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1. PURPOSE. This advisory c i r c u l a r s e t a fo r th background information in 
exp lana t ion of the development of performance curves for l a rge a i r p l a n e s 
used in a i r p o r t planning and des ign . This c i r c u l a r a l s o provides a i r p o r t 
des igners with information on a i r c r a f t performance curves for design 
which w i l l a s s i s t them i n an ob j ec t i ve i n t e r p r e t a t i o n of the da ta used 
for runway length de te rmina t ion . 

2. REFERENCES. The following p u b l i c a t i o n s provide fu r ther guidance and 
t e chn i ca l information as may be r equ i r ed : 

a. Federa l Aviat ion Agency p u b l i c a t i o n t i t l e d "Airpor t Design" dated 
1961 inc luding Supplement No. 1 dated 1962. 

b . "U. S. Standard Atmosphere", 1962, a v a i l a b l e from U. S. Government 
P r i n t i n g Office a t $3.50 per copy. 

c . AC 150/5325-1, "Ai rc ra f t Performance Nomograms", October 10, 1963. 

3* PREFACE. This paper i s prepared as an exp lana t ion in elementary terms 
of a complex t echn ica l sub j ec t . I t i s a compromise between lay 
p r e s e n t a t i o n and advanced t e chn i ca l language. I t may seem too bas ic to 
the exper t and somewhat complicated t o the layman. For the broad 
audience tha t i t i s meant to h e l p , t h i s advisory c i r c u l a r should provide 
background for ready unders tanding of a i r c r a f t performance cu rves . 

4. HOW TO GET THIS I-'UBLICATION. Obtain a d d i t i o n a l copies of t h i s c i r c u l a r 
AC 150/5325-3, "Background Information on the A i r c r a f t Performance Curves 
for Large A i r p l a n e s , " from the Department of T r a n s p o r t a t i o n , D i s t r i b u t i o n 
Un i t , TAD-484.3, Washington, D. C. 20590. 
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CHAPTER 1. INTRODUCTION 

1. APPLICATION. P r i o r t o the development of a i r c r a f t performance c u r v e s , 
runway l eng th requi rements for a i r p o r t development were determined by 
the a i r p o r t s e r v i c e type concept . This concept d ivided a i r p o r t s in the 
system i n t o c a t e g o r i e s ; i . e . , l o c a l , t r u n k , and c o n t i n e n t a l ; spec i fy ing 
a range of runway l eng ths for each a i r p o r t type based upon c e r t a i n 
r equ i rements . These requi rements took i n t o account the r o u t e p a t t e r n 
being flown and t h e type of equipment which f l y those r o u t e s . For 
example, an a i r p o r t c a t ego r i zed " l o c a l " was defined as an a i r p o r t t o 
serve on loca l s e r v i c e r o u t e s providing s e r v i c e in t h e " S h o r t - h a u l " 
ca tegory normally not exceeding 500 m i l e s . With the advent of j e t 
a i r c r a f t , t h i s method produced excess ive i n a c c u r a c i e s I n e s t a b l i s h i n g 
needed runway l e n g t h s and was t h e r e f o r e unaccep t ab l e . The a i r c r a f t 
performance curves a r e the r e s u l t of an endeavor t o develop a method for 
determining p r a c t i c a l runway des ign l eng ths for a i r p o r t s in the Nat ional 
System and, s p e c i f i c a l l y , for F e d e r a l - a i d A i rpo r t Program p a r t i c i p a t i o n . 

2 . SPECIAL STUDY, Local c o n d i t i o n s may d i c t a t e t h e need for s p e c i a l 
cons ide ra t i ons such t h a t t h e use of Agency a i r c r a f t performance curves 
I s not a d v i s a b l e . Runway length de t e rmina t i ons made as a r e s u l t of these 
spec i a l s t u d i e s w i l l agree wi th length de t e rmina t ion made by use of the 
a i r c r a f t performance curves i f t he same b a s i c da ta a r e a p p l i e d . 
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CHAPTER 2. DISCUSSION OP PARAMETERS AFFECTING RUNWAY DESIGN LENGTH 

3. INTRODUCTION. All of the f a c t o r s tha t have a sulist,-tnt i a l e f fec t on 
runway length are considered in the development ol ihe takeoff and 
landing performance curves . All the o ther f a c t o r s , such a s r e l a t i v e 
humidi ty , a re held a t a s e l e c t e d s tandard dur ing f l i g h t t e s t i n g and 
r e q u i r e no fu r the r c o n s i d e r a t i o n . These o ther f ac to r s in r e a l i t y have 
a v a r i a b l e e f f e c t on runway l e n g t h , but t h e i r e f f e c t s a re r e l a t i v e l y 
small and a re t he re fo re d i s r e g a r d e d . The v a r i a b l e f ac to r s a f f e c t i n g 
takeoff runway l eng ths a r e the i n d i v i d u a l a i r p l a n e s , a i r p l a n e con­
f i g u r a t i o n , the atmosphere ( p r e s s u r e - a l t i t u d e and t empe ra tu r e ) , wind, 
takeoff weight , and runway g r a d i e n t . The v a r i a b l e f a c t o r s a f f e c t i n g 
landing runway leng ths a re the a i r p l a n e s cons ide red , a i r p l a n e con­
f i g u r a t i o n , the atmosphere ( p r e s s u r e - a l t i t u d e o n l y ) , wind, and landing 
weight . 

4 THE AIRPLANE. The d i f f e r e n c e s in the c e r t i f i c a t i o n and ope ra t i ona l 
requirements between types of p re sen t day a i r p l a n e s demand independent 
c o n s i d e r a t i o n of the runway length r equ i r ed by each a i r p l a n e . I t 
i s gene ra l ly accepted tha t two d i f f e r e n t types of a i r p l a n e s do not 
n e c e s s a r i l y r e q u i r e the same length of runway, nor does a s i n g l e 
a i r p l a n e type r e q u i r e the same length of runway a t a l l a i r p o r t s . I t 
fo l lows, t h e r e f o r e , t h a t the c r i t i c a l a i r p l a n e type for one a i r p o r t 
need not n e c e s s a r i l y be the c r i t i c a l type for another a i r p o r t . The 
c r i t i c a l a i r p l a n e type , the a i r p l a n e in a family having the g r e a t e s t 
requirement , c o n t r o l s the runway length needed a t the a i r p o r t . This 
runway l eng th , t h e r e f o r e , w i l l s a t i s f y the requirements of a l l the 
a i r p l a n e s t h a t the a i r p o r t i s in tended to s e r v e . Both the landing and 
takeoff runway length requirements must be cons idered in order to 
determine which i s g r e a t e r . 

a. Modi f ica t ions . Optional modi f i ca t ions or equipment i n s t a l l a t i o n s 
incorpora ted in a i r p l a n e s have an e f f e c t on any s p e c i f i c a i r p l a n e 
performance and may a f f e c t i t s runway length requ i rements . F l i gh t 
t e s t da ta and a i r l i n e o p e r a t i o n a l da ta for a l l probable combina­
t i o n s of a i r p l a n e modi f i ca t ions must be cons idered in the develop­
ment of the a i r c r a f t performance cu rves . 

b . S e l e c t i o n of Design A i r c r a f t . Each a i r p o r t des ign i s r e l a t e d to 
a s e l e c t e d a i r c r a f t . 

(1) The p r e p a r a t i o n of i nd iv idua l a i r c r a f t performance curves 
for e x i s t i n g a i r p l a n e s n e c e s s i t a t e s an a n a l y s i s of the 
modi f ica t ions mentioned above. In a d d i t i o n , a review i s 
r equ i red of the numbers of these a i r p l a n e s a c t i v e in the 
c i v i l f l e e t , the amount of hours flown in a given pe r iod , 
and the rou te segments flown which c o n s t i t u t e s the a c t i v i t y 
in the c i v i l f l ee t* This procedure usua l ly i d e n t i f i e s as 
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c r i t i c a l one a i r p l a n e of a s e r i e s which would r e q u i r e d e t a i l e d 
computation of performance for des ign purposes . In some 
i n s t a n c e s , i t becomes necessary to combine c h a r a c t e r i s t i c s 
of a i r p l a n e s in a s e r i e s throughout the range of f ac to r s con­
s ide red to e s t a b l i s h composite c r i t i c a l performance c r i t e r i a . 

(2) For the new t u r b o j e t a i r p l a n e s , such as Boeing 707, Douglas 
DC-8, and Convair 880, a p ro jec t ed a n a l y s i s i s used based on 
the number of a i r p l a n e s ordered and t h e i r a n t i c i p a t e d modi­
f i c a t i o n s and o p e r a t i o n a l d a t a . The runway length requi rements 
for a i r p o r t development can then be determined by the use of 
one s e t of performance curves for a s e r i e s d e p i c t i n g the over­
a l l c r i t i c a l requirements of tha t s e r i e s . 

