






















MANUALAIRCRAFT ENGINEERING
voL. I (DEStcN)

Secr ll
Sub-Secf 3.2

Moteriols - Aluminum

322 Aluminum Alloyr (Cont'd)

322.1 Sheet, Plate aod Strip (Cont'd)

tr{aterial Comm
Alloy

Spcci-
fication

Coodition Thickaess
Inches

1000
PSI

TS.

1000
PSI
1.'
Y-S.

1000
PSI

Y.S.

1000
PSI

S.S.

1000
PSI

B.S.

%is
2 in.

Elong

lUnminun
AJloy
k, B".o

215712
(24ST)

QQ-A-35t
Tcrycr T42

Solution
Heat treated
by uscr

.250 - .t00

"r01 - 1.000
1.001- 1.100
1.501 - 2r00
2.001 - 3r00

61
62
6a
60
,6

57
t7
57
,:

l8
38
38
38
38

l8
17
x
16
,4

91.5
91.'
91.t
91.,
91.'

t2
8
7
5
1

Reconnea&d Uses atd Noles - For geaerd mechenicd and primary sttuctural applications where
servicc requireaente do oot requirc tbc use of cled 24S meterial rod for hervy platc whcrc the surfaceo
ere mechiried. Sheet called on &awing.s tempcr T3 ald plate as T4 must not be reheat treatcd. Not to
bc oeed br external aurfaces.

Fot parts made from sheet, the Tl temper is prefetred unless manufacturing considerations, e.g. bend
radii, requite the use of T4. In this case the parts may be formed from material in either the O temper
or AQ condition and then heat treated or aged to T4.

For parts madc from plete, the same procedure applies with respect to Td rnd T42 tempers.

Can be spot weldcd, but see ANC-! for limitatioos. Canaot be fusion welded.

Aluminun
Alloy
Sheet, Cled

245T3
Alclad
(24ST
Alcled)

215't1
Alclad
(24ST
Alclad)

QQ-A-r52
Te4er T3

QQ-a-362
Tempcr T4

Solgtioo
Hcat treetcd
by Mill

Solutioo
Heat trcated
by user

o10 * .020
.o2t - .061
.061- .128
.LZ9 - .219

.0r0 - .020

.021 - O,t0

.041 - .063

.064 - .249

59
t9
62
62

,8
58
,8
61

58.'
58.5
60
60

55.5
tt.5
51.5
t7

37
17
17
,8

39
,9
10
40

38
,8
40
10

,5
35
,t
,7

109.5
r09.,
111
111

88.'
88.5
88.'
91.5

L2
15
15
r3

L2
u
It
t,

Alumiaum
Alloy
Plate, Clad

24ST
Alclad
(24ST
Alcled)

QQ-A-362
Temper T4

Solution
Heat treatcd
by Mill

.250 - .199

.500 - 1.000

1I}01 - 1.500

1.t01- 2.000

2.001- 3000

62
62(tj
60(b)
60(a)
58(b)
60(a)
r8(b)
!6(a)
,,t(b)

60
60(a)
,7(b)
60(a)
57(b)
60(a)
,7(b)
50(a)
57(b)

40
40(a)
38(b)
1o(a)
38(b)
40(e)
l8(b)
40(a)
l8(b)

40

17(b)

3r(b)

,5(b)

111

100.r(b)

96 (b)

e6 (b)

11

8(a)

7(a)

7t"l

4(a)

215T12
Alclod
(24ST
Alcled)

QQ-a-362
Tenper T42

Solutioo
Heat trcatcd
by user

.2ro - .499

.$0 - 1000

1.000 - 1.100

r.501- 2000

2.001 - lr00

62
62(t\
60(b)
60(a)
58(b)
50(a)
,8(b)
56(a)
,1(b)

57
5(a)
r(b)
57(a)
54(b)
l7(e)
r4(b)
57(a)
54(b)

38
38(a)
,6(b)
l8(a)
16(b)
18(E)
,6(b)
38(r)
36(b)

17

36(b)

,5(b)

35(b)

l2(b)

91.'

