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URW Unpaved Runway 

USCS Unified Soil Classification System 

VFR Visual Flight Rules 

XTE Cross Track Error 
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EXECUTIVE SUMMARY 

Problem Area 

The European Action Plan for the Prevention of Runway Excursions (EAPPRE) provides practical 

recommendations with guidance material to reduce the probability of runway excursions but does not 

address the other part of the equation, damage prevention. EAPPRE also identified areas were research is 

needed to further reduce risks. Four areas of research have been identified for which additional research 

is needed:  

¶ Flight mechanics of runway ground operations on slippery runways under crosswind;  

¶ Impact of fluid contaminants of varying depth on aircraft stopping performance;  

¶ Advanced methods for analysis flight data for runway excursion risk factors;  

¶ New technologies to prevent excursions or the consequences of excursions. 

 

This study explores existing and new concepts for prevention and mitigation of runway excursions. Some 

technologies to reduce the risk of excursions, such as Take-Off Performance Monitoring systems and 

arresting systems, have been under investigation previƻǳǎƭȅ ŀƴŘ ƘŀǾŜ ȅŜǘ ƳŀŘŜ ƛǘ ƛƴǘƻ ǘƻŘŀȅΩǎ ŎƻŎƪǇƛǘǎ 

and airports. Other preventive technologies such as on-board 3D active imaging systems for enhanced 

crew situation awareness of on ground conditions are still in the exploratory phases of development.  

 

Technologies to reduce the consequences of excursions, such as special pavements in the runway 

surroundings or new landing gear designs have seem limited operational use or are still in early 

development. Research is required to bring these technologies closer to application, either by removing 

technological or regulatory obstacles and improving affordability. In an effort to cover the entire risk 

equation, both probability and severity reduction methods are being explored and new technologies to 

prevent excursions or the consequences of excursions are to be explored.  

 

Initial assessment shows that improvements can be made through: 

¶ Technological means: new systems and/or ways to enhance the decision making of crew towards 

performing airport operations (take off or landing) in a safe manner 

¶ Airframe infrastructures: further development in the design of landing gears may provide 

improvements in the risk of runway excursion, mainly the one of veer off 

¶ Mitigation methods: the risk can only be lowered to a certain extent through probability 

reduction; additional methods to mitigate the consequences and transform any excursions into a 

non-event will be studied. Additions or improvements to the currently existing -yet not widely 

installed- Engineered Material Arresting Systems may be found. 

Additional analysis and feasibility studies as well as integration of other work packages results, along with 

the definition of the R&TD needed to accelerate the implementation will need to be conducted. 
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Regarding new concepts and/or technologies, the following tasks are anticipated: 

¶ Inventory of current developments and new initiatives; 

¶ Feasibility study and definition of R&TD needed for implementation of new concepts; 

¶ Assess impact of the new concepts on reducing excursions (no cost-benefit). 

 

Description of Work 

This study provides: 

¶ an assessment of the impact of new concepts reducing the risk of runway excursions 

¶ a definition of the global solution for runway overrun protection and mitigation 

 

Results & Conclusions 

The global and collaborative concept takes stand on two families of systems that are already deployed on 

some aircraft and/or on some airports:  

¶ Existing airborne systems acting as a safety net help the crew detect and respond to a situation of 

predicted risk of overrun on final approach and during deceleration phase on the runway.  

¶ Existing ground arresting system at the end of the runway and monitoring of the compliance with 

current or future regulations limit the consequence of an overrun.  

 

And intends to complete these systems with: 

¶ Extension of the overrun prevention at take-off. 

¶ Enhance evaluation of the runway contamination status with continuous monitoring that does 

not impact the traffic on the runway. The aircraft based braking action measurement combined 

with a contamination model for the runway gives the opportunity to obtain a near real-time 

estimation of the runway slipperiness. 

¶ Enhance evaluation of weather condition in the vicinity of the airport. A more detailed 

assessment of the surrounding conditions to support better anticipation of the evolution of the 

runway contaminant status and tracking of characteristic weather threats leading to potential 

destabilization of the aircraft. 

¶ Analysis of the complete risk equation and possible combination of systems to optimize the 

overall risk reduction 

 

Every concept proposed for prevention, whether it is on the ground or on-board the aircraft has certain 

inter-dependency with each other. For instance, the performance of a ROAAS (Runway Overrun 

Awareness and Alerting System) is dependent on correctly reported runway contamination status. 

Similarly, an accurate estimation of the runway contamination status is dependent on the aircraft 

experienced feedback. Sharing information between the ground and airborne concepts should allow 

increased completeness and performance of the prevention. Collaboration between the different 
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concepts requires an improvement of the communication between the aircraft and the ground systems to 

exchange relevant information on critical factor for runway excursion. Moreover, considering mitigation 

measures in addition to the prevention measures is considered a valuable method to address the risk 

equation. 

Extension of the digital link with system-oriented information needs to be promoted to support an 

increased situational awareness both on the airport side and on the aircraft side. Most communications 

are led today through voice exchanges which limits the volume of information and the reactivity with fast 

evolving runway excursion risk level. Connecting Aircraft and ground systems, as proposed in the 

collaborative concept, increases the risk mitigation capacity by simultaneously mixing evaluation obtained 

on ground and in the aircraft. Collaboration between the systems forces objectiveness by sharing a 

common reporting format among the actors, and is a precursor to development of automation tracking 

the evolution of the risk in near real-time. The collaboration between systems and the automation of the 

processes induce an increased safety level with a reduction of the workload for the actors. 

Beyond the safety net protection, the proposed collaborative concept explores the use of models to 

characterize excursion probability factors. The prediction of the weather and runway conditions opens the 

way to a strategic resolution of the likelihood of excursion. Sharing information on prediction of risk 

contributing factor allows aircraft operators and flight crew to make an objective assessment in order to 

delay an approach that is considered at risk or divert. A strategic assessment would allow airport 

operators to optimize airport procedures (decision for change of runway or runway closure and improving 

airport capacity). 

The proposed collaborative concept is deemed to significantly reduce the probability of runway overrun 

but it still needs enhancement to significantly reduce the risk of runway veer-off. The increased 

awareness on the veer-off contributing factors is valuable to make the crew aware of the risk of veer off 

and optimize their ability to maintain the aircraft on the runway but is not sufficient to guarantee a safe 

landing. Because of the nature of the veer-off excursion, new aircraft design and system are researched to 

maintain directional control of the aircraft on the runway. The addition of directional main landing gear, 

development of limited drift tires or implementation of active assistance still require some intensive 

development in order to propose a full protection. 

Whilst all efforts should be made through technological means as well as human training to reduce the 

probability of excursion, the reduction of risk through the mitigation of the consequences is and remains 

the only path to, in conjunction with probability reduction, reduce the risk as much as possible. Also, if 

some systems seem to have demonstrated their qualities in reducing severity of overruns, similar 

philosophy should be developed to mitigate the consequences of veer offs. 

