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FOUNDATION INVESTIGATION RE?ORQ
For
W.Q. 14-70003=R; Site N/A
© Sideroad $lip Failure
Beauchanmp Twp., Lot 2, Conc. 1V

District 14, New Liskeard

INTRODUCTION:

This report summarizes the results of the foundation investigation

for the above-noted road failure.

The fieldwork was conducted during the period from 83 07 14«28, uti~-
lizing a continuous flight auger machine equipped with 82 mm I.D. hollow=
stem augers. This work consisted of 7 sampled boreholes/dynamic c¢one

penetration tests.

SITE DESCRIPTION

The site is located approximately 1.4 km north of the Conc. II1/1IV
road on the Lot 2/3 siderocad in Beauchamp Twp. (approximaﬁely 6+5 km west
of Hwy. 11). '

Physiographically the site is located in the Colbolt Plain, a

glaciolacustrine plain of generally low local ralief.

At this site, the sidervad crosses a tributory of Eventurel Creek.
The creek flows to the east through an 18tm long, 4.3%im diameter CSP cul-
vert. The road surface is 5.4im above the culvert invert level,

At the time of the field investigation, the slip failure extended
along the east side of the road affecting up to 4.5im (width) of the
northbound lane. Refer to Drawing No. 1470003«R«A for specific failure

location details.

Based on site ingpections and discussions with Mr. 0. Allen

(Township Maintenance, Dist. 14) it is our understanding that:

- the existing culvert was installed in approximately 1969.
-w  the culvert was seated at the creek invert level that existed at

that time
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- since installation of the culvert, the invert elevation of the
downstream creek channel has been cut 3fm lower, within a dis-
tance of 20fm from the culvert

-« there are numerpus progressive slip failures along the downstream
creek channel

-~ small cracks were evident along the road surfoce, near the event-
wal failure zone, as early as 1982.

- on 83 05 27, the initial slip failure occurred

~ an attempt to backfill the road surface portion of the slip failw
ure was made on 83 05 27

- on 83 05 28, the slip dropped 3%m, and was eventually backfilled

~ at the time of the field investigation the slip was 0.5im below
the road surface

-~ the water depth in the creek may reach 2im in the spring. At the
time of the field investigation the creek water was estimated at
015 m

- on 83 06 09 and 83 07 14 (bsfore the field investigation) shallow
surface ponding was evident in the area directly below the fail-
‘ure zone, even after a long period of dry weather conditions

« the culvert inlet was wndercut at least 0.15 m at the time of the
field investigation. Otherwise, the culvert appeared to be in

good condition

SUBSURFACE CONDITIONS

General

The Record of Borehole Sheets, (Appendix) illustrate the conditions
at the borehole locations. The locations and elevations of the boreholes
are shown on Drawing No. 1470003«R<A.

The survey stations and elevations refer to temporary benchmarks

egtablished by our field personnel. (Sta. 00+000, Elev. 100.00 m).

Generally, the segquence of overburden materials, from the surface
downwards is as follows:

- 2 m of gilty clay

« 11 m of varved clay

- 7 m of gilt

- then silty sand



The road embankment is composed of approximately 2 m of £ill.

Road Embankment Fill Material

At BH#6 and #7, up to 2.1 m of silty sand, containing traces of

gravel and clay and occcasional pockets ofsilty clay (CL) was encountered.
The denseness of this material ranges from very loose to loose.

$ilty Qlay (CL) to Clay (CH); some sand, trace organics

This deposit iz the surface material in the valley, where it extends
to elev. 95im. It also lies directly beneath the road embankment f£ill
where it extends to elev. 97 to 98 m. The thickness of this very soft to
stiff material ranges from 0.9 to 2.1 m.

Physical properties of the material, as determined from field and

laboratory tests, are summarized as follows:

_ Range - Average Median
Natural Moisture Contant (w) 22.5 = 29.5% 25.3% 24.0%
Ligquid Limit (wy) 38.0 =~ 52.5% 45.3% 45.5%
Plastic Limit (wp) 17.5 ~ 24.0% 21.3% 22.5%

Pigure 1 illustrates a typical grain size distribution for this

material.

Varved Clay

This material underlies the silty clay to clay and extends for .

approximately 11 m to elevation 84im.

The deposit consists of regular alternating layers of clay of low
plasticity (2 om thickness) and clay of intermediate to high plasticity
{1 eam thickness), generally c¢ontaining over 50% silt and traces of sand.
The consistency of th? deposit ranges from soft to firm, generally

increasing with depth.

Physical properties of the material, as determined from field and
laboratory tests, are sumuarized as follows:



Range Average Median
Natural Moisture Content (w) 34.0 =~ 59.5% 43.1% 41.8%
Liguid Limit (WL) 24.0 - 55.5% 33.6% 29.5%
Plastic Limit (wp) ' 16,0 = 20.5% 17.8% 17.0%
Shear Strength
~ field vane (undisturbed) 17 - 62 kPa N/A N/A
- field vane (remoulded) 2 - 18 kPa N/A N/A
-~ uneonfined compression 15 - 19 kPa N/A N/A
Unit Weight (¥) 1741 = 17.4 kN/m3  17.2 kN/m3  17.2 kN/mx3

The sensitivity of this material ranges from 2 to 12.

Laboratory tests to determine the effective stress parameters mo-
vided the following results:

-~ normally consolidated condition; ¢' = 0 kPa
$' = 33~34°

- overconsolidated condition; ¢' = 5«8 kPa
to= 31-330

2

The effective stress parameters were modified to ¢' = 5 kPa, $' =
27° for the purposes of the stability analyses.

Figure 2 illustrates a typical grain size distribution for this

material.

Physical properties, as determined for each varve, are summarized

below.

CL Varve . QI/CH Varve
Natural Moisture Content (w) . 2745% 62.5%
Liquid Limit (wy) 25.5 =« 27.0% 2.5 = 70.5%
Plastic Limitr(wp) 20.0 = 21.5% 23.0 = 26.0%

Silt (ML); some clay, trace sand

Tniskdeposit underlies the varved dlay, and extends for an estimated

7 m to elev. 76.8%fm. The material is generally slightly plastic. Its

consistency ranges from very soft to firm.
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Physical properties of the material, as determined from field and

laboratory tests, are summarized below:

Natural Moisture Content (w) 384.5%
Shedar Strength
= field vane (undisturbed) 36 kPa
- field vane {(remoulded) 14 kPa

Figure 3 illustrates a typical orain sigze distribution for this

material .

gilty Sand to Sandy Silt; trace clay

This material underlies the silt. The denseness of this deposit was
determined as very loose -~ probably due to the artesian groundwater con-

ditions encountered.

Figure 4 illustrates a typical grain size distribution for this

material.
Groundwatey

Measured groundwater elevations were quite variable but the ground-
water level was astimated at 93 m (0.5 to 1.0 metres above the creek

level).

Artesian conditions were observed in one hole below elev., 74.5 m.

The gtatic head level was 0.3 m above ground level.

\i



DISCUSSION AND RECOMMENDATIONS

The road embankment slip failure was a result of progressive fail-

ures of the slopes adjacent to the creek and downstream from the culvert.

The creek slope failures were caused by lowering of the creek chan-

nel invert and undercutting of the creek banks.

in order to sgtabilize the road embankment, it is necessary to first
stabilize the creek slopes.

The proposed design illustrated in Figures 5, 6 and 7 is intended as
a guide. The hydrologic aspects have been discussed with Mr. J. Carter,
Sr. Hydrology Engineer, Urainage and Hydrology Section.

Please submit your f£inal design drawings and a complete dascription
of the proposed cohesive f£ill (for reclaiming the creek bed) to this

office for our review.

if there are any questions, please do not hesitate to contact this
office.

Creek Embankment Design Details

« Refer to Figures 5 and 6.

- Complete creek bed construction under dry conditions.

- The creek should be straightened, graded and channelled for
approximately 50 m downstream from the culvert outlet (refer to
Drawing 1470003<R-A).

- Congtruct the creek bed to the geometry illustrated in Figures 35

i

and 6 using suitable cohesive £ill (till), suitably compacted.
Note that we.-have only estimated the width of the creek channel
bottom.

-  Pprotect the cohesive material with a minimum 0.15m thick Granular
A blanket and a minimum 0.3 m thick blanket of random rip-rap, as
illustrated in Figures 5 and 6. Angular rip-rap would be prefer-
able, especially in those areas near the culvert outlet. Random
rip-rap (min. thickness 0.3 m) is also reguired on the creek

- slopes as illustrated in the figures.



Road

Use gabion baskets to line critical portions of the channel
slopes and to act as energy dissipaters as illustrated in Figures
5 and 6. The backfill to the gabions near the culvert should be
cohesive material,

Use a Granular 'A' layer (0.15 m min. thickness) to prevent any
loss of creek bed wmaterial through the energy dissipater at the
downstream end of the channel treatment, as illustrated in Figure
5.

The channel treatment may require periodic maintenance.

At the culvert inlet and ocutlet, ensure that the backfill materi-
al is properly placed and compacted.

At the culvert inlet, comstruct a seal of cohesive material (min.
thickness 0.6 m) to prevent any future undermining or seepage.
The seal should extend for a minimum of 2 m on each side of the
culvert inlet, and from the high water level down the embankment
and at least 2 m along the stream channel. (Refer to Figure 7).
Benches should be placed in the existing slopes to facilitate

placement of the cohesive fill.

Embankment Dasign Detﬁils

Construct the road embankment to the geometry iliustrated in
Figures 5 and 6.

On the north side of the culvert construct a 5 m wide berm at
elev, 97.8 m along the east side of the rpad from the culvert to
Sta, 0+60f, The berm surface should slope down 0.3 m across its
5 m width to facilitate drainage. The berm should g;iconstructed
of suitable embankment material.

The slopes adjaceat to the creek should be graded into the chan-
nel treatment at 3:1.

Other slopes should be graded into the existing contours at 2:1.
Place a pad (0.3 m min. thickness) of Granular 'A’' beneath the
plan area of the proposed berm.

Construct a 0.6 m deep trench as illustrated on Drawing No.
1470003~R~A, and backfill with Granular 'A'. It is suggested that
this trench be excavated and immediately backfilled in sections
no longer than 5 m. This drain should extend into the creek.

The berm and transition areas should be protected by vegetation

cover as soon as possible’ afrer construction.



