Province of Ministry of ' 940 Blanshard Street

British Columbia Transportation Victoria

nd Highways British Columbia
@ 9 4 VBW 3E6

(- DATE: April 19, 1995
- BRANCH: Geotechnical & Materials
PHONE: 387-1199
FILE: 01-63-18

Andrew Rushforth, P.Eng,

Graeme & Murray Consultants Ltd.
1137 Yates Street

Victoria, B.C.

V8V 3N1

RE: Millstream Creek Culvert No. 7208 Extension

Dear Mr. Rushforth,

As per your request of April 12, 1995, I can report on the current state of design for the
proposed Millstream Creek culvert extension.

Geotechnical Investigation

Subsurface investigations carried out to date has consisted of two bore holes (TH93-55

( at creek level and TH93-56 up on the west bank), and one test pit (east bank). The exact
location of the bore holes and test pit are shown in Figure 1. The summary logs are also
attached.

THO93-56, at a ground elevation of 69.7m was drilled to a depth of 23.8 metres. Standard
Penetration Testing (SPT) was carried out at 1.5m intervals and three undisturbed Shelby
samples were recovered from the clay layer near the bottom of the hole. TH93-55, at a
ground elevation of 61.9m, was drilled using an X-Ray drill incapable of SPT testing.
Three samples were recovered, allowing classification of the soil types.

The soil stratigraphy at the culvert Jocation, as indicated by the bore holes and test pit,
along the east bank of Millstream Creek, consists of 2m of silty sand on the surface,
followed by 1.4m of clay and 2.5m of gravel till. Bedrock was encountered at a depth of
5.9m below surface (elevation 56.0m). Based on test pit TP94-57 and field observations,
as you move east away from the creek bedrock elevations undulates between surface
exposures and depths in excess of 4.5 meters. To the west of Millstream Creek, bedrock
is found at a much lower elevation (21.9m below surface - elevation 47.8m). The soil
sequence between the surface and bedrock consists of 4.2m of very dense gravel, 3.1m of
stiff clay, 1.4m of dense sand, 9.9m of hard to very stiff clay, and 3.3m of very dense
gravel till.
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The laboratory testing program consisted of visual identification and moisture content
determination of the granular soil and fine grained soils. In addition, index property
testing, laboratory vane shear testing, unconfined compression testing and consolidation
testing was conducted on selected fine grained soils.

The laboratory testing, described above, was conducted to determine the characteristics
of the clay layers. Results form samples recovered in the clay layer had a range of
laboratory shear strengths of 51-96kPa while the range of undrained shear strengths,
taken for the unconfined compression test, of 69-76kPa. The index properties ranged
from 23-36% for the liquid limit, 17-30% for the plastic limit and 20-36% for the natural
moisture content.  Settlement characteristics for the clay were determined by
consolidation testing. The Coefficient of Consolidation of the clay (C,) is 0.39 while the
initial void ration is 0.89. The rate of consolidation (C,) was determined to be
0.004cm?/sec.

Geotechnical Design Considerations

As the highway is being widened to the north over Millstream Creek it is necessary to
extend the existing culvert prior to construction of the new embankment.

Settlement

Due to the presence of a compressible clay layer, as noted above, settlement is an issue at
this site. My letter of March 1, 1995 outlining the expected settlements at Millstream
Creek is still applicable. The estimated settlements, as previously reported, are:

Settlement Parallel to Highway (o/s 20m Lt.)

Station Estimated Settlement
114+05 200 - 300mm
114+10 250 - 350mm
114+15 250 - 350mm
114+20 250 - 350mm
114+25 250 - 350mm
114+30 250 - 350mm
114+35 100 - 150mm
114+40 100 - 150mm
114+45 75 -125mm
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Settlement Along Proposed Culvert

Off-Set Estimated Settlement
SmLt. 250 - 350mm
10m Lt. 225 -325mm
20m Lt. 175 - 250mm
30mLt. 100 - 150mm

It is estimated that 50% of the settlement will occur with in the first year with 90%
completed with in S years.

