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PROVISIONAL ACCEPTABLE MEANS OF COMPLIANCE 

GUST CRITERIA 

FOREWORD 

1. The Standards  i n  Annex 8 ,  A i rwor th iness  of A i r c r a f t ,  a r e  of t h e  n a t u r e  
of bruau s p e c i f i c a t i o n s  s t a t i n g  o b j e c t i v e s  r a t h e r  than  methods of  r e a l i z i n g  those  ob jec -  
t i v e s .  I n  o r d e r  t o  i n d i c a t e  by example t h e  l e v e l  of a i r w o r t h i n e s s  in tended by t h e  
Standards  of t h a t  Annex, some s p e c i f i c a t i o n s  of a  more d e t a i l e d  and q u a n t i t a t i v e  n a t u r e  
have been inc luded i n  the  same volume under t h e  t i t l e  " ~ c c e p t a b l e  Means of Compliance". 
The Foreword of Annex 8  i n d i c a t e s  t h e  o b l i g a t i o n  under t h e  Convention,  r e s u l t i n g  from t h e  
i n t r o d u c t i o n  of Acceptable Xeans of Compliance. 

2 .  When t h e  Annex was adopted on 13  June  1957, t h e  S tanda rds  on t h e  s u b j e c t s  
Aeroplane Performance,  S t r e n g t h  under F l i g h t  Loads, Rec ip roca t ing  Engines ,  Turbine  Engines ,  
P r o p e l l e r s ,  and Xavigation L i g h t s  were supplemented by Acceptable  Means of Compliance. 
The absence of p r o v i s i o n s  of t h a t  t ype  p e r t a i n i n g  t o  o t h e r  s u b j e c t s  was cons ide red  e i t h e r  
a s  r e c o g n i t i o n  by t h e  Council  t h a t  t h e  S tanda rds  i n  themselves  de f ined  a  s u f f i c i e n t l y  
a c c u r a t e  l e v e l  of a i r w o r t h i n e s s ,  o r  a s  r e c o g n i t i o n  by t h e  Counci l  t h a t , d u e  t o  t h e  t e c h n i c a l  
developments going on i n  a  s u b j e c t  a t  t h e  t ime of adop t ion  of t h e  Annex, i t  had n o t  y e t  
been p o s s i b l e  t o  e s t a b l i s h  a  more p r e c i s e  t e c h n i c a l  s p e c i f i c a t i o n  than  t h a t  i n  t h e  S tanda rds  
themselves.  

3. I t  is  t h e  e s sence  of t h e  Acceptable Means of Compliance t h a t  t hey  pe rmi t  
v a r i a t i o n s  i n  o v e r a l l  methods a s  w e l l  a s  i n  d e t a i l e d  a p p l i c a t i o n .  T h e r e f o r e ,  C o n t r a c t i n g  
S t a t e s ,  i n  e s t a b l i s h i n g  n a t i o n a l  codes t h a t  w i l l  e n s u r e  compliance wi th  t h e  S tanda rds ,  
w i l l  sometimes need guidance a s  t o  t h e  d e p a r t u r e s  from Acceptable  Means of Compliance t h a t  
a r e  s u i t a b l e  f o r  t h e  c e r t i f i c a t i o n  of a i r c r a f t  o t h e r  t han  those  s p e c i f i e d  i n  t h e i r  Range 
of V a l i d i t y ,  and a l s o  a s  t o  t h e  use  of methods developed t o o  r e c e n t l y  t o  have behind them 
t h e  s u i t a b l e  background of expe r i ence  deemed necessa ry  f o r  i n t r o d u c t i o n  of an Acceptable  
Means of Compliance. 

4 .  The guidance m a t e r i a l  is  e s t a b l i s h e d  by ICAO a s  " ~ r o v i s i o n a l  Acceptable  
Means of Compliance", a c l a s s  of s p e c i f i c a t i o n  t h a t  does  n o t  impose any o b l i g a t i o n  under 
t h e  Convention. The P r o v i s i o n a l  Acceptable Means of Compliance a r e  n o t ,  l i k e  t h e  S tanda rds  
o r  t h e  f u l l - f l e d g e d  Acceptable Means of Compliance, e s t a b l i s h e d  by agreement between 
Con t rac t ing  S t a t e s ;  i n s t e a d ,  they  r e f l e c t  an  agreement reached by an i n t e r n a t i o n a l  body 
of e x p e r t s  t o  t h e  e f f e c t  t h a t  a  s p e c i f i c a t i o n  i s  worthy of t r i a l .  