Construction Sequence

The construction sequence Lis

stability of the road.

Following is our recommended sequence:

(n
(2)

(3

(4)
(5)
(6)
(7)
(8)

(9)

Construct drain/trench to creek.

very important in order to maintain the

Divert stream water in order to coustruct channel treatment in

the day.

Repair culvert backfill where necessary and construct culvert

inlet seal.

Construct stream channel tresatment,

Return stream flow to completed channel.
Place Granular 'A' pad below proposed berm.
Construct berm.

Construct remaining portions to achieve

.

embankment geometry.

Provide required vegetation cover,

recommended road



MISCELLANEQUS

The fieldwork for this investigation was carried out under
the supervision of Mr. C.S. Mclorg, Student Specialist. The report
was written by Mr. Mclorg and Mr. D.H. Dundas, Project Foundations Engineer
and reviewed by Mr. K.G. Selby, Senior Foundatioms Engineer. The
equipment used was owned and operated by Atcost Soil Drilling Limited.

e

C.8. MclLorg,
Student Specialist Engineering

D.H. Dundas, P. Eng.,
Project Foundations Emgineer

K & Bl

K.G. Selby, P. Eng.,
Senior Foundations Engineer
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RECORD OF BOREHOLE No 1 METRIC
wo 14270003 LOCATION v b0 Db 60, 15 m RY of Conerol Line. . . CRIGINATED BY QM ...
oISt 4wy Municipal BOREMOLE Type _Hollow Stem Auger, Cone Test COMPMILED BY (M
DATUM ... Relative DATE 83 07 14-18 CHECKED svz
oruran —rs
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | | B et hior NATURAL =
[y by MASTIC  uoysTime GO ] . T REMARKS
Lt CONTENT  LiMit e {8
!-o- " @ 2 bid 20 4P 5‘0 SP 100 w W W, %m &
SE% oescriemion 18| ¢ 2|25 § [wear steenori e s | % | GRAIN SI2E
] = § Z |8 IR8| T |ounconmner s FED vane - Cy  |DISTRIBUTION
E 5 |9 G [ QUICK TRIAXIAL X 148 VANE WATER CONTENT {%) {%]
9;~g Ground Surface _!;" - s 10 20 3p 40 5 20 40 60 Wﬁﬁ GR SA S1 CL
. ", ) y
_md sand (AT TTSE T
841ty Clay (GL) te 2188 4 96
¢l : R
0s s ugge(&!_é soue “;:;m ) ‘ gg g It 0 16 34 350
2.1 318 1 2
/ 9% o
o ot Varved CL/CH
Z;zwa mﬂ::yl AEVRECRE 2 < ° 17.1 056 46
atnatitg layers Efsetive Srasy
of € (thickiess 2 cm) + & Parameters
and Cf to O1 Tty 92 * gr g
(thickness 1 cm) {kPa) (0)
and/gome silc / "g D.C. 5 34
traca swad * C. 0 33
8lag 2 e
Suft to Fimm 0 ) arved CL/CH
3 e 0 78 24
31 bid o8 b » 17.4 115 84
/ . 48
6135 T3 ¥
4 4
/| /
1; 88 2 8
I m../ , 6 s
Stiff T TP |
12.8 | End of Borehola 84 .
Probable Silt ;
{slighlty plastic ML) a2 )
a0 Z
78.4 .
18.6 | Eud of Come Test

43, 25 Numbers refer 1o

Sunsitwity 10

20
18 5 %) STRAIN AT FALURE
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RECORD OF BOREHOLE No 2

METRIC

OFFICE REPORT ON SO EXPLORATION

14~ 70003% LOCATION Sta. 0 + 4B, 25 m BI of Conerel Line oM
ORIGINATED 8Y
DIST 14 wWwy_ Mmicipal BUREMOLE Typg Hollow Stem Auger, Cone Tegt COMPILED B8Y M
DATUM _raiflative DATE 5307 18 CHECKED 8Y Z:
AT Y
DYNAMIC CONE PENETRATION,
SO PROFILE SAMPLES | & o %" RESISTANCE — PLOT NATURAL =
o FASHIE  gmsvue  LIGUR e REMARKS
- §% e 30 40 &0 80 100 LIMIT  ComtENT LMY 2(_.’2
u o L i r &
[ x e ! ! We w W, :‘)g
£y SESCRIPTION SEIRTEREE & [SHEAR STRENGTH iPa A GRAIN SIZE
BEPTH - § E 13138 & [ouvconmneo o« rmovanel oo contenrimy 7 |DSTRIEUTION
3 5 | B9 | & |wouck rRmcaL  x Lap vAne . (%)
96.04 Grownd Surface 5 E o*| W 10 20 30 40 50 20 40 60 wi/e® |or sa si ¢t
0.9 BTy Clay wﬁ% te 1 * Atesiag)
9% 1 G%:'? CH) some Bmdy“ 1] 1 5 o Hasd
0.9 2.la8 01 to Elev L o 12277
. 96.3 3
Jery, Soft 9 s
/ 358 12 *
&b
Varved Clay / bl 38.0.3
alternating layers / 92 >
of CL (thiel / 5 w4
2 cm) and CB to Sl PR ] ! - 17.2 {0 0 63 37
Gt (thickness 1 om ' S [Efaddve Sryves
and/some silt 43 Parameters
trace sand g | we | o 90 ¢
Soft to Fimm (kPa) (o
* 0.c. 8 33
sl +h NG 0 31
/ 88 +5
&R e +é
/ ‘5"‘
i i el g 35 2 8 o
Seifs J +5
m....__u/m“*s‘g 4 Head 2] 0 0 67 33
84,1
1.9 3 el '
117 88 1 1 o 0 08911
*2
841t (alightly
plagtic ML) 12,8802 82
some clay
trdce. sand o
Very Soft to 13188 1 3
Fitm 30
14138 17 x
78
re. 15158l s
6¥
19:2 1 541ty Sand to Sandy -&'n.
EER S 1618 11 ditbn 76 4 0 43 55 2
trace clay Engountated
75,7 | USTY looge -
ey
21.3 | End of hole ™
e . 74 fond}
Probable Silty Sand
72 ‘5
e
70 S
68
42
55.2 &6 5 .
30,8 End of Cone Test

+3, %5 . Numbars rafer to

Sunsitivity 10

W0
15 45 {%) STRAIN AT FAILURE
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RECORD OF BOREHOLE No 3

METRIC

WO . 14=70003R LOCATION Sta. 0+ 39, 79 m BT of Contrel Line ORIGINATED BY __GN
oist.L 4 wwy Mmicipal = sorenols rypg Rollow Stem Auger, Cone Test compnen gy _ M
DATUM ... Relative DATE 83 07 15 CHECKED BY _Z
DYNAMIC CONE PENETRATION
50U, PROFILE SAMPLES | &, | 2 |ResistancE pLot pnsrie | NATUEAL =
b vl 2—~....._. - MOISTURE  LIGUIB | . REMARKS
- - go 3 26 40 0 80 100 LiMiT CONTENT LMY EQ
la g 122 i o i We W w | 5% &
gL BESCRIPTION alyl w2 Zé 5 SHEAR STRENGTH kpa AR S— 2 | craN $izZE
Bégf\%i W El 2| £ 188! % |ounconmmne  + mEwD vane " vy ¥ |DISTRIBUTION
gz » | &Y | & |eQUCK TRAXAL x LAB VANE. WATER CONTENT (%) %)
36.0 Ground Surface i ‘ o 10 20 30 40 50 GR SA 51 Cl
0.0 | Bifty Clay 3 v -
Clay (CH) some sand, [}V
trate organics 1 188 | 1
94,8 LRty Sats 4 )
1.2 V B Ts +b
/ ) 94 i)
ERIENN { ,
Varved Clay / A 5
alternating layers of 4 1 35 | 2
L {(thickness 2 eom) 92 &
and. G to C1 (chicieed /|31 5512 ’
1 em) and/some gilt / =
trace sand / 6 185 132 s
Very Soft to 90 k|
Flam / 7 1ss |1
“ ]
/ 8..88 L2 48
/| -
/ 9 1388 1~
/ 86 -
/] 0lss |2
84,4 o2
T1.5 | 841t (siightly plastic %
ML) some clay, trace 11185 | &
82.9 s#nd  Soft to Firm
13.1 ] End of Borshole
Probable Silr 82
{slighetly plastic
80.4 )
15.6 | End of Cone Test

3, x5 ;. Numbers refer to
Sansitivity

20
15 45 (%) STRAIN AT FAILURE
0

.
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RECORD OF BOREHOLE No 4

METRIC

*
{slightly plascic
ML)y

some clay
trace sand
Soft to Frm

ﬁ

WO ...14=70003R LOCATION Sta. 0 + 40, 15 m BT of Contrel Line ORIGINATED 8Y _ O
DIt LA wwy Menicipal & BOREMOLE Typg JHollow Stem Auger, Cone Test compien gy __ M
DATUM ... Belative patE 83 07 19 « 20 CHECKED SY.E
w  |DYNAMIC CONE PENETRATION
SOH PROFILE SAMPLES | &, | % |ReSistance peor ATURAL v
ot & PLASTIC  woistume  LOUD ] . REMARKS
= - | 8| # 16 40 60 8o po |UMT contmer umr oSO &
[ 38 3" bty - i L f i Vi w” W Wi - u
iV DESCRIPTION SEIRRERE T & [SHEar STRENGTH Fa et | 3| GRAIN SIZE
i =15 2| %138 | § |ounconaned -+ ermp vane WATER CONTENT (ng] 7 (DTRIBUTION
|z y | &Y D |® QUICK TRIAXIAL X LAB VANE , %} {n}
57,0 | Ground Surface l : & ) 1o 20 30 40 30 GR SA Si Gl |
0.0
Siley Clay (CL) to V] 5 )
Clay (CH) some sand, /" T Ee % 96
trace organics /’
g4 o | Fim to Stiff 2 z: 3
A2 sizs 13
/ % 3
6188 1.2 31
Varved Clay AR o
altamating layers ] 6
of CL {thickness R 92
2 cm) and CB to C - 4
(thicknass 1 ocm) *
and/some sile 9138 2
trace sand / b
Soft to Firm / %
10185 12
/ “‘
88}
1iss | 3
wd
seigf 12088 .2 86 :
/] ?
84.3 e
13188 3 -
4 )
i, S * [l 841 2
13.1 End of Borahola 3
Probable 5ilc >
(slightly plastic ML) \\
81.5 5 14
15.5 | End of Cona Test