8? (b)l

87 (b)l

87 (b)l

87 (b)l

11
8(")

7(r)

6(a)

jn,

Reannwded ases dad Noles - (see followirg pstc)

AVRO EA aalr
Feb. 1J,1954
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Sect ll
Sub-Secr 3.2

Moteriols - ^l

AIRCRAFT ENGINEERING
voL. r (oEsrGN)

MANUAL

322 Aluminum Alloyr (Cont'd)

122.4 Sheet, Plate and Strip (Cont'd)

Material Comm
Alloy

Speci-
ficatioo

Condition Thickness
Inches

1000
PSI

T.S.

1000
PSI
1.5
YS.

1000
PSI

Y.S.

1000
PSI

S.S. B.S.

r000
PSI

%it
2 ia.

Elong

Alumiouo
Alloy
Sheet and
Plate, Clad

RecormtendedUsesandNoJes-Forgeaeralmechaoicalendprimarystructuralapplicatioos. Maybe
spot welded only. See ANC-5 for limitations. Cannot be fusion welded.

Sheet called oo &awing as temper T3 and plate as T4 must not be reheat tteated.

For parts made from sheet, the Tl temper is preferred unless manufacturing consideratioos, e.g. bend
radii, require the use of T4. In this case the parts may be formed from material in either the O temper
ot AQ condition and then heat treated or aged to T4.

For parts made from plate, the saoe procedure applies with respect to T4 aod T42 tempers.

(a) Core Properties (b) Average Properties

Alumioum
Magnesium
Silicoo
Alloy

61sO
(65So)

51ST4
(6rsv)

615T6
(65ST)

QQ-A-327
Temper O

QQ-A-327
Tempet T4

QQ-A-327
Temper T6

Anaealed

Solution
Heat treated
by Mill or
uset

Solutioo
Heat reated
& artificially
aged by Mill
of usef

.010 - .020
fizt - "128
.129 - 1.000

1001 - 3000

.0J0 - .020
02r - .249
.250 - 1.000

1.001 - 1.000

.0 10 - .020

.021 - .249

.2r0 - .500

.501 - 1000.
1.001 - 2.000
2.001 * 3.000

( 1r)
( 15)
( 15)
( 1r)

,0
30
30
30

12
42
42
42
42
42

(e)
(e)
(e)
(e)

24
24
24
24

:

(5)
(6)
(6)
(6)

16
L6
t6
15

J'
15
1'
3'
31
1'

20
20

27
27

39
19

84
84

8
10
10

9
I
6

t1
t6
18
16

t4
l6
18
r6

Recommended Uses dnd No/es - femper O is suitable for deep drawiog and spinning. Temper T4 is
suitable fot light &aws and moderate forming. Temper T5 is suitable for parts that are flat or have eimple
bends.

Vheogasorarcweldingorbraziagisinvolved,thedrawingmustspecifyponededtemper9. Ifhigher
than aroealed strength is required, the dtawiog must specify rrHeat tieat to temper T4 *ter welding (or
brazidg)" or "Heat treat and age to temper T6 aker welding (or brazing)",

The frrll stretrgth of the base metal is not obtained at the weld seam after wel&ng,

May be furaace brazed ia temper T4 or T6 but reverts to ttre aaaealed condition and must be reheat
treated to obtain these tempers.

Caa be spot welded in any cooditioa aad does trot require reheat treatme[t to the same cooditioq.

Note: Temper O was previously cond. A.
Temper T4 was previously cosd. V.
Temper T6 was previously cond. T.
Material to the previous coodition decignations may be'osed in place of aew desiga.ations until old
stock is used up.

Feb. 15,1954 AVnO EA 2142
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MANUAL
Sect ll

SuLSect 3.2

Moteriols - Aluminum

AIRCRAFT ENGINEERING
vol-. r (DEstcN)

322 Aluminum Alloys (Cont'd)

322,4 Sheet, Plate and Strip (Cont'd)

1000
PSI

S.S.

