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FOUNDATION INVESTIGATION REPORT
For
Detour Structure
Big East River Bridge
W.P. 207-93-01, Site 42-09
Highway 11, District 52, Huntsville

INTRODUCTION

This report summarizes the results of a field investigation which was carried out for the construction
of a detour structure over Big East River. The centreline of the proposed detour will be at an offset
of about 18m on the east side from the centreline on Hwy 11.

The investigation was carried out at the request of Northern Region Structural Section. These
recommendations apply to proposed detour structure and its approaches within 20m of the structure
(Sta 18+180 to 18+265).

SITE DESCRIPTION

The site is located beside Hwy 11where it crosses Big East River, about 5 km North of Hwy 60. The
site is in MTO District 52, Huntsville.

The area adjacent to the site (northeast and northwest) is parkland. The surrounding area at the site
is undulating and covered with grass, shrubs and small trees. Further east of the proposed detour
alignment, there are remains of an old bridge abutment and approaches. The river flows from east
to west. At the time of the investigation, the water level in the river was about 285.5m

INVESTIGATION PROCEDURES

The field investigation for this project was conducted between 1996 08 07 and 1996 08 09. The field
work for the Foundation Investigation consisted of drilling two boreholes (BH 1 and BH 2). The
boreholes were put down at the south and north banks of the river respectively. These boreholes
were terminated into the bedrock at depths 21.5m and 20.9m respectively. Bedrock was encountered
at depth 19.1min BH | and 19.3m in BH 2.



The boreholes were drilled using a track-mounted auger machine equipped with 82mm ID hollow
stem augers and BX size coring equipment.

Soil samples were recovered by means of a 50mm OD Split Spoon sampler driven into the soil
according to the specifications of the Standard Penetration Test (ASTM D 1586). Samples were
retrieved at intervals ranging from 0.75m to 1.5m. Once practical refusal to auguring was
encountered, BX-size bedrock cores were obtained from the boreholes. Groundwater was monitored
during drilling and after the completion of the boreholes.

The Laboratory testing program for representative soil samples consisted of:
- Grain Size Analyses
- Natural Moisture Content, and
- Atterberg Limit

The results of the laboratory tests are plotted on the borehole logs. The bedrock core was logged
by D.A. Williams, Petrographer of the Soils and Aggregates Section of MTO.

The boreholes were staked out by the Pavements and Foundations Section. Ground surface

elevations and locations of the boreholes were interpolated from a plan E-625-11-1, dated 95-08
provided to us by the Northern Region Structural Section.

SUBSURFACE CONDITIONS

The Record of Borehole Sheets in the Appendix illustrate the subsurface conditions at the borehole
locations. The locations and elevations of the boreholes, along with stratigraphical profiles based on
the borehole data are shown on Drawing No. 2079301-A.

The soil conditions in both boreholes were similar. Both boreholes encountered silty sand to sand
as the surficial deposit. The silty sand to sand layer was underlain by a cohesive layer of silt with a
trace of clay which was in turn underlain by silt to coarse sand. The silt to coarse sand was overlying
the bedrock. The boreholes were terminated into bedrock. The details of the soil condition is shown
~ on the individual borehole logs. Following are the detailed descriptions of the soil strata encountered



Silty Sand to Sand

This non-cohesive material was encountered in both boreholes as the surficial deposit. The thickness
of this deposit ranged from 4.4m to 7.2m. The Standard Penetration N-values ranged from 2 to 10
blows/0.3m penetration, that indicated that the deposit is in very loose to compact state. The material
was wet below elevation 285.3m to 285.6m (2.9m below ground surface).