5« AIRPLANE CONFIGURATION. Airplane con f igu ra t i on r e f e r s to the p o s i t i o n 
of the var ious elements of the a i r p l a n e a f f e c t i n g i t s aerodynamic 
c h a r a c t e r i s t i c s . 

a. Wing f l aps a re the most common element of the a i r p l a n e which a f f e c t 
aero'lynamics. Within the t o t a l range of the v a r i a b l e f a c t o r s con­
s ide red for landing and takeoff , the p i l o t may ad jus t the a i r p l a n e ' s 
con f igu ra t i on wi th in o p e r a t i o n a l l i m i t s to conform to the r e q u i r e ­
ments for c e r t a i n c o n d i t i o n s . In the development of performance 
c u r v e s , da ta for the con f igu ra t ion normally used in conjunct ion 
with other f a c t o r s a re a p p l i e d . For example, the DC-8-40 Jiay be 
taken off with the wing f laps pos i t i oned a t e i t h e r 25 degrees or 
15 deg rees . With wing f l aps pos i t i oned a t 25 d e c r e e s , t h i s a i r ­
p lane r e q u i r e s l e s s runway and has a f l a t t e r cl imb c a p a b i l i t y 
than with i t s wing f l aps a t 15 degrees . 

b. I t must be recognized tha t a i r p l a n e performance v a r i e s with the 
combinations of cond i t ions a t the time of takeoff or l and ing . 
The DC-8-40 has a r e l a t i v e l y sho r t runway length requirement and 
a good climb c a p a b i l i t y under the i d e a l cond i t i ons of low p r e s s u r e -
a l t i t u d e , low tempera ture , and l i g h t weight . Under these condi t ions , 
use of the 25-degree f l ap s e t t i n g i s advantageous. However, runway 
length requirements Inc rease and climb c a p a b i l i t y sharply dec reases 
under cond i t ions of high p r e s s u r e - a l t i t u d e , high tempera ture , and 
maximum weight . Under these c o n d i t i o n s , the t o t a l takeoff segment 
of f l i g h t i s bes t a t t a i n e d us ing 15 degrees of f l a p s . 

c . The performance curves developed for use in a i r p o r t des ign inco r ­
po ra t e both conf igu ra t ions over the expected range of v a r i a b l e s . 
Cons idera t ion of t h i s conf igu ra t ion change c r e a t e s a balance In 
design requirements r e s u l t i n g in a maximum u t i l i t y of the a i r p o r t 
f a c i l i t i e s to be provided . 
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6. THE ATMOSPHERE. The atmosphere p lays a very important par t in runway 
length des ign . The atmosphere i s a r e l a t e d combination ot the v a r i a b l e 
f a c t o r s ot p r e s s u r e , t empera tu re , and d e n s i t y . 

a . V a r i a t i o n s I n Pressure and Temperature. I t i s a mat ter of common 
knowledge t h a t both atmospheric p ressure and temperature at sea 
l eve l vary from time to time a t any »iven place as well as from 
place t o p lace at a given t ime . In numerous l o c a t i o n s in the 
United S t a t e s , the p res su re may vary over a range of 70 or more 
pounds per square foot and the temperature may vary over 100 or 
more degrees Fahrenhei t dur ing the course of a y e a r . Both pressure 
and temperature changes occur wi th changes in a l t i t u d e . For 
example, with an increase in a l t i t u d e the r a t e of temperature change 
may vary from an inc rease o£ one or two degrees Fahrenhei t t o a 
decrease of f ive or s ix degrees Fahrenhei t per thousand t ee t of 
a l t i t u d e change. F i n a l l y , i t i s d i f f i c u l t t o p r e d i c t or forecast 
what these va lues of p ressure and temperature w i l l be for more than 
a few hours in advance of the time of making the f o r e c a s t . 

b . The Standard Atmosphere. P r a c t i c a l cons ide ra t i ons ot the 
atmosphere for many purposes , such a s the design and t e s t i n g of a i r ­
c r a f t , need to be represen ted in average d e f i n i t e terms which can be 
used a s a b a s i s of r e f e r e n c e . Such a r e p r e s e n t a t i o n i s termed a 
s tandard atmosphere; i t aims a t speci fy ing the average v a r i a t i o n of 
tempera ture wi th e l e v a t i o n from which the corresponding v a r i a t i o n s 
of p res su re and dens i ty can a l s o be given. To p re sc r ibe a standard 
atmosphere which s imula tes the average d i s t r i b u t i o n in the middle 
l a t i t u d e s from sea l eve l up t o t h e middle s t r a t o s p h e r e , i t i s neces-
sary t o r e s o r t t o an approximation which may be considered 
i n v a r i a b l e . The approximation by common agreement, almost 
u n i v e r s a l l y used, i s c a l l e d "The Standard Atmosphere". 

(1) The s tandard atmosphere i s def ined in terms of an idea l a i r 
assumed t o be devoid of mois ture and dust and obeying the 
pe r fec t gas law. I t i s based upon accepted s tandard values of 
the s e a - l e v e l a i r tempera ture and p r e s s u r e . These values are 
14.7 pounds per square inch p res su re and 59 degrees Fahrenheit 
t empera tu re . In t h i s s tandard atmosphere, temperature i s con­
s idered t o decrease uniformly with a l t i t u d e a t the r a t e of 
3.566 degrees Fahrenhei t per thousand feet of a l t i t u d e up to 
36,000 f e e t . 

(2) The s tandard atmosphere i s o r d i n a r i l y presented in the form 
of a t a b l e showing for v a r i o u s a l t i t u d e s the corresponding 
p r e s s u r e , t empera tu re , and d e n s i t y . This t a b l e i s found in 
"U. S. Standard Atmosphere", 1962. Also included with t h i s 
t a b l e i s background information inc luding a b r i e f h i s t o r i c a l 
s tatement and b a s i s for the t a b l e s as wel l as the bas i c 
assumpt ions , formulas, and der ived q u a n t i t i e s . 

Chap 2 Par 6 



Page 6 AC 150/5325-3 
1/26/65 

c * A l l l t u d e . Gene ra l l y , as height above sea level I n c r e a s e s , the a i r 
p ressure and dens i ty become l e s s . The consequence of these f a c t o r s 
upon a i r p l a n e ope ra t ions i s a loss of l i f t for a given t r u e a i r ­
speed, a loss of horsepower for unsupercharged eng ines , and a 
reduc t ion of p r o p e l l e r e fF ic iency . The combined r e s u l t of these 
losses i s tha t i t t akes longer to obta in the forward speed necessary 
to produce the requ i red U f t - - t h u s , the takeoff runway for a r.iven 
a i r c r a f t becomes p rogress ive ly longer as i t i s operated from a i r ­
po r t s of h igher and higher e l e v a t i o n s . S i m i l a r l y , a t h igher 
a l t i t u d e s , landing speeds a re g r e a t e r , and l e s s dense a i r reduces 
the drag a v a i l a b l e to a s s i s t in reducing the landing r o l l . 
Allowances must be made for these longer takeoff and landing 
d i s t a n c e s in des igning runway l e n g t h s . To make these a l lowances , a 
r e l a t i o n s h i p of the a l t i t u d e at an a i r p o r t t o a sea level e l e v a t i o n 
i s necessa ry . This i s done by de t e rminJ i y one of two a l t i t u d e s , 
pressure a l t i t u d e or densi ty a l t i t u d e , alon;- with the t empera ture . 

(1) Pressure a l t i t u d e i s tha t a l t i t u d e above sea leve l at which a 
given p res su re occurs in the s tandard atmosphere. At any 
given loca t ion i t i s the height indica ted on an a l t i m e t e r 
when the instrument i s set to read 29.92 inches of mercury. 

(2) Densi ty a l t i t u d e i s tha t a l t i t u d e in the s tandard atmosphere 
t o which the a c t u a l dens i ty cor responds . I t can be 
approximated by co r r ec t i ng p res su re a l t i t u d e for nonstandard 
tempera tures which may e x i s t . 

Of these two, pressure a l t i t u d e i s the one of concern to a i r ­
port de s igne r s s ince i t i s used by p i l o t s when r e f e r r i n g t o 
a i r c r a f t performance curves to compute takeoff and landing 
d i s t a n c e s . These curves a re p l o t t e d using varying p ressure 
a l t i t u d e s and varying tempera tures . This same ma te r i a l i s 
presented in the nomograms contained in the Airpor t Design 
manual. However, s ince mean maximum pressure a l t i t u d e 
information i s not usua l ly a v a i l a b l e for a p a r t i c u l a r l o c a l e , 
a one t o one conversion f ac to r i s considered t o e x i s t between 
an a i r p o r t ' s p ressure a l t i t u d e and e l eva t ion , and the p res su re 
l i n e s on the nomograms are labeled as a i r p o r t e l e v a t i o n . This 
s u b s t i t u t i o n i s warranted s ince the l ike l ihood of s imultaneous 
occurence ot both maximum pressure a l t i t u d e and mean maximum 
temperature i s very s l i g h t , the app l i ca t i on of both maximums 
t o the curves would r e s u l t in runway length de te rmina t ions in 
excess ot actu.nl requi rements , and temperature a c c o u n t a b i l i t y 
i s provided in the nomograms. 
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d. Temperature. The performance of an a i r p l a n e depends on severa l 
f a c to r s among which temperature i s Important . At n v.iven p r e s s u r e , 
high temperature r e s u l t s in lower dens i ty and s o han an adverse 
e f fec t on both piston-en,^!ncd and jet fllrcrall; t h i s cl lec t i s 
u sua l ly g r e a t e s t when t ak ing off e s p e c i a l l y lor je t a i r c r a f t , but i t 
should a l s o be considered a t o the r s t a g e s ol o p e r a t i o n . The 
e f f i c i ency of a j e t engine depends in part on the d i f f e r e n c e between 
the ou t s i de a i r temperature and the maximum temperature a t t a i n a b l e 
in the combustion chamber. As ou t s i de temperature i nc rea se s above a 
c e r t a i n value depending on the a l t i t u d e , both en.'-ine e f f i c i ency and 
a i r c r a t t t r u e a i r speed a re decreased (o ther th ings be in;- equal) and, 
t h e r e f o r e , the a i r c r a l t ' s performance i s reduced. 

