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Kehiwin Lake Landsides, Hwy 41:23
Near Elk Point, Alberta (NC24):
Remedial Measures and Challenges
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Historical Development

of Landslides

» Five Landslides
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Pile Walls = 10 Million Dollars

A 3D rendering image along the highway alignment
at the landslide sites

A
Government of Alberta m
AR

Tr rtati
THURBER ansportation



ELEVATION (m)

110

10

7

70

THO02-3 -
EL. ¢1.40m E
Ol 7
D ;
F—1g | LAY (POSSIBLE FILL) B
2 o
LAKE ELEV.=85.8m 8 Xz o
v 28 =
= 2
_nr\ oa | car /
N
I % /,/” | I
~ - /// 58/160
~— 25 - - I I l
INFERRED SLIP SURFACE OF SUDE ™™=~ o b | ! | | 1
"] CLAY/REWORKED CLAY SHALE I O n Wal I
/ 64 | CLAY SHALE g
130 120 110 100 ) 80 70 0 50 0 30 2 0 o
DISTANCE (m)
CROSS SECTION A-A' @ STATION 0+052
ULVERT INVERT ,
ELEV = 91 .580 £
LA NE 25-58-0T-Wah o
& — <
= / E =
l -] 2 .—‘ ' CEEvT v aas -
- g N - =
ll & éﬁ : L= 3 Lar s N= PLACE = i
g ES T TIE EDGE OF ROADWAY REINFURGED L
I E - E g &2 oz HOULDER CONCRETE PILES g -
|7 i E 02— gy st sroe-+ o
T = I Sl Roais
ot T TETETETEOEDHEHFOOOTO HOD DD RO G B bbb Db -0 ed -1~
e el e —_— g — s = 2APE L7
TO ELK POINT = = — e — s = — = ——— —aI_____—e-hi___
—]- —-— _ N P A e [ o TO BONNYVILLE
—1 — —+ \ —+ —_ c—4-— ——*ﬁ——k-—fiﬁ—-—i—-———77*——4—-———————%QHw‘rzs —
)

THURBER

Government of Alberta m
Transportation



3
=
2
a >
2 g ' -
S x o
g % g y % &
l E |
2
555 -] 41:23 ‘}—-— % 555
B @%
7 cuw‘nu.,plu’” = L)
b
550 4‘ = % J 550
w i
5 /ﬂq\;— ) et /\7‘f " CLAY SHALE
/“/ o i
545 E 2T e " hyhery Y, Sl 545
. w@j.———' a1 Y L
- = S g - =
E e 12 - - s7 E
E — = cLaY (s ] R ~x =
. — o [ @ T i
E E =
= ~| PEEN =y e_ﬁ"' N~ porza0 || CLAY SHALE b=
i T ? — " \Nﬁ/ﬁﬂ L 1 ZP— [
w e » CLAY SHALE —~ / s0M50 o
P\ INFERRED SLIP SURFACE b i
~ l_ /— — 82280 535
535 c— PEAT A
~ i?___ e T terx::‘ . ki sonall
| _~~ _HARD TO VERY HARD
1o | ciavrdy v CLAYSHALE (BEDROCK) 30
UL 4A - /m
- CLAY 8HALE
525 525
ey I | I )
s0 e 100 750 520
— I ™~ o
),-_fj - . \. //\\/ N A
S e S CULVERT = P
2 > ~ e ST TEMTLET 5| ! ESTIMATED
Yar \ 545. -
PB10 4( \ ~— { 532m\3 3 u | UMITS OF J:;IE%E_N.D
3 . / PBIG-3 J =lg SLIDE SLOPE INCLINOMETER
Ele —n T T T N e _ PN10—
o — CAST—IN—PLACE T - € EXISTING = Ny gla_— PNEUMATIC PIEZOMETER
o REINFORCED 600mm x R b PR10—
ofE CONCRETE PILES o 47.7m CSP — Sof=—— &~ POORBOY / STANDPIPE
. . olz siog—
Q% — T —215___1500 15007E E’ N%24 F‘I1I.5E wgléli: F’1 Bm SLOPE INCLINOMETER
S5 —_—— e — - 48— B P ——— .= m INSTALLED INSIDE NC24 WALL
E§ 125 60 PILES @ 1800 = 106200 I S — S PILES® | 1250 - CANTILEVER CONCRETE P PILE MARK
Hugd 5 A X - 1800 " —— PILE WALL COMPLETED ® PROPOSED PILE
Zan —— IN 200 MARKER PLATE
z © P ( i >—<  CULVERT
— | Sios—1 (PULE # ~*  DIRECTION OF MOVEMENT IN ¢
T ' 7 7 - -
5 8[ . /-’/i‘?ﬁ//,/fj/ rf‘ﬁ’/ g T
R N ;. Ace eate
_/. ———— -—m—-  TELUS LINE
SHOULDER == o | BURIED CABLE T BUSH LINE
(TYF) SI/PN1G—1 | p _,_mjL—v CRACK
+ CULVERT =~ -=—=-  POWER POLE
70 PAIRS OF GROUND - __t_:— - i \ NLET L s GULLY
ANCHORS {SHOWN AS o f_'—c’sﬁ'? NS {549.4m) T oA
)cscuu~——c4ol:r Grou ACTIVE SCARP CRACK
TYP FOR CLARITY) o et v SN <1V SN I—

