- G WATL - HTGHWAY 2:
3 oF ceaw%&sm 2547

L I b,ave ‘se&n advised ’bg Mr. G. I"Emar emii ¥Mr. H. ?‘orsyﬁ,
- of the Regional PEQDGTC?'O;L1Q93 that the Ministry now has

acguired the ﬁrupcr&y owned by Manrice 8. Elwnz_aad shown as .
; 4and 2 on Heference Plan, ?»:?%8~9h, S : fu

s glsﬁwat*on of a ‘eei;9ﬁ '
B mtember o, ‘ﬁ9?ﬁ, , R

: ff:or?yaar 1nicvm thﬂ? We arc. Qeﬁdlﬁg you copiss*cf‘tﬁep
110w1ag*~v'~f : T

Gopy of P~%728~92

‘Cosy of memo from the Title @vcce sor to G.J. %13-
,éateﬁ Scntcwbeﬂ 1, %9?# re agreement T 3965

‘CO,@? of SO.L.}.. %eailaﬁ_._(,s b@cglgﬁ m@mﬂranagﬁ ‘i‘;o mys 1
dated Cet o%er 1, .9?4

Mr. J. Regan was in conbtact w1?h me r@aently aad
'iadV1S?d thet he had resceived informatiorL from ?Ccﬁfmlbﬁw :
Kaﬁ&lﬂ and Associates Tdwmited on the sizs of the beﬂm.nﬁe&ed
sud is now obtaining an »stlmute for tie remedn 1 werk from

- ke uoatractar, :

, The uﬁiertuﬂnua yart is tha* the above Darmlt
remedial work to he corried oub sgmy on the northerly half
of the wall in gquestion. However, I was advised today that
the soubtherly porticn is owned gy'a Provincial Governmental
Agency, and mr. %. RBeid 4g mﬁklﬁé lmm@a¢aﬁefa®rmﬁgemﬁv for
a Pronev+3 0 ce Ter reuen tive To visit znd discuss tn
ma?t@r. : , : :

r‘:‘ 1)

bii$ b§%ed o3 *atqer requlrement cau_be obbtained wmzaln
a matter of a few days.

for:




 , "I‘he monitming ”"f mcve:aem; of ihe wall wxll pmcaed on’ & kweeklv‘ basls. -
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Mr, E, Balint = CFom 7.P, Gullen
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St Addendum #11 - Bin Wall Investigation |
: - McCormick, Rankin & Assoclates Limited
WP, 131-65-01, Highwsy 25 = |

7 Golder Associstes in its report of September 1974 notes
‘,that_the dasign'calsulationsﬁcarried‘Qut,by&ﬁcﬁaﬁmick, Barkin
& Associates Limited provided minimun factors of safety

- against sliding snd overturning of 1,7 and 1.8 respectively.
pThesé;?alues/wera,abtaineﬁjusingfa-ecnvemﬁiﬂnal~aaalysis,andf
using the recommended values contained in the Foundation =
- Report, ;GclderiAssaciates,recalculataﬁ“the factors of safety -
H&,'~gnéf§btained;£actars‘efkﬁ.ﬁ“anﬁ;ﬂ;a,forﬁsliding:and everturning
t'?reggeCtiv31,f_gTheksigmiiiaaﬁﬁ;ﬁifferegce'batween/these valueg
s the factor of saiety agsinst sliding and the consultant
~ Teels that a cohesion of 1000 p.s.f. as opposed to0- 3500 p.s.f,
";,shd&lﬂ“bequedﬁfnr_the'caieulatiqa.of sliding resistance.

- I%t was corcluded that the movement of the wall is a
- sliding movement as oppossd to overturning movement. Materiszl
- within the bins is not compacted sutfficiently to give the bins
 the reomired strength to maintain their shape. It has been
- determined that the prectar”density‘of;thia'maﬁerialnis
approximately 80%-87% of optimum,
- ,:éItkis‘my}cegﬁlusion'that‘canﬁitiaﬁﬁ,beyond the control of
. MeCormick, Rankin & Associates Limited led to the failure of
the bin type retaining wall, L

-
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Jd.P. Culien
8r. Project Design Engineer
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@h “oP. Lutlen, satl &

fpobanics 3§ 88 B,
afeal Gifice,

s, Profect Casion Inginser, s,
" "Wgﬁ?ﬁi Heglon, Torento.

, :%&ésﬁ #31 - s’%ir% Hall lnvestigation,

Highasy 225, Diatrict 84, ﬁmﬁm, :
'%i,%ﬁ 3%‘?&&5«*3?.