+3, x5 . Numbuers rafer to
Sansitivity

20
158 [%) STRAIN AT FAILURE
10
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RECORD OF BOREHOLE No 5

METRIC

wp _ 14=70003R LOCATION STA, O+ 52, 34 m RY of Control Line ORIGINATED By _ (M
pisT . L& wwy  Mumicipal  aepenolg Type Hollow Stem Auger, Cone Test COMPILED BY oM
DATUM ... Belative DATE 33 07,20 : CHECKED 8Y :
T
SOM, PROFILE SAMPLES |, | & | chomcs hor e N | -
& TIC sosTORe 'C'lg‘:f =5 REMARKS
" " 55 h 20 49 &0 a0 . g0 [T comrewr F3
) 9 m g E > i i i e i Wp W W,_ oW &
\EY DESCRIPTIO Sl 8| 225 § [svear STRENGTH kPa bt | % | GRAIN SIZE
N w5 2| S |38 § [ovnconmme s rmpuanel o o]y [DISTRIBUTION
é 4 B | &Y | @ |eOUCK TRIAKIAL  x LAB VANE WATER CONTENT (%) %)
g | Suré W B i) 10 20 30 40 30 20 &) &0 GR SA 51 CL
58 Siity Clay (CL) to Clayif |
{((H) some sand, trace / 3 lee | & 96
organics % sttt
95,1 I i
1.5 w3
3 L8512
94 4
/// 4 lss 13 M
, +12
/ 5188 |2 + P b 06337
Varved Clay / 92 ”
alternating layers 6,188 11
of CL (thickiess / - "
2 om) and CH to CT / *
(thickness 1 cm)
and/some silt / a8 L2 90
trace aand / +5
/ IR 5=
é 88 4
/ 9.l5s |2
/ +5
/ 1nlsg 1o 8
L 34,2
11,9 1543t (slightly plakeic .
ML) some clay, trace AL LS. L4 84
83,5 laand.. Sofe. ro. Bl \ 2
13.1} tnd of Borshola
Pyobable 5ilt
(elightly plastic ML) a2 <
8l.1
15.5 Znd of Cone Tast

+3, x5 Numbers refer 1o

Sensitivity

20
15 45 (%) STRAIN AT FAILURE
10
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RECORD OF BOREHOLE No 6 METRIC

WO, L4=70003R LOCATION Sta, 0 + 38, 6w RT of Control Line ORIGINATED BY _ M
pIsT_ L4 wwy, tunicipal  BOREWOLE Typg Hollow Stem Auger, Cone Test : compiep sy M
DATUM ... [ lative DATE 830720 -2t CHECKED BY %:
e
TDYNAMIC CONE PENETRATION
501l PROFILE SAMPLES | X | 2 | HNCE hlor rsrie NATUIAL =
g 7IC woisruke LauD | T REMARKS
5 . | 36| 3 p 49 ep 80 g0 [\ comr METL ZE s
o i P 4 d -] -
ELEV DESCRIPTION Tlgl el 2|23 8 |sHEAR STRENGTH P o | T 3 | GRAN SIZE
BEPTH w13 2| S| 35| 5 |ounconmme  + FiED vane y |DISTRIBUTION
£1%2 "y | &Y & | Quck TRIAXAL  x LaB vang WATER CONTENT {%) %)
. 5 z z o 20 30 40 30 20 40 60 GR SA Si L
S§iley Sand
trace graval and clay 188,08 10
oee. silty clay (CL) AT Ot=tpd
' pockets  Loose . sl ae | g
98,71 ($i11 Material) AR ]
2.1 Siley Clay (CL) to ¥4 55 17 ’
(Clay (C) some sand, |L¥|[~T=oc—"7 98 R 0 15 50 35
trace orgmics 1 ss 18
3.3 Firm d '
. "/ 3l s 13 , u
EL *6 -1
Varved Clay Vg IR W
P alternacing layers /'* ¥4
Q of CL (thickness 2em) 10l g8 1 4 ' L mald 0 06535
= md @ to CI (chmmm// odd
8 1 tm) and/gome sile £
2 trace sand / _‘;_
= 1l.85. 14
7
-
= Eri s
) ]
e ? / 12058038
CZD : "
-+ ggg,gg%tw
& L1l ss |3
. -+
¥ /| *
w / 141 58 | 5
L - ae
F 87.7 , yd ] b
b 13.1 End of Sorsbole
Probable Varved Clay ~
o
)

A5

13.8 tnd of Cone Test

' )
Y o3, x5 Numbers refer to 15 0 (v STRAIN AT FAILURE
_ Sensitivity 1o
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RECORD OF BOREHOLE No7

METRIC

We __ 146~70003R LOCATION Sta. 0 + 43, 6 m RT of Control Line omGINaTED gy
OIST 14 HWY Municipal BOREMOLE type Hollow Stem Auger, Cone Task COMPILED BY oM
DATUM .. Relative DATE 83 07 21 CHECKED 8Y ﬁ
OYNAMIC CONE PENETRATION
501U PROFILE SAMPLES E‘fw ‘g RESISTANCE  PLOT WATURAL 5
FASTIC  ugisrure LIOU | REMARKS
4 %5 3 20 40 48 80 100 |UMT conrmr umiT | 0
Q E m P 4 L i f i Wp w W, Sh &
LELEV DESCRIPTION il e 2188 5 SHEAR STRENGTH - o 2 ' GRAIN $1ZE
DEPTH wiZ 2 8 %“8 ’§"' O UNCONFINED  + FIELD VANE [ oo oo renie s DISTRIBUTION
é Z » I EY | & | e QUK TRIAXIAL  x LAB VANE WATER CONTENT {%) (%)
00,61 Ground Surface hid # o] 10 20 40 50 GR SA SI CL
: aval md clay s .
ggc. silty clay (CL) L.lag [ Dry 100
pocikets P P
Very loome to locse
28,8 3185 1 3
1.8 %g@)y ﬂﬁ? EE&% BT B
goma’ sand, trace “[)| )
97,8 organics Soft.to Firm RS 4 98
2.7 / a
Varved Clay +8
alraynating layers of // 582
O (thickness 2 cm) and] 9% 4
@ to CI (thickoess |/ 18185 [ 2
1 om) and/sowe 3ilt /‘ o7
trace sand LS8,
Soft ro Firm / b &b
B8 94
93.3 2] \ A
. 7.3 End of Borshole )
Probable Varved Clay 92
a2 ) {
9.4} End of Cone Test
»
% .
|

5. Numbaers refer to
Sansitivity

20
15 35 (%) STRAIN AT FARURE
10




7812 M

UNIFIED SOIL CLASSIFICATION SYSTEM

SAND - GRAVEL
CLAY & SiT Fine | Mediom | Coorsa Fine Coarse
GRAIN SiZE IN MICROMETERS MINISTRY SIEVE DESIGNATION | Metric)
' 2 3 40 10 20 30 4050  5um B0 pm I00um 800um b, 18 e 2 36 mm 9.5mm 9.0 mem 375mm 3.0 mm
100 111 “m 1084um 2504 425pm 850 1um 2.00mm .75 mm B.2mm | 2e5wm | 530 7500m
MMMW .
, ! A
80 10
-‘-‘2/
80 s \ 20
L~
AT 1.
70 . 30
A /, e
//

60 4 A 400
(%3 o wy
e L/ y S
g ’/ ................................. <
| 5 b

50 ’ 50
. , | LEGEND :
« [ en [samee SYMBOL g
¥ 40 ‘ 3 - g0 &

u 6 b6 i s o

30 ot e 70

20 l] ------- 80

10 ﬂ 80

0 ﬂ i ] 100
! 2 3 4 5 10 20 30 40 270 200 WO 100 6050 40 30 20 & 108 4 Yo M W Y gl e
_ MINISTRY SIEVE DESIGNATION { Imperiol )
Ministry of FIG No 1
) Hetiacn o GRAIN SIZE DISTRIBUTION
ntari Communications SILTY CLAY TO CLAY WO 14 -70003-R

SOME SAND , TRACE ORGANICS




7812 M

UNIFIED SOIL CLASSIFICATION SYSTEM

SAND GRAVEL
CLAY & ST Fine I Madium ] Coorse . Fine Coarie
GRAIN SIZE IN MICROMETERS MINISTRY SIEVE DESIGNATION | Metric)
i 2 '3 4 s 0 20 30 #0S0 4. BOum J00um 600um V.18 mm 2. 38 mm 9.5 mim 9.0 mm 37.5mm 630 mm
100 i H”I s3um | 10sum 250um 425 pm 850 um 2.08mmn 4.75mm B2mm | 265mm | 530me 750mm
e o £ U « | DR T -
L=
I‘,.a o / /
%0 = 10
y/ 4] " /
=
/‘/ /
80 . : ﬁ 20
y
70 / // 30
X NN .
&0 / 40 £
e b — - ¥ 18-} 1.3} o e PUTE SRNIUTT: FERSY: STV - ] 4
2 /] “
o 1/ 4 50 "
z {1y LEGEND z
4 3 BH  |SAMPLE SYMBOL &
B 40 / 60 &
| QA |
7 o8 |[=———
a0 " 70
2 2 i e
. | 2 |10 | —— ]
10 ﬂ 890
0 : _ II i 100
i 2 3 408 10 20 30 40 270 200 140 100 GOS0 40 30 20 16 08 4 L I R U /AP
MINISTRY SIEVE DESIGNATION { imperial )
Ministry of “ FIG No 2
T GRAIN SIZE DISTRIBUTION
Cormunicalions WO 14-70003-R