Silt

This cohesive deposit was underlying the silty sand to sand deposit. This deposit was mainly silt but
contained trace of clay that made it cohesive. The top elevation of this deposit ranged from 281.3
m (BH 1) to 283.8 m (BH 2). The thickness ranged from 6m to 11.8m. The Standard Penetration
N-values ranged from 2 blows to 19 blows that suggest that the material is soft to very stiff,

Silt to Coarse Sand

This non cohesive silt to coarse sand deposit was underlying the cohesive silt deposit and was
overlying the bedrock. The top elevation of this deposit ranged from 272.0m (BH 2) to 275.3 m (BH
1). The Standard Penetration N-values ranged from 6 to 88 blows/0.3m. A low N-value 0
blows/0.3m was also encountered but was thought to be disturbed and was not representative. The
record of N-values indicated that the deposit is in compact to very dense state.

Bedrock

Both boreholes were terminated in to the bedrock. The bedrock was encountered at depths 19.1m
(BH 1) and 19.3m (BH 2) respectively. The bedrock surface elevation ranged from 268.9 (BH 2)
to 269.4m (BH 1). Bedrock cores were obtained from each locations. The core lengths were 1 6m
and 2.4m. The bedrock was a Biotite-Homblende Gneiss. The recovery of the bedrock ranged from
73% t0 100 %. The RQD ranged from 21% to 93%. o

Groundwater Condition

Groundwater was monitored in open boreholes. Groundwater in the boreholes was at the same
elevation as water level in the river. The groundwater table was encountered in each borehole at a
depth of 2.9m. The groundwater table in Borehole 1 was at elevation 285.6m and at 285 3m in
Borehole 2. It should be noted that the groundwater is subject to fluctuation and will change as the
water level in the river changes. "



DISCUSSION AND RECOMMENDATIONS

General

It is proposed to replace the superstructure of the Big East River Bridge using a detour. The existing
bridge is a 36.6 metre single span supported on concrete filled tube piles. The proposed detour
bridge will be on the east side of the bridge with a centreline to centreline offset of 18m. The detour
structure will be a two lane Double Wide Acrow bridge having a substructure width of approximately
10.2m. Three alternatives for the detour structure are under consideration, which are:

Alternative 1: three spans 12m, 24m, 12m
Alternative 2: 38m single span-
Alternative 3: 42m single span.

Although, it is not known which option will be selected for the detour structure, we understand that
the most preferred alternative is a 42m single span bridge. This report therefore, contains the
Foundation recommendations for a proposed 42m single span Acrow bridge structure.

Structure Foundations

The proposed profile grade, at the detour crossing, will be at approximate elevation of 291 8m. The
approach fills will be approximately 3.0m to 4.0m high.

Based on the subsoil conditions, which is mainly very loose to compact sand, the most cost-effective
foundation is spread footing founded on a granular pad. However, other foundation types, such as
deep foundations, are also feasible but should be assessed based on cost, construction and
environmental considerations. '

On the east side of the proposed detour alignment, there are abutments of an old bridge. The old
abutments are approximately 35m to 45m from the centreline of Highway 11. There is no information
available in our office on the old abutments. However, visually the old abutments appear to be in
good condition. The Structural Section archive may have some information on the old bridge
foundations. If possible, consideration should be given to using the old abutments for the detour
structure. :



Spread Footings on Granular Pad

The spread footings for the abutments can be founded on granular pad constructed above the
groundwater level (elev. 285.6m). The thickness of the granular pad will depend on the footing
elevation but it should be at least 2m thick. The granular pad will extend 1m beyond the plan limits
of the abutment footing and will slope at 1H:1V as illustrated in Figure 1. The forward slope will be
constructed at 2H:1V from the toe of the existing slope.

The recommended bearing resistance for the footings, on granular pad as per OHBDC are given
below. The SLS values are given for 25mm and 50mm settlements.