7 , WIND. The a i r p o r t must be designed to accommodate a i r p l a n e opera t ions 
under most normal wind c o n d i t i o n s . 

a. A t a l lw ind on one runway i s a headwind on a runway with a r ec ip roca l 
heading. Rvinway leng ths inc rease with t a l l w i n d , so when usinj; the 
b i d i r e c t i o n a l runway concept ; 1 . e . , t h e o r e t i c a l l y u t i l i z i n g a head­
wind for a l l cond i t ions in e s t a b l i s h i n g runway l e n g t h , the zero-wind 
condi t ion i s c r i t i c a l for l and ing . This r e q u i r e s , however, a change 
in o p e r a t i o n a l d i r e c t i o n on t h a t runway each time the wind changes 
d i r e c t i o n and does not provide adequate length for the p r e f e r e n t i a l 
runway concept in use a t many busy a i r p o r t s where t a l lw ind operations 
a re conducted. The problem i s fu r the r compounded by the fact that 
winds up t o f ive knots a re r epor t ed as "calm". For these r ea sons , 
landing a i r c r a f t performance curves a r e based on a f ive-knot tailwind 
t o recognize the f l e x i b i l i t y r equ i red in a i r p l a n e landing ope ra t ions . 

b . The takeoff a i r c r a f t performance cu rves , however, a r e developed 
for zero wind. The c r i t i c a l wind condi t ion for takeoff i s 
dependent upon the o ther f a c t o r s a f f e c t i n g t h e runway length 
requi rements for takeoff ( see Paragraph 9 ) . To e s t a b l i s h the 
r e l a t i o n between a c r i t i c a l wind and the o ther f a c t o r s would 
have n e c e s s i t a t e d a procedure too complex for the in t roduc t ion of 
a i r c r a f t performance curves in planning and des ign . I t was 
the re fo re deemed app rop r i a t e t o hold t h i s v a r i a b l e a t a cons tant 
zero v e l o c i t y . 

^* WEIGHT. The heav ie r the a i r p l a n e ' s we igh t , the longer a re i t s runway 
length r equ i r emen t s . When the weight of an a i r p l a n e i s i nc r ea sed , the 
wing load and power r equ i red w i l l have t o be inc reased . This may be 
accomplished by e i t h e r a l a rge r angle of a t t a c k o r , if t he same ann,le 
of a t t a ck i s mainta ined, by an inc rease in speed. At any one angle of 
a t t a c k , v e l o c i t y (V) v a r i e s as the square root ot the weight and the 
required power as the cube ol the square root ot the weight . Also, the 
maximum l i f t c o e f f i c i e n t and wing area remain cons tant in t o d a y ' s fixed 
wing a i r c r a f t , and the landing speeds vary as the square roo t ol the 
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weight . Landing speeds increase with high win}; 1o.ndin>-(, so do takeoff 
speeds; t he re fo re* according to the laws ot a c c e l e r a t i o n / d e c e l e r a t i o n , 
t ne length of run or r o l l needed to a t t a i n such speeds or diminish to 
zero I s inc reased . 

a . Landing Weights. Airplanes a re landed with weights up to the 
maximum landing weights which t a l l in to one ot t n r e e t ypes . 

S t r u c t u r a 1 . Maximum landing weights based on s t r u c t u r a l 
l i m i t a t i o n s a r e constant r ega rd l e s s of p r e s s u r e - a l t i t u d e , 
t empera tu re , runway l eng th , and wind. 

i'l) CIimb. Maximum landing weights based on climb l i m i t a t i o n s 
vary w i t h : 

(a) P r e s s u r e - a l t i t u d e tor nonturbine-powered a i r p l a n e s . 

(b) P r e s s u r e - a l t i t u d e and temperature for turbine-powered 
a i r p l a n e s . An increase in p r e s s u r e - a l t i t u d e and/or 
temperature decreases the maximum landing weight . 

(3) Runway Length. Maximum landing weight based on a runway length 
l i m i t a t i o n r e s u l t s trotn a previous design for runways developed 
to accommodate a i r p l a n e s with l e s s e r takeoff and landing length 
requ i rements . The need to use a l i g h t e r weight than the xaxi-, 
mum s t r u c t u r a l or climb landing weight shown on the curves to 
f i t t he e x i s t i n g runway length wi l l au tomat i ca l ly produce a 
l i m i t a t i o n on the new c r i t i c a l a i r p l a n e . 

b . Takeoff Weights . Airplanes a re taken off a t weights up to the 
maximum takeoff weight which f a l l s in to one of s ix types . 

(1) S t r u c t u r a l . Maximum takeoff weights based on s t r u c t u r a l 
l i m i t a t i o n s are constant r e g a r d l e s s of p r e s s u r e - a l t i t u d e , 
t empera ture , wind, runway leng th , and runway g r a d i e n t . 

( 2 ) C1imb. Maximum takeoff weights based on climb l i m i t a t i o n s 
vary wi th : 

(a) P r e s s u r e - a l t i t u d e t o r nonturMne-powered a i r p l a n e s . 

(b) P r e s s u r e - a l t i t u d e and a i r p o r t temperature for t u r b i n e -
powered a i r p l a n e s . An increase in p r e s s u r e - a l t i t u d e 
and /or temperature decreases takeoff weight . 
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Ci) T i r e S p e e d . Maximum t a k e o T f w e i g h t s b a s e d on t i r e s p e e d 
l i m i t a t i o n s v a r y w i t h p r e s s u r e - a l t i t u d e , t e m p e r a t u r e , and 
t a i l w i n d . An i n c r e a s e in any ot t h e s e ( ' a c t o r s or i n com­
b i n a t i o n d e c r e a s e s maximum t a k e o f f w e i j - h i . 

( 4 ) Maximum Landing W e i g h t . Maximum t r i k e o l l w e i g h t s b a s e d on 
maximum l a n d i n g w e i g h t p l u s f u e l consumed t o ; e i l o t h e 
a i r p o r t of d e s t i n a t i o n v a r y w i t h t h e sum of t h e s e w e i g h t s . 
In t h e d e v e l o p m e n t o f t h e c u r v e s , o n l y t h e maximum s t r u c t u r a l 
l a n d i n g w e i g h t w a s u s e d . 

( 5 ) O b s t a c l e C l e a r a n c e . Maximum t a k e o f r w e i g h t s b a s e d on 
o b s t a c l e c l e a r a n c e l i m i t a t i o n s a r e d e p e n d e n t on t h e l o c a t i o n 
and h e i g h t o f o b s t a c l e s i n t h e v i c i n i t y o f runway e n d s . In 
t h e d e v e l o p m e n t of t h e c u r v e s , i t was a s sumed t h a t a l l 
o b s t a c l e s t h a t w e r e a d v e r s e t o a i r p l a n e o p e r a t i o n s w o u l d n o t 
e x i s t o r wou ld be r e m o v e d . 

( 6 ) Runway L e n g t h . Maximum t a k e o f f w e i g h t s b a s e d on runway l e n g t h 
l i m i t a t i o n s a r e a r e s u l t o f o p e r a t i n g a i r p l a n e s from r u n w a y s 
t h a t w e r e d e v e l o p e d t o a c c o m m o d a t e a i r p l a n e s w i t h l e s s e r 
runway l e n g t h r e q u i r e m e n t s o r w h e r e t h e runway l e n g t h was 
b u i l t on t h e b a s i s o f t a k e o f f w e i g h t s f o r t h e a i r p l a n e in 
q u e s t i o n e q u a l t o t h e sum of t h e f o l l o w i n g : 

( a ) A i r c r a f t ' s z e r o f u e l w e i g h t . 

( b ) W e i g h t o f f u e l r e q u i r e d t o f l y t o a i r p o r t o f d e s t i n a t i o n . 

( c ) W e i g h t o f f u e l r e s e r v e r e q u i r e d f o r one h o u r and lr> 
m i n u t e s o f f l y i n g t i m e . 

9 . RUNWAY GRADIENT. Runway g r a d i e n t i s n o r m a l l y r e f e r r e d t o a s runway s l o p e 
and f o r p u r p o s e s o f a i r c r a f t p e r f o r m a n c e s h o u l d n o t be c o n f u s e d w i t h 
e f f e c t i v e runway g r a d i e n t , w h i c h i s t h e maximum d i f f e r e n c e i n runway 
c e n t e r l i n e e l e v a t i o n d i v i d e d by t h e runway l e n g t h . Runway s l o p e i s f o r 
a l l p r a c t i c a l p u r p o s e s e q u a l t o t h e d i f f e r e n c e i n t h e runway end 
e l e v a t i o n s d i v i d e d by t h e l e n g t h o f r u n w a y . An u p h i l l s l o p e i n c r e a s e s 
t h e l e n g t h o f runway r e q u i r e d f o r t a k e o f f . T h i s f a c t o r i s h e l d c o n s t a n t 
a t z e r o g r a d i e n t i n t h e a i r c r a f t p e r f o r m a n c e nomograms and a c c o u n t a b i l i t y 
f o r runway g r a d i e n t s o t h e r t h a n z e r o w a s p r o v i d e d f o r by t h e e s t a b l i s h e d 
e f f e c t i v e runway g r a d i e n t p r o c e d u r e . The e x i s t i n g p r o c e d u r e h a s b e e n 
r e t a i n e d f o r s i m p l i c i t y o f a p p l i c a t i o n and u n d e r s t a n d i n g . A c h a n g e t o 
t h i s p r o c e d u r e w a s u n j u s t i f i e d b e c a u s e o f t h e i n s i g n i f i c a n t d i s c r e p a n c i e s 
in t h e end r e s u l t of runway l e n g t h i n c r e a s e . 
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Note: 
Except for re fe rence l e t t e r s keyed t o t e x t t h i s example a i r c r a f t performance 
curve i s i d e n t i c a l in format t o e x i s t i n g a i r c r a f t performance cu rves . 