%@ have nolad j%i? sty dated w&%&?{f 14th, 1975, and would

’%%%&@s 0 corract x&&% we foel 43 an srrongous imﬁ that the Fosndutien

- Rep 8 2ho ntioned mﬁ@t coniained wdatioas for

 computing &%%é%g; r%i@t&m betweon ?@mﬁ&ﬁ@a %ﬁ m the base of 2

csned Fitlled Bin type mﬁ&i Ing wall. This i3 not the cese, a9 reccemendations

 aiven spolisd only to concrste footiugs (4.2, ‘a2 adhesion valur of SS00 psf
jw be azsueed to apoly %Sm the fﬁ%ﬂﬁg sottous®y,

, %_ﬁ ;ﬁ%@wﬁﬁ Wﬁ«}’ sctors zgeinzt s1iding, 2 w211 dogioner would
bave to consider e ’zsi’iwiszgg wzs%‘w £ailure plames:

A plane alsng the contact oF wlt and sofl

,E. % plane bolow the conteet of wall ang sof} wit%éw the foundsiten sofl and
3. A plame above the oconiect of w7 2nd cotl within the w2l f2:elf.

The acturl safety fector would be the lowest wwiw frem the thres cases.
For 2 concrete wall 1% 1s chvious that cases 1. and 2. only nesd be
considered but for 2 bln «21) Filled with sand. it %5 “alss chvious thai
chse 3. must definitely be conslduved sfece this is Vkely 4o produce the
Towast safety factor. Had this been done for the wall 4n guestion. & safety

factor against sliding (negizcting pesafve resistance} of less than 1.0 would
have hean obtzined,

The sriter is not completely in soreeent with the conglusiens of
Golder 2 Assoclatzs that thwe wovement of the wall was sainly 2 sVidins

moverent a5 oppased o in overlurning movensnt, ‘ﬁm bose of the w1l 40 facl,

weyed rory Tittle, 17 at all, 2t the fourding lowel orobably becsuse of the
passive resistamce of the %m’% $n front of the wall. As 93 w11 kpowm

oy
211 concernad The lom of the wall moved fovwsrd by as moch 28 4 F8. This is
sxectly what heppong 1 the safely factor agsinst oworturning 45 Tess 2han 1.0.

.48, Selby,
u55/un Superyisinyg Eaglinesr,
Cele £. BBlint
G. Durkbardl
5, daller
Filus

Becard Jarvices



o Mr. E.G. Selby

Superv151ng Englnee f ' *»,¢'4,; 'Reglcnal Systems D651gn Offlcp—
Boil Mechanics Beetion = - L;Oentral Beglon
Geoteahnlcal Off' 'Weat Bldg; :

Attentton i

O Figetﬂei.i S !'r';;Rep!yfte’j

w P, ’35’!—65—61 Adaendm #’m .-*;J

 smﬁafﬂ
EREE ' B&n.Wall Imfefs‘s:Mgaﬁc:z.<3lﬂt.7 nghway 2)

; Please refer tg your letter of January 27 1975 on the
above subgect. o

The 1m¢ormat10n vonﬁalned in my letter of Jauaary T4 69?5
was taken solely from the Golder & Associates Report. L note
- that you disagree with the rTeport on several points. These
should be discussed and clarified. W1th.both.MﬂCcrmlck R&nsln
‘& Asscc&ates and. GO lder & Assoclates.

R concluaed in my Jaﬁuary A, 597% memo that the b;n wall
de%1gn.aevelopeﬂ by MeCormick, Rankln & Associates was not the
-source of the failure of the wall. I used the Golder Report in
support of this position. Based on the data available now, do
you believe that there was an error in the bin wall d931gn,wh1ph
wWag & factor in the failure of the wall. St e

Ny

1 (e

J.P. Cullen : )

Sr. Project Desig. Engineer
IBC /phv ‘ ‘
cc: E. Balint

Go Burkhardt
D.A. Waller.




Hest Zuilding

Y24% wilsey Aygnue
Downgviod, Untaris
Ham 198

Tel: (418} 245.%782

Afeast sl Drilling lac.,
2160 Hlgway 7,
Loncord, Omtario.

Tnis letber coafires cur roguest 5y telepbons of
Fetoepary 13, 1578 for the supply of & 1.V{A) flassnd oril)
&% per your Tender for Supply Contract $-74-2110 for our
Profect Loat. 7347 at L.1.¥, & Hey. 25, Omisrie, stariing
an or shout Februwry YH, 1375, 2t shicn tine we mere sdvised
%yv%r,ﬁf, Archer tHaT vou were not able 6 comply with our
recusst.