Applicability 

This document is the final report of work in Future Sky Safety on defining the collaborative concept for 

reduction of risk of runway excursion. This study provides recommendations for implementation of the 

collaborative concept, as well as additional necessary research and development activities. 
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1 INTRODUCTION 

1.1. The Programme 

The EC Flight Path 2050 vision aims to achieve the highest levels of safety to ensure that passengers and 

freight as well as the air transport system and its infrastructure are protected. However, trends in safety 

performance over the last decade indicate that the ACARE Vision 2020 safety goal of an 80% reduction of 

the accident rate is not being achieved. A stronger focus on safety is required. There is a need to start a 

Joint Research Program (JRP) on Aviation Safety, aiming for Coordinated Safety Research as well as Safety 

Research Coordination. The proposed JRP Safety, established under coordination of EREA, is built on 

European safety priorities, around four main themes with each theme consisting of a small set of projects. 

¢ƘŜƳŜ м όbŜǿ ǎƻƭǳǘƛƻƴǎ ŦƻǊ ǘƻŘŀȅΩǎ ŀŎŎƛŘŜƴǘǎύ ŀƛƳǎ ŦƻǊ ōǊŜŀƪǘƘǊƻǳƎƘ ǊŜǎŜŀǊŎƘ ǿƛǘƘ ǘƘŜ ǇǳǊǇƻǎŜ ƻŦ 

enabling a direct, specific, significant risk reduction in the medium term. Theme 2(Strengthening the 

capability to manage risk) conducts research on processes and technologies to enable the aviation system 

actors to achieve near-total control over the safety risk in the air transport system. Theme 3 (Building 

ultra-resilient systems and operators) conducts research on the improvement of Systems and the Human 

Operator with the specific aim to improve safety performance under unanticipated circumstances. Theme 

4 (Building ultra-resilient vehicles), aims at reducing the effect of external hazards on the aerial vehicle 

integrity, as well as improving the safety of the cabin environment. To really connect and drive 

complementary Safety R&D (by EREA) to safety priorities as put forward in the EASA European Aviation 

Safety plan (EASp) and the EC ACARE Strategic Research and Innovation (RIA) Agenda, Safety Research 

Coordination activities are proposed. Focus on key priorities that impact the safety level most will 

significantly increase the leverage effect of the complementary safety Research and Innovation actions 

planned and performed by EREA. 

1.2. Project context 

The European Action Plan for the Prevention of Runway Excursions (EAPPRE) provides practical 

recommendations with guidance material to reduce the number of runway excursions. EAPPRE also 

identified areas were research is needed to further reduce risks. Four areas of research have been 

identified for which additional research is needed:  

¶ Flight mechanics of runway ground operations on slippery runways under crosswind;  

¶ Impact of fluid contaminants of varying depth on aircraft stopping performance;  

¶ Advanced methods for analysis of flight data for runway excursion risk factors;  

¶ New technologies to prevent excursions or the consequences of excursions. 
 

¢ƘŜ Ƴŀƛƴ ƻōƧŜŎǘƛǾŜǎ ƻŦ ǘƘŜ tǊƻƧŜŎǘ tо ά{ƻƭǳǘƛƻƴǎ ŦƻǊ Ǌǳƴǿŀȅ ŜȄŎǳǊǎƛƻƴǎέ ŀǊŜΥ 

¶ To identify shortcomings and improve methods and models for analyzing aircraft ground control 

under crosswind and on slippery runways 

¶ To gain insight into the impact of water/slush covered runways on braking performance for 

modern tires and antiskid systems. 
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¶ To study and develop algorithms identifying veer-off risk using operational flight data. 

¶ To explore new concepts for prevention or mitigation of runway excursions 

This study addresses the fourth objective, i.e. explores existing and new concepts for prevention or 

mitigation of runway excursions. Some technologies to reduce the risk of excursions, either through 

prevention or mitigation, such as Runway Overrun Awareness and Alerting Systems and arresting systems, 

have been under ƛƴǾŜǎǘƛƎŀǘƛƻƴ ǇǊŜǾƛƻǳǎƭȅ ƻǊ ƘŀǾŜ ȅŜǘ ƳŀŘŜ ƛǘ ƛƴǘƻ ǘƻŘŀȅΩǎ ŎƻŎƪǇƛǘǎ ŀƴŘ ŀƛǊǇƻǊǘǎΦ hǘƘŜǊ 

preventive technologies such as on-board 3D active imaging systems for enhanced crew situation 

awareness on ground are still in the exploratory phases of development. Technologies to reduce the 

consequences of excursions, such as special pavements in the overrun area or new landing gear designs 

have seem limited operational use or are still in early development. Research is required to bring these 

technologies closer to application, either by removing technological or regulatory obstacles and improving 

affordability. New technologies to prevent excursions or the consequences of excursions are to be 

explored. Active enforcement of the current regulation regarding mitigation (distance and bearing 

strength of runway strip and Runway End Safety Areas) and  innovations to the existing Arresting Systems 

could be found, as well new ways to guide pilots in making safe takeoff and landings without a high risk of 

running off the runway. Also new airframe technologies, such as new landing gear designs could be 

considered.  

1.3. Research objectives 

The objective of this study is to provide new initiatives to reduce the risk of runway excursions. 

1.4. Approach 

This study provides: 

¶ An assessment of the impact of new concepts for reducing the risk of runway excursions, 

¶ A definition of the global solution for runway overrun protection. 
 

1.5. Structure of the document 

This report is structured in 4 chapters: 

¶ Chapter 1: This chapter presents the context and the objective of the study on collaborative risk 

reduction on runway excursion 

¶ Chapter 2: This chapter is separated on two subsections 

o First section contains the definition of various proposed concepts split into ground and 

airborne concepts. 

o Second section contains safety evaluation of each presented concept 

¶ Chapter 3: Proposes a global concept unifying the various ground and airborne concepts 

evaluated in the chapter 2. 

¶ Chapter 4: Provides conclusions and recommendations. 
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2 ASSESSMENT OF THE IMPACT OF NEW CONCEPTS FOR REDUCING THE RISK 
OF RUNWAY EXCURSIONS 

2.1. Description of Operational Concepts 

Potential issues that might influence the overall success of each concept are identified and mitigation 

measures are proposed. In this section, the concepts are separated into operational concept implemented 

on ground and concept implemented onboard the aircrafts. 

2.1.1. Ground Operational Concept 

2.1.1.1. Tactical Weather Nowcasting for Runway Excursion probability reduction 

2.1.1.1.1. Runway Contaminant Nowcasting for the next 30 minutes by water depth estimation from X-band 

weather data 

Airports could have direct and short term access to raw X-band Weather Radar data. This X-band Weather 

radar data could be used to predict rain rate on runway for the next 30 minutes. For example, the product 

ά[ŀƳŜ ŘΩ9ŀǳέ t!b¢I9w9 ŦǊƻƳ ǘƘŜ CǊŜƴŎƘ ǿŜŀǘƘŜǊ ƻŦŦƛŎŜ όaŞǘŞƻ-France) can be quoted as possibly 

delivering rain fallen at ground, using 1km*1kmgrid to determine the movements of precipitations. 