5. T r i a l  a p p l i c a t i o n  of P r o v i s i o n a l  Acceptable  Means of Compliance i n  
n a t i o n a l  r e g u l a t i o n s  o r  p r a c t i c e s  is  in tended t o  b u i l d  up t h e  amount of expe r i ence  t h a t ,  
even tua l lv ,  could l ead  t o  t h e  i n t r o d u c t i o n  of an Acceptable  ?leans of Compliance on t h e  
same s u b j e c t .  
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6. The Provisional Acceptable Means of Compliance presented in this Circular 
was developed by the Airworthiness Committee, a body of experts authorized by the Council 
and functioning under the Air Navigation Commission. The Airworthiness Committee recom- 
mended the issuance of this Provisional Acceptable Means of Compliance in its report of 
the Seventh Meeting which was held from 22 November to 15 December 1966. The Air Navigation 
Commission, after satisfying itself that this Provisional Acceptable Means of Compliance 
was properly co-ordinated with the ICAO Standards and related material and that the policies 
of the Organization had been followed, authorized issue of this Provisional Acceptable 
Means of Compliance at the Fourth Meeting of its Fifty-Fourth Session on 31 January 1967. 
It is to be noted that in so doing the Air Navigation Commission did not pass judgement 
on, or endorse, the technical contents recommended by the Airworthiness Committee. 

7. This Provisional Acceptable Means of Compliance contains specifications 
to provide for a level of safety equivalent to that intended by the provisions of para- 
graph 3.3.2 of Part 111 of Anne3,t.l to the Convention, when applied to aeroplanes falling 
within the Applicability set out herein. They may also be applied to other aeroplanes at 
the discretion of the States concerned. 

8. The Airworthiness Committee based this Provisional Acceptable Means of 
Compliance on the current practices in the major aircraft-manufacturing States. The 
requirements are based on the discrete gust method assuming the aeroplane to be a rigid 
body. An acceptable method is given for taking account of the flexibility effects and 
the attention of the certification authorities is directed to the need of investigation of 
critical parts of the structure using the continuous turbulence technique. The Committee 
is undertaking studies on the application of power spectral approach methods in the calcu- 
lation of response of currently operating transport aeroplanes to continuous turbulence in 
order to help develop an appropriate criterion at a later date. 

9 .  States are invited to use these specifications and to notify ICAO of the ; 
extent to which they are being applied. Should any State find it desirable or necessary ': 

to adopt any significant variatbns from the specifications, that State is invited to 
notify the Organization of such differences. 
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GUST CRITERIA 

Th i s  P r o v i s i o n a l  Acceptable Means of Compliance (PAMC) i s  a p p l i c a b l e  t o  
t r a n s p o r t  ae rop lanes  which do not  o p e r a t e  above 15 200 metres  (50 000 f t )  a l t i t u d e  

and which do n o t  i n c o r p o r a t e  new o r  s p e c i a l  f e a t u r e s  wi th  r ega rd  t o  c o n f i g u r a t i o n  o r  opera- 
t i o n a l  u s e ,  a s  compared t o  t h e  ae rop lanes  c u r r e n t l y  o p e r a t i n g  o r  which a r e  ready t o  s t a r t  
o p e r a t i o n s  i n  t h e  nea r  f u t u r e  (1967). The s p e c i f i c a t i o n s  may a l s o  be a p p l i e d  t o  o t h e r  
ae rop lanes  a t  t h e  d i s c r e t i o n  of t h e  S t a t e s  concerned. 

1. DEFINITIONS 

Design Maximum Weight 

Desipn Minimum Weight 

Design Wing Area 

Load Fac to r  - ( S t r u c t u r a l )  

Limi t  Load 

Ul t imate  Load 

Mean Geometric Chord 

EAS (Equivalent  A i r  Speed) 

The maximum ae rop lane  weight used i n  
s t r u c t u r a l  des ign  f o r  f l i g h t  load  
c o n d i t i o n s .  

The minimum ae rop lane  weight used i n  
s t r u c t u r a l  d e s i g n  f o r  f l i g h t  l oad  
c o n d i t i o n s .  

