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—
Abstract - Remove

This presentation outlines the reconstruction of a concrete apron at Erik Nielsen Whitehorse International
Airport, a critical infrastructure upgrade designed to enhance operational resilience in extreme northern
climates. The project focused on mitigating the effects of frost heave—an ongoing challenge in permafrost
regions—through a comprehensive geotechnical and civil engineering approach. Key design strategies included
the installation of thermal insulation to reduce frost penetration, the excavation and replacement of
frost-susceptible soils with non-frost-susceptible materials, and the implementation of a sub-drainage system to
manage subsurface moisture. These integrated solutions were tailored to the unique environmental conditions
of the Yukon, ensuring long-term durability and safety of the airside pavement infrastructure. The presentation

will detail the design rationale, construction methodologies, and performance expectations, offering insights into

best practices for cold region airport engineering. @

—



—
Project Information

Airport: Erik Nielsen Whitehorse International Airport
Client: Yukon Government
Contractor: Knelsen Sand & Gravel Ltd.

Major Subcontractors:

 Proform Concrete Services

e Cematrix Cellular Concrete

Dates: Completed May - October 2022 @
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Problem Statement

Replace the existing PCC apron at the Erik Nielsen
Whitehorse International Airport with a design that is resilient
to address the causes and/or effects of frost heave.
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Survey of Existing Apron - April 2011 vs As-Built
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Frost Heave

For frost heave to occur there needs to be three
components: N

#1 Cold temperatures:

He

his is a given for Whitehorse.

Analysis used freezing index = 2,492 Degrees
Celsius X Days below zero (Winter 1996to 1997)
Coldest Winter from 1984 to 2021.
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Frost Heave

For frost heave to occur there needs to be three
components:

#2 Frost susceptible soils:

d Soils with a high percentage of fine particles, particularly silts and
fine sands, are more prone to frost heave

The presence of silts were confirmed at varying depthsinthe 11

boreholes completed as part of the two (2) previous geotechnical

&

investigations




Geotechnical Information

Depth of Silt (m)
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Frost Heave

For frost heave to occur there needs to be three
components:

#3 Moisture:
Subsurface soils were consistently classified as
Qamp, moist, very moist, or even saturated in the
eotechnical borehole logs.
Further, ground water was measured at a depth of
2.8 m in numerous boreholes

&




Presence of Moisture Confirmed




Design Mitigations
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Mitigations - Cold Temperatures

Cematrix cellular concrete was recommended to be used in lieu
of the cement stabilized base layer (CSB).

Cematrix completed a preliminary thermal analysis for the
specific site at Whitehorse Airport:

» The base model with no insulation showed a frost depth
penetration of 4.1 wewse—:

—

zero degree isotherms
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Mitigations - Cold Temperatures

* For a 500mm layer of Cematrix CMI-475, the depth of frost
penetration is estimated to be 1.0m below the surface.

Blue lines indicate
zero degree isotherms
for all time steps

Concrete (350mm) ——-£ .

CEMATRIX CMI-475 Insulating ——

Cellular Concrete (500 mm) :
1«+——1.0 m frost penetration

Gravel —»

-2




—
Mitigations - Cold Temperatures

* For a 200mm layer of Cematrix CMI-700, which would be
the same thickness as the cement stabilized base layer it
would replace, the depth of frost penetration is estimated to
be 2.6m below the surface.

() pr—)
Concrete (350mm) >

CEMATRIX CMI-700 Insulating ———a
Cellular Concrete (200 mm)

Blue lines indicate
zero degree isotherms
for all time steps

-1
Gravel ———»




—
Mitigations - Frost Susceptible Soils

AE recommended to sub-excavate the silts to a depth of 3m. From
interpolating the available borehole information, this was estimated to
be required for approximately 20-25% of the apron area in the

southwest corner.

ne excavation was backfilled with a non-frost susceptible material.

ne specification was kept fairly generic to allow the contractor to
source the most cost-effective materials which could include sand, pit
run or recycled crush concrete from the pavement removal scope of

work.

The material specifications were to meet the Subbase requirements
the
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Mitigations - Frost Susceptible Soils

NEW HMAC
EXISTING HMAC | PCC PCC [EXISTING HMAC

-— -

SEE DETALL
I

200mm@ PERFORATED FVC SUBDRAIN

3.0m SUB-EXCAVATION TO REMOVE SILT LAYER
AND BACKFILL WITH NON-FROST SUSCEPTIBLE MATERIAL

— 350mm PORTLAND CEMENT CONCRETE
— 200mm CELLULAR CONCRETE

— 300mm GRANULAR BASE - GRAN A

— 650mm GRANULAR SUB-BASE - GRAN C
— NON-FROST SUSCEPTIBLE MATERIAL
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Mitigations - Moisture

AE recommended the installation of sub-drains

The sub-drains would be installed at a minimum depth of 2.5m
below pavement.

The sub-drain laterals slope conversely to the pavement
surface to a main that is proposed along the west edge of the
apron adjacent to the ATB.

Therefore, at the west edge of the apron, the sub-drains are in
the 3.0m range below the pavement surface.
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Mitigations - Moisture

CONCRETE PANELS
REPLACEMENT BOUNDARY

EXISTING PCC
APRON

76.8m - 200mma
PERFORATED PVC
SDR35 SUBDRAIN
@ 15.0m SPACING
(TYP.)

8.56m - 200mmO
PERFORATED PVC
SDR35 SUBDRAIN

15.0m (TYP.)

[%1sY

61.8m - 200mmd
PERFORATED PVC
SDR35 SUSDRAIN
@ 15.0m SPACING
(TYP.,)

m g

456849680
" 438

E: 456852 566

E: 4

1010765

|- 15.0m - 200mm@
PERFORATED PVC

23.5m - 200mmD -
PERFORATED FPVC
SDR35 SUBDRAIN

SDR35 SUBDRAIN

200mm perforated

subdrain at 15m spacing

PVC

ymmd

JRAIN

anes1 928

DWG. No.

11.2m - 200mma
PERFORATED PVC

CLEAN OUT
SEE DETAILS ON
2197-00-C-311 TO 313




Construction Progress Photos
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Demolition
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Phasing to reduce impacts of PBB down time
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Subdrain Installat
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Subdrain Installation
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Subdrain Installation
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Pouring Cematrix
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Pouring Cematrix
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Cematrix Completed Surface




Milling Cematrix to Grade




Bond Breaker Installation
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Dowel Installation
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PCC Placement
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Dowel Placement
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Dowel Installation - Gang Drill




PCC Placement




PCC Placement - Finishing




PCC Placement - Curing Compound Application
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Thermistor Installation - Drilling




Thermistor Installation




—
Lessons Learned

Bond Breaker
* Added poly to the geotextile that was used as bond breaker
Cematrix

» Self leveling - needed to overfill some areas to get minimum
grades in other areas

» Surface was milled to grade

—@



Questions?

Contact Derek Blayney, National Discipline Lead, Aviation


mailto:blayneyd@ae.ca

