
UNCLASSIFIED 

AD 667 1 44 

FACTORS OF SAFETY AND FAIL SAFE STRENGTH CRITERIA 

William J. McNair 

Federal Aviation Agency 
Washington, D.C. 

November 1966 

Processed for... 

DEFENSE DOCUMENTATION CENTER 
DEFENSE SUPPLY AGENCY 

©ILH^[BOKK§[H]©y^[! 
FOR FEDERAL SCIENTIFIC AND TECHNICAL INFORMATION 

U. ». PCPAWTMENT OF COMMERCE / NATIONAL BUREAU OF STANDARDS / INSTITUTE FDR APPLIED TECHNOLOGY 

UNCLASSIFIED 



í> 
iD 
sD 

¿«■t- 

'^j 

FACTORS OF SAFETY AND FAIL SAFE 

STRENGTH CRITERIA 

by 

William J. McNair 

FAA MAINTENANCE SYMPOSIUM 

November 4, 1966 

D D C 
íñypfi^rrjnn n—-, 

APR 9 196S 

JLüÜüÜu U LiL; 

Ü 
SYNOPSIS 

This paper briefly traces the origin and use of the term "fatigue" in 

TacTarTnf aVÎÎ ""J""' Federal Avlati°n ^^ions pertaining 
factors «efety and fail safe strength criteria for fixed wing transport 
craft are briefly reviewed. Emphasis is also focused on the importance of 
adequate maintenance inspection intervals and procedures for aircraft 

civi 1 

to 
air- 

ORIGIN OF "FATIGUE" IN THE REGULATIONS 

Research and study on the phenomenon of fatigue in metals date back several 

'h« ye»" v.nou. theorle. with lnt.rpret.tlon h.ve 

"f»tuúe" áre found ‘ H w ^ f‘eld °f "C.rences to 
fatigue are found in the earliest publications. Early regulatory material 

containing reference to the problem include the following: 

1 ' "J11* for Airplane Designers," which was issued in 1927 by the 
Department of Commerce, stated that care roust be taken to avoid the use 
of standard eyebolts on control systems and surfaces where vibration 
might cause fatigue failure. 

2. In 1934, detailed airworthiness standards were issued by the Department 
of Commerce (in Aeronautics Bulletin No. 7-A) which stated, in part, 
that care shall be taken toward preventing fatigue failures by proper 
material distribution and shape in the detail design of members and 

3. In 1945, airworthiness requirements appeared as Part 04 This 

requirement was reissued by the Civil Aeronautics Board‘as: (1) Part 
03 for small aircraft (now Part 23), and (2) Part 4b (now Part 25) 

for transport aircraft. These provided in part that the design of the 
structure shall avoid points of stress concentration where variable 
stresses above fatigue limits are likely to occur. 

4. In 1954 the predecessor of the FAA, The Civil Aeronautics Administration, 
sponsored a study to develop more specific fatigue criteria for trans¬ 
port aircraft. 
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5. As a result of thi , coordinated study by the industry and gqvernment, 
a new section 4b.270 (now 25.571) titled, "Fatigue Evaluation of the 

ig it Structure," was added in 1956 to the airworthiness standards. 
Since the adoption of this section, there have been revisions to it 
which, in part, provided additional fatigue criteria treating with 
asymmetrical loads and landing gears. 

MULTIPLYING FACTORS OF SAFETY 

Terms of reference related :o factors of safety as discussed below, are 
defined as follows: 

requirements are specified in terms of limit loads and ultimate 
loads. Unless otherwise provided, prescribed loads are limit loads. 

2- Limit load means the maximum load to be expected in service. All loads 
referred to below are limit loads unless specifically indicated as 
ultimate loads. 

3. Ultimate load means the limit load multiplied by the prescribed factors 
of safety. 

n ^Aîth^U8h aircraft are not supposed to undergo greater loads than the specified 
limit loads, a certain amount of reserve strength against structural failure of a 
unit is necessary in the design of any machine or structure. Possibly the most 
important reason for prescribing factors of safety for airplanes is to provide 
for limitations that practically every airplane is subjected to with reference to 
the maximum velocity and maximum acceleration under which it can be flown Since 
these are usually under the control of the pilot, it is possible to exceed slightly 

n emergency conditions the limit loads while preserving a reserve factor of safety 
against failure. Thus, exceeding the limit load should not prove serious from an 

^ÍI?1îne1iafetVtandp0i^t, althou*h lt: mi8ht cause permanent structural deformations 
that would require repair or replacements of units or parts of the structure. 

Certain sections of FAR 25 (reference 1, back page) refer to factors of 
safety as follows : 

1. The section titled, "Factor of Safety" -- states that a safety factor 
of 1.5 must be used, unless otherwise provided. Ultimate load is 
equal to the limit load x 1.5. 