The a r e a  enclosed by t h e  wing o u t l i n e  
( i n c l u d i n ?  wing f l a p s  i n  t h e  r e t r a c t e d  
p o s i t i o n  and a i l e r o n s  b u t  exc lud ing  
f i l l e t s  o r  f a i r i n g s )  on s u r f a c e  con ta in ing  
t h e  wing chords.  The o u t l i n e  i s  assumed 
t o  be  extended through t h e  n a c e l l e  and 
f u s e l a g e  t o  t h e  p l a n e  of symmetry i n  a  
r easonab le  manner. 

The t o t a l  aerodynamic l i f t  on t h e  aero-  
p l ane ,  a c t i n g  p e r p e n d i c u l a r l y  t o  t h e  
f l i g h t  p a t h ,  d iv ided  by t h e  weight  of 
t h e  ae rop lane .  (Note - I n  s t e a d y  l e v e l  
f l i g h t ,  t h e  load  f a c t o r  i s  eoua l  t o  
u n i t y . )  

The h i g h e s t  l oad  assumed t o  occur  i n  t h e  
An t i c ipa t ed  Opera t ing  Cond i t ions .  

An u l t i m a t e  load i s  t h e  l i m i t  load 
m u l t i p l i e d  by a  p r e s c r i b e d  f a c t o r  of 
s a f e t y .  

The Design Wing Area d iv ided  by t h e  wine 
span.  

TAS ( p / p o  ) '2 , where p o  i s  t h e  d e n s i t y  
of t h e  a i r  a t  s e a  l e v e l  i n  t h e  Standard  
Atmosphere, andp  i s  t h e  d e n s i t y  of t h e  
a i r  i n  t h e  c o n d i t i o n s  under c o n s i d e r a t i o n .  
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TAS (True Air Speed) The speed of the aeroplane relative to 
undisturbed air. 

A design limit gust velocity appropriate 
to each altitude. 

The design speed for maximum gust 
intensity. 

A design cruising speed not expected to 
be deliberately exceeded in normal flight, 
unless higher speed is authorized for 
flight test in pilot training. 

The design dive speed is sufficiently 
greater than VC to make it unlikely that 
such a speed would be exceeded as a result 
of inadvertent speed increases in the 
Anticipated Operating Conditions taking 
into account the flying qualities and 
other characteristics of the aeroplane. 

v~ The design flap speed. - 
Note.- See Annex 8, Airworthiness of Aircraft, Part 1,for other definitions. - 
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2. FACTOR OF SAFETY 

2.1  The f a c t o r  of s a f e t y  i s  used i n  con junc t ion  wi th  u l t i m a t e  l o a d i n g  con- 
d i t i o n s  and p rov ides  f o r  t h e  p o s s i b i l i t y  of load  c o n d i t i o n s  g r e a t e r  than  those  expected  
i n  normal c o n d i t i o n s  of o p e r a t i o n s ,  u n c e r t a i n t i e s  i n  t h e  d e s i g n  and v a r i a t i o n  of  s t r u c t u r a l  
s t r e n g t h  inc lud ing  v a r i a t i o n  of s t r e n g t h  r e s u l t i n g  from d e t e r i o r a t i o n  i n  s e r v i c e .  

2 . 2  The f a c t o r  of s a f e t y  should  no t  be l e s s  t han  1 .5 .  

2.3 Where t h e r e  is u n c e r t a i n t y  about t h e  s t r e n g t h  of p a r t s  of t h e  s t r u c t u r e  
(e .g .  f i t t i n g s ,  c a s t i n g s ,  bonded p a r t s )  such p a r t s  a r e  des igned wi th  f a c t o r s  of s a f e t y  
which can be expected  t o  make them a s  r e l i a b l e  a s  t h e  rest of t h e  s t r u c t u r e .  

3 .  STRENGTH AND DEFORMATION 

3 . 1  For a l l  c r i t i c a l  l oad ing  c o n d i t i o n s :  

3 .1 .1  A t  a l l  l oads  up t o  t h e  l i m i t  l oad ,  no p a r t  of  t h e  ae rop lane  s t r u c t u r e  
should incu r  d e t r i m e n t a l  deformat ions ,  and t h e  f u n c t i o n i n g  of moving p a r t s  e s s e n t i a l  f o r  
s a f e t y  i n  t h e  o p e r a t i n g  c o n d i t i o n s  corresponding wi th  t h e  l o a d s  should  be s a t i s f a c t o r y .  

