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Engineering an Easier Way

¥ .

Presenter: Matthew Dickie, P.Eng
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Who Are We

= R&D-focused civil engineering
software company

= Bornin Forestry in the steep slopes
of British Columbia, Canada

= Solve a problem ---- Unbuildable
roads, high cost roads, safety issues

(OREST SERVIQ,

S wni WEP Torro A\

Weyerhaeuser

COLU}\,jBIA Resource Opel‘ations WESTERN FOREST PRODUCTS INC. INDUSTRIES LTD.

Matthew Dickie, P.Eng.

UQSE. Rayonler m West Fraser
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Sir |mportance ¥t
. Their cost (Financial and Environmental)

* How our forest road needs &
environment are changing

* Technology advancements that
support improved design

Photo credit: Unsplash
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ROAD SURFACE
EROSION

WATER POLLUTION &
ALTERED STREAM
CHARACTERISTICS

SLOPE FAILURES /
SLIDES

HABITAT LOSS




Road Design

* What you think it is:

* Drawn out process

* Completed by team of
drafters -

* What we actually do:
* Practical
* Fast
* Efficient
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ARAT e 27 lBeach Road Crossing Crossing Design
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Photo credit: Aratu Forests / RoadEng (left), Government of BC Forest Engineering Manual (right)

‘Cut/ Fill Volume

[ATS Reibie frsh baffes 1o be fied a5 per manufacture
instrucsons.

[ Thick wal steel pipe s expected but & comparatie
Joomcree plastc or hebani pepe i also acoeptable.




R0oad Designis an Importe

Alignment In GIS Software Alignment in Geometric Design Software
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Poorly Designed or Constructed Roads —
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,.,- Cost
« To Construct,
* To Maintain,
* To Repair,
* Disrupt Operational Efficiency
* Impact Environment

* Reduce Safety

Photo Credit: New Zealand Forest Grower’s Manual
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Atmospheric River Brings Severe Flooding and Landslides to
British Columbia
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Photo Credit: NASA



Photo Credits: CBC News



Severed Access to Every Major Highway
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Nearly half of B.C. landslides linked to logging,
Lateral Instabili wildfires, study finds

140/ Posted by Merritt Herald | Mar 18, 2025 | News, Fires, Forestry, Trending | 0
0
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1,300 landslides & debris flows durlng 2021 event:
46 % (~600) were found to originate in disturbed forests.

Photo Credit: Hancock Wlodarczyk 2025 (left), Beatrice Collier-Pandya
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Photo credit: CNN (left) & CBC (right)

NEWS  TopsStories Local Climate World Canada

British Columbia

Fatal landslide blamed on old logging road
raises fears about hidden risks near Canada's
highways

Mother furious she lost her son to a potentially preventable landslide

Yvette Brend, Lyndsay Duncombe - CBC News -
| Posted: Oct 27, 2022 1:00 AM PDT | Last Updated: October 27, 2022

Canada's old logging roads: th

° 3 years ago \ 9:53

A CBC News investigation into the landslide that killed five people in B.C. in November 2021
uncovers serious concerns about the logging roads across Canada.
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BC News Road collapse from heavy rain leads to
logging truck fatality near Lake Cowichan

ﬁ by Mary Griffin

November 16, 2017 5:53 pm

€@ Facebook X X 9 Bluesky -( Share & Reddit [ Mail

Photo: Contributed - file photo

bHOLO: CouLLpNLsq - yie buoro

Not just safety 2 Environmental Damage / Cost, Financial Cost

Photo Credit: Castanet, ChekNews
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$27, 000 to repair excavator

%48 ,000 in lost production (6 day shutdown x
8,000/day)

$32,000 in transportation costs (crew,
iInvestigators, professionals)

$16,500 in other professional and administrative
costs

$26,000 to build tote road to recover excavator
Lost harvest opportunity — gross value $400,000

Total direct cost of this landslide: $549,500 plus human impact

Photo Credit: BC Forest Safety
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Geology & Topograph

ALL ROADS HAVE IMPACTS.
Goal: Minimize Impact.
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Interception of
water

