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Maximize the end user’s benefit in a SAFE, 
ECONOMICAL and LEGAL manner
SAFE (Compliance with Aircraft Certification 
Flight Manual)
ECONOMICAL (Cost effective for both Airfield 
& Aircraft operators)
LEGAL (Only consider if safe and economical) 
◦ AIRFIELD LICENSING AND EXEMPTIONS
◦ DECLARE AVAILABLE FACILITIES
◦ MINIMIZE LEGAL REDUCTIONS TO PERFORMANCE



AIRLINE: Highest safety standards (2.5 accidents 
per million departures)
10 TO 19 PASSENGERS: 
◦ Scheduled – Comply with AIRLINE STANDARDS
◦ On Demand (Charter) – comply with less than 10 

passenger standards
MULTI-ENGINE (Less than 10 passengers)
◦ Limited engine failure and obstacle avoidance 

considerations
SINGLE-ENGINE – Lowest safety standards
ADVISE THE COMMUNITY OF POTENTIAL SAFETY 
STANDARDS POSSIBLE WITH AIRFIELD FACILITIES 
PROVIDED



Level of safety
Runway facilities tailored to economical 
aircraft size
3,500-foot runway only accommodate 
single-engine and 35-passenger (Dash 8 
100) aircraft
◦ Twin Otter 300 may qualify
B 1900 requires 4,500 to 5,000-foot gravel 
runway 
When paving is not economical
◦ Gravel penalties apply



Airliner aircraft certification ensures engine-
failure safety during all phases of flight: 
Aircraft weights are reduced on gravel 
surfaces to ensure safety speed can be 
attained on the runway length available
Critical engine fail at safety speed
◦ Accelerate-stop on runway (+ stopway)
◦ And continue: 

Attain 35-foot altitude at end of runway (+ clearway)
1ST SEGMENT CLIMB (obstacles a major consideration)

2ND SEGMENT CLIMB (obstacles a major consideration)

Clean-up phase
ENROUTE OBSTACLE CLIMB



Gravel surfaces increase rolling friction
◦ Minimum firmness criteria is specified by Aircraft 

Certification
◦ Canadian certification specifies Boeing’s CBR 

Methodology
Testing included DC3, DC4, DC6, HS748, F27, Twin 
Commander, Convair, Herc, B727, B737 aircraft types
Over 40 years of flawless safety record for all of 
western world’s heaviest commercial aircraft types 
certified on gravel surfaces that satisfied Boeing’s 
specifications 
Boeing’s equipment can be carried as checked 
baggage on commercial airlines.



Gord
Further to our discussion today I am confirming that 
from an Aircraft Certification standpoint within 
Canada the only gravel runway strength measurement 
we now recognize is the Boeing Penetrometer 
method. All manufacturers to date have been asked 
to either provide connversions from whatever 
measurement method they have implemented or test 
on runways using the Boeing method.

Regards
…



DETERMINED BY AIRFIELD FACILITIES

RUNWAY CHARACTERISTRICS
◦ LENGTH
◦ SLOPE 
◦ LINE-UP ALLOWANCE
◦ CLEARWAY
◦ STOPWAY

GRAVEL RUNWAY FIRMNESS
◦ Minimum firmness criteria, expressed as a CBR Rating, is specified for 

gravel runway operations. Gravel surfaces are less firm, which will increase 
rolling friction. Inadequate firmness will result in aircraft power moving 
soils instead of accelerating the aircraft to safety speed in the available 
runway length.

DEPARTURE OBSTACLES



AIRCRAFT PERFORMANCE DEPENDS ON: 
RUNWAY DATA:
◦ Length (Clearways &/or Stopways)
◦ Line-up criteria
◦ Slope (net slope – end to end)
◦ Surface firmness (rolling friction)

CBR, PCN, & PLR
Departure obstacles:
◦ Distance from runway end
◦ Elevation above runway end



Consult with end users prior to construction
Airfield Licensing Code determines:
◦ max runway length, width, etc.
◦ Max scheduled aircraft capacity
TP312 changes may improve situation
Code 2 Airport 
◦ Runway length less than 1200 m (3933 feet max)
◦ Up to 500-foot extension possible (4433-foot runway)
◦ 20+ passenger scheduled flights not allowed
◦ 20+ passenger charter flights acceptable

Pavement Load Rating &/or Pavement Classification 
Number may be required. PLR is Canadian & PCN is 
International