Ontario

VARVED CLAY




7812 m

_/UNIFIED SOIL CLASSIFICATION SYSTEM

SAND GRAVEL
CLAY & SIY - - - , ,
Fine | Medium Coarse Fine Coarde
GRAIN SIZE IN MICROMETERS MINISTRY SIEVE DESIGNATION ( Metric)
1 2 3 45 0 20 S 150 5m 3004m 800um LiBmm  2.36mm 2.5mm 19.0 mm 3725mm  83.0mm
160 l ”l ”m 104 in 250 425 pm B50 jum 2.00mm 4,75 mm 13.2mm 28,5 mm 53.0mmd 75.0emm
= 0
90 10
80 «d 20
70 30
o €0 400
z z
3 _ N - - P
£ 5
50 50
% LEGEND s
[ (A B S it ey S i 1 R S e o AR B 27 1 APRY SN SU O 5 | TSRS S [tV]
g BH |SAMPLE SYMBOL &
o 30 . O VI g GO B
/ 1 2 1N — e
30 /' 10
20 y ’/ a0
’/"
B L T A
% unay snme s s n dae o 5 man a0 S e e e e B T Ly WUTIRUES DU WSSV WO WS SIS SO W SIS i SUSEIIITE | AU NI T 90
o e J1O0
3 2 3 45 T 40 270 200 140 100 6050 40 30 20 16 108 LA PO A T T T
MINISTRY SIEVE DESIGNATION {Imperial) '
Ministry of ' FIG No 3
Q) T GRAIN SIZE DISTRIBUTION
WO 14-70003-R

Ontario

Communications

SILT SOME CLAY, TRACE CLAY




- 7812 M
UNIFIED SOIL CLASSIFICATION SYSTEM
SAND GRAVEL
CLAY & S“.T Finu I Mﬁdium l COO"‘ Fina Courie
GRAIN SIZE IN MICROMETERS MINISTRY SIEVE DESIGNATION { Metric) ’
| 2 3 435 10 20 30 4050 ysum | 150pm 300um 00um LiBmm  236mm ?.5mm 19.0 mm 37.5mm 63,0 mm
100 [T s30m | 106um 250um 425 850 um 2.0Qmm 4.75mm zem | 205em | 53onad 7s0mm
I S O
v
%0 4 10
\
80 | 20
10 30
. ] 1.1 N T
60 d 40 O
2 2
g SRV SIS DU B T -~ S T (U VNI S WP SRV ITUITIN. VST —— 5
g b
50 50
g y LEGEND 2
& / BH |SAMPLE symeor ‘| &
& 40 J 80 &
/ 2 |16 |—
N 0 1 OO S R N Y 4 " . —
30 / u -4 ro
z0 ’ \ B8O
- A “
//
10 L 20
a""d
i 4+~ I]
o 100
i 2 3 4 3 10 20 30 A0 270 200 140 100 6050 40 30 20 6 08 4 0 W W g v gl e
MINISTRY SI1EVE DESIGNATION {lmperial )
T ion and GRAIN SIZE DISTRIBUTION FIG No 4
Communications S”_TY SAND TO SANDY SILT WO 14-70003-R

Ontario

TRACE CLAY




OFFSETS

vnme———

§Z+0

Gl+0

§0+0

WO 14-70003-R

CULVERT

2 8% 5
mNu WR &mw
= L ¥p]
E 38 &
S T w o
{ & =
o
.// E— <
o T L LY e
NG REOR W I b i -]
LEN BB O Ss R B ¥4 [Ty
13 5 A BN ANy et e OM
BB AT 3 4 AL TX L 3X]
WR
- 3 Rm
]
w =
Ox
> MMWA KBRS EYS D] NM
SEE L W 1 <. J 35 3 1 3}
T N T Ry B 33
11 b e LHHﬂH - PM
J Bl . R L S dod .
Bt B S ad iV esdeon il N
o3
g
o of
S o gy & Ny 0 0 W , M
g S W o - i Y
1 T 1 X & & > S 4
Tryiry O a oy, .
. i e o G v A O 1 | 2 *
1% 1 iz T Tt L
r > DFWFNNJMHH”HHHH
o HAMHHNHHJVW m.
immm . S 2 e T A X L _NM

i il el . . Wi

SCALE 1:100

2:1




ROAD
{ EMBANKMENT ROAD

e

CULVERT Z CULVERT

INLET

HIGH WATER LEVEL {EXAMPLE)

0.6 m Min t
COHESIVE { CLAY)
MATERIAL

NTS /
a) Longitudinal Section

FIG 7 - CULVERT INLET

SEAL

CULVERT

ﬁ?m Min

b)

NTS
Front View

wO 14-70003 -R




EXPLANATION OF TERMS USED IN REPORT

N VALUE: THE STANDARD PENETRATION TEST {SPT] N VALUE 1S THE NUMBER OF BLOWS REQUIRED TO CAUSE A STANDARD 5imm ©. 0. SPLIT BARREL
SAMPLEN TO PENETRATE 0.3m INTO UNDISTURBED GROUND IN A BOREWOLE WHEN DRIVEN BY A HAMMER WITH A MASS OF 53.5ky, FALLING
FREELY A DISTANCE OF 0.74m. FOR PENETRATIONS OF LESS THAN 0.3M N VALUES ARE INOJTATED AS THE NUMBER OF BLOWS FOR THE PENETRATION
ACHIEVED. AVERAGE N VALUE 15 DENOTED THUS N,

DYNAMIC CONE PENETRATION TEST: CONTINUOUS PENETRATION OF A CONICAL STEEL POINT { Simm O.D. 40° CONE ANGLE) DRIVEN BY 475 )
IMPACT ENERGY DK ‘A’ SIZE DRILL RODS. THE RESISTANCE TO CONE PENETRATION 15 MEASURED AS THE NUMBER OF BLOWS FOR EACH  0.3m
ADVANCE OF THE CONICAL POINT INTD THE UNDISTURBED GROUND.

SOILS ARE DESCRIBED BY THEIR COMPOSITION AND CONSISTENCY OR DENSENESS.

CONSISTENCY: COMESIVE SOILS ARE DESCRIBED OM THE BASIS OF THEIR UNDRAINED SHEAR STRENGTH{c | AS FOLLOWS:

[ e, 1kPe) - 12 12 - 25 25-50 | 50-100 | 100300 [ >200
VERY JOFTY SOFT FiRM STIFF | vERY STIFF HARD
DENSENESSt COHESIONLESS SOILS ARE OESCRIBED ON THE BASIS OF DENSENESS AS INDICATED BY SPT N VALUES AS FOLLOWS:
|N(3LQWS:’O_3m) g~3 5-10 10 - 30 30 - 50 =50
VERY (QUSE] (DDSE COMPACT DENSE  IVERY DENSE

ROCKS ARE DESCRIBED 8Y THEIR COMPOSITION AND STRUCTURAL FEATURES AND / OR STRENGTH.

RECOVERY: 5UM OF ALL RECOVERED ROUX CORE PIECES FROM A CORING RUN EXPRESSED AS A PERCENT OF TME TOTAL LENGTH OF THE CORING RUN.
MODIFIED RECOVERY! SUM OF THOSE INTACT CORE PECES, 100mm+ IN LENGTH EXPRESSED AS A PERCENT OF THE LENGTH OF THE CORING RUN,
THE ROCK GUALITY DESIGNATION (R G D}, FOR MODIFIED RECOVERY, 15:
[ RQD (%) g -~ 25 25 - 50 50 - 75 75 - 90 20 - 100
VERY POOR| POOR FaR GOOD | EXCELLENT
JOINTING AND BEDDING !
SPACING 50 vim S0~ 300mm| 0.3m - 1m | im« Im »>3m
JOINTING  [VERY CLOSE| CILOSE | MOO. CLOSEL  WIDE VERY WIDE
BEDDING VERY THIN THIN MEDIUM THICK =~ \VERY THICK
ABBREVIATIONS AND SYMBOLS
] ' FIELD SAMPLING MECHANICAL PROPERTIES OF SOIL
§5 SPUT SPOON TP THINWALL PISTON ", kpg™!  COEFRICIENT OF VOLUME CHANGE
WS WASH SAMPLE G5  OSTERBERG SAMPLE Ce 1 COMPRESSION INDEX
$ T SIOTTED TUBE SAMPLE R € ROCK CORE o Ce i SWELLING INDEX
85 BLOCK SAMBLE PH T W ADVANCED HYDRAULICALLY Sy v RATE OF SECONDARY CONSOLIDATION
C§  CHUNK SAMPLE P M TW ADVANCED MANUALLY Ley mi/s  COEFFICIENT OF CONSOUDATION
T W THINWALL OPEN E S FOIL SAMPLE H m DRAINAGE PATH
Ty | TIME FALTOR
STRESS AND STRAIN u Y DEGREE OF CONSCLIDATION
Uy, kia PORE WATER PRESSURE 7y, ke EFFECTIVE OVERBURDEN PRESSURE
' 1 PORE PRESSURE RATIO L o kpo PRECONSOLIDATION PRESSURE
o kPa TOTAL NORMAL STRESS T kpa SHEAR STRENGTH
- kra EFEECTIVE NORMAL STRESS 4 kea EREECTIVE COMESION INTERCEPY
v keo SHEAR STRESS ¢ +* EFEECTIVE ANGLE OF INTERNAL FRICTION -
o 5 kio PRINCIPAL STRESSES gy kpa APPARENT COMESION INTERCEPT
€ % LINEAR STRAIN $y =®  APPARENT ANGLE OF INTERNAL FRICTION
€ .5 8 % PRINCIPAL STRAINS Ty kg RESIDUAL SHEAR STRENGTM
¢ ko MODULUS OF LINEAR DEFORMATION T kPO REMOULDED SHEAR STRENGTM
<] kPer MODULUS OF SHEAR DEFORMATION 5, ' SENSITIVITY @ -;_.':.'m
e ) COEFFICIENT OF FRICTION '
PHYSICAL PROPERTIES OF SOIL
A kg/m® DENSITY OF SOLIO PARTICLES & 1%  vOID RATIO & sin 1, %  VOID RATIO IN OENSEST STATE
L ]
Y kn/m® UNIT WEIGHT OF SOLID PARTICLES IS S ty -
f m3 fn HORD S o } DENSITY INDEX !m
A, ka/m’ pENSITY OF WATER w 1,4 WATER CONTENT ) mm GRAIN DIAMETER
Y%,  kN/m UNIT WEIGHT OF WATER Sy % DEGREE OF SATURATION D, mm n PERCENT - DIAMETER
& kg/m® DENSITY OF 301L w, % LOUID LIMIT ¢, UNIPORMITY COEFFICIENT
Y KN/ UNIT WEIGHT OF 501t s % PLASTIC LIMiT h m HYDORAULIC HEAD OR POTENTIAL
@ kglm° DENSITY OF ORY SO we % SHRINKAGE LIMIT q m/s  RATE OF O1SCHARGE
7é kn/n UNIT WEIGHT OF DRY SGHL i % BLASTICITY INDEX + W) ~ Wp v m/s  DISCHARGE VELOCITY
Py kg/m® DENSITY OF SATURATED SOIL L1 LOUIDITY INDEX: _“_’.,;;,.“L& T HYDRAULIC: GRADIENT,
Yigr  KN/M® UNIT WEIGHT OF SATURATED 301 "wL_ w Kk m/s HYDRAULIC CONDUCTIVITY
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FOUNDATION INVESTIGATION REPORT
For
WeQs 14«70003-R; Site N/A
Sideroad 5lip Failure
Beauchamp Twp., Lot 2, Conc. IV

District 14, New Liskeard

INTRODUCTION:

This report summarizes the results of the foundation investigation

for the above~noted road failure.