Factored Bearing Resistance at ULS = 900 kPa
Bearing Resistance at SLS for 25mm= 175 kPa
Bearing Resistance at SLS for 50mm= 350 kPa

Deep Foundation

Alternatively, if higher bearing resistance is required, then the structure can be supported on steel H-
piles driven to bedrock [bedrock depth 19.1m (BH 1) and 19.3m (BH 2)]. However, this alternative
should be assessed based on cost comparison. The recommended resistance of H-piles founded on
the bedrock are as follow:

HP 310X110 HP 310X79
Factored Axial Resistance at ULS 1600 kN/pile 1150 kN/pile
Axial Resistance at SLS for 25mm 1150 kN/pile 825 kN/pile
Factored Horizontal Resistance at ULS 80 kN/pile 60 kN/pile
Horizontal Resistance at S.L.S. 60 kN/pile 40 kN/pile

In order to facilitate pile driving, particle sizes of any fill placed beneath the pile locations should be
restricted to 75mm.



Embankment Stability

The height of the embankment will be approximately 3m to 4m. Prior to placing fill, all surficial

topsoil or any organic material should be removed within the plan limits of the embankments. The
embankment should be then constructed with rockfill or native soil. The rockfill embankment can
be constructed at 1.25H:1V.

If native soil is used then permanent slopes should be maintained at 2H:1V. All slopes should be
protected against surficial erosion e.g. by establishing vegetation cover. Slopes at abutments should
be armoured with 600mm thick rock protection to prevent erosion. Such rock protection should
extend horizontally 10m on each side of the abutments and vertically from the high water level to the
base of the embankment and 2m along the river bottom.

There are no long term settlement concerns for the embankments. Settlement will be elastic in nature
and should occur during construction.

No stability problems are anticipated for the proposed height of the permanent embankments.

Lateral Earth Pressure

If abutments are constructed, free draining granular material such as Granular 'A’ or 'B', or rockfill
is recommended as appropriate backfill to abutment walls to prevent hydrostatic pressure build-up.

If rockfill is used for approaches, special care will be required to avoid damaging the abutment. It
would be preferable to place a 0.3m cushion of Granular 'A’ or smaller rockfill (with diameter of less
than 300mm), between the structure and the main mass of rock fill. Granular material may also be
used at the approaches.

For design purposes, the following properties for backfill are recommended:

Granular'A' YT =228 kN/m’ ¢ =35°
Granular B' Y =212kN/m* ¢ =30°
Rockfill T=18.0kN/m* ¢ =35°

Active condition (K,) may be assumed to apply for yielding structure.



Resistance to Horizontal Forces
For footings placed on compacted Granular 'A’ pad, the sliding resistance between the concrete

footing and Granular 'A’ pad should be computed as per OHBDC 91. For abutments on piles lateral
capacity may be supplemented by the horizontal component of battered piles.

Frost Protection

A soil cover of 1.8m or equivalent will be required for frost cover for footings or pile caps.

Dewatering

Since there will be no excavation below water table, no major dewatering will be required.

Miscellaneous

The field work for this project was carried out under the supervision of Lizette Viera, an engineering
student. The equipment used was owned and operated by Mater Soil Investigation Ltd. This report
was written by K. Ahmad, P. Eng. and reviewed and approved by T.C. Kim, P. Eng., Senior
Foundation Engineer. '

5 !
AN \_y //uad’

S.Q. (Ken) Ahmad, P. Eng.
Foundation Engineer _

R
.C. Kim, P. Eng,
Senior Foundation Engineer




APPENDIX



-7/ T
/ '.“D " “"G'A" ob-;
3 4 B AT EIRTIRDY S
> : 03m [ al S e g ~2:
- T N
_ -~ " EARTH FiLL GRANULAR ‘A" EARTH FILL ~ o
// \\
X SECTION

NOT TO SCALE -

BUILD UP TO THIS LEVEL THEN

—wJ]mMinLt— CONSTRUCT FOOTING
O ‘ ":."' “_ \\ :
N :. Ao R4 .8 e A]0.3m EARTH FiLL
T DA S——
~ EARTH FILL GRANULAR ‘A
. REMOVE TOPSOIL & SOFT MATERIAL
LONGITUDINAL SECTION
NOTES:

I-REMOVE TOPSOIL &/0OR SOFT SUBSOIL UNDER AREA OF COMPACTED GRANULAR 'A' & EARTH FILL.