Accumulation
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This Is hot a new problem, or a problem unique to BC

2008 Report: Landslides from forestry occurring
across US according to OSU Study:

1. INTRODUCTION

Forest harvesting in British Columbia’s coastal forest lands

moved on to steep terrain in the 1960s and early 1970s
without a systematic method for the identification of

unstable terrain or down slope risks associated with road

construction and timber harvesting. The resulls were
devastating; many landslides initiated in cut blocks and from
roads during west coast rain storms (Figures 1 and 2). ; e
Theses landslides had a considerable cost with the loss of influenced more by road building,
life, degradation of fish habitat and forest land, lost logging than heavy rain

Forest landslide frequency, size

Forest management history affects how often landslides occur and how severe
they are

investment in forest roads, and lost silviculture investment
(Schwab 1988; Hogan ef al. 1998).

February 14, 2023

Photo Credit: James W. Schwab & Marten Geertsema (Left); National Science Foundation (right)
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Photo Credit: : Wildlands League (left), Brian Chow (centre), Diana Vieira (right)
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 Capable of
Continuing For
Perpetuity

* ...Without degrading
the environment.

* Safe

* Traffic Volume

* Design Vehicle

e Seasonality of Use
* Duration of Use
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Resilient:

* Withstand future
weather events, or

e Decommissioned
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 “THE MOST IPORTANT TIME
 IN THE LIFE OF A ROAD IS THE MOMENT
YOU DECIDE WHERE IT IS GOING TO GO””

Brian Chow, P.Eng. FEC
Chief Engineer

British Columbia Ministry of Forests, Lands, Natural Resource Operations & Rural Development
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Photo Credit: Jeremy Araki
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| Moment:

Photo Credit: Idaho Peak Shuttle
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» LiDAR Availability
* Field Data Collection
* GIS Improvements
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implehenting the
Solution:

 Detailed construction
plans

* GPS Accuracy &
availability

e Machine Control

* Geosynthetics &
material sciences

b &

\




Road Design Software Is Advancing

ROAD LOCATING /

TERRAIN
ANALYSIS PRELIMIN DESIGN
(Path Explorer Al) =
EARTHWORKS ROAD’S IMPACT
OPTIMIZATION ON SURFACE
WATER

(Hydrology Tools)

Photo Credit: : RoadEng Software




Failure



n
o)
| S
=;
©
L
o)
©
o
oC

REPAIR EXAMPLE
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3D View
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Hydrology — Understand Water . —
2 4 o | ®| =R =
| i R = (| | . 3
nte rceptlon y Oa :| ; 134.0 600 mm  Cross Drain =
Properties... 192.0 600 mm  Cross Drain -]
_ _ _ . . _ — _ Delete 1336.0 600mm  Cross Drain §
o
| Apply | I
Help... —j
N oo
Get 2
Save =
Description: -
Length: 3
Bato  + 5.23 5.37
Vertical Position: %
0.00 Attach to upper ditch/catch poin v 5‘
Skew: ~
Casto 90 Deg. fromCAL (0-180) C
¢ S 3 v| | Gradient: =
‘ i (J Auto 5 % (8 Semi Auto S
= Data:2 | H-align1(1) = =R — S el s e
L-Stn Cul DIA Cul Len Drainage Flow Len Flow Slp 8 Indude Options... ;
m mm m Sq.m m % | =
644 600 106 24338.000 11 -7 s s m
134.0 600 10.7 26282.000 4285 39 R S e T b e
192.0 600 10.6 20107.000 3384 42 R
336.0 600 10.2 27509.000 339.0 22
o




’ -l
K151 i
= Date:2 | H-align1(1) =1

L-Stn Cul DIA Cul Len Drainage Flow Len Flow Sip.
m mm m Sg.m m %
644 600 10.6 24338.000 11 -7
134.0 600 10.7 26282.000 4285 -39
192.0 600 106 20107.000 3384 42
336.0 600 10.2 27509.000 339.0 -22

Culverts

(Y <. 600 mm _CrossDrain |

134.0 600 mm  Cross Drain
Properties... 192.0 600mm  Cross Drain
|336.0 600 mm  Cross Drain

Delete

0.00 Attach to upper ditch/catch poin v

Skew:

(Jauto 90 Deg. from CAL (0-180)
Gradient:

(JAuto 5 % (@ Semi Auto
--------- -- Hydrology Calaulations ~--===----

Indude Options...