The fieldwork was conducted during the period from 83 07 14-28, uti-
lizing a continuous flight auger machine equipped with 82 mm 1.D. hollow-
stem augers. This work consisted of 7 sampled boreholes/dynamic cone

penetration tasts.

SITE DESCRIPTION

The site is located approximétély 1.4 km north of the Cone. III/IV
rodd on the Lot 2/3 sidercad in Beauchamp Twp. {(approximately 6.5 km west
of HWY- 11). '

Pnysiographically the site is Jlocated in the Colbolt Plain, a

glaciolacustrine plain of generally low local relief.

At this gite, the sidervad crosses a tributory of Eventurel Creek.
The creek flows, to the east through an 18im long, 4.3%im diameter CSP cul~
vert. The road surface is 5.43m above the culvert invert level.

At the ti&e of the field investigation, the slip failures extended
alonyg the east side of the recad affecting up to 4.%5im (width) of the
northbound lane. Refer to Drawing No. 1470003-R-A for specific fadilure
location details.

Based on site inspections and discussions with #Mr. O. Allen

(Township Maintenance, Dist. 14) it is outr understanding that:

-~ the existing culvert was installed in approximately 1269.
‘= the culvert was seated at the creek invert level that existed at

that time



~ gince installation of the culvert, the invert elevation of the
downstream creek channel has been cut 3im lower, within & dis-
tance of 20im from the culvert

- there are numerous progressive glip failures along the downstream
craek channel

- gmall c¢racks were evident along the road surface, near the eventw
ual failure zone, as early as 1982.

- on 83 05 27, the initial slip failure occurred

- an attempt to backfill the road surface portion of the slip failw
ure was made on 83 05 27

- on 83 05 28, the glip dropped 3im, and was eventually backfilled

- at the time of the field investigation the slip was 0.5im below
the road surface

-« +the water depth in the creek may reach 2Im in the spring. At the
time of the field investigation the creek water was estimated at
0.15 m

- on 83 06 09 and 83 07 14 (before the field investigation) shallow
surface ponding was evident in the area directly below the fail-
Ure zone, even after a long period of dry weather conditions

- the culvert inlet was wndercut at least 0.15 m at the time of the
field investigation. Otherwise, the culvert appeared to be in

good condition

SUBSURFACE CONDITIONS

GFeneral

The Record of Borehole Sheets, {Appendix) illustrate the conditions
at the borehole locations. The locations and elevations of the boreholes
are shown on Drawing No. 1470003-R=A.

The gurvey stations and elevations refer +to temporary benchmarks
established by our field personnel. (Sta. 00+000, Elev. 100.00 m).

Generally, the seguence of overburden materials, from the surface
downwards is as follows:

- 2 m of silty clay

~« 11 m of varved clay

- 7 mof silt

= then silty sand



The road embankment is composed of approximately 2 m of f£ill.

Road Embankment Fill Material

At BH#6 and #7, up to 2.1 m of silty sand, containing traces of

gravel and clay and occasional pockets ofsilty clay (CL) was encountered.
The denseness of this material ranges from very loose to loose.

giley Clay (CL) to Clay (CH); some sand, trace organics

This deposit iz the surface material in the valley, where it extends
to elev. 95%m., It also lies directly beneath the road embankment £ill
where it extends to elev. 97 to 98 m. The thickness of this very soft to

stiff material ranges from 0.9 to 2.1 m.

Physical propertiss of the material, as determined from field and

laboratory tests, are summarized as follows :

Range Average Median.
Natural Moisture Content (w) 22.5 =~ 29.5% 25.3% 24.0%
Liquid Limit (wyg) 38.0 ~ 52.5% 45.3% 45.5%
Plastic Limit (wp) 17.5 = 24.0% 21.3% 22.5%

Figure 1 illustrates a typical grain size disﬁribution for this

material.

Varved Clay

This material underlies the silty clay to clay and extends for
approximately 11 m to elevation 84Lm.

The deposit consists of regular alternating layers of clay of low
plasticity (2 om thickness) and clay of intermediate to high plasticity
{1 em thickness), generally containing over 50% silt and traces of sand.
The consistency of the deposit ranges from soft to firm, generally

increasing with depth.

Physical properties of the material, as determined from f£field and
laboratory tests, are sumtarized as follows:



--4-0

- Range Average Median
Natural Moisture Content (w) 34.0 -~ 59.5% 43.1% 41.8%
Ligquid Limit (wy) 24.0 -~ B55,5% 33.6% 29.5%
Plastic Limit (wp) 16.0 - 20.5% 17.8% 17.0%
Shear Strength
~ fisld vane (undisturbed) 17 = 82 kPa N/A N/A
-~ field vane (remoulded) 2 - 18 kra N/A N/A
« unconfined compression . 15 = 19 kPa N/A N/A
Unit Weight (¥) 17.1 = 17.4 kN/m3  17.2 kN/m®  17.2 kN/mx3

The sensitivity of this material ranges from 2 to 12.

Laboratory tests to determine the effective stress parameters prow
vided the following results:

= normally consolidated condition; c¢' = 0 kPa

' = 33-34°
- gvarconsolidated condition; ¢! = 5=8 kPa
?' = 31-33°

The effective stress parameters were modified to ¢' = 5 kra, ¢' =
27¢ for the purposes of the stability analyses.

FPigure 2 illustrates a typical grain size distribution for this

matarial.

Physical properties, as determined for each varve, are summarized

below.

% L, Varve CI/CH Varve
Natural Moisture Content (w) 27.5% G2.5%
Ligquid Limit (WL) : 25.5 =~ 27.0% 62.5 = T0.5%
Plastic Limit (Wp) 20.0 = 21.3% 23.0 = 26.0%

Silt (ML): some clay, trace sand

This deposit underlies the varved clay, and extends for an estimated
7 m to elev. 76.8fm. The material is generally slightly plastic. Its

consistency ranges from very soft to firm.



Physical properties of the material, as determined fyom field and

laboratory tests, are summarized below:

Natural Moisture Content (w) 38.5%
Shear Strength
- field vane (undisturbed) 36 kPka
= field vane (remoulded) 14 kPa

Figure 3 illustrates a typical grain size distribution for this

material.

Silty Sand to Sandy 8ilt; trace clay

This material underlies the s$ilt. The denseness of this deposit was
determined as very looge - probably due to the artesian groundwatser con-

ditions encountered.

Figure 4 illustrates a typical grain size distribution for this

material.
Groundwater

Measured groundwatar elevations were quite variable but the ground-
water level was estimated at 93 m (0.5 to 1.0 metres above the creek

level).

Artesian conditions were observed in one lhole helow elev. 74.5 m.

The static head level was 0.3 m above ground level.

[

~



DISCUSSION AND RECOMMENDATIONS

The road embankment slip failure was a result of progressive faile

ures of the slopes adjacent to the c¢reek and downstream from the culvert.

The creek slope failures were caused by lowering of the creek chan-

nel invert and undercutting of the creek banks.

In order to stabilize the road embankment, it is necessary to first

stabilize the creek slopes.

The proposed design illustrated in Figuresg 5, 6 and 7 iz intended as
a guide. The hydrologic aspects have been discussed with Mr. J. Carter,
Sr. Hydrology Engineer, Drainage and Hydrology Section.

Please submit your final design drawings and a complete description
of the proposed cohesive fill (for reclaiming the creek bed) to this

cffice for our review.

If there are any questions, please do not hesitate to contact this

office.

Creek Embankment Design Details

- Refer to Figures 5 and 6. ’

~ Complete creek bed construction under dry conditions.

- The ¢reek should be straightenagti graded and channelled for
approximately 50 m downstream from the culvert outlet (refer to
Drawing 1470003~R-A).

- Construct the creek bed to the geometry illustrated in Figures 5

by

and 6 using suitable cohesive f£ill (till), suitably compacted.
Note that we have only estimated the width of the creek channel
bottom.

- Protect the cohesive material with a minimum 0.15m thick Granular
A blanket and a minimum 0.3 m thick blanket of random rip-rap, as
illustrated in Pigures 5 and 6. Angular rip-rap woul& be preferw
able, especially in those areas near the culvert outlet. Random
rip=rap {(min. thickness 0.3 m) is also required on the creek

- slopes as illustrated in the figures.



Road

Use gabion baskets to line critical portious of the channel
slopes and to act as energy dissipaters as illustrated in Figures
5 and 6. The backfill to the gabions near the culvert should be
cohesive material,

Use a Granular 'A' layer (0.15 m min. thickness) to prevent any
loss of creek bed material through the energy dissipater at the
downstream end of the channel treatment, as illustrated in Figﬁre
5.

The channel treatment may require periodic maintenance.

At the culvert inlet and outlet, ensure that the backfill materi=-
al is properly placed and compacted.

At the culvert inlet, construct a seal of cohesive material (min.
thickness 0.6 m) to prevent any future undermining or seepage.
The seal should extend for a minimum of 2. m on each side of the
culvert inlet, and from gha high water level down the embankment
and at least 2 m along the stream channmel. (Refer to Figure 7).
Benches should be placed in the existing slopes to facilitate

placement of the cohesive fill.

Embankment Design Details

-

Construct the Mroad embankment to the geometry illustrated in
Figures 5 and 6.

On the north side of the culvert construct a 5 m wide berm at
elev, 97,8 m along the east side of the rvad from the culvert to
Sta. 0+60%, The berm surface should slope down 0.3 m across its’
5 m width to facilitate drainage, The berm should g;iconscructed
of suitable embankment material.