FIGURE 1 AIRCRAFT PERFORMANCE C U R V E , LANDING ( E X A M P L E ) 
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CHAPTER 3. TECHNIQUE OF DEVELOPMENT Ol- LANDING I'lvHKORMANCK CURVKS 

10. INTRODUCTION. Runway length requirements based on Federal Aviat ion 
Regula t ions were incorpora ted in the a i r c r a f t performance cu rves . 
Much of the da ta used in the development of the landing performance 
curves i s from a i r p l a n e f l i g h t manuals. These curves (see Figure 1) are 
composed of one graph for each r e p r e s e n t a t i v e a i r p l a n e . 

11. THE GRAPH. 

a. Abscissa a x i s ( see Figure 1, r e fe rence "A") r e p r e s e n t s the landing 
weight s c a l e . 

b . Ordinate a x i s ( see Figure 1, r e fe rence "B") r e p r e s e n t s the runway 
length s c a l e . 

c . The l i n e s marked with a i r p o r t e l e v a t i o n (see Figure I , re ference 
"C") presen t the r e l a t i o n s h i p of runway length to landing weight 
for the a i r p l a n e conf igura t ion s e l e c t e d , f ive knot t a i l w i n d , and 
the p r e s s u r e - a l t i t u d e equal t o the a i r p o r t e l e v a t i o n dep ic t ed . 
Any v e r t i c a l break in these l i n e s i s due t o a change in a i r p l a n e 
conf igura t ion under cond i t ions where such a change i s normal. 

d. The heavy v e r t i c a l l i n e over (MAX) ( see Figure 1, r e fe rence "D") 
r e p r e s e n t s the maximum s t r u c t u r a l landing weight . 

e . Dashed l i m i t a t i o n l i n e s marked with maximum landing weight (see 
Figure 1, r e f e r ence "E") r ep re sen t the maximum weight for r i s s c ^ 
approach climb a t s tandard temperature for nonturbine-power*:'; 
a i r p l a n e s and an a r b i t r a r y lower temperature for turbine-powered 
a i r p l a n e s . This lower temperature e l imina ted the landing runway 
length l i m i t a t i o n for g r e a t e r spans of temperature down to the 
l i m i t s used. I t a l s o reduced the amount of r e s t r i c t i o n imposed by 
t h i s l imi t for temperature below t h a t s e l e c t e d . 
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CHAPTER 4 . TW'IIN IQUK OK |>KVKMPMKNT OK TAKKOKK IT.KKOKMANCK OlIUVKS 

1 2 . INTRODUCTION. Runway length requirements based on F e d e r a l Aviat ion 
Regulat ions were incorporated in the a i r c r a f t performance cu rves . The 
data used in the development of the takeoff performance curves come from 
a i r p l a n e f l i g h t manuals and from Schedule T - 3 , "Quar te r ly Statement of 
A i r c ra f t Operat ing S t a t i s t i c s " , which a rc on f i l e a t the C iv i l 
Aeronaut ics Board. These curves (see Figure 2 ) a r e composed of two 
graphs and one bar c h a r t for each a i r p l a n e . 

IT. LEFT GRAPH. 

a. Abscissa a x i s ( see Figure 2, r e fe rence "F") r e p r e s e n t s the a i r p o r t 
temperature s c a l e . 

b . Ordinate a x i s ( s ee Figure 2, r e fe rence "C") r e p r e s e n t s the runway 
length s c a l e . 

c . The l i n e s marked with a i r p o r t e l e v a t i o n , p r e s s u r e - a l t i t u d e equal to 
the n i r p o r t e l e v a t i o n d e p i c t e d , (sec Figure 2 , r e fe rence "H") p re ­
sent the r e l a t i o n s h i p of runway length t o a i r p o r t temperature for 
the a i r p l a n e conf igu ra t ion s e l e c t e d , zero wind, zero runway g r a d i e n t , 
and the takeoff weight represen ted by the heavy v e r t i c a l RL line-
shown on the r igh t -hand graph ( see Figure 2 , re ference " J " ) . The 
break in t h i s curve i s due t o a change in a i r p l a n e con f igu ra t ion . 

d. The unmarked l i n e on t h i s graph ( see Figure 2, re ference "K") i s 
the s tandard a l t i t u d e l i n e which d e p i c t s the s tandard temperature 
for each a l t i t u d e . The information furnished by t h i s l i ne i s not 
requi red for the de te rmina t ion of runway l e n g t h , 

14. RIGHT GRAPH. 

a . Abscissa a x i s ( see Figure 2, r e fe rence "L") r e p r e s e n t s the takeoff 
weight s c a l e . 

b . Ordinate a x i s ( see Figure 2 , r e fe rence "G") r e p r e s e n t s the runway 
length s c a l e . 

c . The unmarked l i n e s (see Figure 2, r e f e rence "M") represen t the 
r e l a t i o n s h i p of runway length to takeoff weight for a cons tant 
a i r p o r t t empera ture and p r e s s u r e - a l t i t u d e , a i r p l a n e con f igu ra t i on , 
zero wind, and zero runway g r a d i e n t . Note: To find the i n f i n i t e 
number of combinations of cons tan t a i r p o r t temperature and 
p r e s s u r e - a l t i t u d e represented by these l i n e s , take the runway 
length represen ted by the i n t e r s e c t i o n of these l i n e s with the heavy 
v e r t i c a l RL l i n e (see Figure 2 , r e fe rence " J " ) and find the tempera­
tu re and p r e s s u r e - a l t i t u d e combinations from the graph on the l e f t 
tha t w i l l give t h i s runway l eng th . The break in these l i n e s i s due 
to a change in a i r p l a n e takeoff c o n f i g u r a t i o n . 
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d. The heavy v e r t i c a l l i n e over (MAX) ( see Figure 2 , r e f e rence "N") 
r e p r e s e n t s the maximum s t r u c t u r a l takeoff weight . 

e . The dashed l i m i t a t i o n l i n e s marked with a i r p o r t e l e v a t i o n (see 
Figure 2 , re ference "P") r ep re sen t the l e s s e r of the following? 

(1) TS0-N6b l i m i t a t i o n for I n t e r c o n t i n e n t a l Air C a r r i e r Service 
(10,500-foot runway length increased for a i r p o r t e l eva t ion 
above mean sea l e v e l a t the r a t e of seven percent for each 
one thousand f e e t ) . 

(2) Maximum takeoff weight due to climb l i m i t a t i o n s . 

(3) Maximum takeoff weight due to t i r e speed l i m i t a t i o n s . 

15. BAR CHART. 

a. Scale re ference "Q", Figure 2, r e p r e s e n t s t h e d i s t a n c e ( l eng th of 
h a u l ) . 

b . Scale reference "L", Figure 2 , r e p r e s e n t s the takeoff weight t h a t 
corresponds to the l e s s e r of (1) or ( 2 ) . 

(1) The a i r c r a f t ' s zero fuel weight , p lus the weight of fuel 
required to f ly t o the a i r p o r t of d e s t i n a t i o n , p lus the weight 
of fuel r e s e rve requi red for one hour 15 minutes of f ly ing 
t ime . 

(2) The a i r p l a n e ' s maximum s t r u c t u r a l landing weight plus the 
weight of fuel r equ i red to f ly to the a i r p o r t of d e s t i n a t i o n . 
The a i r p l a n e ' s fuel consumption i s based on an average 
r e p r e s e n t a t i v e consumption r a t e obtained from da ta on Schedule 
T-3 , "Quar ter ly Statement of A i r c r a f t Operat ing S t a t i s t i c s " . 

16. EFFECTIVE RUNWAY GRADIENT. The runway length obtained from the graph 
on the r i g h t must be , in the event of runway g r a d i e n t , increased a t the 
r a t e of twenty percent for each one percent of e f f e c t i v e runway g rad ien t 
to obta in the requi red length for takeoff . 
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AIRPORTS 

S U B J E C T Z BACKGROUND INFORMATION ON THE AIRCRAFT 
PERFORMANCE CURVES FOR LARGE AIRPLANES 

1 . PURPOSE. This advisory c i r c u l a r s e t s fo r th background information in 
exp lana t ion of the development of performance curves for l a r g e a i r p l a n e s 
used in a i r p o r t p lann ing and d e s i g n . This c i r c u l a r a l s o provides a i r p o r t 
des igne r s with informat ion on a i r c r a f t performance curves for des ign 
which w i l l a s s i s t them i n an o b j e c t i v e i n t e r p r e t a t i o n of the da t a used 
for runway leng th de t e rmina t i on . 

2. REFERENCES. The following p u b l i c a t i o n s p rov ide fu r the r guidance and 
t e c h n i c a l informat ion as may be r e q u i r e d : 

a . Federa l Avia t ion Agency p u b l i c a t i o n t i t l e d "Airpor t Design" dated 
1961 inc lud ing Supplement No. 1 dated 1962. 

b . "U. S. Standard Atmosphere", 1962, a v a i l a b l e from U. S. Government 
P r i n t i n g Office a t $3.50 per copy. 

c . AC 150/5325-1 , "A i r c r a f t Performance Nomograms", October 10, 1963. 