2-PLACE GRANULAR ‘A’ & EARTH FILL TO BOTTOM OF FOOTING LEVEL, COMPACTED ACCORDING TO .
CURRENT M T O STANDARDS. :

3- CONSTRUCT CONCRETE FOOTING.
4 - PLACE REMAINDER OF GRANULAR 'A' & EARTH FILL AS REQUIRED.

e on ABUTMENT ON COMPACTED FILL  |Fi6 No

SHOWING GRANULAR 'A' CORE WP 207 -93 o1




s

Ministry of
Tronsporiation

Onigrio

Foundation Duxige

RECORD OF BOREHOLE No 1 ror 1 METRIC
w.p. 2073301 LOCATION Co~orda: N 5 026 632.4. F 528 556 4 ORIGINATED 8Y. LY. ..
olsT fo¥q HwY _11 BOREHOLE TYPE _Holiow Stem Auger, BX Core, Cone Test COMPILED BY __KA
DATUM _Geodetic DATE 19886 D8 08,09 CHECKED BY . _IC. .
o Wl | DYNAMIC CONE PENETRATION
i s
S0IL PROFILE SAMPLES §m 3 RESISTANCE PLOT pLaSHC »,?37;“152'& wouo | 5 REMARKS
Zf it contEnr  WMIT 50
5 n| x5 20 4D 80 80 100 G &
Sl S1oc] =z R e —— “p W e
ELEV alwiw | Sl Z5] © |SHEAR STRENGTH kPg i (P GRAIN SIZE
S N & | X =
SEPTH DESCRIPTIO AEIREE B3] T 1o unconemen # FIELD VANE - DISTRIBUTION
x|z o | EO| 2 | ouck euxa,  x Lap vang [WATER CONTENT (% S
2885 | Ground Surface n : o 0 40 80 80 100 20 40 80 GR SA 81 CL
0.0 2
T 8% | 2 0 B4 14 2
2135 | 4
31551 8 _M! o g0 (10)
Silty Sund to Sang 4 | s Fl =
Very Loose to Loose
Brown, Moist to Wet 15 ¥
61551 2 o 98 (D)
7085 | 3
81 s5 | 2
281.3
7.2
9185 | 2
0] 88 | 10 \7 )
Silt, with o froce of Cloy
Saft to Stff )
Grey, Wat
11 8% 1 \
12| 88 1 > o
278.3
13.2
13185 | 6 o 11 85 4
14 ] 55 | 54 \L7
Silt to C Sond k
froce Grovel P
Gron’ way Y Dense BN L
P
reTetaee] ooz /_:37:”"‘ R0 %
269.4 1T I
183 171 RC | REC {937 1204 23¢m ROD 21%
a4 - k..
gmxgﬁ:Hcmblende Gneiss 2181 ve | rec Jos ROD 247
oy
U415 | RE TRES | 100% ROD 7B%
2870 B A ST R TR 100 ROB_A6%
21.51 Eng of Borehole
{