The slopes adjacent to the creek should be graded inte the chan-
nel treatment at 3:],

Other slopes should be graded into the existing conrvours at 2:l.
Place a pad (0.3 m min. thickness) of Granular 'A' beneath the
plan area of the proposed berm.

Construct &4 0.6 m deep trench as illustrated on Drawing No.
1470003-R=A, and backfill with Granular 'A'., It is suggested that
this trenmch be excavated and immediately backfilled in sections
no longer than 5 w. This drain should extend into the creek.

The berm and transition areas should be protected by wvegetation

cover as soon as possible after construction.



Construction Sequence

The construction sequence is very important in order to maintain the

stability of the road.

Following is our recommended sequence:

(1)
(2

(3

(4)
(5
(6)
(7)
(8)

(9)

Construct drain/trench to creaek.

Divert stream water in order to construct channel treatment in

the day. c& -

Repair culvert backfill where necessary and construct culvert

inlet seal.
Construct stream channel treatment,

Return stream flow to completed channel.

‘Place Granular 'A' pad below proposed berm.

Construct berm.

Construct remaining portions to achieve recommended road

embankment geometry.

Provide required vegetation cover.



MISCELLANEOUS

The fieldwork for this investigation was carried out under
the supervision of Mr. C.S. McLorg, Student Specialist. The report
was written by Mr. Mclorg and Mr. D.H. Dundas, Project Foundations Engineer
and reviewed by Mr. K.G. Selby, Senjor Foundations Engineer, The
equipment used was owned and operated by Atcost Soil Drilling Limited.
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Project Foundations Emgineer
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K.G. Selby, P. Eng.,
Senior Foundations Engineer
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RECORD OF BOREHOLE No | METRIC
wo 1470003 LOCATION Sta. Q. > 4b, 15 m BT of Control Line . ORIGINATED 8Y M
DIsT 14wy Municipal BOREMOLE Typg Hollow Stem Auger, Cone Test COMPILED By M
DATUM ... JRelative DATE 83 07 14wi5 CHECKED mZ
DYNAMIC CONE PENETRATION :
SOIL PROFILE SAMPLES | \ g RESISTANCE BLOT NATURAL -
e PLASTIE  gousrupr LU | oo T REMARKS
= . 58] 20 40 60 80 1gg |UT  coNrenr w59 P
Qe W - ; h ) ) " Wp W W, 5w
ELEV Tigiwl 3 %é 5 SHEAR STRENGTH kPa s | 3 | GRAIN $1ZE
DEPTH DESCRIPTION w I E| Z | 5 (38| % |ounconmme  + mEw vane y |DISTRIBUTION
FE: » [EY | & |eouck rranial  x uas vane WATER CONTENT (%) %]
97.0 Wm”“";ﬁ = wt 10 20 3 40 50 20 40 B0 Mz GR gA 4 oL
0.0 1
¥
_nd sena ] TTS 13
Silty Clay (CL) to A 2 |ss 96 '
Clay (CH) some sand, |13 b b 16 34 30
94,9 | Frace orggnies.. rigm WA §§ M
241 5 1388 2
9% .
«5 Lo - . Warved CL/(H
Varved Clay AETRETHE A < ® 7.0 0 056 44
dltarnating layers o tive Stesd
of CL (thickoess 2 cm) , = ' atmmeters |
and G to OF AT %2 * )
(thickness 1 cm) / 5 (kPa) (o)
and/soma silt / s L. 5 34
trace sand 2 lan | 2 1. ” * G 0 33
Seft to Pirm VA Warved CL/CH
3 e ‘ 6 0 76 24
31 M ) ' 17.4 B 115 84
6
“
88 e
10 188 1.2
/ < L4
/ 4
+4
11 1gs [ 2 86
P, ......-/ +8& 4
o
Stiff / TSR T
84,2 T ——— A 2
12787 tnd of Botehols B prx

Probable $ily
{slighlty plastic ML)

30

18.6 | Bad of Cone Test

1

20
»3, x5 Numbers refer to 15 o5 (0,) STRAIN AT FAILURE
Scmmmy 18




OFFICE REPORY ON SOH EXPLORATION

‘f

| Mitistry ot
@ Transparaton sng
Communsahony

Lntang
: RECORD OF BOREHOLE No 2 METRIC
wo . L4=70003R LOGATION $ta. U + 48, 25 m RT of Control Line ORIGINATED By O
pisT 14 wwy  JMmicipal BOREWOLE Typg  Hollow Stem suger, Cone Test COMPILED BY . CM
DATUM Relative DATE 83 07 18 CHECKED BY Z:
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES |2 | ¥ | N hor agric Mmoo
& b LiMT MoisrURE t&?r =0 REMARKS
5 - |38 @ 20 40 &0 80 100 W ""x“" w | 25 a
[ . W Pt h L i H B 5
ELgy DESCRIPTION I8 w2195 & [SHEAR STRENGTH iva et | % | GRAIN S1ZE
? S EIN-EE gg G [0 UNCONFINED & FIELD VANE| oo oo y |DISTRIBUTION
é z y | EV § ® QUICK TRIAXIAL % (a8 vang | W CONTENT (%) {%)
2.0, - Gromd Sustace 5 £ 1% @ 10 20 30 40 SO 20 40 80 lwv/n® loR $a St L
N ¥ ,Clay (LLT 1o A * Aypogd
95.1 C%ay ;CE) some gand, toad L T Head
0.9 o 35 1 o Bhey P 1] 12277
96.3 : ‘
Jexy_Soft %% 2
/ TTETS ‘ hed
b
Varved Clay / b 3802
alvermating layers / 52 w
af CL (thickness / 5l +
2 em) and O to Sl L PH = 9 7.2 |0 06337
€l {(thickness 1 em) ' WS - |Hfeddve Stiws
and/some silt 3 Paramatary
frace sand / 6. ssl o 90 ¢t o
Soft to Fiem - (kPa) (v
0.C, 8,33
s +h N.C, 0 31
% 5 =
8 | v (pg +
/ - +5‘
[ESR—— g9 i gg | 2 g6 M
stiff +5
s e g T . Lol 0 06733
N /]
1.3 , - ] e
41 ss ] 1 o 0 09911
*d
Silt (slightly
plastic ML) 12058 1.3 L
some clay
trace sand
Very Soft to 13188 [ .5
Fivt a0
1615817 \
78
15188 [ 8
16,8 _&
19.2 ; ;
3ilty Sand to Sandy . Artadag
Site 16 ﬁ““lﬁzg::“ % . 0 43 55 2
trace cldy ' teped
74,7 | very luaq‘_a ’
1.3 | End of Pegebele =
- 74 \
Probable Silty Sand
. 72 S
—
70
- L
42
85,2 | 86 ~ -
30,8 End of Cone Test 20
o3, x5 Numbers refer to o o (o) 5TRAIN AT FAILURE

Sansitivity

10



Gnistry of
@ - Transodrtation ana
CommumnEationy
Cntano

RECORD OF BOREHOLE No 3

METRIC

OFFICE REPORT ON SOH EXPLORATION

WO __146=70003R LOCATION $a..0 + 39, 29 w BT of Control Line ORIGINATED BY _
oisT 14 Wwy Menicipal BOREHOLE TYPE Hollow Stem Auger, Uime Tost COMPILED BY o
DATUM ... Relative DATE 83 07 19 CHECKED 8Y %:
W JOYNAMIC COME PENETRATION
SOIL PROFILE SAMPLES | 5 | % |ResisTance PLOT NATURAL -
o 3 MASHIC  yoisrgae LIGUID ] & REMARKS
5 w | 351 3 20 40 60 80 00 |VMT - conrmy UMT | 2O 2
a ] — L A ! L Wp W W Sw
LEY DESCRIBTION z § b g %é 5 SHEAR STRENGTH ykpa m%mmmdt 2 GRAIN SIZE
e o .
Y
D%WH ks $ |86 g |ounconmmep  « piE vane ooy |DISTRIBUTION
é Z | &Y | @ | OUCK TRIAXAL  x L4B VANE. WATER CDNTENT“”‘ (%)
96, 0 Ground Surface » £ & 10 20 3p 40 50 ) . GR SA 51 CL
0.0 ] SIity Clay TS =
. Clay (CH) some aand, 1V
trace organics Ll L 88 [ 1
94,5.L Taisy. SaE L 7l
1.2 /TS v
94 pi
AT )
Varved Clay < o3
altarmacing layers of / 4 185 )2
CL (thickness 2 cm) 9% ‘
and. G to C1 (thici / 5158 13 i
1 em) and/some silt ==
trace sand / 6 185 | 2 s
Very Soft to // 90
Flom / 7185 | 1
% i
/ BB 88
4 *
/ 9 58 |2
/| 86 &
% miray
B4, 4 ]
11.6 | s1lt (slightly plastic m
ML)’ some clay, Crace 11138 L&
83,9 | sand Soft to Fimm
13,1 | End of Borehole
Probable Silt a2
{alightly plastic
ML
0.0 ‘ !
15.6 | End of Cona Tagt

3, x5 Numbers refer ro
Sansitivity

y

20
1545 (%) STRAIN AT FAILURE

o]



QFFICE REPORT ON SOl EXPLGRATION

Mirtistry &f
Transpartaton ane
Sammumeatans

Dntding
RECORD OF BOREHOLE No 4 METRIC
WO 14w 7003 R LOCATION Sta, 0 4 40, 15 m BT of Control Line ORIGINATED 8Y Q)
DIST 14 Hwy  JMunicival BOREMOLE Typg Hollow Stem Auger, Cone Tast COMPILED BY oM
DATUM __ Relative DATE 83 07 19 - 20 CHECKED 8Y Z
DYNAMIC CONE PEMETRATION
SOIL PROFILE SAMPLES [ | & |DINAMC CONE s N -
> § ASTIC  woisTIRE  LIOUID | REMARKS
= w | 58 20 e85 &g so 180 |V contewr LmT O
} Qm 4] = | h f f 4 Wp W W, S &
Y pescriemion S18| g | 2|25 & [wear sreencin wa eyt | 3 | GRAIN SIZE
DEPTH = § XS 138! 5 |ounconsned  + FiELD vanE TER € o] v [PISTRIBUTION
& » | EY | @ |eauck rraxiai x Las VANE WATER CONTENT (%) {%}
97.2 Ground Surface :’ = ut 10 20 30 40 30 GR S84 51 CL
0.
. Silty Clay (CL) to TTss 3
Clay (CH) gowme sand, ,/ ERE ¥ 9%
trace organics /” = -
449 | Firm to SEiff Z g; :
2.1 Sl1gs 1 3
/ 34 F3
5 158 2 4'
Varved Clay 1.88 2 e
alternating layers 5
of CL (thickness A 92
2 om) and G to CT 5
(thickaess 1 om) *
ad/gome silt 9.1.58 2
trace sand / 50 b
Soft to Fipm
/ 10]se | 2
/ “
#8¢
11]ss | 3
' boad
stiee 12088 L2 6
\ / *
8.5 e and/
T ] e | 2
13.1 End of Borehole
Probable Silc >
{slightly plastic ML) \
81.5 s
15.5 | End of GCone Test