Culvert Options

Several types of culverts have been considered for this project. Based on
geotechnical factors alone, I have the following comments:

Flexible vs. rigid culverts: ~ Based on the potential for differential settlement it is
felt that rigid culverts should be avoided. It is
recommended that a flexible culvert system that is
capable of tolerating the settlements and differential
settlements outlined above be selected.

Circular vs. rectangular: Again, based on estimated settlement values, a circular
section would tolerate settlement and larger differential
settlements better that a more rigid rectangular section.

Arch type culvert: To avoid large settlements and the potential for bearing
failure an arch type culvert would have to be piled to
bedrock.

It is my understanding that a 7m dizmeter circular culvert is being considered for this
project. The main benefit of this type of culvert is its ability to tolerate settlement as
it is relatively flexible. Concerns with using a culvert of this size centre around
construction problems. The manufactures recommended construction procedure will
have to be followed with great care to ensure that the culvert is installed properly.
Any large imbalance of force on a culvert of this type may lead to failure.
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Above the culvert, to conserve right of way requirements a vertical MSE retaining
wall is proposed. Due to the limitations set by the Ministry's Bridge Branch, MSE
type walls can not be placed below the 200 year flood level. Consequently, from
creek elevation to an elevation equal to the 200 year flood level, mineral fill may be
used. A slope angle of 1.5H:1V rising from creek elevation to the base elevation of
the wall is permissible. A minimum 2m set back from the crest of the slope to the
base of the wall will be required. In addition a minimum cover of 1m will be required
between the top of the culvert and the base of the wall.

Bridge Option

Possibly worth considering at this site is the feasibility of crossing Millstream Creek
with a bridge structure as opposed to a large diameter culvert. Problems associated
with settlement, differential settlement and dependence on critical construction
procedures could be avoided.

Allowable Bearing Capacity

The allowable bearing capacity, for the MSE wall, founded in properly compacted
granular material would be 300kPa.

If you have any further questions concerning this project please contact me.

Sincerely,

Stephen Alexander, P.Eng.
Geotechnical Design Engineer
For:

Director, Geotechnical

and Materials Engineering

SPA/sa

cc:  D. Lister, P.Eng - MOTH
I. Grof, P.Eng - MOTH
B. Kern, P.Eng - VIHPMT
D. Querengesser - VIHPMT
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Biowcount ~ Stendard Penelrotion Test (ASTM 1586)