Yours trely,

Lo B, SELEY
tupervising Dnplinoar,

€.6. Fites
Faoursd Services
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= %m“awmﬁa.
H3T 'WL?

fﬁ? v Jira'

‘ ?&ia Tetler con fxrq o ver ups* &y Lelepnons of
‘?&Jrgarv 1, V975 for the supply of a Diazond Dpill -
. skid mounted (Item Ho. 1.1{A)), together with all pecag.
sary eguisment, as per your Tende 2T for Sgﬁply'uaﬁt?act :
RO L 2 at Junction ﬁf Q»a‘w. & Hwy, Ho. 2& oh
. ?ﬁu!“ﬁﬁmf }«:x, ‘5@?30‘ . : :

e %nbiiizatisn w!?! be frnm Burford - “ewﬁsviaw -
Jeh S?t& {Q.§,§ & My, Ho.2 25} - ﬁar?&ré*f

,ﬂuruPrmﬁact @mﬁer fs wentraat ?%w“T

Yours zwu¥3§

K. 6. SELBY
Supervising Engineer,

c.c. H. U, Fey 8
{Attn:  ¥rs. ¥, Porter)

Files (2} :
Fecord Services



> To:

o ;Mémf’fa‘?dﬁm -

'K. G. Selby | O From z{‘ Kea_zara

Soils Mechamcs Section . “Project Superﬁsor
i B@wnsview S o District A;, Hamﬂton
g Attenk’ticm: - k : % Déte~ (R February 18 1975
 Our File Ref, i Replyie 4

Subject: -

Contract 7 -»w, Highway 25 from Q.EW. to Palermo
{nghway 5) - Bin ‘I‘ype Re'caining Wall west s:.de ci’

As noted during mxr telephmne cenversatxon on. F@«zbruaryf
10, 1974 our survey indicates that during the last two
months significant nmvement to the bir type retaining

well waes not noticed. For your reference and use you

w:a.ll find our readings on zhe bin typa wall,

I“ you reqmre further information mth regards to the
enclosed plea.se feel free to contact this writer.

K. Keizays
Project Supervisor

Encl.




W ALK Barsvary ‘ff'7”57‘%£hg of“01] Mechaﬁ1cslsect1an
‘Head S ;zj'fﬁ‘]iﬁeotechn1ca1 Offzee ,

,’;4p P I Sectlon

© 7 Atention:

T[fbg;éueég;“*w P 331;65;3-*'“ o

" 71 7bs§71‘;,€arch 23 ????Sfif”

. iﬂ:Rep!th Sl

. Subject:

‘{m P }a? 65-1 - EIN-wALL ﬁN HMY 25

‘,‘;Contract 73—47

'f Thxs is to fermai?y request the azd of jOHP SecL10n w1th regard to z";
~the Bin-Wall failure which occurred in November 1973 on the above-

mentioned Progect. “Stope- 1nd1cat0rs ‘and a piezometer have aiready ,

 been 1nstailed by your staff at our reguest and, what 15 requ1red

now and in the next few weeks 1s as foi!cws —:~g*

{n '?3otﬁ1ng up in a concase and comprehensable manne“‘
oAl movements as recorded by Dastr1ct staff.

(2)VLF1e1d readxngs of: slepe 1nd1cators and plezometer
: and p?ctt1ng of data. ‘

{3} A short repert auatxng resuits 0: {73 & (2) in
kabDUt 8 waeks: twme

o1 squest that to Familiarize vourseif with the ?roaect, you N
examine the entire correspondence file. Details of action to be
taken will be established from discussions between yaurse?f and

the wredter,

“When you ha#ékcowpiéted this assignment we should be in a much
‘better position to ﬂake recommendations reTatwng ta remedial
_measures. :

Thanking you,

Fooiie a .
L2t
; 1

i s

K. G. SELBY
Supervising Engineer.

c.c. A, Rutka %

Files
Record Servvces




) galder pssoctates

7 D ' ﬁGNSULTSNG GEOTECHNECAL ENGINEEES ;

‘1 Aprll 23 1975

~M1nlstry of Transp@rtatlon & Csmmunlcatlons
1201 Wilson. Avenue ~

West Bulldlng :

,DOWNSVIEW Ontarle

fMSMliBk Fed

. ATTENTION: Mr. K.G. sélbii';' P. Eng.

REE BIN*TYPE RETAINING WALL
' HIGHWAY 25 Do
OAKVILLE OWTARIO

.~ Dear Sirs:

Further to recent discussions with your Mr. ,K G. Selby

we herewith amplify our report No. 741119 to McCormick,

. Rankin & Associates Limited entitled “Investlgatwon of
Retalnlng Wall Movements, Highway 25, Oakville,; Ontario

dated September, 1974, regarding the wechanism of falluré
of the bln wail at the above 51te., '

“The analysis of a conventional rlgld,quav1ty‘reta1ning
wall using traditional terminology involves the determination
of the stability of the structure w1th respect ‘o

{a) Stablllty agalnst overturning
{b) stability agalnst slldlng.