2. Another section states that safety factor of 1.5 must be multiplied by 
other special factors of safety. That is, these multiplying factors 
are required for castings, bearings or fittings, whose strength is 
uncertain, or likely to deteriorate in service before normal replacement 
or where it may be subject to variability because of uncertainties in 
manufacturing methods. 
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FAIL SAFE STRENGTH 

A section of FAR 25 titled "Fail Safe Strength" concerns redundancies and 
states in part that after failure of a single principal structural element, the 
remaining structure must be able to withstand static loads corresponding to 
certain loading conditions. (Single principal structural element is covered in 
later paragraph. ) 

This section further provides, that after failure of a single principal 
structural element, ..ic remaining structure must be able to withatand cruise 
speed loads corresponding to fail safe maneuvering load factors of 2.0 at V^. 
From data, in National Advisory Committee for Aeronautics (NACA)TN3086 (reference 
2, back page) it is brought out that the probability of experiencing a 2g 
maneuvering load in normal operations is remote. This data covering 150,000 
miles at normal operations showed five values in the range between .5g and .6g. 
For combined operational and flight check maneuvers, increment of l.Og is 
indicated once in every 200,000 miles. Data covering 15.2 x 10^ miles for jet 
powered transports, since adoption of the 2.0g fail safe maneuver load, confirms 
these determinations (reference 3, back page). 

The design maneuver load factor is 2.5. Figure 1 refers to maneuver load 
factors. 

FIGURE 1 
MANEUVER LOAD FACTOR, DESIGN AND FAIL SAFE 
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At cruise speed, Vq, the aircraft design is usually significantly influenced 
by design gust. Specific gust velocities at Vc are 50 fps between sea level and 
20,000 feet and reduced linearly to 25 fps at 50,000 feet. However, since the 
incremental maneuver load factor for fail safe design of l.Og is 67 percent of the 
design limit maneuver load factor, the fail safe gust velocity was chosen as 67 
percent of the limit gust velocity (50 fps) or 33 fps. 

At Vp, design speed for maximum gust intensity, the rough air gust velocities 
are 66 fps between sea level and 20,000 feet and reduced linearly to 38 fps at 
50,000 feet. The fail-safe gust for Vg was chosen as 75 percent of design gust 
(66 fps) or 49 fps. 

At Vp, the design dive speed, the gust velocities are 25 fps between sea 
level and 20,000 feet and reduced linearly to 12.5 fps at 50,000 feet. The 
fail safe gust for Vp was chosen as 60 percent of design gust (25 fps) or 15 fps. 
Figure 2 refers to gust velocities. 

FIGURE 2 

GUST VELOCITIES, DESIGN AND FAIL SAFE 

VB „ - 49FPS 

Df$ 
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V, 
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At cruise speed, Vc, the aircraft design is usually significantly influenced 

nnn r SPeCific 8USt velocities at Vc are 50 fps between sea level and 
20,000 feet and reduced linearly to 25 fps at 50,000 feet. However, since the 
incrementa maneuver load factor for fail safe design of 1.Og is 67 percent of the 
design limit maneuver load factor, the fail safe gust velocity was chosen as 67 
percent of the limit gust velocity (50 fps) or 33 fps. 

At VB design speed for maximum gust intensity, the rough air gust velocities 
?nenní bet^en/ea level 20,000 feet and reduced linearly to 38 fps at 

c ^eet\ Tre fail'Safe Bust for VB was chosen as 75 percent of design gust 
(66 fps) or 49 fps. o o 

i«» i ÍVÍn.w518" diVe Speed’ the 8USt are 25 fps between sea 
level and 20,000 feet and reduced linearly to 12.5 fps at 50,000 feet. The 
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Magnitude and frequency of guat accelerations and gust velocities data 
experienced during operations of fWe types of turbine airplanes are reported 
In NACA TN D-1392 (reference 3, see back page) which states, "In general, gust* 
acceleration and gust-velocity histories for the turbine airplanes do not appear 
to be significantly different from the histories recorded in piston-engine 
airplanes. "

It is quite possible that during the lifetioie of an airplane, turbulent 
conditions near storm areas or over mountains or water areas might produce 
air gust velocities slightly greater than that specified in the load requirements, 
thus the factor of safety should insure against failure if such situations arise.

A level of fail safe structural integrity rather than an absolute value 
is represented by the distance mentioned, above, of 200,000 miles (reference 2, 
back page). Since fail safe loads are determined for envelope design conditions 
that set forth critical c.g., critical speed, critical altitude, and critical 
weight distribution, a multiple of this value represents the distance in miles 
which an airplane could safely fly with an initial fatigue failure. This 
current requirement is considered conservative because the probability of 
combining these critical items is remote.

Further, this section on fail safe design criteria stipulates a multiplying 
factor of 15 percent (1.15) unless dynamic effects of failure under static loads 
are considered during test and analysis. The 1.15 factor was provided as an 
additional supporting feature and was Justified by test data at hand from two 
principal manufacturers. A 15 percent increase in the fall safe load would 
provide adequately for dynamic stress increase upon sudden failure of a part 
(reference 4, back page).