7
I
6
4

1

3

ReconmendedlJses atd Notes - Forprimary structutal applicatioas where high streogth is requited and

where service coaditioas do not require ttre use of clad 75S matetial and for heavy plate where surfaces

are machined. More difficult to form than 24S material. For permissible spot welding combiaations see

ANC-5. Not to be used on ertetoal surfaces.

Solution
Heat- treated
& artificially
aged by Mill
of uset

.016 - .039

.040 - .500

.501 - 1.000
1I)01 - 2.000
2.001 - 2.500
2.501 - 1.000

QQ-A-283
I emPet Io

Aluminum
Alloy, Bate

Aluminum
Alloy, Clad

7'5T6
Alclad
(7rsT
Alclad)

7
8

6

4,

;

3

RecommendedlJses atd Noles - For primary structural applications only, where high strength is required.

More difficult to form than 24S material. May be spot welded only.

QQ-A-287
Tempet T6

Solution
Heat treated
& artificially
aged by Mill
ot user

.016 - .039

.040 - .199

.500 - 1.000

1.001- 2.000

2.001- 2.100

2.r01 - 3.000

(a)
(b)

Core properties
Average propetties acloss core and cladding.

3225 Tubiog

Material Comm
Alloy

Speci-
fication

Condition Thickness
Inches

1000
PSI

T.S.

1000
PSI
1.5
Y.S.

1000
PSI

Y.S.

1000
PSI

S.S.

1000
PSI

B.S.

%in
2 ir.

Elong

Alumio'-
Alloy

245T1
(24ST)

w-T-78t
Temper T3

Solution
ileat treated
by Mill

Dia. L/ 4 ia.
to 2 in.

.018 - .024

.o25 - O49

.0ro - .259

.260 - .500

Dia. greatet
than 2 iaches
to 8 ioches &
tubing other
than rouads

.o25 - .259

.260 - .500

64
64
64
64

64
64

61
63
6'
63

6,
6)

42
42
42
42

42
42

39
19
,9
39

39
39

100.,
100.5
100.5
100.5

100.5
100.5

10
t2
L4
L6

10
t2

AVRO EA 24tl I

t

Sept. 15,1953

Material Comm
Alloy

Speci-
fication

Condition Thickness
Inches

1000
PSI

TS.

1000
PSI
1.5

Y.S.

1000
PSI

Y.S.

1000
PSI

B.S.

%in
2 in.

Elong

75ST6
(7rsr)

76
77
77
77
7)
7Q

6,
66
66
66
62
60

46
46
47
47

L44
146
150
150

70
72
77(a)
72(b)
77(a)
72(b)
71(a\
68(b)
70(a)
6r(b)

60
62
66(a)
62(b)
66(a)
62(b)
62(a)
58(b)
60(a)
56(b)

42
41

44(b)

4,t(b)

r11
137

141(b)

141(b)



Sect ll
Sub-Secr 3.2

Moteriols - Aluminum

AIRGRAFT ENGINEERING
voL. r (oEstcN)

MANUAL

322 Aluminum Alloys (Cont'd)

32r.5 Tubing (Cont'd)

Material Comm
Alloy

Speci-
fication

Condition Thickoess
Inches

1000
PSI

T.S.

1000
PSI
1..5
Y.S.

1000
PSI

Y.S.

1000
PSI

S.S.

1 000
PSI

B.S.

/o

2

tn
ln.

Elong

Aluminum
Ailoy

245T4
(24Sr)

ww-T-785
Temper T4

Solution
Heat treated
by user .018 .500 62 60 40 39 96

Recommended Uses and Noles - For general mechanical and structural applicatioo. For permissible spot
welding combinatioos see ANC-5.

Tubing called up on drawing as Temper T3 must not be reheat ffeated,

Aluminum
Alloy

52SO
(57SO)

ww-T-787
Temper 0

Annealed (?6) ( l5) (10) r
Reconmettded Uses and Noles - For general mechanical and non-structuralapplications, such as fuel
aod oil lines, etc, :Veldable, canoot be hardened by heat t;iafment.