***Drainage area extends beyond TIN boundary***

o




— &bﬂ &d’} «)s Location - Road Failure_Repair
——

-

Home Corridor View GPS Setup Multi-Plot

re Mode

I/ Delta Mode Export |

Earthworks Quantities, Costs, Output |

Web Mappng

Project Explorer

|

_\\Ew, Crossing sections detected in corridor surface
=} & Design:Road Failure_Repair
/ Totel ~>merge
/ Tote2 ~>merge
- o H-align1(1) ~>merge

Jaio|dx3 jo8loid

=-[J o -sizeD xs
B/ rage
B/ rage 4
%j?ages
%jPaQeG
B/ rage 7
%j?ages
@j?ageg
B/ page 10
%‘Pagell
%jPagelZ

‘ . —— -

%;%9“3 = : Healigni(1) ®
2| page 14 s Vet
2| Page 15 Cost status Determined

Last Process Failed

— Total cost 322.09
[ I'E 1= |l cut cost 30134

SG Fill V Srf4 Fill V. SR-Fillr Mass H.A B/W Site Vol. Fil cost 5.42
Cu m Cu m Cum. Cum | Haul cost 15.33
0.0 20 p . Pit preparation ... 0.00

0.0 22 . Freehaul volum... 1355.6
527.5 6121 Overhaul volume ~ 4922.4
134 134 Endhaul volume 0.0
5754 578.6 Process time -
94.2 129.8
0.0 175

SaAIND |BJUOZLOH

SaAIND |BJILBA

CLELLLLEEE LB LR

spanD

sjapoy Bums

Jo)p3 uopoas

o g Cum. Tot.

P ABEG S wSRE




Consider Alternatives with Path Explorer Al
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Example:

teeper Terrain
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| Home

View Feature Tools Terrain Modeling

Path Explorer

Target TIM Surface

) File O current TIN Erowse. ..

File:

Resolution

Harizontal: 3,75

Vertical: Medium

Terrain - GroundOnlywithRID18 - MD Run.ten - [3D View:1]

Cable-Analysis GPS Optimization Setup

Est. Problem Size: Very Large (11.2)

Construction Parameters
Max, Cut: Mane. Fill:

5.0 .50

Cut Cost: 100,00

Fill Cost: 100.00

Surfacing Cost:  5.00

m.
$/Cu. m.
§/Cu. m.
§/Sq. m.

Source Destination

@ auto (always use current feature)

General

# of paths: Min. Hz. Curve Radius:  15.0

Road Width:  12.0

B Remove existing features

Min. Grade: Max. Grade:
B warn when out of memary

-12 o 20 LTH
_— _— Reset to Defaults
Cut Slope: Fill Slope:

Chedk feasibility...
50,000 o 50,000

21

Construction Zones...

A to B0 Choose. ..

e

cior e I - +

+ Hatching
[ Also Set Profile

Field Value Units

Full name AtoB-0
Easting 981187.8
Northing 596820.9
Elevation 694.2
0.0 Ha.
670.0 m.

sajpadold

salnea4
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Home

View

Feature Tools

Terrain - GroundOnlywithRID18 - MD Run.ten - [3D View:1]

Terrain Modeling Cable-Analysis GPS | Optimizatio; f Setup

\_‘% s
P
i
"""f -
IS S
T
S B - Sy
=+
[ Also Set Profile
Field
| Full name
| \ i Easting
e (’
4{ T ’\9‘«.,:#"'-’{ ¢ ’ .

i\.\ K ¢ ! Elevation

¥
£y
4
]
£

Value

XPATH_S70K-0
981187.8
596820.9

694.8
15.0 Ha.
2316.5 m.

sajpadold
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Home Corridor View

Profile

Converting into a Full 3D Alighment

Location - RID18RoadAlignment - MD From Scratch

B 30 View:1 | XPATH_S70K-0 (1)