A recent amendment to Part 25 titled. "Sonic Fatigue Evaluation," is 
pertinent to this discussion. Amendment 25-10, effective October 10, 1966, 
(reference 6, back page) requires that turbojet-powered transport aircraft 
be evaluated during type certification to show that either: (1) sonic cracks 
are not probable in any part of the flight structure in the event of a sonic 
excitation and (2) catastrophic failure caused by sonic fatigue cracks is not 
probable. The rule prior to this amendsMnt did not adequately cover sonic 
fat'sue problems, providing only for evaluation by analysis without tests and 
for substantiation of a single principal structural element only. Further, that 
rule applied only for low frequency pressure loads whereas sonic excitation 
Involves high frequency load.

GENERAL DISCUSSION ON FATIGUE EVALUATION

CAM 4b, Appendix H, titled "Fatigue Evaluation of a Flight Structure," 
(reference 6) is in use by the Industry. Appendix H will eventually be released 
as an advisory circular. Notwithstanding, the information contained in this 
Appendix is presented merely for guidance purposes and is not mandatory in nature. 
Section IIB of Appendix H, titled "Fall Safe Strength Evaluation," provides 
examples of the principal structural elements and states that such elements 
"are those which contriNite significantly to carrying flight and pressurization 
loads and whose failure could result in a catastrophic failure of the aircraft."
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Is ïhv r<alíric d^lnítÍon of a principal structure elenent is necessary. It 
so t I °sh Íh 'UffÍCÍení: reference to structure be included in this definition 

insplc ions Tl^ snwoUM U WOUld ^ eVldent Up°n n°rmal maintenance 
nTie T, T preclude accumulation of large amounts of flying time 

in a structurally weakened aircraft. cime 

However-6 tblÎ ^rnbî appr°ach t0 fatl«ue valuation is se i f-evident. 
lowever, this problem concerns a complex and controversial area. Design 

new configuration^5 °f [abrication> new approaches to fatigue evaluation and 
new configurations complicate an attempt to standardize the approach Since 
the need is "self-evident" what are you going to do about it? 

INSPECTIONS 

u,« dní!\SUth ííme aS the unif°rm approach mentioned above is discovered 
we should be guided by the following known facts: cuscoveied, 

of fJrtÍOn U; I.°í Appendix H’ titled "Inspection," points out that detection 

I s r g8UefanaLf " °re they beCOme dan8erOUS 18 the U'ttmate -"‘roí ^ insuring fail safe characteristics of the flight structure. 

"builtF1?n"%« lí0"? a/yplCal life of a structure. Early in the lile the 
f,uUS u ^ "tithing trouble," then con,e th, 

random faults, which appear during the major part of the working life and 
finally the faults of "age." TTie figure also shows, at regular IntÍ vais a 
number of vertical lines, the "vertical fault detectors" which reprisant hi 

level^t0115^6failure uIH. faUlt deteCt°rS eXtend ^^ection 

They are, therefore, effective in detecting and stopping all faults 
which have reached, at the time of the inspection, a level of develllLli 

*tm Ltowi„ar!.c:‘r'but they “iu ^ °thers' “h,ch “ - 

levai of development of a Unit et dlecovety depends on three factors: 

a. n,e detection level of the fault detector (Inspection! 

b. The time space between two consecutive inspections 

c. The shape of the fault development curve in this time space. 

Clearly, if the detection level is low AnH tu** , 
is short, then little opportunity Is glv^f“" tÍe fliu oT r“e"n ‘1 
level at discovery If on rh» oM w ^ l f 1 ° devt,loP to a dangerous 
abruptly, there ™; hi 1 hí.Í t.v , r 'î' °f UuIt rises 
fflilnr» i T gh leVel °f fault development at discovery or a failure before any discovery mav lie onssiM» , ^ uiacovery, or a 
combined with low detection levels are th a per 008 inspections, 

m th. development of fl^t. folded ' A'S° rlS'S 
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FIGURE 3 
STRUCTURE INSPECTIONS 

An aircraft ahould ba able to continu. In a condition for saf. „„.ration 

partianv°fallid"' °£ ! n,UlU|>*th faU **fe ««uctur. hav. »holly or 
partially fallad. Notwithstanding, protection against structural fatigue failures 

However^these^methods °‘ ^ •* «tte...“8^ «ch ' ’ 
inZZl: raethods have their limitations, tte cold fact appears to be that 
inspect ons work when we know where to look in the aircraft structure It is 

foreerxamoíenOWn, ^ detection of a fatigue crack without prior knowledge 

n^dirr: occu",n *rivet hoie - ^ 

UÜNCLLIS IONS 

in»p.c“:8uh.:.v^“ib:,e°nyh:1:iur":dft "nx^tiu ‘rt'd“;"o£ 

^."X-^dX™.^101’“"'o£ ,a£- e££lc‘e"£' “r"“£t 
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