Aluminum
Alloy

61SO
(65SO)

61ST4
( 65Sv/)

615T6
(6rsr)

vw-T-789
Temper 0

ww-T-789
Teoper T4

trry/*T-789
Temper T6

Aonealed

Solutioa
Heat treated
by Mill or
usef

Solution
Heat treated
& artificially
aged by Mili
or uset

All sizes

Dia. L/ 4 h.
to 2 in.

.025 - 349

.050 - .259

.260 - .500

Dia. greater
than 2 in. aad
tobing other
thaa rouod:

.025 - .019

.ar9 - .259

.260 - "500

Dia. l/ 4 ia"
to 2 ia.

.025 - .049

.ofr - .2r9

.260 - .100

Dia. gteater
than2toBia.
aod tubing
other than
round:

.o21 - .A49

.050 - .2r9

.260 - .r00

( 15)

30,
30
30

,0
30
30

42
42
42

42
42
42

(e)

24
24
24

24
24
24

(6)

t6
l5
16

16
16
16

3t
15
15

35
15
t5

(20)
(20)
(20)

27
27
27

(301

oe)
(39)

84
84
84

15

L6
18
20

l0
72
\4

I
l0
t2

Recotmnended Uses and Noles - When gas or arc -nelding or braziog is involved, the drawiog must
specify 4onealed temper O. If higher thao annealed strength is require,J, the drawing qust specify
rtHeat treat to tempet T4 altet welding (or btazing)" r:r "Heat trear aod age ro remper t6 oft.. welding
(or brazing).

The lull strength of the base metal is not obtained at the weld seam after welding.

May be furnace brazed io temper T4 or T6 but reverts to the aonealed conditioa aod must be reheat
treated to obtain these tempers.

L5, L953

I



AIRCRAFT

..._.
322 Aluminum Alloys (Cont'd)

322.5 Tubing (Cont'd)

2.<

ENGINEERING
voL. r (oEsrGN)

MANUAL Sect Il
Sub-Sect 3.2

N{aterial Comm
Alloy

Speci-
fication

Condition Thickness
lnches

1000
PSI

T.S.

1000
PSI
1.5
Y.S.

1000
PSI

Y.S.

1000
PSI

S.S.

1000
PSI

B.S.

% io'
2 ia.

Elong

Aluminum
Alloy

Recotmnetded Uses and Notes - (Cont'd)

Note: Temper O was previously cond. A.
Temper T4 was previously coad. V.
Temper T6 was previously cond. T.
Material to the previous coodition dcsignations may be used in place of oew designations uotil
old stock is used up.

Aluminum
Alloy,
Flexible

3S
Flexible
(35
Flexible)

vw-T-816
Type II

l/Dia.
t/4toB

s

Recotmnended Uses aad Notes - For air ducts, sgeaking tubing aod other aircraft applicatioas requiriog
flexible tubing, but not involving the coaveying of liquids.



l'.Ierence
DAfE

TO

FROM

TUBJgC"

A. V. ROE CANADA LIMITED

INTER.DEPARTMENTAL MEMORANDUM

?096/3u/cen.
0ctober 22, L953
l{r. F. Mitche]-l - Stress Officep Aircraft Division
R. Snal-l-man-Tew - Chief l4etallurgistp Aircraft Divi-sion
I'IACNESIUI{ CASTING ALtOy TO MIIrI{-420l+, S0ME }'ffiCHANICAL PR0PERTIES

As reqlrested. by !fu. H. Shoji; I give below mecha,nical properties

cover5ng ultimate shear strengthe bearing yreld and' bearing ultimete.

No fj.gures are actrral.ly avaiJ-abLe to cover materia-l to this

specificatj-on and I havez thereforer taken figqresl as a guldee frou a

llagne*irxr ca,rting alloy of rlifforeut cheni.ca-l compoeitionr but haring

very si.milar strength properties in tersns of O.2% proof and rrlti:nate"

fhe fig:i:res belotr muste t}:ereforee be regard.ed as not being accurate for

this a}Ioy1 but shoutd rr'ork out as.a pretty close approximation.