3.1.2 A f t e r  removal of t h e  l i m i t  l o a d ,  no permanent d e t r i m e n t a l  de fo rma t ion  
should be p r e s e n t  i n  any p a r t  of t h e  ae rop lane  s t r u c t u r e .  

3.1.3 The s t r u c t u r e  should  be capab le  of suppor t ing  u l t i m a t e  l o a d s  wi thou t  
f a i l u r e .  It should suppor t  t h e  load  f o r  a t  l e a s t  3 seconds.  

3.1.4 I f  d e f l e c t i o n  o r  deformat ion  under t h e  load  would s i g n i f i c a n t l y  change 
t h e  d i s t r i b u t i o n  and magnitude of e x t e r n a l  o r  i n t e r n a l  l o a d s ,  such d i s t r i b u t i o n  shou ld  be 
taken i n t o  account .  
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4 .  DESIGN AIRSPEEDS FOR GUST CONDITIONS 

4.1 General 

Design a i r s p e e d s  are i n  terms of equiva len t  a i r speeds  (EAS). The design 
a i r speeds  VF, VB, VC and VD should be s e l e c t e d  by the  app l i can t  but should not  be l e s s  
than the  va lues  denoted i n  t h i s  PAMC, except t h a t  they may be lower where the  speeds a r e  
l imi t ed  by cons idera t ion  of compress ib i l i ty  e f f e c t s .  

4 . 2  Design f l a p  speed VF 

VF should be s u f f i c i e n t l y  g r e a t e r  than the  minimum f l i g h t  speed corre-  
sponding t o  the  f l a p  s e t t i n g  and p a r t i c u l a r  weight t o  a l low proper c o n t r o l  i n  the  event of 
f l a p  r e t r a c t i o n  and a l s o  t o  provide an adequate margin of s t r e n g t h  f o r  t h e  a s soc ia t ed  
placarded speed. 

4 . 3  Desinn meed  f o r  maximum nust  i n t e n s i t y  V, 

I n  the  absence of b e t t e r  information VB should not  be l e s s  than the  speed 
a t  which t h e  aeroplane e n t e r s  s t a l l  under t h e  a c t i o n  of t he  maximum gust  i n t e n s i t y  given 
i n  paragraph 5 . 2 . 4 . 2 ,  and should be s u i t a b l y  r e l a t e d  t o  t h e  ope ra t iona l  turbulence pene- 
t r a t i o n  speed. 

4.4 Design c r u i s i n g  speed VC 

VC should be s u f f i c i e n t l y  g r e a t e r  than VB t o  provide f o r  inadver tent  
speed inc reases  l i k e l y  t o  occur as a r e s u l t  of severe atmospheric turbulence.  

4.5 Design d iv ing  speed Vn 

VD should be s u f f i c i e n t l y  g r e a t e r  than VC t o  provide f o r  s a f e  recovery 
from inadver ten t  speed inc reases  occurr ing a t  VC. 
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5. GUST LOADS 

General 

The gust  load r-cquirements should be complied with: 

( a )  a t  a l l  a l t i t u d e s  wi th in  t h e  range s e l e c t e d  by t h e  a p p l i c a n t ;  

(b) a t  a l l  weights  from t h e  design minimum weight t o  t h e  maximum weight 
a p p r o p r i a t e  t o  each p a r t i c u l a r  f l i g h t  condition; and 

(c) wi th  any p r a c t i c a l  d i s t r i b u t i o n  of disposable  load wi th in  t h e  
p resc r ibed  opera t ing  l i m i t a t i o n s  s t a t e d  i n  the  Aeroplane F l i g h t  
Manual. 

5.1.2 The a i r  and i n e r t i a  loads  r e s u l t i n g  from t h e  s p e c i f i e d  g u s t s  a r e  d i s t r i b -  
u ted s o  as t o  approximate a c t u a l  cond i t ions  c l o s e l y  o r  t o  represen t  them conserva t ive ly .  

5.1.3 Compress ibi l i ty  e f f e c t s  should be taken i n t o  account. 

5.1.4 Where turbulence might produce t r a n s i e n t  s t r e s s e s  appreciably  higher  than 
those  corresponding t o  gus t  loads  i n  paragraphs 5.2 and 5.3, these  e f f e c t s  should be con- 
s i d e r e d  i n  accordance with  paragraph 5.4. 