THURBER

Government of Alberta m

Transportation



T
£
w
E]
=
5680 g I‘u: g 580
= & \
= I
2
F
g g . ¥
555 1 5 cg 555
HWY 41:23 — ﬁ E
g S~ gm0 L
CLAY (Tijry SR
) s SOFTENED CLAYSHALE
550 L’B____H,,__f——'! o
19 CLAY SHALE
s av SHALE
P 17
=
w4
-
™ £ HARD TO VERY HARD 61 545 =
‘z' = LAY SHALE (BEDROCK) ‘z'
=} <} B2r2s0 =
= =
= g A AY SHALE. worz80 =
i fiv}
o 540 | sonzs 540 O
R T < e s
INFERRED SLIP SURFACE sonca |° sornzs
535 sonse 535
sarzs0 sonizs
somoo ‘
w1 - m
S99 sonzs B \l - " LI e ] 530
| long wall .
DISTANCE (m) o
\'*\, 4 e ——
ES
0w ) —
L =fi—4
g8 .8 Zlo
e e Wy T
o c £[5
e CAST—IN—PLACE — . e POTENTIAL LIMITS e
= . _ ——
o REINFORCED e SI/PN10-3 Fo10-3 OF-LANDSLIDE. 5|4
He 2 CONCRETE_PILES PE10-4 e 850 S T Te— o EIES
—_— e 3 - ————— — = |2
- —Olu .o T - i T Tl
k3 0 o — 29 PILES @ 4000 = 112000 { S i N
W Ely —— T — — — . —3 - - | l’-f
— 3 g4 : — — e
L = - 4 e— -
" _ v . - P — LT
ne 4T d S moe @ Dedb Do B DD @«—@ta_—% - 435— D—D—B- ®
;;L._.___m l — P5 ~__SI/PN10—6 P10 T ’:sh/PNm -5 ~ 583, P18 SI/PNm 2 e 220 Swpmo Ve B2E e — ﬁll i ; —ng
- ——— & |_ e
e ] | e— T T T T l ——
x -_-—— - —
k"‘x_‘. \
—e—eee T i I - i | ——————
- ! :‘a._, 7 i ~1 |
‘-\__\H‘ -
= .
& o — [=] F-
S - —— o o p=y . O = e
3 3 SHOULDER (TYP)—/ S oy B - " 3 3
o o\ -7 - T -
T T P T PEI1O—1 T
-
— PB10-2 5% SI/PN10—1 £
ol & \