Successive images on following figure show the displacement of rain front from North-East towards Paris 

CDG airport. Airport is situated into each image (80km*80km). Two parallel white lines border the zone of 

interest. 

 

Figure 1: Rain Rate Prediction by cloud or rain front  ǘǊŀŎƪƛƴƎ ό[ŀƳŜ ŘΩ9ŀǳ product at 5mn rate) 
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The water depth can be predicted to assess the runway contaminant based on a model of water run-off. 

The Gallaway formula under estimates water depth compared to Izzard and Ross when water flow 

exceeds 2 mm/h. The following formula gave a satisfactory water depth prediction for a wide variety of 

surfaces: 

 Ὤ πȟςφ ὌὛȟ
Ὅ ὒ ȟ

ίȟ
πȟσπ ὌὛ (1)  

 In the previous equation, HSc represents the macrotexture (measured by sand patch method) in mm; I is 

expressed in mm/h, L in m and s in %.  This equation has been compared with measurements on real 

roads and provides good results for water depth lower than 1,5 mm. Based on this equation, DGAC/STAC 

has developed a practical tool to predict water depth on runways. The parameters L and p are obtained 

from a numerical mapping of the runway based on geometric runway characteristic (longitudinal and 

lateral slopes, rutting, and macrotexture). Rain intensity is provided by a local station. This approach is 

illustrated in figure below. 

 

Figure 2: Model to assess Water Depth from Rain intensity 

 

The system proposes to mix local airport weather, rain forecast, 80Km around the airport, and water run-

off model of the runways. The system monitors the current contamination status, correlating past and 

current airport observations with the runway run-off model. Adding the rain forecast, the contamination 

status is estimated for the next 30min. 

The limitation of the water depth prediction concept is its built-in estimation model that, as of now, does 

not estimate contaminants other than water (snow, ice, slush is excluded). 

2.1.1.1.2. Fast & Accurate Wind Nowcasting at low altitude with LIDARs 

The new doppler lidar fibered technology is an opportunity to monitor wind on airports at high update 

rate compatible with tactical airside operations. 
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Wind is an important factor that could increase the risk of runway excursion: 

¶ Runway Overrun could be caused by tail wind that will increase the ground speed in final 

approach and by cross-wind that will increase the risk of non-stable approach. 

¶ Runway Veer-off could be cause by high cross-wind and atmospheric turbulences characterized 

by EDR (Eddy Dissipation Rate) 

Head/tail/Cross winds can be monitored 4NM before landing in the glide by a combination of Lidar 

profilers and Lidar scanner.The Lidar profiler monitors the wind within a cone projected vertically above 

the unit. With 3D Lidar scanner, wind can be monitored in an azimuthal sector that is classical used to 

predict arrival of wind shear in the vicinity of the glide. 

 Head/Tail Wind Cross-Wind EDR (Eddy Dissipation 

rate) 

Runway Overrun 4NM before Threshold 

LIDAR Profiler or LIDAR 

3D Scanner 

4NM before Threshold 

LIDAR 3D SCANNER 

N.A. 

Runway Veer-off N.A. Along First 1/3  of 

runway at altitude < 50 m 

LIDAR 3D SCANNER 

4NM from threshold 

to 1/3 of runway 

LIDAR 3D SCANNER 

 

A 3D wind Doppler LIDAR scans in real time all potential hazard zones within the airport air space, detects 

wind shears to 10kmrange in the glide and around, and sends automatic alerts to air traffic controllers. 

 

Figure 3: Wind Monitoring for Low-Level Wind-Shear system on airport 

 

Different LIDAR Wind sensors deployments on airport can be considered with respect to runway layouts. 

We illustrate in the figure 3 above the joint use of 3D scanning LIDAR for cross-wind and EDR monitoring 

along first 1/3 of runway, and LIDAR profilers along the glide for the last 4NM to assess head/tail winds. 

The scanning rate of a LIDAR could be reduced by adapting different scanning strategies. For a collimated 

beam, velocity resolution is less than 0.5m/s for range between 100m and7000m. Focusing the beam at 



Project: 
Reference ID: 
Classification: 

Solutions for runway excursions 
FSS_P3_TR6_D3.11 
Public 

 

TR6 Status: Approved Issue: 2.0 PAGE 20/79 
 
This document is the property of Future Sky Safety and shall not be distributed or reproduced without the formal approval of Coordinator NLR. 
CǳǘǳǊŜ {ƪȅ {ŀŦŜǘȅ Ƙŀǎ ǊŜŎŜƛǾŜŘ ŦǳƴŘƛƴƎ ŦǊƻƳ ǘƘŜ 9¦Ωǎ IƻǊƛȊƻƴ нлнл wŜǎŜŀǊŎƘ ŀƴŘ Innovation Programme, under Grant Agreement No. 640597. 
 

 

         

shorter distance (800m) leads to high measurement uncertainty at long ranges (>0.5m/s after 3500m) but 

increases the precision for low ranges. 

 

Figure 4: 3D scanning LIDAR and LIDAR Profiler deployment on airport 

2.1.1.2. Ground Runway Excursion monitoring by Big Data Analytics 

New machine learning techniques for Big Data Analytics are able to correlate with braking distance from: 

¶ Final approach speed (from Air Traffic Surveillance data) 

¶ Aircraft category(Aircraft/Flight Data) 

¶ Aircraft Weight (by default 80% of Maximum Landing Weight is considered) 

¶ Wind (along the glide for the last 4NM provided by LIDAR)  

¶ Runway Contaminant (provided by X-band radar and Water-depth model) 

As presented in the study [1], this approach can accurately provide a good assessment of braking distance 

assuming all inputs are accurate and available. Although this model is intended primarily to be used for 

ROT (Runway Occupancy Time) Prediction as requested for RECAT 2 procedure deployment (this task 

could be related to Runway Exits Management Decision Support system), it  could also be proposed for 

raising an alert when the estimated landing distance of the incoming aircraft exceeds the landing distance 

available on the runway. 

 

 

3D scanning lidaroutin 

the field aside the runway 

Lidarprofiler out in the field 

below the approach path 
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Figure 5: Ground Runway Excursion Monitoring System 

 

The addition of the module dedicated to ground excursion (green module on the previous figure) within 

the model for ROT computation would evaluate potential overrun hazard from incoming aircraft and 

inform the ATC. The system uses aircraft dynamic information from ground radar and estimates a risk of 

overrun by correlating the dynamic aircraft information with a database of A/C landing on this runway 

compiled with analysis of an historic of previous landings and identification of correlation factor to a risk 

of overrun. 

The objective of the excursion monitoring by the ground-based systems is to complete the on board 

safety net in a similar manner as what is today deployed for CFIT prevention. The CFIT prevention is today 

performed on board with TAWS safety net and on the ground with MSAW giving controller an estimation 

of the probability of CFIT for traffic in the vicinity of the airport. This solution explores an alternative 

overrun prevention where the ATC would be informed of the potential likelihood of an overrun. 