The above discrete mechanisms of fallure are not dlrectly
applicable toc a flexible "bin type" retaining wall. Lateral
distortion more appropriately describes the behaviour of a
flexible bin wall din distress, since this is . differential
movement within the bins. proper in addition tc basal -sliding
and overall rotation.. Therefore, the. term "sliding" used in
our report should be read in the context of lateral distor-
tion instead of simply "basal instability".

t i¢ believed that the mechanism of failure of the bin
wall at the site is essentially as previously described in
section 6.3 of our revort. The loss of integrity of the
structure was due to the significant settlement of loose

V"l C‘F’u‘\é e O T."';MNA e WINDEDR < LONDOM LS VANCOUVYER + CAL

LI & CASSOCIATES LTIL e omEL WHARTON Wi, MISSISHA

st

RY » GOSTOMN « ATLANTA « SEATTLE » MELBOURNE o SYDNEY

QGA {TORGNTDY, ONTARIG, CANADA. » 44X 2862 TEL (FL6y 625-COBS



'*f,on the strlngers and bin columns.

J7wranular baCkflil whlch caused subs*antlal drag~dcwn forues o e
: The resultant "lateral = =
~k‘&13tartlon“ of the bins and backf*ll materlal pIEClpltated :

_ further movements ‘which in essence led to the “fallure" of
,the bln structures.j,,.,,

Youra truly,3 _,Qfﬁ'*“5M

z Q COLDER & AQSOCIMES LTD.‘ .

741119 ‘ '
co: My, John Tuck : Sl s b e
McCormlck Rankln & A sociates Limited

Golder Associates
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SUBJECTS

131 55 i csm 1_-# ?3»4
'v,In comp}ylng thh yaur request dated March let 1970, the
‘:;: o‘iowxng dis a report en cur observat10ns of the movements
V ;§ef the above bin wa11 together w1th a br1ef 11st of events
‘f"at this sxte..,¢q‘~ : V i
1) HISTORY & INSTRUMENTATXON : : -
’Censtruct10n of the b1n wall was carr1ed out in 1973, the i
ibackf1311ng Uperatlon belng undertaken zn October the same f
vear, ‘ :

~of several bins.

be appr0x1mateiy four feet (1.2 m}

ﬁ:th1n one month after complet1on of the. backf1l?, severe
structural distress was noted in the cclumns and str1ngers
fThe dlstress was accompanied by a forward

movement of the wall, “the maximum: of which, was measured to

at the top of the wall and
some two feet (0.6 m} at the ground 1ine.

Movements of the wall were closely observed and monitored by
Bistrict personnel, and as a result of this, it became evident

that between December 1973 and March 1974 the movement of the

top of the wall contxnued at a much: reduced rate. From Apriil

1974 up to the present time practxcai?y no furthek movement
has taken place.

In a repﬂrt dated September 1974, the cohéuitaﬁts Mchrmick

e...‘a




“fjH Q Gnider and AQSDCTates,?V t

©on F1g #1. The: top of the granular f111 is. about 14 ft

discussed the deterxcratiens and presented s
‘xvarlevs poss1h]e remed:al measures “In the1r rebommenda—u;f'"“
f;tions Mcﬁorm1ck and Rankxn were a}ded by the reﬁcrt of

x7f *nd Rankxn,

re ":d Ly tbe Consultant

fc,As an 1mmed1auﬁ temporary measure, 1r ch suggesteé +haf
a granu}ar:“A“ i1l be placed in front »f the wail If o

. was fu?ther suggested that siope 1n61cators and piezometerS"
‘ be 1nsta11ed in the s1qpea o

' ~‘Fhe recemmended berm in front uf the wa}} was construcced e
in Novemher 19?4, a typlcai cross sectxan of this is shown

143 ml from the top of the bin wall, the width of the berm .
;'be1ng some 10 ft. 43 m} w1th 1- 1f2 to 1 slope. Granular '8" Sl
mateFTai was used far the berw Beaure ‘the berm constructlun,

a trench some 5 ft. [1.5 m) wsde and 3 ft.réo 9 mj deep was '
excavated in front of the bins and an 8 inch 5493 mm) per~'” ;
‘forated dra.nage pzpe Was p?aced at the bottcm,of‘the trench.‘

Two sidpe indicato?s and one aeonor type brass piezameter,
were tinstailed in February 1975 bv the Geotechnical 0ffice.
The locations of the instruments ave shown on Fig. # 2.
Slope indicator c351ng # 1 has been attached to-the face of-
bin # 6, the bottom of the casxng being some five feet (1.5 m) 
below the top of the berm. Inaicator casing # 2 rests on.
bedrock, and the top of the casing is ~about 2 ft. (0. 61 m}
outside the back of the b1n The length of the caszng was
supposed to be embedded in the granular backfill material,
hiowever, it was noticed dur?ng installation that the upper
portion of the casxng was in earth fill and on1y at the
lower part of the casing was granu!ar material encountered.