5, Numbere refar to
Sunsitivity

24
1505 (%) STRAIN AT FAILURE
10



-

Ministry of
Transpariotion

Foundation Design

Onigria
RECORD OF BOREHOLE No 2 1o 1 METRIC
WP, _ 207-93.01 LOCATION Co-ords.: N 5 026 673.8. F 326 335.0 ORIGINATED BY.LY
oisT .52 HWwY 11 BORECHOLE TYPE _Hotlow Stem Auger, 8X Core. Cone Test COMPILED BY LKA .
DATUM _Beodetic DATE 1996 08 07 CHECKED BY...IC
SOIL PROFILE sampLEs | 5 | 2 | BNGGE GENETRATION NaTuRAL —
'Em 5 PLASTIC ooty LOUO ] REMARKS
- zZE) B Lo conveny  WMT O
5 m 5 20 40 8D #0100 S &
Ol e g Qﬁ - L Iy | n ¥ wp W WL :3
ELEV alyglw | 31 25] & [SHEAR STRENGTH kPa GRAIN §IZE
SEPTH DESCRIPTION w12l = S| 38] 5 |0 uconsne + FIELD VANE v |pisTRIBUTION]
e L | EO] 2 | e ouck maxa,  x (g vane [WATER CONTENT (% a4 9
288.% | Ground Surface w B o 20 40 B0 80 100 20 40 60 kN/m GR SA Sl CL
0.0 K L)
TTETTE
Silty Sond te Somd v 2 | 55 10
ver¥ Loose to Compgct [.* 286 0 8218 2
Brown, Moist o Wet 3 25 3
X
ES 3 ) 0 95 (5)
2838 ] R 2 284
+.4 6] 55 | 2
7155 ¢ 0 2 95 3
8 e |5 82
g | s 2 ? Hio
280
10551 }
Sit with o t O
S'oﬁ w('o vgwr%!.;ie"o i 278
Grey, Wet 171758 T2 Ho
f 7
121 55 | 11 276
T3] 55 | 12 - \ He
14 S5 | 19 >
272.0
53 . 272
4fi5tss | o 0 B 8 &
Silt, some Sond, Tr, Clay .
éf(g::’lé C;O\Igl et L
POCt, Lriy, We v 270
e 5 [ e N
RN [
268.9 . 100/ 28em
19.3 Biotite~Hornbl . 4
’ B::};!:t: ornblende Graiss b\ 171 re | rec Josx 268 RQD 3%
267.3 B 7
2091 End of Horekole

+3 5 Numbers refer fo
Sensifivily

.

20
15%5 (%) STRAIN AT FAILURE




ROCK CORE DESCRIPTION

WP 207-93-01
e e e ot o P ._ 1
CORE RECOVERY CORE DESCRIPTION
SEDTH B 57 SEDTH e e
(m) CR* | RQD* (m) DESCRIPTION
1 17 19.03-19.76 ¢ 21 19.03-2146 | BIOTITE-HORNBLENDE GNEISS, greyish black to light grey to moderate
18 19.76-20.70 73 24 orange pink; medium to coarse grained; strong; unweathered to slightly
18 20.70-21.13 100 76 weathered, fractures close to extremely close spaced, flat to near vertical,
2 21.13-21.46 100 46 undulating to planar, smooth to rough.
9% B 19.33-2085 | BIOTITE-HORNBLENDE GNEISS, greyish black to light greenish grey; medium
to coarse grained; strong; unweathered to slightly weathered; fractures wide to
T R close spaced, flat to dipping, undulating to planar, smooth to rough.

‘ROD HOCK QUALITY DESIGNATION

Note: Depths are approximated where core recovery is less than 100%
Logged by: DAW, Soils and Aggregates Section
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Ontario
memorandum
To:  P.Furst, P. Eng. 1996 12 12
Head, Structural Section
Northern Region

North Bay, Ontario P1B 8L2

Attn: Salah Ismail, P. Eng.
Structural Engineer

From: Pavement & Foundation Design Section
Room 315. Central Building, Downsview, Ontario

Re:  Foundation Recommendations
W.P. 207-93-01, Detour For Big East River Bridge
Site 42-09, Highway 11
District 52, Huntsville

The field investigation for the above project has been completed. The fieldwork was carried
out for the proposed detour structure and approach embankments.

This memorandum outlines the preliminary foundation recommendations that should provide
sufficient information for you to carry out the structural design. Although, we do not
anticipate any major changes in the final recommendations, there may be minor changes in
the final report due to further analyses. The final report will be provided before the due date
of April 1, 1997.

Introduction

This report summarizes the results of a field investigation which was carried out for the
construction of a detour structure over Big East River, on the east side of existing Hwy 11.

The investigation was carried out at the request of Northern Region Structural Section. These
recommendations apply to proposed detour structure and its approaches within 20m of the
structure.
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Two boreholes (BH 1 and BH 2) were drilled for the Foundation Investigation. The boreholes
were put down at the south and north banks of the river respectively. These boreholes were
terminated in bedrock at.depths 21.5m and 20.9m respectively. Bedrock was encountered at
depth 19.1m at BH 1 and 19.3m at BH 2 locations.