2.1.1.3. Reduction of the consequences of Runway Excursions 

In alignment with a practice common in aviation and, more surprisingly, the very recommendation of 

EAPPRE, the concept of risk is often mistakenly limited to the probability part. While this is defendable for 

air based events such as mid-air collisions or Controlled Flight Into Terrain (CFIT) a different approach is 

very logical for runway excursions which, in principle, are survivable given the proper mitigation measures 

are in place. Practically, the consequence of this confusion between risk and probability is that most 
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efforts that are being made with regards to the risk of runway excursions focus on the reduction of the 

numbers and the largest amount of resources are spent with a goal of lowering the probability to as close 

to zero as possible. However, if the reduction of the number of runway excursions is of course a noble and 

wished exercise, the reduction of human and material damage consecutively to an excursion is and 

remains a part of the equation that should be tackled and where the greatest benefits are to be collected.  

Reducing the number of excursions seems successful and made aviation one of the safest means of 

transportation. Although various studies will show different results based on the type of flights or 

operations considered, it is agreed that, as of 2017, the rate of occurrence of runway excursions is 

lowered to a level where it is seldom that crew or passengers think it may happen to them. Nevertheless, 

data shows that, on average over the last 3 years, overruns keep occurring daily. 

2.1.1.3.1. General Mitigation Concepts 

The ICAO recently started an activity to re-draft the regulation on runway strips, RESAs and bearing 

capability of those. As of today, the standards and recommendations for the length of a RESA are based 

on a paper published by the US American Federal Aviation Authority [5]taking into account a very limited 

number of occurrences in the second half of the 20th century. 

 

Figure 6: ICAO recommendation and distances on airports of code 3 and above 

 

The mentioned paper reveals that 90% of the 32 overruns considered in the analysis had stopped within 

1000FT(~300 meters) which is the base for the length of the recommended 240-meter RESA added to the 

60 meter runway strip. It also notes that roughly the same percentage had exited the runway at speeds at 

or below 70KT.Because the concept of mitigation was not then in the scope, the condition of those 

stopped aircraft are not mentioned in the report nor the cause for which they stopped within the length 

mentioned (did the aircraft stop with their full integrity of was the aircraft stopped because of an obstacle 
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that incurred damage?). The statistics also involves another 10% of high energy runway excursions when 

damage could be catastrophic falling out of the protected range. The American ATSB also concluded based 

on the sample considered that 60% of overrunning aircraft would be stopped in the first 150 meters now 

the basis of the 90 meter RESA requirement past the 60m runway strip. These figures are all based on an 

outdated and very limited research. Those empirical values do not factor nor take into consideration the 

measurable limit to the risk of overrunning aircraft or the fact that aircraft got very significantly heavier 

over the recent years and carry much more passengers. They also do not take into consideration that air 

transport is significantly safer today than it was then and that, consequently, the expectations of the 

flying public as well as the legal liability of the people involved significantly different. It may therefore be 

argued that the existing recommendation does not address the severity part of the risk and therefore fails 

to follow the ICAO wording "minimize the hazard". A new updated study is therefore strongly 

recommended. 

Also, in its quest for consensus, the ICAO Annex 14 stipulates that ά! Ǌǳƴǿŀȅ ŜƴŘ ǎƘŀƭƭΣ ŀǎ ŦŀǊ ŀǎ 

ǇǊŀŎǘƛŎŀōƭŜΣ ŜȄǘŜƴŘΦΦΦέΦ The wording of the text is here open for varying interpretations of what is 

practicable. Although recent human achievements have included a 57kmlong tunnel in Switzerland or 

164km long bridge in China, improvements of a few dozen of meters are often considered as 

"impracticable" by the profit-seeking airport companies and accepted as such by the governments. 

Therefore, one may see airports where the recommended 240 meter RESA is in place whilst others have a 

90 meter RESA without any apparent reasons of an "impracticable" increase. A significant number of 

international airports worldwide offer sub-standard runway strips and RESA as well. Similar variance in 

interpretations may be observed with regards to the width of runway strips and to the bearing capability 

of the runway surroundings. Aircraft in an excursion situation are commonly damaged, in some cases 

beyond repair in the runway strip and/or RESA due to an inadequate bearing capacity. It should be 

noticed at this point that the conditions of a runway strip and/or RESA is likely to change along the same 

parameters as the unpaved runway detailed in part 2.1.2.4.2.2 below.  It may also be noted that, although 

it is standard practice to report the conditions of the runway and publish it, the bearing capability of the 

area is rarely tested and never reported. 

It may appear odd that, in aerospace where so little is left to chance, the conditions of the runway strip or 

length of RESA are so often without control if ever their dimensions are in compliance with regulations. 

The conditions of the runway surroundings are THE determining factors to the severity of an overrun.  

Taking into consideration the distance covered by an aircraft on a runway, the conditions of the runway 

strip and/or RESAs should not be looked at as uniform. In fact, the inconsistencies, the fluctuation or any 

difference in bearing capacity of the area surrounding the runway may create very significant hazard to an 

aircraft. The risk attached to runway excursion is therefore directly tied to the dimensions and 

conditions of runway surroundings. 

If the variation of conditions in space of the runway strip and the other runway areas are problematic, the 

variation in times is equally prone to increasing the danger. Prolonged periods of rain or heavy rains as 

they happen in various parts of the world may either reduce the deceleration (wet rain on hard soil) or 
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improve the deceleration (soft ground), possibly significantly beyond the structural capability the aircraft 

can sustain thus generating large human and material damages. Similarly, drought may render the soil 

harder thus letting the aircraft roll on it without any braking. 

 

Damages are prevented when excursions occur on an area carrying the weight of the aircraft yet 
ideally providing some soft braking (source: aviation Herald) 

Figure 7: Runway excursion over soft, weight sustaining runway strip 

 

At this point, there is no doubt that the ultimate goal should be to keep all aircraft on the runways. 

Getting as close as possible to this goal should be done through training and technological developments. 

Nevertheless, the limits of these improvements are nearing and the further reduction of the risk of 

runway excursions will go through a better use and therefore better monitoring of the runway 

surroundings, possibly through the installation of devices that improve the deceleration of aircraft 

regardless of weather conditions. It may be interesting to notice to that other accidents such as collision 

(aircraft collision or bird strike) are being addressed because of the risk that they bring to the industry and 

the cost that it represents. If the parallel was made, it should be argued that the cost of an overrun is not 

incurred as the aircraft leaves the runway. All costs are generated as damage occur because the areas 

surrounding the runways offer a support lower than the one required to dissipate the energy of the 

aircraft whilst preserving its physical integrity.  Although there is no harmonized way to include traffic in 

the statistics of runway excursions (what aircraft size, what type of operations etc...), the studies 

performed recently in various countries or from many different sources show that, even though runway 

excursions happen a very rare frequency, the damages incurred represent a very significant amount every 

year. Mitigating the possible consequences on any risky runway must certainly be done in conjunction 

with any other equipment aimed at reducing the rate of occurrence to a hypothetical Zero. 