Government of Alberta m
HA

THURBER Transportation



|
] =]
ze
©
m satal /s
R g
588 iy
H [L R -
| w inf Za o+
INMIONTS 2 8 Bapx
3N HSNE ™ 4 9 TELL
2 '
. 7] — e A
{ILYWIXCHddY) INIT SNTAL o m 7 i
,_ m ) R e e
; [ ] I
| < — |
) [} \ 5
} = | S|y e O __ A T | L
| | © Bt S ="
) ~
| | Bligl g RCTC I TTOCTOTT
., i | wil'e | BZCICICCICC-oOD
| RN
o
(FLWHIXOHedY) 3N SNTAL i [1] 3]
m ® || || @ZTCTICICTICCCC
| g &) Lm I
M m N_ DR
fa) €. ml _m
[ 3 iz I R 5 e e
T Le m_q wx i 7, L
ul 2g | £ | |
0 L Z =L %0 H T O O B
4] 2 gt om | | |
O, _|rm — ! | @LCZp-ZJ-Cr--”
[ | [ I
5= Wleoemd 88 anipe ] | | oreso LTI
MH & NOISNY Jk 3T ~
Q : w 8 EEL [ e
oT . o¥ 2 T
- ¥ T A N ey E S
Lo \ Y b
[EEAN 1 | Io (IS
m N L ra = I B N - et it et
o / | Wy -
: . L
~ T L
M | " g | ok w sl | R
, | g MM 5} B || SY|@CCILIIICICCIEC T
L a b hd - | &
* b 8 o e | |»
) J o 3 [0 N - SR NN AU
e ——— @ 2 G
e -~ 5 2 g8
= N = |
il 53 3 2 %
E z 2 .0 & & ] o
= —EEF “ o N
2 e At : v
X3 % @ XY £ |
THE:- i = : _
Ly 4 I | | |
<y o w !
e —2 C _
g 3 - " |
3] m t NP |
>r — X3
£ 3 T,
E =3
& Z
- E oEgll
g3y & Ss%s |
G3n val 8% SERe |
ow At 2 o 0 WL
SEX = ,m e ne ol  |B—=+—f—-Fraa=t
[T H i M 4] O@ni. 3 J S—
S e H 3 ] I <OLE 2| fosseold = LT
® 3 m e | oo msmm B0, RS L _I__ 1" TT
B 23 3 mTWﬂ [ R 1 i e
& Fig & 570 | |2 I
> L > oY s | VI
5y 5245 ]
BRI EIE gezs |-
3NN HeNE + ef | g/ ey I
2oy Amm 58§ I Sttt ks
N 2 |gmep -~ S T —T———T
& a o W ——
T 0 —
! L=}
| ' |
1 L e L O O - - e Ay M,
: b
i e A N PO B R | e
; I T T A (N T T  ahene enb
| I
N + ==
oY 1 :
zs
3 I
50 [T, " A N I S A N NN ] IR (- = SIS EPRR
28 1
P 2 |
" | JE |
i i 2
w L BE | g
h i i
£ | : 3
x [ ]
3 1 H g
o ! 5]
g 2
W \m «,_, & L@
4] & ; / _m
k4 X I =
5 g g P P
3 % s i
z i
w i
m |
19
i
1
1
|
i
1 [4
! H
! §
2
c
3
< Z
0 a o o 9 o 0 = r o g
B 8 i 3 3 3 B Q b I <
(W) NOLLYATT3

Government of Alberta m

Transportation

THURBER




w
z
- e —
g z ok u LIDAR GROUM
2 « gz, 2 / SURFACE
= = /
] % Hwy a1:23 CRACKS 553 = /
560 2 S " -| —OBSERVEDON QF I | _ £ 580
| VARES 9 P HIGHWAY ] -
e sUPNIS B 7
555 - S EL55.3.227m - -* L-»'// 555
s CLAY CAY Ll e L
650 SURVEYED GROUND ~ T Zd LAY SHALEHOFTENED) CLAY SHALE (SOFTENED)
(SOFTENED) -
\ L g —a— m—_"
a1 | CLAY SHALE (BEDROCK)
= 545 - 545 =
E - ~._PILEWALL & g
E LAKE SHORE N 7,, LOCATION e z
= (BEDROCK) =]
£ 540 — 540 &
< - == HARD TO VERY HARD CLAY =
H SHALE (BEDROCK) u_IJ
D 535 i 535 M
L INFERRED SLIP SURFACES
530 530
525 525
5204 25 50 75 12020
DISTANCE (m) I_1 _1
-
550
N e P
\ EXISTHNG _CONCRETE I
-_— PILES T
SN 10 PILES @ 4.000 = 36.000 — — _4.000
T — by T NC24D RETAINING WALL g — —
_ -CR:E\NF})";(_:PED - Q‘Si——i . e — .
T s OO OO O OO — hd
- == — — £
= - - B —
= —
: +
e - — — —
FILE NO 1 OF EXISTING
\\*\\ 2 NCZ24B PILE WALL
-8
LEGEND —————— _

O O O NC24D PILE WALL

@ @ @ NC24B EXISTING PILE WALL

BUSH LINE

TEST HOLE LOCATION
SLOFPE INCLINOMETER
PNEUMATIC PIEZOMETER
GROUND SURFACE CONTOUR
SILT FENCE

EDGE OF PAVEMENTM

—

_ =EMHSTING Gl

SITE FLAN

SUARDRAIL

BARRIER

PILE WALL NG24D

1:200

THURBER

Government of Alberta m
Transportation



Extension- 100 m lonQ)

(NC 24C Pile Walll

. T ettt
CICTOOERTCT

sl BEE TP

Rl e e

|z P o e o

@ J | IO A (N, N .
| B S

NC24C INTERIM PILE WALL
00000 NC24C TIED BACK PILE WALL
SLOPE INCLINOMETER

PNEUMATIC PIEZCMETER
STANDPIPE PIEZOMETER
—se— GROUND SURFACE CONTOUR
TELUS LINE (APPROXIMATE)
DIRECTION OF MOVEMENT IN
SLOPE INCLINOMETER