5.2 Symmetrical g u s t  cond i t ions  

5.2.1 The aeroplane s t r u c t u r e  should have s u f f i c i e n t  s t r e n g t h  t o  wi ths tand t h e  
loads  corresponding with  a l l  combinations of a i r speeds  and load f a c t o r s  and wi th in  t h e  
boundaries of t h e  l i m i t  V-n cond i t ions  shown i n  Figure 1. 

5.2.2 A s u f f i c i e n t  number of p o i n t s  on and wi th in  the gus t  V-n envelope should 
be i n v e s t i g a t e d  t o  ensure  t h a t  t h e  c r i t i c a l  loads  f o r  each p a r t  of t h e  aeroplane s t r u c t u r e  
have been obtained. 

5.2.3 The f o r c e s  a c t i n g  on t h e  aeroplane should be placed i n  aqu i l ib r ium i n  a  
r a t i o n a l  o r  conservat ive  manner. 

Note.- I n  e s t a b l i s h i n g  such equ i l ib r ium it i 6  normal t o  assume t h a t :  

(a)  t h e  loads  t h e  wing and t h e  h o r i t m t a l  t a i l  s u r f a c e s  a r e  balanced 
by iner t ia  f o r c e s ;  

(b) t h e  p i t c h i n g  moments produced by t h e  aerodynamic loads  on t h e  aero- 
plane a r e  balanced by momentcr due t o  i n e r t i a  fo rces .  
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5.2.4 Gust V-n envelope 

5.2.4.1 For the  purpose of determining l i m i t  loads ,  the  aeroplane should be 
assumed t o  be sub jec ted  t o  symmetrical  loading cond i t ions  r e s u l t i n g  from encountering i n  
s t r a i g h t  l e v e l  f l i g h t  t h e  up and down g u s t s  p resc r ibed  i n  5.2.4.2.  

5.2.4.2 Gust v e l o c i t i e s  

5.2.4.2.1 The des ign l i m i t  gus t  v e l o c i t i e s  (Ude, EAS) a t  a l t i t u d e s  up t o  6 100 metres 
(20 000 f t )  should be not l e s s  than: 

a t  speed VB: 20.10 metres (66 f t )  pe r  second 

a t  speed VC: 15.25 metres  (50 f t )  per  second 

a t  speed VD: 7 . 6  metres (25 f t )  per  second 

5.2.4.2.2 A t  a l t i t u d e s  above 6 100 metres  (20 000 f t )  t h e  VC and VD gus t  v e l o c i t i e s  
may be decreased l i n e a r l y  from t h e  given va lue  a t  6 100 metres (20 000 f t )  t o  50 pe r  cent  
of t h a t  va lue  a t  15 200 metres  (50 000 f t ) .  The VB gus t  v e l o c i t y  may be decreased 
l i n e a r l y  t o  11.30 metres  (38 f t )  pe r  second a t  1 5  200 metres (50 000 f t )  ( see  Fig.  1 ) .  

Note.- The a p p l i c a t i o n  of a  f a c t o r  of s a f e t y  of 1.5 on t o t a l  l i m i t  load produces an - 
asymmetry i n  r equ i red  s t r e n g t h  between p o s i t i v e  and nega t ive  u l t i m a t e  gus t  
loads.  I f  t h e  nega t ive  g u s t  could produce a  c r i t i c a l  des ign c a s e ,  a  s u i t a b l e  
i n c r e a s e  i n  t h e  nega t ive  l i m i t  g u s t  v e l o c i t y  should be considered.  

Fig .  1 - Gust V-n envelope 
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5.2.4.3 Effect  of the  design gusts  

5.2.4.3.1 The load f a c t o r  increment An due t o  gust encounter is obtained by t he  
formula* : 

where : 

a~ = change i n  angle of a t t a ck  due t o  gust given by the following formula: 

a~ = a r c  t an  % 
v 

K = an a l l ev i a t i ng  f ac to r  computed by the  following formula: 
g 

Ude = the  design l i m i t  gust v e l o c i t i e s  (EAS) re fe r red  t o  i n  5.2.4.2 i n  m / s  ( fps )  

V = the  f l i g h t  speed (EAS) i n  m / s  ( fps )  