*
(slightly plaseie
ML)

some clay
trace sand
S0ft to Flmm

3

+T X

5. Numbars rafer to
Sensitivity

20
15 45 (%) STRAIN AT FAILURE




GFEICE REPORY ON SOIL EXPLORATION

’ Wirgtry ok
@ Transpartaton sng
Communieatins

Oniana

RECORD OF BOREHOLE No §

METRIC

wo _ Lé=T0003R LOCATION STA. 0 + 52, 34 m RT of Centrsl Line ORIGINATED BY _ G4
pist 14 wwy_ Mumnicipal = gepemOLE Typg _Hollow Stew Auger, Cone Tegt COMPILED  BY oM
DATUM .. Redative DATE 83 97 28 CHECKED 8y
SOn PROFIE SAMPLES || = W |BYNAMIC CONE PENETRATION -
w:’*’: § RESISTANCE  PLOTY MASHIC  ororn o mg REMARKS
= w | 38 20 40 0 80 100 CONTENT zz 3
S|%| w5 |es 3 SHEA‘R sr‘nemém Xw . bl GRAIN SIZE
L v [ - 2 - z Q ¢ a R, VAR
DMMEPTH DESCRIBTION E 2 %35 g |ounconrme  « mewvanef o |y [DISTRIBUTION
gz 5 | BC | & |eouck TRaxiAL  x Lab vane %) (%)
G 4 Suti I b i 10 20 30 40 50 50 G&EAS! ClL
88 Siley Clay (CL) to Clayl{ | ‘
(CHY acme sand, trace [V1] 3y |we | %6
otganics Aty tee 1%
25,1 Sofr £o Firw A
1.5 3
3188 1o
, 94 A
//// 4 185 12 i
. +12
/ ety + b 06337
Varved Clay .
altertating layers / 1 5 188 11 -
of €L {rhickoass / 6
2 cm) snd CH to CX / "
(thickneas 1 om)
and/some silt I8 2 %0
traca sand / +5
/ 8, 158,13
fﬂ 88 4
/n 9 lss 12 :
' / +4
// 10i8s |9 8
4.1
11.9 (3ilr (alightly plastic
ML) some clay, tyaca REME. WA 84
B35 laoud  Safe e it . \ 2
13.1} End of Borehola
Probabla Si1t
(alightly plastic ML) 82 <
81,1

15,5 End of Cone Test

20
o3, x5 Numbers refer to o 4 ¢ my STRAIN AT FAILURE

Sensitivity 18




#0

OFFICE REFORT ON SOH EXPLORATION

‘

Miristey of

Transiortation and

Cammunationy
Qi

RECORD OF BOREHOLE No 6 METRIC

WO __14=70003R LOCATION Sta, 0 + 38, 6 m RI of Comtrol Line oRIGINATED gy _ S
OIST L4, Awy_ Muplcipal  sOREMOLE Typg _Bollow Stem auger, Cone Test : comenep sy M
DATUM R lative DATE 83 0720 - 21 CHECKED sv.ﬁ
DYNAMIC CONE PENETRATION ‘
SOIL PROFILE SAMPLES 5o g BESISTANCE PLOT HATURML e
g2 g rare Yol vme) o | remancs
slel g |32) 7 Lo o e e PO YN ZE |
= P
ELEV SESCRIPHON T|H| w2 %E 5 SHEAR STRENGTH kPa AT 2 | GRAIN SIZE
B wi{S1 2| %358 5 |ounconame e vane . y [DISTRIBUTION
21z 2 gu & | e ouck TriaxiaL  x LAB vamg WATER CONTENT (%) {%)
" = § o 20 30 40 50 20 40 e GRSA 51 CL
$ilty Sand < '
trace graval and clay 1l.88. 1.8 100
occ. gilty clay {CL) 2l aa 18 Q
pocksrs  Loose 1{ e | 9
98,1 (¥ill Hager%al) 4 4isgs 1l 7
2.4 $ilty Clay (CL) to /// el gu | o
Clay () some sand, |y~ oo T 98} Ty 0 15 50 35
trace organics ATy ss 1 8
95.;} Pirm 4 ’
de L
glgs 13
L +6 ™
Varved Glay Ve I
2L (eniciare 2en) ) #
0 t ass 2o % Mot O .o @ 6535
amd G to CT (thickesp,” 10,58 s
1 em) and/some silt / +
trace sand / _“_
ud.ss.loa
o7
/ 92t
/ jol.as 8 .
o5
SoEr to I
Lt A P TR & g
/ *
14] 55 | §
B2 v s ) ok
13,1 Bud of Borehole
Probable Varved Clay et

B3,

15.8 fnd of Cona Test

20
+3, x% : Numbaers rafer 1o 150-5 {%) STRAIN AT FAILURE
Sansitivity 10




P _11

OFFICE REPORT ON SOH EXPLORAFION

: | Minigtry of
Tranawariahion ang
Lotremunicauons

ey

RECORD OF BOREHOLE No 7 METRIC
w0 14w 700038 LOCATION Sta, 0 + &3, 6 m BT of Control Line ORIGINATED BY &4
DIST o ib.. MWy Municipal BOREMOLE Type  Hollow Stem Auger, Cone Test compiep gy
DATUM ... Relarive DATE 83 07 21 CHECKED BY %
’ NETRATION
SOIL PROFILE SAMPLES ;“‘:m - g;ggmgcgox%rﬁ q © mastie NATURAL E
e £3 § 20 40 b0 so dgo |Umr g uwr | S5 | REMARKS
Qe b4 = L h h ) ] We W w, | Sw &
LY BESCRIPTION i8¢ 2|25 & [svear steenctn e s | | GRAN SIZE |
b EIE-EE £ % lounconmmep  + FIELD vaNg y |DISTRIBUTION
212z 5 |EC | & | ouck TeanaL  x Las vane WATER CONTENT (%]} (%)
100,56, Cround Surface @ K u.. 10 20 30 40 S0 GR 3A I CL
*lyravel and’ clay s
oce, silty elay (CL) 3 Bry | 100
pockets 5 | aw )
Very loose to loome S <
L8 %g;:ysw:ysmg’ raca S
97,9 organics Soft to Flrm 5.L88 4 98
2.7 / | 6.L88 k)
Vazved Clay / 8
alreyhating layers of d/ EA Y1 z
CL (thiclmeas 2 cm) an 96 o]
G to CI (thickness / g lss [ 2
1 ¢m) and/some silt / w7
txace gand g 188 2
Soft to Fimm / b
10 158 2 94 \\
93.3 ] "
7.3{ End of Borehole )
Probable Varved Qay 92
" {
3.4} End of Cone Test
L
; .
% .
i

+3, &5 Numbars refer to
Sunsitinity

20
15405 (%) STRAIN AT FAILURE
0




7812 M

UNIFIED SOIL CLASSIFICATION SYSTEM

S5AND GRAVEL
CLAY & ST Fine ] Medium | Coarse Fine | Cooarie
GRAIN SIZE IN MICROMETERS MINISTRY SIEVE DESIGNATION  { Metric)
! 2 3 408 10 20 30 4050 ysum 50um 00um 600um Libmm  230mm % 5mm 19.0 thes I75mm  63.0mm

100 LI s3um | 1060m 250 4253 850 um 2.00mm 4,75 i0m 12mm | 265mm | 530med 750mm

p— 0

s, WW‘WMM
90 ol 10
- \r.“ — ’/
et =11 ]
80 M 20
_ //
4
70 F«BiV4 30
; / 4 . RO ¥ NN WIDTUNUEE S T
/

60 F. .
o y s0C
114 1 : N
g " 5
% 0™
Z f LEGEND 5
v {1 reeeepee——g—tesdont 3 e R b Rl 8 8L — u
& l BH  [SAMPLE SYMBOL =
i 40 4. wd §0 &

- | _ R

) ‘ Felel=—+].

20 ii —{ 8O

10 “ 20

o H 100
) 2 I 4 8 10 Z0 30 40 270 200 140 00 6050 40 30 20 {6 108 4 ' 2 W ¢ 1 el
MINISTRY SIEVE DESIGNATION { Imperial )
Ministry of FIG No 1
ol GRAIN SIZE DISTRIBUTION
omari Commaunications SILTY CLAY TO CLAY WO 14-70003-R
SOME SAND , TRACE ORGANICS




7812 M

UNIFIED SOIL CLASSIFICATION SYSTEM

SAND GRAVEL
CLAY & SILT Fiﬂe I Madium l Con"“ ?ina Cﬂﬂl‘ge
GRAIN SIZE IN MICROMETERS MINISTRY SIEVE DESIGNATION | Metric)
! 2 3 48 10 20 30 W00 gy, 150um 3004m #00um Libmm  234mem 9.5mm 19.0mm 375mm 830 mm
100 [T saum | 106um 250um 425 m 850 2.00mm 4.75mim tzam | 20smm | 530md 750mm
M= ' N ~
i -
1A TV
90 L4 .. / 10
, *" -
b / -1 fh S B S g £ R E C R I S e ST S B s 1, (VTR 15 WSSy NSV DU N SN WD SN A wud
L /
) ," , /A 20
i ,1 -
70 ,} / 30
: '/'/
60 400
F / z
wy 3 DU DN A S % CURNNURNINE AU S NN SR = e o
: ML g
50 7 50
2 {1in LEGEND z
& )i BH [SAMPLE SYMBOL =
2 40 60 o
........... TR l 9 A )
1 |98 [————
30 i 10
- ra ottt chmteiis — 2 2 .
2 10 it
20 80
10 ll 90
° : n N 100
i 2 3 4 s 10 20 30 40 270 200 40 100 6050 40 30 20 08 a 30 v W i gl e
MINISTRY SIEVE DESIGNATION | imperial )
Ministry of GRAIN SIZE DISTRIBUTION HG No 2
Transpontation and WO 14- 70003 - R
Communications - -
Ontario VARV ED C LAY