A risk based approach including the mitigation 

The international texts of law offer the Civilian Aviation Authorities in the countries Standards and 

Recommended Practices (SARPs) that should be adhered to. As previously stated, those are not always 

followed and, with regards to RESA standards, written based on empirical data from decades ago. The lack 

of a uniform application of those standards leads the industry to an avoidable increase of risk, in 
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particular when it comes to the number of runways that have sub-standard runway strip or RESAs. As a 

general guidance, the ICAO guidance mentions that the risk should be considered and mitigated until it is 

"As Low As Reasonably Practicable" (ALARP). EASA defines that this level is reached when any "further 

safety enhancement is either impracticable or grossly outweighed by the costs". Various bodies show a 

different understanding of what reasonable would be. In 2001, NLR published the "Aviation Safety Targets 

for Effective Regulations" (ASTER) and shows the level of risk on the following line: 

 

Figure 8: ALARP risk as defined by NLR in ASTER 

 

It should be concluded here that a financial argument basically determines the ALARP level of risk and 

thus requires an insight in the costs associated with runway excursions as well as the mitigation of those. 

In an effort to help the airport define then achieve a level of safety that would effectively be "As Low As 

Reasonably Practicable" (ALARP), Van Eekeren et al published in 2017 a method to estimate the total cost 

of a runway excursion. 

Based on this method, every runway excursion may therefore be characterized by a financial amount. 

Although the purpose of this report is not to get into details of the methodology used by van Eekeren et al 

[11], the data they aggregate include such elements as: 

¶ damage to the aircraft 

¶ Physical damage on the ground 

¶ Country adjusted cost of lives lost 

¶ Operational costs of runway closure 

¶ ... 

 

This method allows the comparison between the cost of an excursion with various scenarii if mitigation 

measures had been effective. 
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A risk based approach when looking at the mitigation could indeed drive the airport and authorities to 

revisit the current regulations. Typically, an airport with a 60m wide runway where good weather 

conditions prevail all year long and the approach is a standard 3° glide path straight in could have lower 

runway strip requirements than a 30m wide runway where wind shear are frequent on the approach and 

turn are needed below 1000FT AGL in the approach path. Similarly, it could seem reasonable for an 

airport operating on a former military 5KMlong runway to not require any Runway End safety Areas if only 

small to regional traffics where in use. The risk to have any high energy overruns would be extremely low.  

Generally, the bearing strength requirements should be improved and their application monitored to a 

greater degree to include variations that may be generated due to change in weather and/or season. If no 

pilot briefing before a standard take off would exclude the preparation for something going wrong and if 

emergency vehicles are systematically in standby during all operations, it may also be needed in the 

future that the conditions of the areas surrounding the runway are monitored with much more accuracy 

so that damage are reduced to a minimum if an excursion was happening. 

Because of the very nature of human interaction and technology, situations that are not prevented by 

technology and training itself occur and may be expected to continue to occur regardless of all preventing 

measures. When those situations occur, the runway surroundings should play their role, mitigation 

measures should be in place and guarantee that damages are kept at a minimum.  

As we have seen, the risk attached to runway excursion ends up being correlated to two factors only: 

¶ The surroundings of the runway should offer enough space so that the energy of an aircraft in an 

excursion situation can be dissipated and 

¶ The surrounding infrastructure should offer sufficient consistency and adequate structure to 

unable the dissipation of energy without causing damage to the plane thus preserving the lives of 

the occupants. 

Of the use of engineered materials 

Engineered materials have existed and are used for two decades at airports worldwide, they are generally 

used to target primarily overruns and present the advantage of providing a consistent braking capability 

over the distance used. Because they are built over a pavement, the engineered materials systems 

actually match very closely the recommendation of ICAO asking for a layer of thin material that the gear 

penetrates to obtain the braking over a surface supporting the weight of the aircraft. Also, engineered 

materials are built so that they provide a much more consistent deceleration than soil and/or grass would. 

Finally, the performance of Engineered Materials can be predicted under all-weather situations whilst this 

cannot be achieved with a conventional runway strip and/or RESA.  

Engineered materials normally are built to deliver a given performance for the aircraft modeled. 

Therefore a "level of safety" may very clearly and simply be achieved and set at the level that 

complementary safety studies would determine as the appropriate based on an option being either 

"reasonably practicable". In the case of the long runway mentioned above where small planes operate, it 

is possible that the authority moving forward decides that the protection at the end of the runway may be 
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lower than it would be at an airport operating heavy airframes using the full length of a runway. 

Protection for veer offs on the side of the runway would need to be assessed for an optimal and ALARP 

level of safety. 

Typically, in the current regulatory environment, engineered materials placed in protection of overruns 

are designed to, in the largest number of cases, stop all planes at a speed of 70KT within the dimensions 

of the bed without predictable damage. In the recent years, come countries have taken exception to that 

and set up significantly lower performance levels (i.e. 40KTentry speed protection). 

Using the methodology published by Van Eekeren et al (2017), the outcome of an actual overrun can be 

compared with the hypothetical case when arresting systems would not have been installed and the 

"value" of the arresting system then inferred.  

The Engineered Material Arresting Systems (EMAS) have first been installed in the mid-1990s and have 

then been improved and are now installed at nearly 120 runway ends worldwide. Ever since the first 

installation, 12 overruns in an EMAS have been accounted for. Those accidents have been studied and at 

the same time, the most likely scenario of the accident if the arresting system had not been installed has 

been looked at. Typical factors taken into consideration include among others the energy level (speed and 

mass), the characteristics of the runway, runway strips and its surroundings and potential third party risk. 

Engineered Materials present the advantage of being totally scalable in the sense that a finite amount of 

materials over a finite area can be installed to address a specific risk. Therefore, a scenario when an 

excursion would occur prior to the installation of mitigating measures may easily be compared with the 

one that would be with a the cost of installation may easily be compared to the cost that an excursion 

could have, thus helping all decision makers to a decision on what a level of safety as low as reasonably 

practicable should be.  Whenever the cost of a potential overrun would be grossly outweighed by the cost 

of installation of such equipment, the airport would be excluded from putting in place the required 

mitigating measures. 

Using the scale presented by NLR in the 

ASTER report defining the level of risk, 

the analysis of the 12 EMAS arrestments 

concludes that one of them could have 

had catastrophic consequences without 

an EMAS (KCRW airport, 2010), four 

would have turned into disasters, 4 

others would have been characterized 

as "major" accidents, one as minor and 

in 2 cases, the overruns were at such 

low speeds that the absence of EMAS 

would not have made a difference. 
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Study of all 12 EMAS arrestments demonstrates that the nearly 120 EMAS installations to date have been 

very effective. In the course of nearly 20 years since the first EMAS installations, runway overruns at 

airports where EMAS had been installed saved a significantly larger amount (>$1.1B) of money than all 

installations to date in the world. 