The piezometer is about 25 ft 7 Cm] below ground level
and it is embedded in granu]ar backfill.,

R




,2) OBSERVATIQNS

-~ Fig. # 3 shows the movements of the wa11 msn1tored by ,
fdlrect measurenent at che top and at the base by Dwstrzct
«jpersonnel - The movement versas trme p?ot c?ear}y 2nd1-“
 ;cates thaa frem Apr1? 1974 enward, no further movement
f,has occurred By examinxng the present !0cat1on and
1 '@15terted shape of tbe bin (F?g Y 1) and takxng 1nto
‘5account the fact that the. top of the wall has moved more TRy
_ than twice. the distance than the base, an ear1y rotat1cna§ i
type ﬂf fa11ure cannot be ru]ed cut. '
On Fig # 4 the tot R cumu?at1ve d1sp1abements are shewn,‘
ymeasured by the slcpe 1ndzcators aurvng the period March =

Lo June 19?5 For practTcaI purposes it can be stated that

 ,'510pe 1nd1cato“s

no 1nstab113ty or !atera? deformatlen was observed by the

»the maxamum cumu?atfve movemnnt measured
Coan s?ope behxnd bin # 6 being 0. 2 1ncbes (5 mm}.

In sp1te of the clearlj v151b}e wet and soft areas anng'
the s1npe above the wall and the llkeiy seepage directed
‘towards the bins, fhe p1ezometer has remained dry. This
would zndzcate that at least at the piezometer loc: top
the granu]ar backfill behind the blns is effecbxve

act1ng as a dra1nage medium,

Interpretataon of the observations and recomnendatlons fuw

pessible remedial measures are outside the scope of our
terms of vreference.

The instrumentation will be further observed and readings
~taken until the time you suggest to terminate these.. in
view of the present stable conditions, however, I suggest

X

that bi-weekly or monthly readings would suffice in the



Ao

future instead of the bresent weekly measurements,

IT we can be of any further assistance to you, we would be

happy to do so.

. &, @m@

A. K. Barsvary ;?

Head, P.P.I. Section
AKB/ iw

=
(e
+
ja



Pl PIEZOMETER
INSTALLED 28 FEB.1975

o}
STA.122+54
40-53' LT. &€ HwWY. 25
— 420
—d 1
POSITION OF BIN WALL AFTER FAILURE
S \
10" BERM PLACED 14' BELOW TOF JF BIN WALL
NOV. 1974 K
I
x}-uu--—— 10~ j
—390 § BERM H
!
} i ;
l_x
/f:' H pomnee ORIGINAL EXCAVATION

GRANULAR 'S il iy N FOR BIN WALL INSTALLATION

b p i b BACKFILLED WITH GRAN.'A’

At ") H . TO TOP OF REAR BIN WALL
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8" DIA" PERE. PIPE SUB-DRAIN —/
- 2" DiA HOLES PUNCHED IN EACH BIN

& 3
NOV. 1974

SECTION AT BIN No.5

—360

FIG. 1
SHOWING POSITION OF 81N BEFORE {BROKEN LINES) AMD AFTER FAILURE



€ HIGHWAY No. 25

T N T i

122+ 75 122+50 122+25

TO QEW. ~mgee

EDGE OF PAVEMENT

___ _SHOULDER LINE

—_— e s
=
PIEZOMETER No | TN
EL. 4058 {top of 'A'rods} x,—” ot
[ STA.i22+54, 405317 € HWY. 2517 AN
) i f pr 3 prd AU
% / -{’/ Y - \ %
R / /,—-” 't\ / \\\
/ 7 \ R\ A
” /*”’ 1 d/ \‘:“\ Wy
SLOPE INDICATOR No.2 - v Y woo @\
EL. 40632, {top of casing) - Voo WY \ -
- {fop of cosing 1 kY . % . -
STA. 122364, 4060 0T HWY 25 |\ ) e A\t ISPt A
- | — \! n‘i‘ﬁ\ ’k\"\k / -
Y A\ \\\ B Y el
’_,»a/" "\ . %k\ @ :‘}/" i r"'f’ >
/X," Y // ‘\“ ’_/\ % = \{ %
T 4 A \ e A\
. l\x /4‘ 1 B Pt
1 4 - COLUMN

j// POSITION OF BIN WaLL

\ BEFORE FAILURE

BIN WALL
AFTER FaiLlik

SLOPE INDICATOR No.i
EL. 4024 {top of casing)

- - ! h
= [ 5TA 122456 55.75° 11 € HWY. 25
,»’" .