3 . PREFACE. This paper i s prepared as an exp l ana t i on i n elementary terms 
of a complex t e c h n i c a l s u b j e c t . I t i s a compromise between lay 
p r e s e n t a t i o n and advanced t e c h n i c a l language. I t may seem too bas ic to 
the exper t and somewhat complicated t o the layman. For the broad 
audience t h a t i t i s meant to h e l p , t h i s advisory c i r c u l a r should provide 
background for ready unders tanding of a i r c r a f t performance cu rves . 

4 . HOW TO GET THIS PUBLICATION. Obtain a d d i t i o n a l copies of t h i s c i r c u l a r 
AC 150/5325-3, "Background Informat ion on the A i r c r a f t Performance Curves 
for Large A i r p l a n e s , " from the Department of T r a n s p o r t a t i o n , D i s t r i b u t i o n 
U n i t , TAD-484,3, Washington, D. C. 20590, 
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Page 1 (and 2) 

CHAPTER 1. INTRODUCTION 

1. APPLICATION. P r i o r t o the development of a i r c r a f t performance c u r v e s , 
runway length requ i rements for a i r p o r t development were determined by 
the a i r p o r t s e r v i c e type concept . This concept d ivided a i r p o r t s in the 
system i n t o c a t e g o r i e s ; i . e . , l o c a l , t r u n k , and c o n t i n e n t a l ; spec i fy ing 
a range of runway l e n g t h s for each a i r p o r t type based upon c e r t a i n 
r equ i r emen t s . These requi rements took i n t o account the r o u t e p a t t e r n 
being flown and t h e type of equipment which f l y those r o u t e s . For 
example, an a i r p o r t c a t e g o r i z e d " l o c a l " was def ined as an a i r p o r t t o 
serve on l o c a l s e r v i c e r o u t e s providing s e r v i c e in t h e " S h o r t - h a u l " 
ca tegory normally not exceeding 500 m i l e s . With the advent of j e t 
a i r c r a f t , t h i s method produced excess ive i n a c c u r a c i e s in e s t a b l i s h i n g 
needed runway l eng ths and was t h e r e f o r e unaccep t ab l e . The a i r c r a f t 
performance curves a r e the r e s u l t of an endeavor to develop a method for 
determining p r a c t i c a l runway design l eng ths for a i r p o r t s in the Nat ional 
System and, s p e c i f i c a l l y , for F e d e r a l - a i d A i rpo r t Program p a r t i c i p a t i o n . 

2 . SPECIAL STUDY. Local cond i t i ons may d i c t a t e the need for spec i a l 
c o n s i d e r a t i o n s such t h a t t he use of Agency a i r c r a f t performance curves 
i s not a d v i s a b l e . Runway length de t e rmina t i ons made as a r e s u l t of t he se 
s p e c i a l s t u d i e s w i l l agree wi th length de t e rmina t ion made by use of the 
a i r c r a f t performance curves i f the same b a s i c da ta a r e a p p l i e d . 
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CHAPTER 2. DISCUSSION OF PARAMETERS AFFECTING RUNWAY DESIGN LENGTH 

3 . INTRODUCTION. All of the f a c t o r s t h a t have a s u b s t a n t i a l e f f e c t on 
runway length a re cons idered In the development of the takeoff and 
landing performance c u r v e s . All the o the r f a c t o r s , such as r e l a t i v e 
humidi ty , a re he ld a t a s e l e c t e d s tandard dur ing f l i g h t t e s t i n g and 
r e q u i r e no f u r t h e r c o n s i d e r a t i o n . These o ther f a c t o r s in r e a l i t y have 
a v a r i a b l e e f f e c t on runway l e n g t h , but t h e i r e f f e c t s a r e r e l a t i v e l y 
small and a re t h e r e f o r e d i s r e g a r d e d . The v a r i a b l e f a c t o r s a f f e c t i n g 
takeoff runway l eng ths a r e the i n d i v i d u a l a i r p l a n e s , a i r p l a n e con­
f i g u r a t i o n , the atmosphere ( p r e s s u r e - a l t i t u d e and t empe ra tu r e ) , wind, 
takeoff weight , and runway g r a d i e n t . The v a r i a b l e f a c t o r s a f f e c t i n g 
landing runway l eng ths a re the a i r p l a n e s cons ide red , a i r p l a n e con­
f i g u r a t i o n , the atmosphere ( p r e s s u r e - a l t i t u d e o n l y ) , wind, and landing 
weight . 

4 . THE AIRPLANE. The d i f f e r e n c e s in the c e r t i f i c a t i o n and o p e r a t i o n a l 
requi rements between types of p r e s e n t day a i r p l a n e s demand independent 
c o n s i d e r a t i o n of the runway length r e q u i r e d by each a i r p l a n e . I t 
i s gene ra l ly accepted t h a t two d i f f e r e n t types of a i r p l a n e s do not 
n e c e s s a r i l y r e q u i r e the same leng th of runway, nor does a s i n g l e 
a i r p l a n e type r e q u i r e the same l eng th of runway a t a l l a i r p o r t s . I t 
fo l lows , t h e r e f o r e , t ha t the c r i t i c a l a i r p l a n e type for one a i r p o r t 
need not n e c e s s a r i l y be the c r i t i c a l type for another a i r p o r t . The 
c r i t i c a l a i r p l a n e type , the a i r p l a n e in a family having the g r e a t e s t 
r equ i rement , c o n t r o l s the runway length needed a t the a i r p o r t . This 
runway l e n g t h , t h e r e f o r e , w i l l s a t i s f y the requi rements of a l l the 
a i r p l a n e s t h a t the a i r p o r t i s Intended to s e r v e . Both the landing and 
takeoff runway length requirements must be cons idered i n order to 
determine which i s g r e a t e r . 

a . Mod i f i ca t i ons . Opt ional mod i f i ca t ions or equipment i n s t a l l a t i o n s 
incorpora ted in a i r p l a n e s have an e f f e c t on any s p e c i f i c a i r p l a n e 
performance and may a f f e c t I t s runway length requ i rements . F l i g h t 
t e s t da ta and a i r l i n e o p e r a t i o n a l da t a for a l l p robable combina­
t i o n s of a i r p l a n e mod i f i ca t ions must be cons idered in the develop­
ment of the a i r c r a f t performance cu rves . 

b . S e l e c t i o n of Design A i r c r a f t . Each a i r p o r t des ign Is r e l a t e d to 
a s e l e c t e d a i r c r a f t . 

(1) The p r e p a r a t i o n of i n d i v i d u a l a i r c r a f t performance curves 
for e x i s t i n g a i r p l a n e s n e c e s s i t a t e s an a n a l y s i s of the 
mod i f i ca t i ons mentioned above. In a d d i t i o n , a review i s 
r equ i r ed of the numbers of these a i r p l a n e s a c t i v e i n the 
c i v i l f l e e t , the amount of hours flown in a given p e r i o d , 
and the r o u t e segments flown which c o n s t i t u t e s the a c t i v i t y 
in the c i v i l f l e e t . This procedure u sua l l y i d e n t i f i e s as 
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c r i t i c a l one a i r p l a n e of a s e r i e s which would r e q u i r e d e t a i l e d 
computation of performance for des ign pu rposes . In some 
i n s t a n c e s , i t becomes necessa ry to combine c h a r a c t e r i s t i c s 
of a i r p l a n e s in a s e r i e s throughout the range of f a c t o r s con­
s ide red to e s t a b l i s h composite c r i t i c a l performance c r i t e r i a . 

(2) For the new t u r b o j e t a i r p l a n e s , such as Boeing 707, Douglas 
DC-8, and Convair 880, a p r o j e c t e d a n a l y s i s i s used based on 
the number of a i r p l a n e s ordered and t h e i r a n t i c i p a t e d modi­
f i c a t i o n s and o p e r a t i o n a l d a t a . The runway length requ i rements 
for a i r p o r t development can then be determined by the use of 
one s e t of performance curves for a s e r i e s d e p i c t i n g the over ­
a l l c r i t i c a l requ i rements of t h a t s e r i e s . 