Minisiry of Transportation Geotechnical and | TEST HOLE No
and Highways S U M MA RY LO G Materils Branch |  g3_55
Project  MILLSTREAM CREEK CULVERT
Location STA. 10+11.0, 9.3m LT. Elevation 61.9m
Diller  D. SHILLINGFORD Method X—RAY Dates  93-10-05/06
" — | = Groddtion % [ndex HOLE LOCATION:
Dn[[lﬂg — g-_‘ o E %_. Pmperﬁes _§ N 6875.215 E 12751890 ©
Details | E *‘_; S|zl =]|_ B Description 8
S|E| 218|282 2| 8|w|w|v| B 2
Dl m | | | S en | e 28] F=)
N Tor- R 0[8[15(-]~1{10 SM1 SAND with some silt and trace
-1 organic material, brown =
- 2 2.0m —
- CLAY with trace fine medium .
<z A 3] - |- ~15le5|38]17]3e c sand, low plasticity, grey —
33-10-06 _| J.4m —
- 4 cl-|- 955 =-f=[-]1 GRAVEL with trace sand, gravel
7 GC | sub-round to sub—angular, N
-1 95 [c] - [0 -l ==]=1{-1- maximum diometer 20mm, grey  —
7 . {c] - |10 ~|==1=1-]- ]
- T - (.20 -1-l-1-1-]- 5.9m =
— 6 C - 1.50 tnd Bt B Bl Y -
17 BR | BEDROCK —
- C| - {1.30 -l=1=1=-1{-]- -
— 8 —
._ 7.9m END OF HOLE _
— 9 —]
. Note: Soil sampled recovered 7
..__1 0 with X—RAY rods and 7
- core barrel ~
- ‘] ‘] ]
112 EAST BANK -
— ‘1 3 -
— ‘] 4 —
=15 |
] 1 6 —_
— 1 7 —
SAMPLE TYPE SHEAR STRENGTH kPa TESTS FILE No.
A — Auger U - Unconfined Compression M — Mechanical Analysis 01-63-18
. T e ORE C e e | EPARED BY:
7 I Shely Tuve R 7 Remoulded wimp = Dinctd. Pste Umits | SPA/KLASSCAD
W — Wesh W — Moisture Content SHEET of
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Ministry of Transportation Geolechnical and | TEST HOLE No
and Highways R O C K C O R E LO G Materials Bronch | g3_55
Project  MILLSTREAM CREEK CULVERT
Location  STA. 10+11.0, 9.3m LT. _ tlevation 61.9m
Drler D, SHILLINGFORD Method X~—RAY Dates  93-10-05/06
Hole Orientation — Logged By J. PUNSHON Date 893-11-30
HOLE LOCATION:
Oiing | | »¢ z x - N6875.215 E12751.890
. El =~ |2 S _| .E Structural Rock Mass
Detols | =] & g|Ee =21 5 | Discontinuit 5 Descripti
o > Z|5E|l 8 |=5 = nunt 5 K ption
Z2led|ee|38| 2 [E§| Description SE Z
S |S2|{838|aH| < |Ea] = €& *-RAY CORE) =
- 4 -
- 40-50'\ BEDROCK _
| — BEDROCK AT 7.25m (?) R
_ "_sﬁ: 01 3% GRAVEL (1-cm, A¥S 2=0)
-1 5 7, LY, -
12 | 287 ///// 0% /// 2"’;"*‘,,,50,3“"9%5@ ]
| D/ o |
7 7777717, SUXS Wi PRTE. QT2
] 187 % % / 0% / % VIS & RSSURES 7]
. 77 D .
- 6 1007 . 19.0 | 48% 20 /CALLFIED SLOKGS EOULDERS (150400 57%) —
- 003 SouD 59 | o1 R4 BW-MH kw\gﬁi—&‘gggm WARK GNESSB% -
] " [BR=s0 478 " RIRT W L o vense iotem, A0 3o) 7
B} e e : mﬁmns & SUCXS G:AARV;. f:s ~ldcm, AC 3om) ]
] SOUD| 22.5 R& SW-MWS x S0 WARK GNEISS wm 7
- 7 EROKEN—EL2 R7=r3 ) 1 AS MBOVE, mgus STAKS ]
- - 1o—xr/m.ma SOS - 3
71 [100%[sai [ 188 | 48% | R » o o oiess i
‘.‘l.f FED & PYRITC 506G GREENSH [
. soLb| 12.2 Ré go_w,mm b PR, CAtrD & .
— o BE e j XANRIO/URD & PYRITIC. SUCKS -
18 7.9m END OF HOLE[
. EAST BANK 7
— g —_
CORE RECOVERY RQD. ROCK STRENGTH (MPo) WEATHERING FILE No.
Length of core 100 Sum core lengths > 100mm 100 g? ,E,m‘m‘!)f weak 15‘,: ;‘H g{.’ihuy 01-63—-18
core run X length of core run b R2 Wi’gk““ 5-25 N M::%mlcly PREPARED BY:
R3 Medium sirong  25-50 KW Highly IP/KLASSCAD
DISCONTINUTY SPACING Ré Strong 50-100 CW Completely
No. of froctures/m RS Very streng 100-250 RS Residual Soil SHEET of
RS Extremely sirong  >250 Pade 60f11 Tﬁ2-202ﬂ21'
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SUMMARY LOG