Database provided by the Swiss aerospace firm SafeRunway GmbH lists the runway accidents over the last 

3 years. The data provided has been analyzed and the listed overruns compared to what they could have 

been had a hypothetical arresting system been installed at the given runway ends. A larger dataset would 

have been warmly accepted. Nevertheless, the covered period already covers 389 overruns in various 

parts of the world, most of them offering enough data to make an efficient comparison.  

The analysis of those cases highlight further how much the mitigation could have changed the outcome of 

those listed accidents and how arresting systems would considerably lower the risk attached to overruns. 

Over the last 3 years, more than $500M could have been saved yearly if arresting systems had been 

installed at airports.  

If the importance of arresting systems could be further studied, it can already be agreed that, in most 

likelihood, aircraft arresting systems are a very effective method of mitigating the consequences of 

runway excursions. Also, in the short term, the dimensions and bearing capacity of both the runway strips 

and Runway End Safety Areas (RESA) should be revised and updated in an urgent manner, as much as 

possible using manufacturer data and derived from an objective, risk based, accurate and measurable 

scheme. The current term of ALARP defines with a certain accuracy the level of risk that could be 

acceptable based on financial terms. The cost of potential overruns should be evaluated including all 

direct and indirect, airline and airport costs so that a comparison with the cost of mitigating measures 

may be done accurately and the decision based on tangible criteria.  

Such approach will result in a risk-based assessment built on a straightforward cost-benefit safety 

analysis. The anticipation in the mitigation of potential runway excursion is, in combination with the 

pursuit of current technology based solution focused on the reduction or likelihood, the most efficient 

and effective way to reduce the risk attached to runway excursions.  

 

2.1.2. Airborne Operational Concept 

The main objective of the airborne operational concept is to drastically limit the probability of occurrence 

of a runway excursion by providing the crew with better capacity to anticipate this risk from the 

preparation of the descent to the vacation of the runway.  

Because the contamination of the runway is one of the main factors of excursion, it is also propose to use 

the aircraft as a sensor to evaluate braking action required to decelerate the aircraft on the runway. Then 

by passing this information along to the airport authority, participate in a better real-time assessment of 

the state of contamination reported to the incoming traffic. This concept is presented for paved and 

unpaved runways. 
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The airborne concept studied by the DLR also addresses a landing assistance system to enhance 

controllability of the aircraft upon landing with crosswind and limiting occurrence of veer-off. 

At take-off, the airborne operational concept main objective is to limit the likelihood of occurrence of a 

runway excursion by alerting the pilot in case of a detected abnormal situation. 

 

 

Figure 9: AIRBUS concepts to reduce risks of runway excursion 

2.1.2.1. Alerting & awareness systems at take-off 

The AIRBUS concept is to trigger an alert only in case of a detected abnormal situation so as not to 

interfere with the standard take-off operational procedure. All these functions are designed to alert the 

pilot as soon as possible. It means that alerts shall be triggered far before V1 to minimize operational 

consequences and to secure potential rejected takeoffs. 

Take-Off Surveillance pack 1 (TOS1) 

Take-Off Surveillance 1 (TOS1) function checks that the speeds inserted by the pilot in the FMS are 

consistent (V1/VR/V2). The following checks are performed: 

o Are speeds inserted the FMS? 

If take-off speeds are not inserted by crew in the Flight Management System (FMS) then an ECAM 

alert is triggered during Take-Off configuration test procedure and when Take- Off power is set:  

ά¢Φh {t995{ bh¢ Lb{9w¢95έ 

o !ǊŜ ǎǇŜŜŘǎ ƛƴǎŜǊǘŜŘ ƛƴ ǘƘŜ ǊƛƎƘǘ ƻǊŘŜǊ ό±м ό5ŜŎƛǎƛƻƴ ǎǇŜŜŘΣ ŎƻƳƳƛǘǘŜŘ ǘƻ ǘŀƪŜƻŦŦύ Җ±w όǊƻǘŀǘƛƻƴ 

ǎǇŜŜŘύҖ±н όǘŀƪŜƻŦŦ ǎŀŦŜǘȅ ǎǇŜŜd))? 

If not, a FMS message is triggered at parameter insertion: 

ά¢Φh ±мκ±wκ±н 5L{!Dw99έ 
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If necessary the alert is triggered again with an ECAM alert at Take-Off configuration test 

procedure and when Take-Off power is set: 

ά¢Φh ±мκ±wκ±н 5L{!Dw99έ 

o Are speeds consistent with speed envelope (VMu (Velocity of Minimum Unstick, liff-off possible), 

VMCA (Velocity of Minimum Control in Air) , VMCG (Velocity of Minimum Control on Ground), 

VSR)? 

If not, a FMS message is triggered at parameter insertion: 

ά¢Φh {t995{ ¢hh [h²έ 

If necessary the alert is triggered later with an ECAM alert at Take-Off configuration test 

procedure and when Take-Off power is set: 

ά¢Φh {t995{ ¢hh [h²έ 

 

Take-Of Surveillance pack 2 (TOS2) 

As a complement to TOS1, TOS2 is developed so as to check aircraft position at take-off initiation. 

Different checks are developed: 

o Is the aircraft on a runway when take-off power is applied? 

If not, an ECAM alert is triggered at take-off power: 

άb!± hb ¢!·L²!¸έ 

o Is the aircraft on the planned runway when take-off power is applied? 

The planned runway is the runway inserted in the FMS. If not, an ECAM alert is triggered at take-

off power: 

άb!± bh¢ hb Ca{ w¦b²!¸έ 

o Is the aircraft capable to lift-off on the runway used? 

It means that the aircraft lift-off distance computed for the current conditions is lower than the 

current runway length. This check is done in preflight to check that the take-off preparation is 

correct and at take-off power to check that for the current aircraft configuration, the predicted 

lift -off distance is still compatible with the remaining runway length. If an inconsistency is 

detected during preflight phase an ECAM alert is triggered: 

ά¢Φh w²¸ ¢hh {Ihw¢έ 

 

Take-Off Monitoring 

TOM performs Real Time Monitoring of aircraft acceleration during roll and can detect a significant lack of 

acceleration during Take-Off roll. In this case, an ECAM alert is triggered 

2.1.2.2. Runway Overrun Prevention System at Landing 

2.1.2.2.1. Definition 

The Runway Overrun Prevention System (ROPS) is made up of two sub-functions, Runway Overrun 

Warning (ROW) and Runway Overrun Protection (ROP). The ROW function generates alerts which incite 
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the flight crew to perform a go-around when deemed necessary whereas the ROP function generates 

alerts which incite the flight crew to apply all available deceleration means. 

ROPS is an Airbus system designed to continuously calculate whether the aircraft can safely stop in the 

runway length remaining ahead of the aircraft. If, at any point, the system detects a risk of a runway 

overrun, flight deck alerts are generated to help the crew in their decision making. 