5 . AIRPLANE CONFIGURATION. Ai rp lane c o n f i g u r a t i o n r e f e r s to the p o s i t i o n 
of the va r ious elements of the a i r p l a n e a f f e c t i n g i t s aerodynamic 
c h a r a c t e r i s t i c s . 

a . Wing f l aps a r e the most common element of the a i r p l a n e which a f f e c t 
aerodynamics. Within the t o t a l range of the v a r i a b l e f a c t o r s con­
s ide red for l and ing and takeof f , the p i l o t may ad jus t the a i r p l a n e ' s 
c o n f i g u r a t i o n w i t h i n o p e r a t i o n a l l i m i t s to conform to the r e q u i r e ­
ments for c e r t a i n c o n d i t i o n s . In the development of performance 
c u r v e s , da ta for the c o n f i g u r a t i o n normally used i n conjunct ion 
wi th o ther f a c t o r s a r e a p p l i e d . For example, the DC-8-40 may be 
taken off wi th the wing f l aps p o s i t i o n e d a t e i t h e r 25 degrees or 
15 d e g r e e s . With wing f l a p s p o s i t i o n e d a t 25 d e g r e e s , t h i s a i r ­
p lane r e q u i r e s l e s s runway and has a f l a t t e r climb c a p a b i l i t y 
than with i t s wing f l a p s a t 15 d e g r e e s . 

b . I t must be recognized t h a t a i r p l a n e performance v a r i e s wi th the 
combinations of c o n d i t i o n s a t t he time of takeoff or l a n d i n g . 
The DC-8-40 has a r e l a t i v e l y s h o r t runway l eng th requirement and 
a good climb c a p a b i l i t y under the i d e a l c o n d i t i o n s of low p r e s s u r e -
a l t i t u d e , low tempera tu re , and l i g h t we igh t . Under these condi t ions , 
use of the 25-degree f l ap s e t t i n g i s advantageous . However, runway 
length requi rements i n c r e a s e and climb c a p a b i l i t y sharp ly dec reases 
under cond i t i ons of high p r e s s u r e - a l t i t u d e , h igh t empera tu re , and 
maximum weigh t . Under these c o n d i t i o n s , the t o t a l takeoff segment 
of f l i g h t I s b e s t a t t a i n e d us ing 15 degrees of f l a p s . 

c . The performance curves developed for use in a i r p o r t des ign i n c o r ­
p o r a t e both c o n f i g u r a t i o n s over the expected range of v a r i a b l e s . 
Cons ide ra t ion of t h i s c o n f i g u r a t i o n change c r e a t e s a ba lance in 
des ign requi rements r e s u l t i n g in a maximum u t i l i t y of the a i r p o r t 
f a c i l i t i e s to be p rov ided . 
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6. THE ATMOSPHERE. The atmosphere p l ays a very important pa r t in runway 
length d e s i g n . The atmosphere i s a r e l a t e d combination ot" the v a r i a b l e 
f a c t o r s ot p r e s s u r e , t empera tu re , and d e n s i t y . 

a . V a r i a t i o n s in Pressure and Temperature. I t i s a ma t t e r of common 
knowledge t h a t both a tmospher ic p re s su re and tempera ture a t sea 
l e v e l vary from time t o time a t any given p lace as we l l as from 
place t o p lace a t a given t ime . In numerous l o c a t i o n s in the 
United S t a t e s , t he p r e s su re may vary over a range of 70 or more 
pounds per square foot and the tempera ture may vary over 100 or 
more degrees Fahrenhei t dur ing the course of a y e a r . Both p ressure 
and tempera ture changes occur wi th changes in a l t i t u d e . For 
example, with an inc rease in a l t i t u d e the r a t e of tempera ture change 
may vary from an inc rease of one or two degrees Fahrenhei t t o a 
decrease of f ive or s ix degrees Fahrenhei t per thousand t e e t of 
a l t i t u d e change. F i n a l l y , i t i s d i f f i c u l t t o p r e d i c t or fo recas t 
what t h e s e va lues of p r e s su re and tempera ture w i l l be for more than 
a few hours in advance of t h e t ime of making the f o r e c a s t . 

b . The Standard Atmosphere. P r a c t i c a l c o n s i d e r a t i o n s of the 
atmosphere for many purposes , such a s the design and t e s t i n g of a i r ­
c r a f t , need t o be r ep resen ted in average d e f i n i t e terms which can be 
used as a b a s i s of r e f e r e n c e . Such a r e p r e s e n t a t i o n i s termed a 
s tandard atmosphere; i t aims a t spec i fy ing the average v a r i a t i o n of 
tempera ture wi th e l e v a t i o n from which the corresponding v a r i a t i o n s 
of p r e s s u r e and dens i ty can a l s o be g iven . To p r e s c r i b e a s tandard 
atmosphere which s imula tes the average d i s t r i b u t i o n in the middle 
l a t i t u d e s from sea l eve l up t o t h e middle s t r a t o s p h e r e , i t i s neces­
sary t o r e s o r t t o an approximation which may be cons idered 
i n v a r i a b l e . The approximation by common agreement, almost 
u n i v e r s a l l y used, i s c a l l e d "The Standard Atmosphere". 

(1) The s tandard atmosphere i s def ined in terms of an i d e a l a i r 
assumed t o be devoid of mois tu re and dust and obeying the 
p e r f e c t gas law. I t i s based upon accepted s tandard va lues of 
t h e s e a - l e v e l a i r t empera ture and p r e s s u r e . These va lues a re 
14.7 pounds per square inch p r e s su re and 59 degrees Fahrenhei t 
t empera tu re . In t h i s s tandard atmosphere, t empera ture i s con­
s ide red t o decrease uniformly wi th a l t i t u d e a t the r a t e of 
3.566 degrees Fahrenhei t per thousand fee t of a l t i t u d e up t o 
36,000 f e e t . 

(2) The s tandard atmosphere i s o r d i n a r i l y p resen ted in the form 
of a t a b l e showing for v a r i o u s a l t i t u d e s the corresponding 
p r e s s u r e , t empera tu re , and d e n s i t y . This t a b l e i s found in 
"U. S. Standard Atmosphere", 1962. Also included with t h i s 
t a b l e i s background informat ion inc luding a b r i e f h i s t o r i c a l 
s ta tement and b a s i s for the t a b l e s as we l l as the b a s i c 
assumpt ions , formulas , and der ived q u a n t i t i e s . 
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A l t i t u d e . G e n e r a l l y , a s he igh t above sea l eve l i n c r e a s e s , t he a i r 
p r e s su re and dens i t y become l e s s . The consequence of t h e s e f a c t o r s 
upon a i r p l a n e o p e r a t i o n s i s a l o s s of l i f t for a given t r u e a i r ­
speed, a l o s s of horsepower for unsupercharged e n g i n e s , and a 
r e d u c t i o n of p r o p e l l e r e f f i c i e n c y . The combined r e s u l t of t h e s e 
lo s ses i s t h a t i t t ake s longer t o o b t a i n t h e forward speed necessary 
to produce t h e r e q u i r e d l i f t - - t h u s , t he takeoff runway for a given 
a i r c r a f t becomes p r o g r e s s i v e l y longer a s i t i s operated from a i r ­
p o r t s of h ighe r and h igher e l e v a t i o n s . S i m i l a r l y , a t h igher 
a l t i t u d e s , landing speeds a re g r e a t e r , and l e s s dense a i r r educes 
the drag a v a i l a b l e t o a s s i s t in r educ ing t h e landing r o l l . 
Allowances must be made for t he se longer takeoff and landing 
d i s t a n c e s in des igning runway l e n g t h s . To make the se a l lowances , a 
r e l a t i o n s h i p of the a l t i t u d e a t an a i r p o r t t o a sea l e v e l e l e v a t i o n 
i s necessa ry . This i s done by de termining one of two a l t i t u d e s , 
p res su re a l t i t u d e or d e n s i t y a l t i t u d e , a long with t h e t empera tu re . 

(1) P r e s s u r e a l t i t u d e i s t h a t a l t i t u d e above sea l eve l a t which a 
given p r e s s u r e occurs in the s tandard atmosphere. At any 
given l o c a t i o n i t i s t h e he igh t i n d i c a t e d on an a l t i m e t e r 
when t h e ins t rument i s s e t t o read 29.92 inches of mercury. 

(2) Dens i ty a l t i t u d e i s t h a t a l t i t u d e in the s tandard atmosphere 
t o which t h e a c t u a l d e n s i t y co r r e sponds . I t can be 
approximated by c o r r e c t i n g p r e s s u r e a l t i t u d e for nonstandard 
t empera tu res which may e x i s t . 

Of t h e s e two, p res su re a l t i t u d e i s t he one of concern t o a i r ­
por t d e s i g n e r s s i nce i t i s used by p i l o t s when r e f e r r i n g t o 
a i r c r a f t performance curves t o compute takeoff and landing 
d i s t a n c e s . These curves a r e p l o t t e d using vary ing p r e s s u r e 
a l t i t u d e s and varying t e m p e r a t u r e s . This same m a t e r i a l i s 
p re sen ted in t h e nomograms conta ined in the Ai rpo r t Design 
manual. However, s i n c e mean maximum p re s su re a l t i t u d e 
informat ion i s not u sua l ly a v a i l a b l e for a p a r t i c u l a r l o c a l e , 
a one t o one convers ion f a c t o r i s cons idered t o e x i s t between 
an a i r p o r t ' s p r e s su re a l t i t u d e and e l e v a t i o n , a n d t h e p r e s su re 
l i n e s on the nomograms are l abe led a s a i r p o r t e l e v a t i o n . This 
s u b s t i t u t i o n i s warranted s ince t h e l i ke l i hood of s imul taneous 
occurence of both maximum p r e s s u r e a l t i t u d e and mean maximum 
tempera ture i s very s l i g h t , t h e a p p l i c a t i o n of both maximums 
t o the curves would r e s u l t in runway leng th de t e rmina t i ons in 
excess ot a c t u a l r e q u i r e m e n t s , and tempera ture a c c o u n t a b i l i t y 
i s provided in the nomograms. 
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d. Temperature. The performance of an a i r p l a n e depends on seve ra l 
f a c t o r s among which tempera ture i s impor tan t . At a given p r e s s u r e , 
high tempera ture r e s u l t s in lower dens i t y and so has an adverse 
e f f ec t on both p i s ton-eng ined and j e t a i r c r a f t ; t h i s e f f e c t i s 
u sua l ly g r e a t e s t when t ak ing off e s p e c i a l l y for j e t a i r c r a f t , but i t 
should a l s o be considered a t o the r s t a g e s of o p e r a t i o n . The 
e f f i c i ency of a j e t engine depends in pa r t on the d i f f e r e n c e between 
the ou t s i de a i r tempera ture and t h e maximum tempera ture a t t a i n a b l e 
in the combustion chamber. As o u t s i d e tempera ture i n c r e a s e s above a 
c e r t a i n va lue depending on the a l t i t u d e , both engine e f f i c i ency and 
a i r c r a f t t r u e a i r speed a r e decreased (o ther t h i n g s being equal) and, 
t h e r e f o r e , the a i r c r a f t ' s performance i s reduced. 