= 2 = aeroplane mass parameter 
pCa g 

W/S = the  appropriate aeroplane design wing loading i n  kg/m2 ( l b s l sq .  f  t )  

Po = the  a i r  densi ty  a t  sea  l w e l  i n  standard atmosphere i n  kg s 2 / m 4  
(slugs/cu. f t )  

p = the  a i r  densi ty  i n  t he  condit ions under consideration i n  kg $mI4 
(slugs/cu. f t )  

- 
C = the  mean geometric chord of the  aeroplane's wing i n  metres ( f t )  

a = slope of the  aeroplane normal force  coef f ic ien t  curve CNA per radian i f  
the  gust loads a r e  appl ied t o  t he  wing and the  hor izonta l  t a i l  sur face  
simultaneously by a r a t i o n a l  method. It i s  acceptable t o  use the  wing l i f t  
curve s lope CL per radian when the  gust load is  appl ied t o  the  wings only,  and 
the  hor izonta l  t a i l  gust loads a r e  t r ea t ed  a s  a separate  condition. 

g = acce le ra t ion  due to gravi ty  i n  m / s 2  (fps2) 

5.2.4.3.2 The a l t i t u d e  and speed of t he  aeroplane during gust encounter a r e  assumed 
t o  remain constant.  

* For fu r the r  d e t a i l s  see NACA T.R. 1206. 



1 2  ICAO C i r c u l a r  7 9 - ~ N / 6 7  

5 . 2 . 4 . 4  H o r i z ~ n t a l  t a i l  s u r f a c e  gus t  l oads  

5 . 2 . 4 . 4 . 1  I n  t h e  absence of a  r a t i o n a l  i n v e s t i g a t i o n  t h e  h o r i z o n t a l  t a i l  s u r f a c e  
loads  should be c a l c u l a t e d  by adding t o  t h e  i n i t i a l  t a i l  load  i n  s t eady  l e v e l  f l i g h t  t h e  
a i r l o a d  increment due t o  the  ang le  of a t t a c k  increment a s  c a l c u l a t e d  by the  method used 
f o r  t h e  wing but  t a k i n g  due account of wing downwash. 

5 . 2 . 4 . 4 . 2  Equi l ib r ium of p i t c h i n g  moments should  be achieved by assuming appropriatt 
p i t c h i n g  i n e r t i a  f o r c e s .  

Note.- The combination o f  t h e  i n e r t i a  and aerodynamic loads  due r o  l i m i t  g u s t s  on - 
t h e  t a i l  may be less c r i t i c a l  f o r  t h e  f u s e l a g e  than t h o s e  due t o  a l e s s e r  sd3t. 
I n  t h i s  c a s e  a  reduced g u s t  cond i t ion  should  be i n v e s t i g a t e d .  

5 .2 .4 .5  Gust l oads  - f l a p s  extended,  low speed 

When wing f l a p s  o r  o t h e r  a u x i l i a r y  h igh  l i f t  dev ices  a r e  in tended f o r  
use  a t  r e l a t i v e l y  low a i r s p e e d ,  t h e  ae rop lane  s t r u c t u r e  should  have s u f f i c i e n t  s t r e n g t h  t o  
wi ths t and  t h e  fo l lowing  symmetr ica l  gus t  c o n d i t i o n s  i n  s t r a i g h t  l e v e l  f l i g h t  a t  speed V F ,  
w i th  wing f l a p s  i n  t h e  l and ing  p o s i t i o n  and a l s o  wi th  wing f l a p s  i n  any i n t e r m e d i a t e  
p o s i t i o n  which w i l l  produce c r i t i c a l  l oads  i n  any p a r t  o f  t he  aeroplane:  

( a )  up and down l i m i t  g u s t  v e l o c i t y  of 7.60 metres  ( 2 5  f t )  pe r  second 
(EAS). For t h e  purpose of de t e rmin ing  des ign  loads  de r ived  g u s t s  
should  be used i n  accordance wi th  5.2 .4 .3 .  The gus t  c o n d i t i o n s  a r e  
r e p r e s e n t e d  by po in t s  I '  and J' on F igure  1. 

(b) rearward  l i m i t  v e l o c i t y  of 7.60 me t re s  ( 2 5  f t )  pe r  second a long t h e  
f l i g h t  pa th ;  no a l l e v i a t i n g  f a c t o r  should  be assumed. 