Project Explorer

s

N Section:1 | XPATH_

| 0

‘ %

— 705

— 0
[

— 0

w

\Z\E‘ ¢ Costout of date for at least one alignment

= @ Design:RID 18RoadAlignment - MD From S
- g XPATH_S70K-0 (1)

Cut Dp: -0.7 DLL-Elev: 696.8 CL Elev:

697.3

7 Plan:1 | XPATH_G70K-0 (1)

BB Data:1 | XPATH_970K-0 (1) (= &=
L-Stn SG Fill V.
m. Cu. m. |

S 3197 4649

o000 190.8 1301.2

300'0 900.2 996.5

400'0 1451 1381.0

s 2137 1108.1

600.0 155.9 1591.9

700'0 163.0 1924 5

20010 130.4 19211

900'0 114.2 530.6

1000.0 239 917.3

" Cum Tt | 19137 1

Cost status

Last Process
Total cost

Cut cost

Fill cost

Haul cost

Pit preparation ...
Freehaul volum...
Overhaul volume
Endhaul volume
Process time

.XPATH_970K-0 (1)

V-align 1
Unprocessed
Unprocessed

Uni|

10¢

SaINg (BJUOZIIoH | 1210|dx3 108l01g

SaMIND [BAINBA ‘

yanng |

JoIp3 Uofeas \

00
100
10¢
10¢
Cu.|

Cu.

Cu.




Location - RID18RoadAlignment - MD From Scratch — o

5

ol
Home Corridor View GPS Setup Data

A

Reference

Converting into a Full 3D Alighment g

1D View-1 | XPATH G70K-( Project Explorer | =
@ 3D View:1 | XPATH_G70K-0 1 o = 3
N Section:1 | XPATH = 3 3l Costoutof date 8
: == 1S 5
E ikl
§ [=-- 4 Design:RID 18RoadAlignment - MD From S %
s - o XPATH_S70K-0 1 3
=
)
2
S
a5
o
=
2
o
o«
B
=
8
(9]
=
o o o i
f =) o o o o o o o o o o o @
=8 298 &S 8 8 & & By
-Stn
S TR VI APV IV IVVU TV VUYL T TV o =
i — 690 2
- 4500 Mass Haul (Cu. m.) s
o o 0 =
— 1000 | | | | I
L Cut Dp: -0.5 DLL-Elev: 6958 CLElev.: 6963 XPATH_970K-0 @ uni| &
:_ 500 V-align 1 ‘ §
g /‘\ | Blan:1 | XPATH_S70K-01 Cost status Cost out of date | m
n 2 N oy Last Process Partially Optimized =
r o s Total cost 231.30 00
— -500 Cut cost 172.03 100
Fill cost 54,50 10¢/
Haul cost 4.76 10C
- Pit preparation ... 0.00 10¢
Freehaul volum... - Cu.|
B Data:1 | XPATH_970K-01 =) 2 Overhaul volume - cu.
L-Stn SG Cut V. SGFill V. Erictdd vokme: L= Cug
m. Cu m. Cu m. Process time 00:00:01 HH
gggg 2627.7 18729 |
750’0 21001 23420
1000'0 12523 968.8
1250'0 1338.5 15824
1500’0 1480.7 1164.9
1750'0 1645.7 1770.3
2000'0 4747 1088.3
21812 1844.7 1023.4
13R2A N

1433R 3



BEA DS -

(Dark Blue)

Home Corridor View GPS

Location - RID18RoadAlignment - MD Hydro Start.dsnx

Setup 3D

Project Explorer

@

Hydrelogy calculations out of date

=~ # Design:RID18RoadAlignment - MD Hydro
& XPATH_OTOK-0 1 ~>merge
,J RID18-0 (%)

Cost status

Last Process
Total cost

Cut cost

Fill cost

Haul cost

Pit preparation...

Overhaul volume
Endhaul volume
Process time

Freehaul volum...