Geotechnical and

TEST HOLE No, |

Biowcount - Stendard Peneiration Test (ASTM 1588)

and Highways Materidls Branch | g3-56
Project  MILLSTREAM CREEK CULVERT
Location STA. 10+35.7, 13.4m RT. Elevation  69.7m
Driler  H. RAUHANEN Method ROTARY WASH Dates 93-10-27/28
- o —1 7| Gradation 7 Index HOLE LOCATION:
Dﬁlllﬂg —_— & -._E.- == Prgpedies é N 6841.715 E 1 -25.70056 @
Detals | E |l S|3| = 8 Description 8
=|g 8|35 9 'z 5
B EEEHDERE :
Blowcount .
Details _ -I —
85/15m _ -S4>100;.08 7013010 1~ -3 GP sandy GRAVEL with trace silt, -~
-4 2 gravel up to 25mm diameter, —
| very dense, grey |
§9/.15n FLL?
79/15m— 3 | 5 [>100].25 6s/30]5 |- |-|5] e |V ~
55/.15m _|
40/.15m 7]
4 4.2m —
7 S| 15 [.10 - (15|85[40)21|28| CL 7]
—15 CLAY with some sand, —
- plastic, stiff, sand seams -
—_ - to S50mm thick, brown _
] 6 S| 14 |.51 - 120180129116 126| CL to grey i
17 5| 32|25 8515 21| swt 7.3m —
48 - T SAND with some silt, medium
coarse, dense, brown
i 8.7m —
3ot 9 [s] 1150 -~ [10]s0|36]17|36| cL u
— 1 O ]
— ‘I '] —
_ T| - |.58 - |10]90]23|18{20] cL i
'_'12515 61 -|5|e5f-|-|25] cL 7
_ _ CLAY with trace sand, low plastic, _|
| 15 '5‘; %’ hard to very stiff, grey _
J14 T - [.58 gg 69|~ | 5[95{39(20(28| CL Ce=0.38 Co=0.89 ¢
t15s 19 | .61 - | - [100f - |30[ -] cL ]
—] 1 6 —
=17 _
SAMPLE TYPE SHEAR STRENGTH kPa TESTS FILE No.
A = Auger Su — Unconfined Compression Strength M — Mechanical Analysis 01-63—-18
C ~ Core Fv — Field Vone Q.R.S - Triexiol Compression
D — Denison Lv — Lab Vane c - Cpnsoﬁdﬁtion PREPARED BY:
7 2 Shetby Tove 7 - Remoulded n%3 = Beii Pl umis | SPA/KLASSCAD
W = Wash H - U:é%:t{iiedog:r:pression SHEET of

Pagké 7of 11 TQA-Z(]Z]O .

97



Rt
‘ .

T

T SUMMARY LOG e T HE e
and Highwoys atenals Branc 93-56
Project  MILLSTREAM CREEK CULVERT
location STA. 10+35.7, 13.4m RT. Elevation  69.7m
Driler  H. RAUHANEN Method ROTARY WASH Dates  93-10-27/28
- — | = | Grodation % Index HOLE LOCATION:
Daling | _ (& _|E| = o Properties S | N 8841.715 E 12570.056 @
Detls | E|'5| S|5| = 2 Description 8
S(E 218158 |8le|g g7 5
SIS E|E(ES|& S| &N w|Y] & =
T| - |.08 10110180 |34|19|30| CL
B 19 — 18.6m—
Blowcount _| n
etails with some sand,
Details  _| 20 GRAVEL with
gravel up to 25mm, 7
N very dense, grey N
120/.13m = 2 1Es3>100].15 85{10{ 5 |-|-121}| GP 7
- 22 21.9m—
—23 BR | BEDROCK —
144 23.3m END OF HOLE §
- 25 —
| 26 5.22 B
— 27 !
— 28 —
— 29 —
— 30 —
— 31 —
— 32 ]
— 33 —_
134 _
— 3 5 —
SAMPLE TYPE SHEAR STRENGTH kPa TESTS FILE No.
A — Auger Su = Unconfined Compression Strength M = Mechanical Analysis 01-63-18
5 = Berteon 2 Lo vene: *2 2 Comsaigaton " [PREPARED BY:
S - Sp[i!I,SOSpoon R = Remoulded : DS - Qir::gt Sheer | CAD ’
T ~— Shelby Tube w|,wp — Liquid, Plestic Limits SPA/KLASS
W - Wosh \J - ggést}r?;ifwegor&?rﬁtpression SHEET of
Blowcount — Stondard Pensirction Test (ASTM 1586) Page 8 of 11 18A.202091507 |