~*  TEST HOLE LOCATION

5
m
@

T

™ BUSH LINE

W) NOLLYATTE

2 3 8 @

560
555

_———SIPN123

" 600 mm DIA CSP CULVERT (C1)

ESTIMATED INVERT AT
(GROUTED AND ABANDONED)

EXISTING 600 mm DIA
CSP CULVERT (C1)
EL 54817 m

(OUTLET IS DISTORTED)
INLET INVERT EL 550.49 m
- QUTLET INVERT EL 546.05 m
~ —{GROUTED AND ABANDONED)
_EXISTING NC24C TIED BACK PILES (127 PILES)

llllllll LIBTEBHO VIS——

SURVEYED
GROUND
SURFACE

.
SP15-14

2.730

stvm g T T

0+895

0+880

0+860

Government of Alberta m

Transportation

0820 0:840

0-800

1:400

0+780

ELEVATION

ONUSIXI aNv | P rlRdeld L T T T T 9ZE¥9L+0 YIS LV
M3N NI3ML3E o Pl TIVM Tid O¥ZON
NI MITYM WIM3LNI 40 LYVLS|

1:400

57.600

SITE _PLAN

PILE WALL NC24C

- — SUPN{S-1S.
___ PNissA
N
(A,
\3/

NOTE: PILE NUMBERING IS BASED ON

>
SUPN1517
SIPN15-16

18 5P ® 3.600

SURVEYED
GROUND
SURFACE

2.730.

LNiop
NOISNVX3_ ' =

;

#
=
2
FI

PILES (FUTURE ADD-IN PILES NOT

COUNTING FOR FUTURE ADD-IN
SHOWN FOR CLARITY)

NC24C INTERM
36.000

TP OF PILES
(SEE PILE

N15-

EXISTING 600 mm DIA
CSP CULVERT (C2)
INVERT EL 548.37 m

10 SP @ 3.600
SIPN15-18

;

0

3.000 T

A SP ® 3.60
21.600

04760

PILE WALL
FILE WALL NCZ4C

0+740

720

0+700

SCHEDULE TABLE)

0:680

FSL8E940 VIS LV an
TvM_3id O¥ZON
WIMALNI 40 ONZ

g F 8 B
i) NOILYAZTE

588

600 mm DIA CSP_CULVERT (C2)

INLET INVERT EL 550.80 m
OUTLET INVERT EL 544.16 m

THURBER




TOP OF PILE DRILLED
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b
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e

300
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TOP FOR SECURING V3003
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FUTURE CIP
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A
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1200 DIA PILE TYP
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EQUAL SPACING

ALTERNATE LAP SPLICE FRONT
TO BACK FOR ADJACENT TIES

T1501 TIES @ 300

V3002 BUNDLED WITH
EVERY OTHER V3001

SECTION
1:20

/—T\SM SPACING AT
TOF OF PILE PORTION

5075,

~— 20-¥3001
/—Tlﬁm SPACING @ 300

DESIGN:

¢ THE INTERIM PILE WALL OF THIS STAGE IS DESIGNED TO TAKE
ONLY 67% OF THE FULL EARTH LOAD AS SHOWN ON THE
LOADING DIAGRAM. THE TIME TO BUILD FINAL PILE WALL SHALL
BE PROPERLY SCHEDULED TO ENSURE THE WALL WILL BE
COMPLETED BEFORE PILE WALL DEFLECTION (BY CONTINUOUSLY
MONITORING) REACHES THE FOLLOWING SUGGESTED CONTROL
DEFLECTION VALUE:

(TENSION SIDE)

BESISN SUGGESTED  |SUGGESTED WARNING
MONITORING BEFLECTION CONTROL DEFLECTION
LOCATION DEFLECTION | THRESHOLD VALUES
AS SLS (mm)
(mm) (mm)sx
TOP OF GROUND
AT PILE WALL = =% R
TOP OF PILE
(AT THIS STAGE) 2 16 12
o PILE REBAR CALCULATED STRAINS AND THE WARNING
THRESHOLD VALUES FOR BUILT PERMANENT PILE WALL ARE
LISTED IN THE BELOW TABLE:
AT PILE AT 70% PILE
ki MOMENT MOMENT SUGGESTED WARNING
RESISTANCE RESISTANCE | THRESHOLD VALUES
CAPACITY ok CAPACITY sk *
20-30M TYPICAL 0.00086 0.00048 0.00043
VERTICAL BARS (COMPRESSION (COMPRESSION (COMPRESSION
WIS Tiedlin, SIDE) SIDE) SIDE)
9.5 m LONG
VE?Q?’?&I\II?N;II\_RS 0.00297 0.00134 0.00120
ANDED (TENSION SIDE) | (TENSION SIDE) | (TENSION SIDE)
0.00060 0.00042 0.00035
(COMPRESSION | (COMPRESSION | (COMPRESSION
20-30M TYPICAL SIDE) SIDE) SIDE)
VERTICAL BARS
0.00257 0.00145 0.00100