5 . 2 . 4 . 6  Gust l oads  - f l a p s  extended en  r o u t e  

For t h e  f l a p s  extended c a s e  en r o u t e ,  t h e  des ign  g u s t s  of paragraph 5 . 2 . 4 . 2  
should be used,  t o g e t h e r  w i t h  a p p r o p r i a t e  numer ica l  v a l u e s  of des ign  speeds  VB, VC and VD. 

5.3 Asymmetrical gus t  c o n d i t i o n s  

5 .3 .1  The ae rop lane  s t r u c t u r e  should have s u f f i c i e n t  s t r e n g t h  t o  wi ths t and  t h e  
l o a d s  r e s u l t i n g  from an  asymmetr ica l  d i s t r i b u t i o n  of t h e  v e r t i c a l  gus t  v e l o c i t i e s  a s  we l l  
a s  from l a t e r a l  g u s t s .  

5.3.2 V e r t i c a l  g u s t s  

Unless more a c c u r a t e  d a t a  a r e  a v a i l a b l e  i t  should  be assumed t h a t  t h e  
ae rop lane  is sub jec t ed  t o  t h e  c o n d i t b n s  of 5.2 whereby t h e  a i r l o a d s  a c t i n g  on t h e  wing 
o r  t h e  wing f l a p s  on one s i d e  of t h e  p l a n e  of symmetry correspond t o  t h e  c o n d i t i o n s  of 5 . 2 ,  
and t h e  a i r  l o a d s  on t h e  o t h e r  wing o r  wing f l a p s  are 80 p e r  c e n t  t h e r e o f .  The d i f f e r e n c e  
i s  assumed t o  be caused by an a p p r o p r i a t e  r educ t ion  o f  t h e  gus t  v e l o c i t i e s .  
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5.3.3 Lateral  gus ts  - 
5.3.3.1 The aeroplanes should be assumed t o  be subjected t o  the loads r e su l t i ng  

from encountering i n  s t r a i g h t  l eve l  f l i g h t  the gusts  normal t o  the plane of symmetry 
prescribed below (see note under 5.2.4.4.2) : 

( i )  The design gust ve loc i t i e s  and f l i g h t  speeds should correspond t o  
those prescribed i n  5.2 .4 .2 .  

( i i )  The e f f e c t  of a l a t e r a l  gust  of maximum veloc i ty  Ude is assumed t o  
be a change i n  t he  angle of a t t ack  of the  v e r t i c a l  t a i l  sur faces  by 
an amount equal  to: 

KgtUde a r c  t a n  - v 

where : 

Kgt = an a l l ev i a t i ng  fac tor  computed by the  following formula: 

Ude = the design l i m i t  gust  v e l o c i t i e s  (EAS) re fer red  t o  i n  5.2.4.2, m / s  ( fps )  

V = the f l i g h t  speed (EAS) i n  m / s  ( fps)  

" " t ( .  = l a t e r a l  maas parameter Pgt = - 
Ctp 4tg t 

W = the  appropriate aeroplane design weight i n  kg ( lbs)  

St = v e r t i c a l  t a i l  surface i n  m2 ( f t 2 )  

P = the a i r  densi ty i n  kg s 2 / m 4  (slugs/cu. f t )  

g = accelerat ion due t o  gravi ty  i n  m / s 2  (fps2) 
- 
Ct = the mean geometric chord of the  v e r t i c a l  t a i l  surface i n  metres ( f t )  

a t  = slope of the l i f t  curve of t he  v e r t i c a l  t a i l  per radian 

i, = radius of gyration i n  yaw i n  metres ( i t )  

lt = horizontal  dis tance from aeroplane cent re  of gravi ty  t o  l i f t  centre  of t he  
v e r t i c a l  t a i l  surface i n  metres ( f t ) .  

5.3.3.2 The a t t i t u d e  and speed of the  aeroplane during gust  encounter a r e  assumed 
t o  remain constant.  
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Dynamic r e s p o n s e  t o  t u r b u l e n c e  

5 .4 .1  'Where t u r b u l e n c e  is l i k e l y  t o  p roduce  t r a n s i e n t  stresses a p p r e c i a b l y  h i g h e r  
t h a n  t h e  stresses c o r r e s p o n d i n g  t o  t h e  g u s t  l o a d s  o f  p a r a g r a p h s  5 . 2  and 5 .3 ,  t h e s e  e f f e c t s  
s h o u l d  b e  c o n s i d e r e d .  