Subsurface Conditions

The soil conditions in both boreholes were similar. Both boreholes encountered silty sand to
sand as the surficial deposit. The silty sand to sand layer was underlain by a cohesive layer
of silt with a trace of clay which was in turn underlain by silt to coarse sand. The silt to coarse
sand was overlying the bedrock. The boreholes were terminated into bedrock. The details of
the soil condition is shown on the individual borehole logs. However, brief summary of each
soil layer is given below:

Silty Sand to Sand

This non-cohesive material was encountered in both boreholes as the surficial deposit. The
thickness of this deposit ranged from 4.4m to 7.2m. The Standard Penetration N-values
ranged from 2 to 10 blows/0.3m penetration, that indicated that the deposit is in very loose to
con}pact state. The material was wet below elevation 285.3m to 285.6m (2.9m below ground
surface).

Silt, with clay

This cobesive deposit was underlying the silty sand to sand deposit. The top elevation of this
deposit ranged from 281.3 m (BH 1) to 283.8 m (BH 2). The thickness ranged from 6m to
11.8m. The Standard Penetration N-values ranged from 2 blows to 19 blows that suggest that
the material is soft to very stiff.

Silt to Coarse Sand

This non cohesive silt to coarse sand deposit was underlying the cohesive silt deposit and was
overlying the bedrock. The top elevation of this deposit ranged from 272.0m (BH 2) to 275.3
m (BH 1). The Standard Penetration N-values ranged from 6 to 88 blows/0.3m. A low N-value
0 blows/0.3m was also encountered but was thought to be disturbed and was not
representative. The record of N-values indicated that the deposit is in compact to very dense
state.



Bedrock

Both boreholes were terminated in to the bedrock. The bedrock was encountered at depths
19.1m and 19.3m respectively. The bedrock was proved by coring 2.4m and 1.6m into the
bedrock. The bedrock was a Biotite-Hornblende Gneiss Bedrock. The recovery of the bedrock
ranged from 73% to 100 %. The RQD ranged from 21% to 93%.

Groundwater Condition

Groundwater was monitored in open boreholes, Groundwater in the boreholes was at the same
elovation as water level in the river. The groundwater table was encountered in each borehole
at a depth of 2.9m. The groundwater table in Borehole 1 was at elevation 285.6m and at
985.8m in Borehole 2. It should be noted that the groundwater is subject to fluctuation and
will change as the water level in the river changes.



DISCUSSION AND RECOMMENDATIONS

General

Tt is proposed to replace the superstructure of the Big East River Bridge using a detour. The
existing bridge structure is a 36.6 metre single span bridge supported on concrete filled tube
piles. The proposed detour will be on the east side of the bridge with a centreline to centreline
offset of 18m. The structure will be a two lane Double Wide Acrow bridge having a
substructure width of approximately 10.2m. Three alternatives for the detour structure is
under consideration. Alternative 1 will have three spans 12m, 24m, 12m, Alternative 2 will
have 38m single span and Alternative 3 will have 42 m single span. Although, it is not yet
decided which option will be selected for the detour structure, the most preferred alternative
is a single span bridge.

There are abutments of an old bridge on the east side of the highway. The old abutments are
approximately 35m to 45m from the centreline of the highway. Although, we could not find
any information on the old abutments, visually it appears to be in good condition. May be the
structural section archive have some information on the old bridge foundations. If possible,
consideration should be given to using the old abutments for the detour structure.

Structure Foundations

The proposed profile grade, at the detour crossing, will be at approximate elevation of 291.8m.
The approach fills will be approximately 3.0m to 4.0m high.

Based on the subsoil conditions, which is mainly very loose to compact sand, the most suitable
structure from a cost point of view appears to be spread footing founded on granular pad.
However, alternatives should be assessed based on cost, as well as construction and
environmental considerations.