i
/ \
A

SEE FIG.1 FOR SECTION DETAILS
PLAN
SCALE 1%z 10"

FIG.2
SHOWING POSITION OF SLOPE INDICATORS AND PIEZOMETER

R



{ faet)

MOVEMENTS FROM AS CONSTRUCTED POSITION

EAST

WEST

EAST

WESY

—
~—-0\°.___c

AT COLUMN CAPS

y s i

TIME
1973 1974 1975
O N DiJ F M A M J 3 A S ONDIJ F M A M J 3 &
| L A R T D A N SN TR TN B S S S s s
N
‘{3 Fill PLACED PLACED 10° BERM — INSTALLATION QF
~___A:¥‘ GCT. 1973 —‘ SLOPE INDICATORS
‘s 3 v AND PIEZOMETER
s’\\ v
P AT GROUWD LEVEL
S [ T e s s s s X % Kesomans X Ko 3
% .
%
o
kY
AY
AN
~
“\\ ;T COLUMN CAPS
o T e OO D e
COLUMN No. 5
TIME
1973 1974 1975
GND}.MAMJJASOND}FMAM}JA
LT T M SO TN SN A e wa
AN
1y
1y
] \\
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PHOTO'S Contract 73-47
I April 11th, 1975

View 1o north, shewing piezometer and slope indicator
pipes, as well as wet areas on side slopse

Siope indicator No 1 strapped to face of Bin No. &



Contract 73~-47
April 11th, 1975

i Wet area on
<: i sliope @boge
slope indicator
J No. 2

Stope indicator No. 2

in wet area and piezometer
in dry area

. Het ares on sic
,/E sicpe above 0in
Mo. 16 approsxi-
nately 15" wide

\\g & 13° below pave-

ment grade




PHOTO'S
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Contract 75-47

June 6th, 1975

% Erosion of slope
j above Bin Ho. 16

Wash out of scil
around column No. 17
of last Bin

<7




Atenion:

OurFiie Rl

Dis;rict¢#4,~ﬁami1to o

Memorandum

’iNSQi?iMechén{és;Seciidn“li:7
“Geotechmical Office

Engineer , h : i
g wgst43ui}dih9;'quhsv%EW' 1 o

iy 15, 1

 measures to be taken in an attempt to achieve

: Subiéct: B

. RETAINING WALL AT HWY. 225
‘,Contratt'73—4?,Q.E,w.‘to Hwy. #5.
District #4~(Hami1ton}i‘, '

| ”This:mémd,éonfirmg,reténmendatfﬁﬁs en ﬁerbé??y‘tb‘yeu on,duné
1875 and to Mr. M. Kaiser on July 11 1975 regarding remedial

a permanent solution to

g

2

25th$

the probiems at thé;abcve'menticned project:-

{1} Place additional Granular '8' £i11 in front of the bin wall
- so.as to form a ];5:1;slape‘fromytcp:gf'the~wa?7_dawawards{

{2)  Trim thé"éxisting s3opé;beh€nd thé[wa11 sa‘as»tokremovekhighl
= spots and Tow areas where water can pond. Srnint

{3) Construct french drains 2 fi. wide and average 4 Tt. deep on

. the existing slope behind the wall spaced 15 ft. apart. These
drains should discharge into a 3 ft. wide ditch located at the
back of the bin wall which should discharge into a 4' X 4' '
soakaway located near the north end of the wall, Drains .
ditches and soakaways should be backfilled with Granular 'A.

(&) Complete the backfill above the wall to the section as designed
, originaily. Material to be used should be Granular ‘B with
- the upper 12 inches Granular 'Al?; con

e
[ 5.2 N
it

Slope indicators‘and‘piezometers a1ready‘insta11ed must be
protected as the work proceeds. Monitoring of these will be
carried out during construction by this 0ffice,

Details of our requirements were plotted on X sections at your
office on July 10th, 1975 by the writer and Mr. Kaiser.

We cannot be certain at fhis stége that the above measures will

~actually achieve a permanent solution to this problem, however, we balieve

that there is a reasocnable chance of success. The expenditure required

will be gquite small when compared to the Consultant's estimate of $150,000
for & permanent solution.