On the Airbus A380 and A350, ROPS is integrated with the aircraft flight management and navigation 

systems and provides pilots with a real-time, constantly updated picture on the navigation display of 

where the aircraft will stop on the runway in WET or DRY conditions (or pilot selected runway condition 

for A350). 

 

Runway Overrun Warning (ROW) 

ROW becomes active at 400FTabove ground and remains active throughout the short-final, the flare and 

touchdown until transition to the Runway Overrun Protection (ROP) once contact is established on the 

runway.  

On Airbus A380, A330 and A320 family, ROW continuously calculates two stopping distances, the stopping 

distance on a DRY runway and the stopping distance on a WET runway. If the stopping distance on a WET 

runway becomes longer than the available runway length, the system triggers an amber message on the 

PFD: 

άLC ²9¢Υ w²¸ ¢hh {Ihw¢έΦ 

If the stopping distance on a DRY runway becomes longer than the available runway length, the system 

triggers a red message on the PFD: 

άw²¸ ¢hh {Ihw¢έ 

and, below 200FTabove ground an aural message άw¦b²!¸ ¢hh {Ihw¢έ is heard. 

On the Airbus A350, the flight crew has a runway state selector knob on the instrument panel. 

Consequently, ROW predicted stop distance is based on the runway state selected by the crew and thus 

wh² ŀƭŜǊǘǎ ŀǊŜ ŘƛǊŜŎǘƭȅ άw²¸ ¢hh {Ihw¢έ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǘƻ ǘƘŜ ŦƭƛƎƘǘ ŎǊŜǿ ǎŜƭŜction. Thus, there is no 

ƳŜǎǎŀƎŜ άLC ²9¢Υ w²¸ ¢hh {Ihw¢έ ƻƴ !орлΦ 

 

Runway Overrun Protection (ROP) 

ROP becomes active on-ground after transition from ROW and remains active until the aircraft reaches 

ǘŀȄƛƛƴƎ ǎǇŜŜŘΦ wht ǳǎŜǎ ǘƘŜ ŀƛǊŎǊŀŦǘΩǎ ŎǳǊǊŜƴǘ ŘŜŎŜƭŜǊŀǘƛƻƴ ŀƴŘ ŀƛǊŎǊŀŦǘ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ǘƻ ŘŜǘŜǊƳƛƴŜ ǿƘŜǊŜ 

the aircraft can stop on the runway. If ROP detects a risk of runway overrun, aural and visual alerts are 

triggered. On the PFD the red visual alert άa!· .w!YLbDΣ a!· w9±9w{9έ is displayed. Aural alerts are 

prioritized: 
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ά.w!Y9Σ a!· .w!YLbDΣ a!· .w!YLbDέ aural alert is triggered until pilot application of pedal braking, 

then aural alert ά{9¢ a!· w9±9w{9έ if maximum reverse thrust has not been selected. If overrun 

condition still exists at 70KT, the aural alert άY99t a!· w9±9w{9έ will trigger to remind the flight crew to 

keep maximum reverse thrust. 

ROP is reversible and alerts are cancelled when overrun risk is no longer present. 

On the Airbus A380 and A350, if an autobrake mode is engaged, ROP will automatically apply maximum 

braking in case of runway overrun risk. 

 

2.1.2.3. Onboard and aircraft based computation of Braking Action 

2.1.2.3.1. Recall Definition 

The runway slipperiness is assessed on-board the aircraft and then the information is displayed to the 

pilot and is disseminated to the ground to two main ground stakeholders: airline operators and airport 

operators. The function called Braking Action Computation is developed by Airbus in the frame of the 

CORSAIR project. 

¶ Pilot 

The function will help pilot in addition of his/her experience to decide the braking action to report to ATC 

¶ Airline  

The concept will provide a mean to the airline to monitor consistently slipperiness of runways covered by 

its fleet. It will enable better safety decisions at Airline Operating Center level 

¶ Airport 

The described system will help airports for strategic and tactical decisions in coordination with the ATC for 

runway closures, runway cleaning, and runway condition measurements. 

Using the standardized terminology found in the RCAM, the Airbus technology can integrate in the same 

way that PIREPs are used today. Within the airport infrastructure, the data will permit users to consult, in 

real time, the reports sent by aircraft and the trend of the runway condition. By geo-locating the runway 

condition(s) on the runway, the technology allows for increased situational awareness as to where runway 

contamination may be accumulating on the runway.  

Nevertheless, this technology is not designed to replace existing means at the airport, but rather to 

complement them.  

The advantage is that by adding this data source, which correlates runway condition to the aircraft 

performance and is available in near-real time, the airport can consolidate all available information for 

increased awareness of the overall runway condition. 
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2.1.2.3.2. Limits 

The limits of this technology are that identification can only be made on portions of the runway where the 

aircraft was adequately braking (i.e. not discontinuing the braking). Thus the calculated braking action 

may not be representative of the entirety of the runway length; there may be portions with worse braking 

action, or better.  

 

2.1.2.4. Assessing braking performance on unpaved runway 

2.1.2.4.1. Aim and Objectives 

Airbus Defense and Space proposal is devoted to developing the capability of aircraft operators to 

calculate more accurate braking performance on unpaved runways. The main target is to develop a 

software tool capable of estimating the maximum braking capability that a certain unpaved runway is 

capable of offering. This may provide substantial benefits in terms of safety enhancement, as will be 

discussed later. 

A double target is pursued:  

¶ In the short term (quasi-real time), the aim is to characterize braking friction capability of an 

aircraft on a certain unpaved runway. The objective is to inform incoming aircraft of 

expected/achievable braking performance, in terms of RCR (Runway Condition Reading). 

¶ In the mid-term, the aim is to relate registered braking capability with encountered runway 

conditions. The objective is to predict braking performance beforehand. 

 

2.1.2.4.2. Unpaved Runways (URW): particularities and characterization 

 

2.1.2.4.2.1. Key Concepts 

By definition, unpaved runways (URW) are surfaces intended for low-speed operations that are not 

established over a stable and well-maintained base. They may have received (or not) some type of 

preparation to improve their load-bearing capacity.   

URW soils present a wide variability in terms of physical properties. The most relevant physical features 

are composition, unevenness, water content and soil density. In particular, composition can be 

adequately characterized by means of the United Soil Classification System (USCS), which provides soil 

classification criteria in terms of material (gravel, sand, silt, clay, organic) and texture (poor or well 

graded, high or low plasticity). The presence of vegetation and its correspondent roots is also a crucial 

matter. 

Another essential feature for URW characterization is the determination of soil load bearing capacity. In 

the same manner as it is used for runway surrounding with regards to mitigation, this is generally 



Project: 
Reference ID: 
Classification: 

Solutions for runway excursions 
FSS_P3_TR6_D3.11 
Public 

 

TR6 Status: Approved Issue: 2.0 PAGE 34/79 
 
This document is the property of Future Sky Safety and shall not be distributed or reproduced without the formal approval of Coordinator NLR. 
CǳǘǳǊŜ {ƪȅ {ŀŦŜǘȅ Ƙŀǎ ǊŜŎŜƛǾŜŘ ŦǳƴŘƛƴƎ ŦǊƻƳ ǘƘŜ 9¦Ωǎ IƻǊƛȊƻƴ нлнл wŜǎŜŀǊŎƘ ŀƴŘ Innovation Programme, under Grant Agreement No. 640597. 
 