Sondition $hear
Simate

F

mlI'+

't6

161000 p.$.i.

161000 rr

181000 n

&5r0ffi p.s.i.

501000 tt

5ltffiO tt

; 50r@0 p.s.i. !
a.aa

z 5SIQOA r i
.aaO

: 601000 tr :

fl'U-t b,"fr*JIL

cc Ih. S.E. HarPer



























Unsymmetrical Bending
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AIRCRAFT ENGINEERING MANUAL

ht3r103-io1

F.IGURE 212-7
XIXIMUM IIOTENT Of INERT]A REQUIRED

FOR TENSION FIELD EEAII UPRIGHTS

.00I

.0005

voL. r (oEstcN)

1.0

.5

.01

.005

AVRO EA 244r
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a

I

3000

2800

2500

2$0

2200

2$0

1800

I600

1,100

1200

1000

800

600

400

200

0

AIRCRAFT ENGINEERING MANUAL

.06 .08 .I0 .12 .11

t -in.
FrGUR E 2.2.2-9

RIVET TENSION LOADS

WEB TO UPRIGHT

755-T6 ALCLAD

voL. I (oEstGN) Sub-Sect

k>0.5

.16 .I8





MANUALAIRCRAFT ENGINEERING
voL. r (oesleru)
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Sect V
Sub-Seci 2.2.2
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AIRCRAFT ENGINEERING MANUAL
voL. I (DEStGN)

L,t

l2

t.0

R" '8

.6

.1

,2

-I.0 -:8 -.6 -.1 -2 0 2 A .6

R,,
I

BUCKLING INTERACTION CURVE FOR
SHEAR AND TRANSVEP.SE STRESS FOR
SIMPLY SUPPORTED FLAT PLATEST=-t

cr
FIGURE 2'2-14
NACA TN 1223

Ry= oY
o".,

!

AVRO EA 2442















AIRCRAFT ENGINEERING MANUAL
voL. r (DESIGN)

i,l
FTGURE 2.2.1-l

(oi deh
i-CRITICAL.SHEAR.SlRESS COEFFICIENTS OF

SIT'PLY SUPPORTEO PANELS

Ul

Sect V

Sub-Sect 2.2.4

2.2.4.6 Anolysis of Stringers

The stringer stress given by formula (2) is the
average stress over the length of the stringer. The
maximum stress at the midpoint of d panel is given by
the formula

oa+ = oa+1"trr"".)-Sr,.*. = osr \-4f=i (8)

Oo+
where the ratio rrmax. is obtained from Fig.2.2.4.-9--u sr
using h,/d as the other parameter.

Because of the polygonal shape acquired by the
cross section of the cylinder as diagonal tension
develops each tension diagonal experiences a change
in direction as it crosses the stringer. The magnitude

z = .gs+ *i

of this inward radial pressure per running inch is

o = utt'n t,.n,- (9)

If this pressure were distributed uniformly along
the length of the stringer, the primary peak bending
momeht (at the junction with the riog) would be given
by the formula

Msr = p, *-d1 ,",, o

rooo

(10)

A secondary peakmoment would exist half-waybetween
rings and its magnitude would be one-half the primary
peak.

Since the rings are actually circular (or curved) a
portion of the tension diagonal near each end of a

roo

AVRO EA 244I
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Sect V
Sub.Sect 2.2.4

AIRCRAFT ENGINEERING MANUAL
voL. r (oEsrcN)

dimension of panel, The theoretical combinations of stress coeffi-
cients for curved rectangular panels having different
ratios of circumferential to axial dimension are given
in figures2.2 .4*L4to 2.2.4-L7 .

c,N

Z,Ug

zqlJ-'X

axial . or circumferentia]
whichever is smaller.