Piease keep us advised as to your intentions in this matter,

K.G. Selb
3. gigggghan ‘ ‘Supervisigg Engineer
W. McFarlane B
S Cant
G. Burkhardt
Files™

TV vm o 2 F

[e]
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.
C
¢

VA




g%‘o 3»?@ g@%%% tﬁ%‘% %%ﬁ‘:&ﬂ'§&§ Q:i %i%
. Preject Deslan Fas, featechnicsl 9%%“@9
Svslews Sesion DFfice ¥ast feilding, Jownswisu
3541 bufferin 31,

gi& 3&%— iﬂ%ﬁmiﬁ? %g ?’3’*’&7‘4& c.4§
Addondus £
#.P, T3 13’* &

Thiz 15 i seswer to vour wesw gated Fah, & B, ViP5, A previcusly
discessed wo have selayed cor rapty yntil 2&?&?@@*%&% rﬁ§n¥#iﬁg f?%@ i
stope fagicator and f%%’mwi‘ instailation could Lo ahiained 294
reviowed,

Attached for your inforzation s & eopy of & report comotled by
ghis frice 3@&%%&% with

Us tae slove fadlosier and plezorater installation.
Alsc attached 13 2 topy of a Tetter frow folder Assoniates G2tad Agril &ég
JE75 4n wiich *h@y wedify cortein conclusions reached 1n thelr orlgias
resort ?@3%%@%* o the recheniss of fatliure.

As z ?@““%t &% 54
g3

prasent tis
{13 2l oy gyverligning
¢ L ?:%f; w&’&’%
12 Thne _wass of

et 15

on the origissl sione behing the el
was probal 33 szrailal to a@ﬁ @?%ght%
surface of Zim sriginal ﬁ?@%&, g
3iope uwrface soat r*“k,;
ait.

o

k3

£

; i,%w clavay

{3} Thers 95 & reasonsble chance that the wall can e seabitdzed
persanently by placiag @éﬁfméaa&? m@ r@ﬁ% in fromt of the bing

and peovicing dretusoe for the  zomes mentioned fa [2)
before apnstructing the rare ind %g 7111 behind the wall,
Details of this have alread n te My, §, waller in
gur memo of &y 15, 1u7n.

wieh regard w the
st orobesiy 2 coeb

#5
&7

t paragraph 4o your wenn we are of the osindon
iom of sevaral factors caused the orisingl Failure.

b
6

fielis

bs wa?ﬁﬁ&?ﬁi
Filage

Baoavd Sarvices




; iIfthink‘§Qur offi',
by Ken Selby of the
-fhas;hadlwith_this :

Mr, Selby?sfrécommendations‘Were,fdrwafded-tOMyourf;j

~office and we have roughly estimated the cost of el
o undgrtakingﬂtheﬁreCQmmended;repairS”aSHbeingﬁin°the~~‘,,;:~ ‘

- neighbourhood of $17,000. tender type work and -

approximately $2,000. of engineering. = e
~The prime Contractor on the 73=47 contract was Bot
: ”Holdings,Limiteﬁfandlour‘acCeptance‘dated}Julyg3Qt v
- 197k stated that, as one of the conditions, that all - e
~roadwork remaining to be completed within the bin wall

area of the confract, between Stations 122 and 125,
Cowill be negotiated for at the time the remedial work
is done. I would suggest that we do follow this pro-

cedure rather than calling a separate contract or

Distriﬂt~1nquiry.

‘May we please have your apprdval.f‘

L

Ll : s
S e »
S TS T e
/%Qécﬂkﬁfﬁf/ii 55"51:%/
~ De A. Waller ;
DAWzcdk District Construction Engineer
c.Co K. Selby:—"
Je Jo Regan



o AUGUST Ss 1975 1353 PA¥-57

CAND HAVE THE QUOTATION VARIFIED BY ESTILUATING. IF TIF PRICES

 C R ROBERTSON  DISTRICT ENGINEER &~
ATTH: HR D A UALLER J

RE: CONTRACT NUMBER 73-37 RETAINING VALL. YOUR HE10 OF

CJULY 28, 1975+
PLEASE PROCEED A3 YOU HAVE DETAILED I YOUR EIQ OF JULY 2%, 1275,

]

CARE OUT OF LINE THEN WE SHOULD REVERT T2 A DISTRICT INAULRY

PROCEEDURE.

G & METCALFE = FOR
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~ Memorandum

e g Hogan' . 1t€mméiD;“A.,wa11er : e
SR Gons ructlan Supervzsor, . District Construction: Bngineer
DlStI‘lCt #Q~Ham¢ton Sl Distrlct #Q_Hamllt,gn . S

i Aty meon " . g

o :Omf{iia Ref.

«‘bme'jAagust 6 1975

1n Reply m i :

“8utlagt

mv

‘»AttQChAd piease flnd a copy of a teletype anprcval

from . G. A, Metecalfe to obtain. ~prices from Bot to

car%y out thls remed* al WOI‘:{

Would you p”aweea along tbebe llnes and at the
same time keep the Estimating Section in the picture
so that when we obtaln the prices from Bot, we can

-get a ready answer from tbekﬁstlmatlng Sectlon as

S ~to whether tbp DF1C°S are reasonable.