Ministry of Transportation

ROCK CORE LOG

Ceolechnical and

Materials Branch

TEST HOLE Mo, |

ond Highways 83-56
Project  MILLSTREAM CREEK CULVERT
Location STA. 10+35.7, 13.4m RT, Elevation 63.7m
Driler ~ H. RAUHANEN Method ROTARY- WASH Dates ~ 93-10-27/28
Hole Orientation 90 Logaed By J. PUNSHON Date 93-12-16
a o > a 6841. 12570.056
Dn"".]g E ; c| 2 é - g Structural Rock Mass
Detals | g 2|EZ] L |2F 8 Discontinuity 3 Description
Z|e8|eE|88| 3|88 7 Description SE 2
S |88|88|5&| = |23 2 E&F =
-1 21 |
— 22 BEDROCK AT 21.94m —
- 30-50"\ BEDROCK -
_ SHAILL BOO R NS /50KS (ETAUCRAHCSED a
BR-SOU 16.7 R3 IE gn/mgﬁ mgﬂﬁm &
- AT K0 TRz MW VK HOR LS 0 FRCSPH) ]
- 897 Br-sol] 143 | 177 [rars IO & £SO COMRSELY CRISTALNE, NEDUN .
—123 ’3&'% % ol 50 o DOGETR & 3R -
i / ’H%; m [/ ‘//é % GRANOCKORITE. SLL AT Z3.16m i
| ALt o b, ST /4057 _
i 657% lrokeN 43,0 0% R1=R2 MW~H¥o 41027 /5000 i
N 8 i
— 24 23.8m END OF HOLE] —
-— 5.22 -1
— 25 -
— 26 —
CORE RECOVERY RO.D. ROCK STRENGTH (4Po) WEATHERING FILE No.
Length of core ygp Sum core lengths > 100mm o g? 5‘“‘"‘"}, weck 1_<51 ;w gﬁ::[ 01-63-18
core run ¢ fength of core run X R2 wirgkwe.: 5-25 MW Mc%eritely PREPARED BY:
| Gidnee B RENL |PAUSSCO
EECE? T;ﬁﬂ,ﬁfmc RS Very gz':ng‘ 100-250 RS Residuol Sail SHEET of
R6 Exiremey strong >250 Pack 9 of 11 Tlgaa”n”lq




Ministry of Transportation

and Highways

Project  MILLSTREAM CREEK CULVERT
Locotion STA. 10+41.7, 31.4m LT.

SUMMARY LOG

Geotechnical ond
Materials Branch

Hevation 70.0m

TEST PTT No. |
84-57

Driller S. ALEXANDER Method BACKHOE Dates 94-06-22
. — | 5| Grodation % |  Index HOLE LOCATION:
g | __ & _[E] £ Properties | .5 | N 68654640 E 12788.5017 »
Detals | S |'s| S|5| = 8 Description 8
=|=al 238 s =2 - ¢ ‘@ -
El ZElolaees| 3 L @9 ]
E|5|&|8|25|5|F| & n|w|v| & z
TS | TOPSOIL, brown, d
Y 0.3m —
11015 +(45]55] - |- [15] m .
SILT ond SAND with trace graovel
—2.0 su2 | to 25mm, compact, branches ]
and organic matter,
- brown, below P.L. -
—3.0 -
—4.0 -
4.5m END OF HOLE
—15.0 -
*+ stoke 89+00, 20m LT.
N (OLD CHAINAGE) © break -
in slope (Eost Approach)
—6.0 -
| (between Millstream Cr. _
& Bellomy Rd.)
—7.0 -
—8.0 -
SAMPLE TYPE SHEAR STRENGTH kPa TESTS FILE No.
A — Auger U ~ Unconfined Ccmpression M = Mechanical Anclysis 01-63-18
C — Core Fv = Field Vane Q.R,S — Trioxial Compression ]
D — Denison Lv — Leb Vone C — Consolidation PREPARED BY:
T 2 Shely Tuve R 7 Remodded s = Daset Sethe Umits | SPA/KLASSCAD
W — Wash W — Moisture Content SHEEI— of
G = Creb . ; -
Blowcount ~ Stondard Penelration Test (ASTM 1586) Pacd 10 of 11 TRA-2020
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