James Cherry SWIFT INTRO
◦ Promote, co-operate, influence, & leadership
If well designed and well constructed, the 
facilities will be efficient
YYC runway 10 line-up
◦ Cliff beck, YYC, & EBA Engineering designed 

facilities to maximize aircraft performance
Thousands of extra pounds for B767 200 ER

Buttonville ITOA
Accounting & airfield management must 
consult to maximize benefits



No line-up
Penalty

90-degree
Turn penalty

B737 approx
100 feet

 



ORIGINAL
◦ TORA – 3902’
◦ TODA – 4102’
◦ ASDA – 3902’

ADDING 161’
ITOA (Initial
Take-off Area) 

EXTENDED
◦ ETORA – 4063’
◦ ETODA – 4263’
◦ EASDA – 4063’

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

161 ft 





No water transport
Only surface access is a winter road 
constructed approximately every 7 years
Air transport is a necessity, not a privilege 
DC3’s landed on sandbars until mid-1970’s
5,000-foot runway constructed to 
accommodate future aircraft requirements 



 

 

 
Above: Northeast to northeast 
 
 

 
Above: Southwest to southwest 

 





























3 worst enemies of surface firmness: 
Water, Drainage, and Moisture Longitudinal wheel paths and poor crown

Erosion
◦ Wheel path erosion
◦ Jet-pipe and prop erosion (B737 has 

400 mph velocity at 3-foot height)
◦ Compaction with irrigation after 

heavy aircraft arrival
◦ Granular, deficient in fine surface
◦ Standing water prohibited
Side Drainage
◦ Runway failure
◦ Frost heaves
◦ 6-7% for 200 feet ideal
Transverse slope
◦ Reduced firmness
◦ 2.5% ideal
Retention of Fines
◦ Grade in, not out













Moisture is worst determent to 
consistent firmness No strength outside geo-matting

Side Drainage
◦ Runway failure
◦ Frost heaves
◦ 6-7% for 200 feet ideal
Transverse slope
◦ Reduced firmness
◦ 2.5% ideal





DRAINAGE SUBSURFACE FAILURE

Very poor side 
drainage
Immediately after 
spring thaw
Preceding freeze-up 
was wet (soils were 
saturated)
Side drainage for 
weight bearing
Crown for surface 
firmness
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CBR too low and surface 
is deficient in fines Reduced CBRs



Poor crown Negative crown









One day a long, long, long time ago, there was 
this pilot who, surprisingly, was not an 
arrogant “know-it-all”…
But it was just one pilot…
And it was a long, long. long time ago…
And it was just for that one day…





VISUAL AIDS
◦ WINDSOCK

LEFT SIDE OF BOTH THRESHOLDS
Net Runway Slope presented in a clear format 



F 28 landing at CFA7 Think Air France at Toronto

Brakes convert kinetic energy (K) 
or momentum into heat
Landing groundspeed is velocity
K = Mass X Velocity squared
◦ @ 120 knots, energy factor is 120 X 120 = 

14,400 units
◦ @ 20 knot headwind, velocity is 100 knots 

and energy factor is 100 X 100 = 10,000 
units

◦ @ 20 knot tailwind, velocity is 140 knots 
and energy factor is 140 X 140 = 19,600 
units 

Going from 20 knot headwind to 
20 knot tailwind increased energy 
factor by 96%
That extra 96% energy may be the 
point where brakes heat and lose 
effectiveness





 

ABOVEORIGINAL CFS ENTRY         BELOW: AMENDED CFS ENTRY

WHAT SLOPE DATA WILL THE DISPATCHER USE? 



“END USER” REQUIREMENTS TO PROVIDE AIR 
TRANSPORTATION THAT IS:
Safety is ensured by aircraft certification 
criteria to maximize aircraft performance
Economical facilities consider all factors that 
can maximize aircraft performance in a cost-
effective manner
Legal compliance can include waivers 
(exemptions) to existing airfield licensing 
criteria



New criteria requires threshold positions to have 
less than 1 foot displacement from prior 
positions
Recommend establishing a NRCan Post-
Processed-Position (PPP) survey control point 
first
◦ Then verify existing threshold positions
Threshold lights are 5-feet outside runway ends
A land-surveyor surveyed a 5000 foot runway to 
be 5010 feet
◦ The Instrument approaches were cancelled



ANY QUESTIONS?
Call us any time. We are here to help:

Gord Drysdale gord@cbrtech.ca 403-285-6432
Cliff Beck cliff@cbrtech.ca 250-871-4711 

Mike Boyle mike@cbrtech.ca 403-874-7538 
cbrtech@shaw.ca