Spread Footings on Granular Pad

The spread footing for the abutments could be founded on granular pad built up above the
groundwater level (Elev. 285.6m). The thickness of the granular pad will be dictated by the
required footing elevation but at least it should be 2m thick. The granular pad will extend 1m
beyond the plan limits of the abutment footing and will slope at 1H:1V. The forward slope will
be constructed at 2H:1V from the toe of the existing slope.

The recommended bearing capacities for the footings, on granular pad as per OHBDC are
given below. The SLS values are given for 25mm and 50mm settlements.
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Factored Bearing Capacity at ULS = 900 kPa
Bearing Capacity at SLS for 26mm= 175 kPa
Bearing Capacity at SLS for 50mm= 350 kPa

Deep Foundation

Alternatively, if higher bearing capacity is required then the structure can be supported on
steel H-piles driven to bedrock [bedrock depth 19.1m (BH 1) and 19.3m (BH 2)]. However, this
alternative should be assessed based on cost comparison. The recommended bearing capacities
of H-piles founded on bedrock are as follow:

HP 310X110 HP 310X79
Factored Axial Capacity @ ULS 1600 kN/pile 1150 kN/pile
Axial Capacity @ SLS for 25mm 1150 kN/pile 825 kN/pile
Factored Lateral Capacity at ULS 80 kN/pile 60 kN/pile
Lateral Capacity at S.L.S. 60 kN/pile 40 kN/pile

In order to facilitate pile driving, particle sizes of any fill placed beneath the pile locations
should be restricted to 76mm.

Embankment Stability

The height of the embankment will be approximately 3m to 4m. Prior to placement of fill, all
surficial topsoil or any organic material should be removed within the plan limits of the
embankments. The embankment should be then constructed with rockfill or native sand. The
rockfill embankment can be constructed at 1.5H:1V.

Sand is also suitable as fill material for embankment construction. If sand is used, the side
slope of the embankment should be constructed at 2.5H:1V or flatter. If sand fill is used, the
lower slopes must be protected from erosion which can consist of vegetation, or 600mm rock
protection to the potential high water level.

There are no settlement concerns for the embankment constructed with the above mentioned
materials. Settlement will be elastic in nature and should occur during construction.

No stability problems are anticipated for the proposed height of permanent embankments.



Lateral Earth Pressure

If abutments are constructed, free draining granular material such as Granular 'A’ or 'B', or
rockfill is recommended as appropriate backfill to abutment walls to prevent hydrostatic
pressure build-up.

If rockfill is used for approaches, special care will be required to avoid damaging the abutment.
Tt would be preferable to place a 0.3m cushion of Granular 'A’ or smaller rockfill (with diameter
of less than 300mm), between the structure and the main mass of rock fill. Granular material
may also be used at the approaches.

For désign purposes, the following properties for backfill are recommended:

Granular’'A’ T=228kNm® ¢=35°
Granular 'B' Y =21.2kN/m® ¢ =30°
Rockfill Y=18.0kN/m?® ¢=35°

Active condition (K,) may be assumed to apply for yielding structure.

Resistance to Lateral Forces

For footings placed on compacted Granular 'A’ pad, the sliding resistance between the concrete
footing and Granular 'A’ pad should be computed as per OHBDC 91. For abutments on piles
lateral capacity may be supplemented by the horizontal component of battered piles.

Frost Protection

A soil cover of 1.8m or equivalent will be required for frost cover for footings or pile caps.

Dewatering

Since there will be no excavtion below water table, no major dewatering will be involved in this
project, no major dewatering will be required.



Miscellaneous

The field work for this project was carried out under the supervision of Lizette Viera, an
engineering student. The equipment used was owned and operated by Mater Soil
Tnvestigation Ltd. This report was written by K. Ahmad, P. Eng. and reviewed and approved
by T.C. Kim, P. Eng., Senior Foundtion Engineer.

5.Q. (Ken) Ahmad, P. Eng.
Foundation Engineer

For

T.C. Kim, P. Eng.
Senior Foundation Engineer
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