5 .4 .2  The u s e  o f  t h e  s i m p l i f i e d  approach  d e s c r i b e d  i n  p a r a g r a p h s  5 . 2  and 5 . 3  i s  
based  on  p r e v i o u s  e x p e r i e n c e .  It can be c o n s i d e r e d  as a compar i son  app roach  f o r  u s e  w i t h  
a e r o p l a n e s  w i t h  s i m i l a r  c h a r a c t e r i s t i c s .  I n  some c a s e s ,  e . g .  an  a e r o p l a n e  w i t h  h i g h  s t r u c -  
t u r a l  f l e x i b i l i t y  a n d / o r  l i g h t l y  damped r i g i d  body modes, t h e  method may be i n s u f f i c i e n t  t o  
p r o v i d e  a d e q u a t e  s t r e n g t h .  More a p p r o p r i a t e  a n a l y s i s  s h o u l d  be u sed  when t h e  r e l a t i o n s h i p  
between r i g i d  body modes and t h e  v a r i o u s  e l a s t i c  modes ,or  when t h e  damping i n  any modes, 
would r e s u l t  i n  s i g n i f i c a n t  i n c r e a s e s  i n  s t r e s s e s .  I n  t h e s e  c a s e s  t h e  n a t i o n a l  a i r w o r t h -  
i n e s s  a u t h o r i t y  i s  a d v i s e d  t o  r e q u i r e  a  more r a t i o n a l  app roach .  I t  i s  t h e  pu rpose  of 
t h i s  p a r a g r a p h  t o  draw a t t e n t i o n  t o  t h e s e  methods.  

5 . 4 . 2 . 1  When e f f e c t s  of  dynamic r e s p o n s e  t o  t u r b u l e n c e  are a s s e s s e d  by u s e  of 
d e r i v e d  g u s t s ,  t h e  g u s t  g r a d i e n t  d i s t a n c e  H of t h e  f o r m u l a  below s h o u l d  b e  v a r i e d  over a  
s u f f i c i e n t  r ange  t o  e n s u r e  t h e  most c r i t i c a l  g r a d i e n t  f o r  t h e  c o n f i g u r a t i o n  is cove red .  
Response  t o  a l l  s i g n i f i c a n t  r i g i d  body modes and e las t ic  modes s h o u l d  b e  c o n s i d e r e d .  
Comparison w i t h  p r e v i o u s  a e r o p l a n e  t y p e s  h a v i n g  s imi lar  c h a r a c t e r i s t i c s  which have  had a  
s a t i s f a c t o r y  s e r v i c e  e x p e r i e n c e  f rom a s t r u c t u r a l  p o i n t  of  v i ew  i s  a c c e p t a b l e .  I t  s h o u l d  
be a c c e p t a b l e  t o  u s e  t h e  f o l l o w i n g  g u s t  form: 

U = 1 / 2  Ude ( 1  - c o s  HS/H) where  

Ude = d e r i v e d  g u s t  v e l o c i t y  i n  m / s  ( f p s )  

s = d i s t a n c e  o f  p e n e t r a t i o n  i n t o  g u s t  i n  metres ( f t )  

H = g u s t  g r a d i e n t  d i s t a n c e  i n  metres ( f t )  

5 .4 .2 .2  Where t h e  d e g r e e  o f  d i s s i m i l a r i t y  is u n a c c e p t a b l e  i n  c o n s i d e r i n g  t h e  
method of 5 .4 .2 .1 ,  t h e  r e s p o n s e  of t h e  a e r o p l a n e  t o  v e r t i c a l  and l a t e r a l  c o n t i n u o u s  
t u r b u l e n c e  s h o u l d  be  c o n s i d e r e d . ,  An a c c e p t a b l e  model of  t h e  a tmosphere  f o r  power s p e c t r a l  
a p p l i c a t i o n  i s  as f o l l o w s :  

where : 

$ = p o w e r - s p e c t r a l  d e n s i t y  

o = root-mean-square g u s t  v e l o c i t y  i n  m / s  ( f p s )  

w = f r e q u e n c y  i n  r a d / s  

L = s c a l e  of  t u r b u l e n c e  /yssumed t o  be  760 metres (2  500 f t l 7  - 
v = t r u e  a i r s p e e d  m / s  ( f p s )  

- END - 
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