7 . WIND. The a i r p o r t must be designed t o accommodate a i r p l a n e ope ra t i ons 
under most normal wind c o n d i t i o n s . 

a. A t a i l w i n d on one runway i s a headwind on a runway wi th a r e c i p r o c a l 
heading . Runway lengths i n c r e a s e wi th t a i l w i n d , so when us ing the 
b i d i r e c t i o n a l runway concept ; i . e . , t h e o r e t i c a l l y u t i l i z i n g a head­
wind for a l l cond i t i ons in e s t a b l i s h i n g runway l e n g t h , t he zero-wind 
cond i t i on i s c r i t i c a l for l and ing . This r e q u i r e s , however, a change 
in o p e r a t i o n a l d i r e c t i o n on t h a t runway each time the wind changes 
d i r e c t i o n and does not provide adequate length for t h e p r e f e r e n t i a l 
runway concept in use a t many busy a i r p o r t s where t a i l w i n d operations 
a re conducted. The problem i s f u r t h e r compounded by the fac t t h a t 
winds up t o f ive knots a r e r e p o r t e d a s "calm". For t h e s e r e a s o n s , 
landing a i r c r a f t performance curves a r e based on a f ive -kno t tailwind 
to r ecogn ize the f l e x i b i l i t y r equ i r ed in a i r p l a n e landing o p e r a t i o n s . 

b . The takeof f a i r c r a f t performance c u r v e s , however, a r e developed 
for ze ro wind. The c r i t i c a l wind cond i t ion for takeoff i s 
dependent upon the o ther f a c t o r s a f f e c t i n g t h e runway leng th 
requ i rements for takeoff (see Paragraph 9 ) . To e s t a b l i s h the 
r e l a t i o n between a c r i t i c a l wind and the o ther f a c t o r s would 
have n e c e s s i t a t e d a procedure too complex for the i n t r o d u c t i o n of 
a i r c r a f t performance curves in p lanning and des ign . I t was 
t h e r e f o r e deemed a p p r o p r i a t e t o hold t h i s v a r i a b l e a t a cons tan t 
zero v e l o c i t y . 

8. WEIGHT. The heav i e r the a i r p l a n e ' s we igh t , the longer a r e i t s runway 
length r equ i r emen t s . When the weight of an a i r p l a n e i s i n c r e a s e d , t he 
wing load and power requ i red w i l l have t o be inc reased . This may be 
accomplished by e i t h e r a l a r g e r angle of a t t a c k o r , i f t he same angle 
of a t t a c k i s main ta ined , by an inc rease in speed. At any one angle of 
a t t a c k , v e l o c i t y (V) v a r i e s as the square roo t of the weight and the 
requ i red power as the cube ot the square root ot the weight . Also , the 
maximum l i f t c o e f f i c i e n t and wing a rea remain cons tan t in t o d a y ' s f ixed 
wing a i r c r a f t , and the landing speeds vary a s the square roo t ot the 
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w e i g h t . L a n d i n g s p e e d s i n c r e a s e w i t h h i g h w i n g l o a d i n g , s o d o t a k e o f f 
s p e e d s ; t h e r e f o r e , a c c o r d i n g t o t h e l a w s o t a c c e l e r a t i o n / d e c e l e r a t i o n , 
t h e l e n g t h o f r u n o r r o l l n e e d e d t o a t t a i n s u c h s p e e d s o r d i m i n i s h t o 
z e r o i s i n c r e a s e d . 

a . L a n d i n g W e i g h t s . A i r p l a n e s a r e l a n d e d w i t h w e i g h t s up t o t h e 
maximum l a n d i n g w e i g h t s w h i c h f a l l i n t o o n e o£ t h r e e t y p e s . 

( 1 ) S t r u c t u r a l . Maximum l a n d i n g w e i g h t s b a s e d on s t r u c t u r a l 
l i m i t a t i o n s a r e c o n s t a n t r e g a r d l e s s o f p r e s s u r e - a l t i t u d e , 
t e m p e r a t u r e , runway l e n g t h , and w i n d . 

( 2 ) C l i m b . Maximum l a n d i n g w e i g h t s b a s e d on c l i m b l i m i t a t i o n s 
v a r y w i t h : 

( a ) P r e s s u r e - a l t i t u d e f o r n o n t u r b i n e - p o w e r e d a i r p l a n e s . 

( b ) P r e s s u r e - a l t i t u d e and t e m p e r a t u r e f o r t u r b i n e - p o w e r e d 
a i r p l a n e s . An i n c r e a s e i n p r e s s u r e - a l t i t u d e a n d / o r 
t e m p e r a t u r e d e c r e a s e s t h e maximum l a n d i n g w e i g h t . 

( 3 ) Runway L e n g t h . Maximum l a n d i n g w e i g h t b a s e d on a runway l e n g t h 
l i m i t a t i o n r e s u l t s f rom a p r e v i o u s d e s i g n f o r r u n w a y s deve loped 
t o a c c o m m o d a t e a i r p l a n e s w i t h l e s s e r t a k e o f f and l a n d i n g length 
r e q u i r e m e n t s . The n e e d t o u s e a l i g h t e r w e i g h t t h a n t h e m a x i ­
mum s t r u c t u r a l o r c l i m b l a n d i n g w e i g h t shown o n t h e c u r v e s t o 
f i t t h e e x i s t i n g runway l e n g t h w i l l a u t o m a t i c a l l y p r o d u c e a 
l i m i t a t i o n o n t h e new c r i t i c a l a i r p l a n e . 

b . T a k e o f f W e i g h t s . A i r p l a n e s a r e t a k e n o f f a t w e i g h t s u p t o t h e 
maximum t a k e o f f w e i g h t w h i c h f a l l s i n t o o n e o f s i x t y p e s . 

( 1 ) S t r u c t u r a l . Maximum t a k e o f f w e i g h t s b a s e d on s t r u c t u r a l 
l i m i t a t i o n s a r e c o n s t a n t r e g a r d l e s s o f p r e s s u r e - a l t i t u d e , 
t e m p e r a t u r e , w i n d , runway l e n g t h , and runway g r a d i e n t . 

( 2 ) C l i m b . Maximum t a k e o f f w e i g h t s b a s e d on c l i m b l i m i t a t i o n s 
v a r y w i t h : 

( a ) P r e s s u r e - a l t i t u d e f o r n o n t u r b i n e - p o w e r e d a i r p l a n e s . 

( b ) P r e s s u r e - a l t i t u d e and a i r p o r t t e m p e r a t u r e f o r t u r b i n e -
p o w e r e d a i r p l a n e s . An i n c r e a s e i n p r e s s u r e - a l t i t u d e 
a n d / o r t e m p e r a t u r e d e c r e a s e s t a k e o f f w e i g h t . 
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(3) T i r e Speed. Maximum takeoff weights based on t i r e speed 
l i m i t a t i o n s vary with p r e s s u r e - a l t i t u d e , t empera tu re , and 
t a i l w i n d . An inc rease in any ot these f a c t o r s or in com­
b i n a t i o n dec reases maximum takeoff we igh t . 

(4) Maximum Landing Weight. Maximum takeoff weights based on 
maximum landing weight p lus fuel consumed t o get to the 
a i r p o r t of d e s t i n a t i o n vary with the sum of these we igh t s . 
In the development of the c u r v e s , only the maximum s t r u c t u r a l 
landing weight was used . 

(5) Obs tac le Clearance . Maximum takeoff weights based on 
o b s t a c l e c l ea rance l i m i t a t i o n s a re dependent on t h e loca t ion 
and he igh t of o b s t a c l e s in the v i c i n i t y of runway ends . In 
the development of the c u r v e s , i t was assumed t h a t a l l 
o b s t a c l e s t h a t were adverse to a i r p l a n e o p e r a t i o n s would not 
e x i s t or would be removed. 

(6) Runway Length. Maximum takeoff weights based on runway length 
l i m i t a t i o n s a r e a r e s u l t of ope ra t ing a i r p l a n e s from runways 
t h a t were developed t o accommodate a i r p l a n e s wi th l e s s e r 
runway length requ i rements or where the runway leng th was 
b u i l t on t h e b a s i s of t akeof f weights for the a i r p l a n e in 
ques t i on equal t o the sum of the fo l lowing: 

(a) A i r c r a f t ' s zero fuel we igh t . 

(b) Weight of fuel r equ i r ed t o f ly t o a i r p o r t of d e s t i n a t i o n . 

(c) Weight of fuel r e s e r v e r equ i r ed for one hour and 15 
minutes of f ly ing t ime . 