7812 M

UNIFIED SOIL CLASSIFICATION SYSTEM

SAND GRAVEL
CLAY & SiIT - - Fi Coorde.
Fine | Medium | Coarse ine oarie
GRAIN SIZE IN MICROMETERS MINISTRY SIEVE DESIGNATION [ Metric)
i Z 3 45 0 20 30 Sum ISO*MM 300pm 600, 1. min 2.3 mm ?.5mm WO mm 3725mm 3.0 mm
190 ll” “Iﬂ 1046 pum ZSQ&'m A25 um B50 2.00mm 4.75mm 13.2mm 26,5 mm 53.0 ’75.%«\:'1
90 10
]
a0 /.l 20
70 ll 30
€0 J 40 0
2 | z
2 - et 1z :
g pe
50 50
5 f LEGEND 2
& BH  [SAMPLE SYMBOL =
o 40 — GO
/1 | I I O O N O | 2 | N e
30 / " 70
L/
20 1 80
LT )
o H _____ y
Fe) u . 100
i 2 3 4 s 10 20 30 40 270 200 140 106 6050 40 30 20 16 08 4 ' 2 W R el e
MINISTRY SIEVE DESIGNATION | tmperiol)
Ministry of FIG No 3
) Feon GRAIN SIZE DISTRIBUTION
Communications WO 14-70003-R

Ontario

SILT SOME CLAY, TRACE CLAY




- 7812 M
UNIFIED SOIL CLASSIFICATION SYSTEM
SAND GRAVEL
CLAY & ST Fine ‘ Medium l Coarse Fine Couorie
GRAIN SIZE IN MICROMETERS MINISTRY SIEVE DESIGNATION { Metric)
i 2 3 408 10 20 30 4050 5. B0pm 3004m 600 M Libmm 2 3bmm 9.5 mm 19.0 325mm 61,0 mm
100 [T s3um | 108um 250um 425pm | 850um 2.00mm 4.75man Bzom | 30sme | 530m 750mm
s -
7z
96 f 10
] l"
80 I 20
70 JI 30
&0 40 L
2 2
v ” o "R - LY
2 o
a -3
50 50
5 , LEGEND z
3 #,.m " w
= J SAMPLE symsor ‘| &
5 40 g0
j 16
30 / 70
20 8O
.............. ,1
/
1o r 90
TR WY Mﬂ
i ‘1‘-—.——
o . il . 100
! 2 3 4 s 10 20 30 A0 270 200 40 100 6050 40 36 20 16 08 4 RO T U AP
MINISTRY SIEVE DESIGNATION (Imperial)
) ot GRAIN SIZE DISTRIBUTION FIG No 4
\V_/ Communications SILTY SAND TO SANDY SILT WO 14-70003-R
Ontario ,

TRACE CLAY
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CULVERT Z CULVERT

INLET

HIGH WATER LEVEL {EXAMPLE)

0.6m Mi
_Lm " tCCM'“ES!VE {CLAY )
MATERIAL -
T
I 2m Min !
NTS /

a) Longitudinal Section

FIG 7 - CULVERT INLET

SEAL
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0.6m Min

2m Min

b)

NTS
Front View
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EXPLANATION OF TERMS USED IN REPORT

N VALUE: THE STANDARD PENETRATION TEST [SFT) N VALUE IS THE NUMBER OF SLOWS REGUIRED TO CAUSE A STANDARD Simm O.D. SPLIT BARREL
SAMPLER 10 PENETRATE 0.3m INTO UNDISTURBED GROUND IN A BOREMOLE WHEN GRIVEN BY A MAMMER WITH A MASS OF 03.5kg, FALLING
EREELY A DISTANCE OF 0.76m. EOR PENETRATIONS OF LESS THAN 0.Jm N VALUES ARE INDICATED AS THE NUMBER OF BLOWS FOR THE PENETRATION
ACHIEVED. AVERAGE N VALUE 1S DENOTED THUS N,

DYNAMIC CONE PENETRATION TEST: CONTINUOUS PENETRATION OF A COMICAL STEEL POINT | Simm 0.0, 50° CONE ANGLE ) DRIVEN BY 475 1
IMPACT ENERGY ON 'A° $IZE DRILL RODS. THME RESISTANCE TO CONE PENETRATION 15 MEASURED AS THE NUMBER OF BLOWS FOR EACH  0.3m
ADVANCE OF THE CONICAL POINT INTO THE UNDISTURBED GROUND.

SCHLS ARE DESCRIBED BY THEIR COMPOSITION AND CONSISTENCY OR DENSENESS.

COMSISTENCY.: COMESIVE SOILS ARE DESCRIBED ON THE BASIS QF THEIR UMDRAINED SHEAR STRENGTH(C ) A3 FOLLOWS
] g, [kfa) 0«12 12 25 25~ 50 50 - 100 100 - 200 > 200
VERY SOFT|  SOFT FIRM STIFE VERY STIFF HARD
DENSENESS: COMESIONLESS SOILS ARE DESCRIBED ON THE BASIS OF DENSENESS AS INDICATED BY SPT N VALWES A5 FOLLOWS!
N [BLOWS /0.3 m) g -3 5410 10 - 30 36 - 50 =50
VERY LODSE] (QOSE COMPALT DENSE  |VERY DENSE

ROCKS ARE 6&SCRIBED BY THEIX COMPOSITION AND STRUCTURAL FEATURES AND / OR STRENGTH.

VERY: S5UM OF ALL RECOVERED ROCK CORE PIECES FROM A CORING RUN EXPRESSED AS A PERCENT OF THE TOTAL LENGTH OF THE CORING RUN.

MODIFIED RECOVERY: SUM OF THOSE INTACT CORE PIECES, 100mm= IN LENGTH EXPRESSED AS A PERCENT OF THE LENGTH OF THE CORING RUN.
THE ROCK QUALITY DESIGNATION (R Q D), FOR MODIFIED RECOVERY, 15:
IR EERY 025 25« §0 50 - 75 75 - 90 %0 - 100
VERY POOR| POOR FAIR GOOD | EXCELLENT
1QINTING AND BEBDING:
SPACING S0mm | 50~ 300mm{ 0.3m = 1m | im~- 3m | >im
JOINTING  |VERY CLOSE| CIOSE | MOD.CIOSE]  WiDE | vERY WIDE
BEDDING VERY THIN THIN MEDIUM l THICK VERY THICK!

ABBREVIATIONS AND SYMBOLS
MECHANICAL_ PROPERTIES OF SOIL

FLELD SAMPLING

§5 SPUT SPOON TP THINWALL PISTON m,  kPa'' COEFRICIENT OF VOLUME CHANGE
WS WASH SAMPLE 05 OSTERBERG SAMPLE ¢, 1 COMPRESSION INDEX
51 SLOTTED TUBE SAMPLE R C ROCK CORE Cy 1 SWELLING INDEX
%5 BLOCK SAMPLE PH O TW ADVANCED HYDRAULICALLY Cq I RATE OF SECONDARY CONSOLIDATION
5 CHUNK SAMPLE P M TW ADVANCED MANUALLY ¢y mi/s  COBFFICIENT OF CONSOLIDATION
T W THINWALL OPEN £ 5 FOIL SAMPLE H m BRAINAGE PATH
1, 1 TIME FACTOR
STRESS ANMD STRAIN. u %  DEGREE OF CONSOLIDATION
u,, kfa  PORE WATER PRESSURE oo kPa  EFFECTIVE OVERSBURDEN PRESSURE
7 i PORE PRESSURE RATIO £ kPa  PRECONSOLIDATION PRESSURE
o kpa TOTAL NOEMAL STRESS 87 kb SMEAR STRENGTH
o’ kba  EFFECTIVE NORMAL STRESS e kPa  EFFECTIVE COHESION INTERCEPY
* kpa  SHEAR STRESS ¢ < EFFECTIVE ANGLE OF INTERNAL FRICTION
o .0 ket PRINCIPAL STRESSES . €y kpa APPARENT COMESION INTERCEPY
€ % LINEAR STRAIN by ~*  AFPARENT ANGLE OF INTERNAL FRICTION
€ € €, % PRINCIPAL STRAINS 7y kP RESIDUAL SHEAR STRENGTH
£ kpa MODULUS OF LINEAR DEFORMATION T, kre REMOULDED SHEAR STRENGTH
G o MODULUS OF SHEAR DEFORMATION 5, | SENSITIVITY ¢ _;9.,
" | COEFFICIENT OF FRICTION i /
PHYSICAL PROPERTIES OF SOIL
A kgfm® DENSITY OF s0ULD PARTICLES @ 1,4 VOID RATIO Bin | B VOID RATIO IN DENSEST STATE
A WN/m®  UNIT WEIGHT OF SOUD PARTICLES n 1, % POROSITY P DENSITY 1NDEX =%
B, kg/m’ DENSITY OF WATER w 1% WATER CONTENS & mm  GRAIN DIAMETER
%, kn/m' UNIT WEIGHT OF WATER 5, % DEGREE OF SATURATION D, mm  n PERCENT - DIAMETER
P kgim® DENSITY OF SOIL W, % UauiD Lt ¢y ) UNIFORMITY COEFFICIENT
4 KN/Y UNIT WEIGHT OF SOIL wp % PLASTIC LimiT h m HYDRAULIC HEAD QR POTENTIAL
A kg/m® DENSITY OF DRY S01L ws % SHRINKAGE LiMIT a  m’/s  RATE OF DISCHARGE
7; kN UNIT WEIGHT OF DRY SOML s % PLASTICITY INDEX # W « W v m/s  DISCHARGE VELOCITY
Bar  kg/m’ DENSITY OF SATURATED SOIL N | LGQUIDITY INDER m i ) HYDRAULIC GRADIENT
Yiat KN/ UNIT WEHGHT OF SATURATED SOR P = w Kk m/s  HYDRAULIC CONDUCTIVITY
P kg/m® DENSITY OF SUBMERGED SOIL lg 1 CONSISTENCY INDEX: Lx, 4 kw/m® SEEPAGE FORCE
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