 

         

expressed in terms of California Bearing Ratio (CBR), which expresses the relative load bearing capacity of 

a given soil section in comparison to that of crushed limestone. 

In general, neither physical nor load bearing properties can be expected to remain constant along the 

length of a runway. This constitutes one of the main challenges for URW performance evaluation. 

In addition to this, changes in physical properties are expected to translate into modifications of load 

bearing capacity. Nevertheless, the link between these two items is neither obvious nor quantifiable, and 

must normally be estimated by means of adequate soil testing (e.g. material analysis, soaking tests). 

 

2.1.2.4.2.2. Particularities  

One of the main challenges of URW performance calculation is the non-negligible differences that this 

kind of surfaces presents with respect to paved ones. As previously stated, URWs normally present non-

uniform surface characteristics, including possible roughness and unevenness. Therefore, for a given 

aircraft operation, the actual runway conditions may differ from those expected (as provided in the 

airfield AIP for example). 

In addition to this, URWs may be sensitive to aircraft and maintenance actions, such as aircraft operations 

and repair procedures. Although regular maintenance work (rut removal, grading, rolling) is usually 

planned after a specified period or a certain number of operations is completed, it rarely returns the 

runway to its original state and will require a specific survey to re-characterize the runway surface. 

Meteorology also has a non-negligible effect on surface characteristics and, as a result, on braking 

capability. For example, runways with low drainage capacity will be highly affected by rain and moisture. 

Likewise, runways located in very cold zones may be subjected to seasonal frost, which illustrates the 

variability of conditions, in this case with season, that a given unpaved runway may present.  

Finally, URW composition cannot be subjected to the same exhaustive control as a paved runway. Paved 

runways can be actively controlled from their construction, in terms of materials used and layer thickness. 

In contrast, unpaved runways are roughly set over a pre-existing soil, which limits the extent of control on 

them. Nevertheless, two sources of secondary control have been found: 

¶ Active control means: Addition of new materials (if required). 

¶ Passive control means: Composition characterization and analysis (i.e. soaking test results). 

As a result of all this, operations repeatability is highly compromised. 

 

2.1.2.4.2.3. Characterization 

One of the most comprehensive URW characterization methods is the one provided by Transport Canada. 

According to their recommendations, CBR survey should be conducted at least yearly until a trend is 

established. After that, they may be repeated every three years or when deemed necessary. Each survey 

should comprise at least 20 CBR samples, taken along the runway length in the expected landing gear 

path. 
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Quantitative CBR measurements should be accompanied by a series of qualitative data: airport and test 

site, date, surface type (including waviness), degree of soil saturation, test location, depth of test and test 

method.  

 

2.1.2.4.2.4. Braking friction assessment 

Effective braking coefficient in unpaved operations can be denoted as: 

ὄὶὥὯὭὲὫ ὪὶὭὧὸὭέὲ  
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ὡὬὩὩὰ ὶὥὨὭόίὔέὶάὥὰ ὰέὥὨ

ὝὩὶὶὥὭὲ ὨὶὥὫ

ὔέὶάὥὰ ὰέὥὨ
 

 

 

Figure 10: Retarding forces acting on a braked wheel operating on URW 

 

As can be seen, this coefficient is slightly different from the one used in paved operations, since it 

includes two different contributions: 

¶ Braking friction force contribution, generated as a reaction to the applied braking torque (the one 

normally used in paved operations). 

¶ Terrain contribution, due to displacement of the soil by the wheels, (compression, soil 

displacement drag, etc.). 

Both terms, though highly different in nature, are regarded as a single one for a variety of reasons. The 

most important one is generalization, since this definition is independent of surface characteristics, 

regardless of soil displacement drag or compression contributions. The second is ease of calculation, since 

only a simple horizontal load balance is required. 

 

2.1.2.4.2.5. Key concepts 

Before introducing the described proposal, two very important ideas need to be discussed. The first one is 

the key concept of RCR (Runway Condition Reading). It ƛǎ ŀ ŦŀŎǘƻǊ ǿƘƛŎƘ ŜȄǇǊŜǎǎŜǎ άƘƻǿ ƎƻƻŘέ ŀ ŎŜǊǘŀƛƴ 



Project: 
Reference ID: 
Classification: 

Solutions for runway excursions 
FSS_P3_TR6_D3.11 
Public 

 

TR6 Status: Approved Issue: 2.0 PAGE 36/79 
 
This document is the property of Future Sky Safety and shall not be distributed or reproduced without the formal approval of Coordinator NLR. 
CǳǘǳǊŜ {ƪȅ {ŀŦŜǘȅ Ƙŀǎ ǊŜŎŜƛǾŜŘ ŦǳƴŘƛƴƎ ŦǊƻƳ ǘƘŜ 9¦Ωǎ IƻǊƛȊƻƴ нлнл wŜǎŜŀǊŎƘ ŀƴŘ Innovation Programme, under Grant Agreement No. 640597. 
 

 

         

braking operation is when compared to an analogous operation performed on a paved runway. It can be 

defined as: 

ὙὅὙ  
ὄὶὥὯὭὲὫ ὪὶὭὧὸὭέὲ

ὄὶὥὯὭὲὫ ὪὶὭὧὸὭέὲ
ὼ ςσ 

 

For the sake of simplicity, braking operations are normally characterized in terms of a sƛƴƎƭŜΣ άŜǉǳƛǾŀƭŜƴǘέ 

RCR value. This represents the constant braking friction which would have been necessary in order to 

achieve the same braking distance registered on a certain operation.  

The calculation of this equivalent RCR is performed by means of the application of distance validation 

algorithms. The aim of these calculations is to compare the distance required in a certain braked 

operation with the calculated braking distance which would have been required if a certain constant RCR 

had been applied. The result is a certain difference between the distance actually used in the operation 

and the distance predicted by the model, denoted as ɲdist(operation-model). 

 

Figure 11: Schematic representation of a distance validation calculation 

 

As shown in Figure 11, ɲdist> 0 means that the distance required for braking is higher than predicted by 

the selected RCR (lower safety margin). That is, actual RCR is lower than predicted. On the contrary, if 

ɲdist< 0, the distance required for braking is lower than predicted by the selected RCR, so the actual RCR 

is higher than predicted. In that case the safety margin is increased potentially affecting the operations on 

the runway. 

If this algorithm is repeatedly launched in an iterative fashion, varying RCR according to the ɲdist values 

achieved in each iteration, it is possible to reach the RCR value which matches exactly the distance 

measured in the braking phase of a landing operation. 

 
























































