9. RUNWAY GRADIENT. Runway g rad i en t i s normally r e f e r r e d t o as runway slope 
and for purposes of a i r c r a f t performance should not be confused with 
e f f e c t i v e runway g r a d i e n t , which i s t h e maximum d i f f e r e n c e in runway 
c e n t e r l i n e e l e v a t i o n divided by t h e runway l eng th . Runway s lope i s for 
a l l p r a c t i c a l purposes equal t o t h e d i f f e r e n c e in the runway end 
e l e v a t i o n s d iv ided by the length of runway. An u p h i l l s lope i n c r e a s e s 
the length of runway r equ i r ed for t akeof f . Th i s f a c t o r i s he ld cons tan t 
a t zero g rad i en t in the a i r c r a f t performance nomograms and a c c o u n t a b i l i t y 
for runway g r a d i e n t s o ther than zero was provided for by the e s t a b l i s h e d 
e f f e c t i v e runway g rad ien t p rocedure . The e x i s t i n g procedure has been 
r e t a i n e d for s i m p l i c i t y of a p p l i c a t i o n and unders tand ing . A change t o 
t h i s procedure was u n j u s t i f i e d because of the i n s i g n i f i c a n t d i s c r e p a n c i e s 
in the end r e s u l t of runway length i n c r e a s e . 
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Note: ^ 
Except for r e f e rence l e t t e r s keyed t o t e x t t h i s example a i r c r a f t performance 
curve i s i d e n t i c a l in format t o e x i s t i n g a i r c r a f t performance cu rves . 

FIGURE I AIRCRAFT PERFORMANCE C U R V E , LANDING (EXAMPLE) 
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CHAPTER 3 . TECHNIQUE OF DEVELOPMENT OF LANDING PERFORMANCE CURVES 

10. INTRODUCTION. Runway length requirements based on Federal Avia t ion 
Regula t ions were incorpora ted in the a i r c r a f t performance cu rves . 
Much of the da ta used in the development of t h e landing performance 
curves i s from a i r p l a n e f l i g h t manuals. These curves (see Figure 1) a r e 
composed of one graph for each r e p r e s e n t a t i v e a i r p l a n e . 

11 . THE GRAPH. 

a . Abscissa a x i s ( see Figure 1, r e f e rence "A") r e p r e s e n t s the landing 
weight s c a l e . 

b . Ordinate a x i s ( see Figure 1, r e fe rence "B") r e p r e s e n t s the runway 
length s c a l e . 

c . The l i n e s marked wi th a i r p o r t e l e v a t i o n ( see Figure 1, r e f e rence 
"C") p resen t the r e l a t i o n s h i p of runway length t o landing weight 
for the a i r p l a n e conf igu ra t ion s e l e c t e d , f ive knot t a l l w i n d , and 
the p r e s s u r e - a l t i t u d e equal t o the a i r p o r t e l e v a t i o n d e p i c t e d . 
Any v e r t i c a l break in these l i n e s i s due to a change in a i r p l a n e 
con f igu ra t i on under cond i t ions where such a change i s normal. 

d. The heavy v e r t i c a l l i n e over (MAX) ( see Figure 1, r e fe rence "D") 
r e p r e s e n t s t h e maximum s t r u c t u r a l landing weight . 

e . Dashed l i m i t a t i o n l i n e s marked with maximum landing weight (see 
Figure 1, r e f e r e n c e "E") r ep re sen t the maximum weight for missed 
approach climb a t s tandard temperature for nonturbine-powered 
a i r p l a n e s and an a r b i t r a r y lower temperature for turbine-powered 
a i r p l a n e s . This lower temperature e l imina ted t h e landing runway 
length l i m i t a t i o n for g r e a t e r spans of tempera ture down to t h e 
l i m i t s used. I t a l s o reduced the amount of r e s t r i c t i o n imposed by 
t h i s l i m i t for temperature below t h a t s e l e c t e d . 
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Note: 
Except for reference letters keyed to text 
this example aircraft performance curve is 
identical in format to existing aircraft 
performance curves. 
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FIGURE 2 AIRCRAFT PERFORMANCE CURVE , TAKEOFF (EXAMPLE) 
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CHAPTER 4 . TECHNIQUE OF DEVELOPMENT OF TAKEOFF PERFORMANCE CURVES 

12. INTRODUCTION. Runway length requi rements based on Federal Avia t ion 
Regula t ions were incorpora ted in the a i r c r a f t performance cu rves . The 
da ta used in the development of the takeoff performance curves come from 
a i r p l a n e f l i g h t manuals and from Schedule T - 3 , "Quar te r ly Statement of 
A i r c r a f t Operat ing S t a t i s t i c s " , which a r e on f i l e a t the C i v i l 
Aeronaut ics Board. These curves ( see Figure 2) a r e composed of two 
graphs and one bar c h a r t for each a i r p l a n e . 

13 . LEFT GRAPH. 

a. Abscissa a x i s ( see Figure 2 , r e f e rence "F") r e p r e s e n t s the a i r p o r t 
temperature s c a l e . 

b . Ordina te a x i s ( see Figure 2 , r e f e rence "G") r e p r e s e n t s the runway 
length s c a l e . 

c . The l i n e s marked wi th a i r p o r t e l e v a t i o n , p r e s s u r e - a l t i t u d e equal t o 
the a i r p o r t e l e v a t i o n dep i c t ed , (see Figure 2 , r e fe rence "H") p r e - ' 
sent the r e l a t i o n s h i p of runway leng th t o a i r p o r t temperature for 
the a i r p l a n e con f igu ra t i on s e l e c t e d , zero wind, zero runway g r a d i e n t , 
and the takeoff weight r ep resen ted by the heavy v e r t i c a l RL l i n e 
shown on the r i gh t -hand graph ( see F igure 2 , r e fe rence " J " ) . The 
break in t h i s curve i s due t o a change in a i r p l a n e c o n f i g u r a t i o n . 

d. The unmarked l i n e on t h i s graph (see Figure 2 , r e f e rence "K") i s 
the s tandard a l t i t u d e l i n e which d e p i c t s the s tandard temperature 
for each a l t i t u d e . The information furnished by t h i s l i n e i s not 
r equ i red for the de te rmina t ion of runway l e n g t h , 

14. RIGHT GRAPH. 

a . Abscissa a x i s ( see Figure 2 , r e fe rence "L") r e p r e s e n t s the takeoff 
weight s c a l e , 

b . Ordinate a x i s ( see Figure 2 , r e fe rence "G") r e p r e s e n t s the runway 
length s c a l e . 

c . The unmarked l i n e s (see Figure 2, r e f e r e n c e "M") r ep re sen t the 
r e l a t i o n s h i p of runway length to takeoff weight for a cons tan t 
a i r p o r t t empera ture and p r e s s u r e - a l t i t u d e , a i r p l a n e c o n f i g u r a t i o n , 
zero wind, and zero runway g r a d i e n t . Note: To find the i n f i n i t e 
number of combinations of cons tan t a i r p o r t temperature and 
p r e s s u r e - a l t i t u d e r ep resen ted by these l i n e s , t ake the runway 
length r ep resen ted by the i n t e r s e c t i o n of these l i n e s wi th t h e heavy 
v e r t i c a l RL l i n e (see Figure 2 , r e f e rence " J " ) and find the tempera­
t u r e and p r e s s u r e - a l t i t u d e combinations from the graph on the l e f t 
t h a t w i l l g ive t h i s runway l eng th . The break in these l i n e s i s due 
to a change in a i r p l a n e takeoff c o n f i g u r a t i o n . 
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d. The heavy v e r t i c a l l i n e over (MAX) ( see Figure 2 , r e f e r e n c e "N") 
r e p r e s e n t s t h e maximum s t r u c t u r a l takeoff we igh t . 

e . The dashed l i m i t a t i o n l i n e s marked wi th a i r p o r t e l e v a t i o n ( see 
F igure 2, r e f e r ence "P") r e p r e s e n t the l e s s e r of the fo l lowing: 

(1) TS0-N6b l i m i t a t i o n for I n t e r c o n t i n e n t a l Air C a r r i e r Serv ice 
(10,500-foot runway leng th inc reased for a i r p o r t e l e v a t i o n 
above mean sea l e v e l a t t h e r a t e of seven percen t for each 
one thousand f e e t ) . 

(2) Maximum takeoff weight due t o climb l i m i t a t i o n s . 

(3) Maximum takeoff weight due t o t i r e speed l i m i t a t i o n s . 

15. BAR CHART. 

a. Scale r e fe rence "Q", F igure 2, r e p r e s e n t s t h e d i s t a n c e ( l eng th of 
h a u l ) . 

b . Sca le r e f e rence "L" , F igure 2 , r e p r e s e n t s t h e takeoff weight t h a t 
corresponds t o t h e l e s s e r of (1) or ( 2 ) . 

(1) The a i r c r a f t * s zero fue l weight , p lus the weight of fue l 
r equ i r ed t o f l y t o t h e a i r p o r t of d e s t i n a t i o n , p lus the weight 
of fuel r e s e r v e r equ i r ed for one hour 15 minutes of f l y ing 
t i m e . 

(2) The a i r p l a n e ' s maximum s t r u c t u r a l landing weight p lus the 
weight of fuel r e q u i r e d t o f ly t o t h e a i r p o r t of d e s t i n a t i o n . 
The a i r p l a n e ' s fuel consumption i s based on an average 
r e p r e s e n t a t i v e consumption r a t e obta ined from da t a on Schedule 
T -3 , "Quar te r ly Statement of A i r c r a f t Opera t ing S t a t i s t i c s " . 

16. EFFECTIVE RUNWAY GRADIENT. The runway leng th ob ta ined from the graph 
on t h e r i g h t must b e , in t h e event of runway g r a d i e n t , increased a t the 
r a t e of twenty percen t for each one percen t of e f f e c t i v e runway g rad i en t 
to ob t a in the r equ i red l eng th for t akeof f . 
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