(TENSION SIDE)

(TENSION SIDE)

NOTE:

* SUGGESTED WARNING THRESHOLD VALUES ARE BASED ON CURRENT

EARTH MOVEMENT RATE (i.e. 2—5 mm PER YEAR) IT MAY CHANGE

WITH TIME

%k STRAINS PROVIDED BASED ON ASSUMPTIONS IN THE BEAM FLEXURE

THEORY
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NC24C EXTENSION CONSTRUCTION CHALLENGES

»Contractor mobilized three different rigs to drill piles
(SR50, SR65, SR80).. Eventually decide to use SR80 and
Segmental Casing.... Liebherr 24 used for the original wall

» Decided to use SR80 and Segmental Casing; will case
the holes for the entire depth (do we have to?) ; worried
about seepage near bottom

»Rig broke down; segmental casing in the ground filled
with concrete; took almost 1 week to drill through the rebar
and concrete to retrieve casing
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»QOperator quit; resumed drilling but casing got stuck
again; could not retrieve the casing from the ground...

Clay Is too sticky

»Can not finish the piles without an oscillator; need a new
pad and will sit perpendicular to the highway; need a
detour

» AT paid for the detour to get the project going; salvaged
gravel hauled to AT nearby pit

»Rate of production increased from 1 pile per two weeks
to almost 1 pile per day
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»Contractor assembled all cages and placed them for a long
duration on the slope; parked a heavy crane at one location for a
long duration; rate of movement accelerated; worried about
losing the highway

»Had to extend the completion date from July 31, 2017 to
September 30, 2017. The construction of 35 piles took 2.5
months (originally bid 21 days).

»Applied 3 days of Liquidated damages and 50 days of site
occupancy penalties

»Contractor to file a claim for different /difficult soil conditions;
mobilization/remobilization of different rigs, mob/demob and
operation of oscillator; additional concrete, and for delays for the
_requirement to remove rebar cages fromsite

-7
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NCO04 Erosion Issues, Hwy 55:10 &
813:02 in Athabasca, Alberta:
Remedial Measures
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Erosion Issues - Cause

Concentrated runoff flowing over bare slopes

Bare slopes possibly due to excessive salting
of the hill

Soils in area are sandy and susceptible to
erosion

Gabion weirs at the bottom are space far apart

THURBER
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Innovation

* Flexamat was used as an option for riprap
« A trial seed mix that is more resistant to salt
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The Team
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Brock YW hite Canada LILC
(Calgary, Aberta)

Craig Felzien
Alex Lowe
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Construction Superintendent
Project Manager
Foreman
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Thurber Engineering Ltd.

Tarek Abhdelandz

Feview Principal

(Athabaszca, Alberta)
(=ub-Consuttant to Thurber)

F enasud Marchand
Dwian Evans

(Edmonton, Alberta) Don Stefanyk =enior M aterialz Engineer
kKen Froese Project Manager
LuizCortez Construction | nepector
Mohamed Hoszein Construction | nepector
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Hwy 55 NE corner obrldge erosion encroézhlng
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Vs

Hwy 55 NW corner of bridge — undercutting trough
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Hwy 55 NW corner of bridge — catch basin at toe
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Solution

Regrade ditches and line with combination of Flexamat
(rolled concrete blanket) and Class 1M riprap

Compost blanket everywhere else; high-stress areas
also covered with permanent TRM

Seed mix was unigue blend suggested by Nilex as
more salt-resistant than typical AT blends

Add drain trough at NE side of bridge
Widen NW trough and add settling basin
Approx. $400,000
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NE corner — new drain
trough with
dissipation bowl
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50 Ave: Flexamat
placement

Flexamat Standard: beveled concrete blocks approx. 165 mm on
each side and 57mm bonded to high-strength bi-axial geogrid
with Curlex Il ECB — up to 4.9m wide x 15m long

Flexamat Plus: adds Recyclex TRM-V on bottom side for
additional erosion protection - $75/m? installed v $65/m? for RR



Anchoring and
overlapping
Flexamat
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Hwy 55 south ditch: Flexamat in lower portion, riprap Iin
Ipper, compost blanket with TRM on slope
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Flexamat and hydroseed

tch

Hwy 55 south d
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early seed growth

Flexamat
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