R - M,le/ i

Attach. D, AL Waller

DAW: cdk ~ District Construction Engineer

CeCo  Ka SelbYs//"

ivé;;
‘"e?

g/[_ yt oH K“‘Q“D\*\\\“‘@

Nsmmm &‘5“ 4




Ministry of
Transportation and
Communications

Ontario

Memorandum

To Mr. K. G. Selby From: Mr. E. R. Dufresne
Supervising Engineer Engineering Office Supervisor
Geotechnical Office Digtrict #L-Hamilton
West Bldg.

Attention: Downsview, Ontario. Date: July 13, 13876

Cur File Ref. in Repiy to

Sublect:

Retaining Wall at Hwy. 25
Contract 73-47, Q.E.W. to Hwy. 5
District #4-Hamilton

Your recommendation dated June 15, 1976 was
reviewed by various district staff and we offer
the following.
Since the eroded zone you make reference to is
isolated somewhat, in that it is guite a distance
down the steep slop. and it is one pocket rather
than throughout, we feel that the area should be
kept under observatior this summer rather than
attempt a costly backf.:l operation. You can
well appreciate it would be quite difficult to
correct dus to the steep slope. The Crown Vetch
or other will not zrow on the granular slope
surface, therefore we will not seed.

In the event the intent of your recommendation is

not understood, please advise.
QEQZéiL/f'

E. R, Duﬂé;sn

@
ERD/tow Engi ng gffice Supervisor

ginee

CoCe Mr. M. Scrimshaw




Mr. C. B. Roberison

S011 Fechanics Section
teotechnical Office
Hest Building, Downsview

Dist. Envinesr )
Diserict 4, Hamitton

8. A. Haller, Consir. Engineer June 35, 1978

# at Hwy. 25
3 - 47, G.E.H. to Huy, 5
1ton

Further to our memo of Hovember ZY, 1975, we have taken slope indicator
readings at the above mentioned site on the following dates:

How. 26, 1875
Dec. 17, 1975
Jan, 28, 1978
Feb, 24, 1978
Aoy, 2, 1978
dup. 4, 1976

Ho significant movements were recorded hence indications are that the
’»§iopé to the rear of the binwall is essestially stable. The Granular'B’
material in front of thewall has flgtiened somewhat and 2 drainage
channel has formed throwgh it. This was anticipated however and s not
seripus. We would suggest that the eroded zone be backfilled with coarse
raterial {maie than 2 inches} and that some vegetation such as Crown
Vetch be planted on the compiete slope surface in front of the wall.

Ke do not intend to carry out any further inspections of this project
until the spring of 1877 unless specifically requested by the Disti#ict.

K.&. Selby, P. Eng.
Supervising Enginger
co: . Cullen

H.B. Poiis

J. Crannie

G. Metcalfe

Files

Record Services




T

v, C.R. Robertson,

S e e s SedT Meek niys fﬁc?ia“,
zstrict Enginﬁer, Lo Ceptechinical &*f%ve,~
District #4, i&mi?tﬁ%. : L Mest Butiding, D w*vih%"
M. D, A, ﬁal?er, lovember 21, 3%?§;

Caastruct%an Ewginear.,

'ﬁgtdi%in ha?% 8t hwv 250
Contract 73-47. Qfd to %%V‘ 5 ‘
Qistrﬁct 45, Hamilton o

‘?ha ab&Vc mﬁnhianad g?ﬁe Was v%sitej by the writsr on Dctobar 31,

1975, at which time the construction of french drains and raQ?aﬁ?ng

of the sTope behind the retaining wall was »ruer@av. ;ﬁ&v‘»a #ns
given to M, M, K%iqmr, Project Supervisor, ¢ zat certain mate
exeavated from aingoe ditches and som the rear of the
was of yery poor quaiity and should be disposed of by dumning i%
the surface of the f??? material ?eV?%HS?y;
cwall, Adéit&anm; awulaw *E! waa’d therefor,
t&iz watarial,

We bave faken stope dncting *z@n r&aé%mqa anths following datag:-
september 17th - Prior to co surug*één
Sctober 30%h = FITY comp E%t;i in o front of wal
it

Hovapbar 5Eh -

: homalﬁt@é sehind well
S Hevember ldth -

sonstruction completed

”'? X

Ho significant movemants were rocordad. He will continue t6 monitor
at least until after tﬁa spring of 1978 since we anticipats that some
matarial from in froat of the wall may b ~*§t cua LG evesion and due
to steepness. The firel angie of repose of this material w%ix ;

be some few degrees less than that of the present slone,  This shﬁu?d

npt aftfect the slope above the wall.

K.G. Selby,
Supervising Engineer.

cer o d. Crannie,
G. Hetaa??e
Files, d
Record Sevvices,

tacad in front of ﬁhe ki
he reguired to replace