KPATH S7TOK-01 @

Y-align 1

Cost out of date
Partially Optimized
231.30

172.03

54.50

4,76

0.00

00:00:01

Unitz

1001
100C
1001
100C
1001
Cu. 1

Cu.i
HH:!

slapo Bulls | spaana | samno eames | sauno BlUOZUOH | Jsalojdxd jaalold |

lojip3 uopaas |
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Home Corridor View GPS Setup 3D

(nght Teal) grolog D E al®

Location - RID18RoadAlignment - MD Hydro Start.dsnx

Project Explorer

o

_‘Z\ér/’ Crossing sections detected in corridor sur
(s

[=-- # Design:RID18RoadAlignment - MD Hydra

o XPATH_S7OK-0 1 ~>merge

Cost status

Last Process
Total cost

Cut cost

Fill cost

Haul cost

Pit preparation...
Freehaul volum...
Overhaul volume
Endhaul volume
Process time

JPATH S7OK-01 @ Unit

V-align 1

Cost out of date
Partially Optimized
231.30

172.03

54.50

4.76

0.00

00:00:01

100¢
100¢
100¢
100¢
100¢
Cut
Cu.t
Cu.i
HH:P

Jalo|dixg palolg
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=
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o
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o
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BEA &« s Location - RID18RoadAlignment - MD Hydra Start

Q.j Home Corridor View GPS Setup

The Impact of Changing Natural Drainage & Switchbacks

1 ProjectExplorer
[= [=@]=]

21D 18RoadAlignment - MD Hyd
JAPATH_S70K-0 1 ~>merge
2118-0

H-align1

Loy
)
A

S

sjapoy Buny

S

10)p3 uoyaa

B ED SwSAE o P HMB QAR LN | Q Q. ww

~hoto CredIt: ADIF ROy barman




EBEASS « - Location - RID18RoadAlignment - MD Hydro Start

=/ Home Corridor View GPS Setup Plan

L

[XPATH_970K-01

(s [&]=]

IR

e

3

Culverts

o
El
Add... 9.1 600mm CrossC| @
= 113.5 600mm CrossC| o)
Properties.. 13334  600mm CrossC||=
433.1 600mm CrossC| &
L3R 8744  600mm CrossC| @
855.1 600mm  CrossC
988.0 600mm  CrossC|
Apply 1024.9 600mm CrossC| —
1158.0 600mm CrossC|| 5
Help... 1203.6 600mm CrossC| X
1313.0 600mm CrossC| =
ERi 1370.0  800mm CrossC| =
14016  600mm CrossC| 2
Get 1512.7 600mm  CrossC| 2
1583.0  600mm CrossC|
Save... 2155.0 600mm  CrossC
Description: g
EL_
B
o
c
z
[LEniathis @
Auto  + Lafe o it faag |l
9]
Wertical Pasitiony =
[1:]
Depth: g,00 Attach to upper ditchfcatch || &
Shew —
@
Auto 70 Deg. from C/L (0-180) | =
=1
ient: =
GSraiEnt: S
Auto i Semi Auto .
@
Hydrology Caleul |
: W
Indude Cptions... E
S =
=
m
=
g

B @EIS@T..A

2B EH S RE




BEA

Home

Corridor
m Read Terrain(s)
[E Read Traverse

[ Edit External Files
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The revised, OPTIMIZED design
was done quickly in RoadEng
by BC MOF with support from

Softree)
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12% Reductlon In Length 21% Reductlon In Dlsturbance Area
67% Reduction In Earthworks.
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e nology advancements!
mphasize THIS STUFF MATTERS!

-+ Roads can have an enormous
& ‘iImpact.

* We strive to minimize negative
iImpacts.

Could changes have been made
to prevent case study events?

Determining Best Solution?
- Hindsight = Investigation
- Foresight = Design...

(and no case-study)
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Summary

BENEFITS OF IMPROVING

LN

> Mminimize t impac s*' it ROAD DESIGN:
- amidsta  the changes cllmate industry
needs

More resilient road systems
Reduced environmental impact
Cost-effective operations
Alignment with modern forestry
practices

* | everage changes and improvements in
technology

AN NN

* Informed Decision-Making:
Use Design = Design Smarter
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