Et3
rz (L - p2)

b=

D=

&
Fl

,aizd3on
zV),^

, ocEitls zaH Fi; sre jrllta* 
Iq E?E ;IEI

,"EHE=I;I

AH
ots>
4-q
gEE
coirA

AVRO EA 244I
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Seci V
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AIRCRAFT ENGINEERING MANUAL
voL. r (oestGN)
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AIRCRAFT ENGINEERING MANUAL Sect V
Sub.Sect 2.2.4VoL. I (DEsIGN)
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Sect V AIRCRAFT ENGINEERING MANUAL
Sub Sect 3.3.2

Fixed Beoms
(oesrGN)

3.3.2 Fixed Beom of Constont l: Fixed end momenis
for irregulor looding.

When it is not possible to determine the fixed end
moments by .-"uo" of one or more of the standard
cases of 3.3.1, use the following method employing
slope deflection formulaq. (See Report GENI1090
/8A3 fot derivation).

PROCEDURE:

By graphical integration (or otherwise) find the
area of the free bending moment diagram and the span-
wise positioo of its centroid. The fixed end momenrs,
acting as shown in Fig. 3.3.2-L, are then:-

2AMa = --rr(t"-2=B)

2A
slB = Ii (2rA - r")

(2) Integrate Curve II graphically to find ihe moment
of the exrernal loads about B. Moment about B =
330.5 lb. in.
Free reaction at A, Rot = '# = rc.fi];o.

(3) Free B.M. on beam at any station cao now be
obtained and the free B.M. curye drawn (Curve III).
(4) Integrate Curve III to give Curve IV, the ordinate
of which at B represents the area under the free B.M.
curve, yiz L224. Integration of Curve IV gives the
moment of the free B.M. about B, viz 12530 and hence:

12539 = 10.22 in-*'= 
iz24

?A = 9.78 in.

(5) L:20 L2 = 400 xa : g.7g aa = L0'22
where L

A
TA

and xB

= beam spanr
= area under free B"M. curve,
= distance of its centroid from A

= distance of its centroid from B

2A 2 x L224
T'z=-ffi=6'12

N,IA = - 6.1 2( 9 .7 8 - 20.44) = + 6.rz x 10.66 = 65 .3 lb.in.)
N{B: 6.r2(r9.56- t0.22) = 6.12 x 9.34 = :7.2 lb.in)

The resultanr B.It. is shown shaded in Fig. 3.3.2-3.
Check: For the same toral load, uniformly distributed:

\vL 20
Nro = \{" = n= 30.62x iI = 5r.Olb.in.

3.3.3 Fixed Beom of Constont l: Effect of oxiol !ood.
(^) tt e end mornents on a fixed beam of constant I
due to the combined effect of axial load and lateral
load are given under Beam Columns (6.5) for common
loading cases.

For moment distribution calculations, however,
stiffness and carry-over factors, as well as the fixed-
end moments, are required. These are given in Niles
and Newell , Vol. II, in fables l4:8 and t4:) onpp.
LZZ - 126, for certain standard loading cases.

NUMER.ICAL EXAMPLE I

IRREGULAR LOADING

There is zero slope at A and B due to building in

Fisure 3.3.4-I

NUMER,ICAI. EXAMtrI-E:
'Ihe loadir:g on a. fixeil he;rm of sparr L:10

is sho*u ir Cr:n,e i c,{' iri;. 1,.},J"-2.

{1) tntee;rate C*rre I graphically [o give Cui:rre Il.,
?,'iit r;rrlinate at [} of rhis cuile represertts the roral
loa<l crn the bearn, viz 30"{i2 Lb.

MA

b-
I1fl s, = p Ib" p.et in

iii .

r = 20------ - - ---,1,,t'

i

Free B.M. I

l\

Figure 3.3.3-1
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End Moments {or Lineor Topered Eeoms (Cont'd}

W = total load on beam

'^= F
wL

'"= E;

Wtren do = d", de/6^ : 1.6

arrd U. = E^15
M-= y!
510

K^
ot
KB

W = total

N{^ = F}I\A

M.=LL"K,

load on bearir

K^
or
KB

d s,/de

Figure 3.3.5-2 Triongulor Lood

da 
/ d.,t

Figure 3.3.5-3 Triongulor Lood
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3.5.2 Continuous Seom: I Constont Throughout. Design chort for uniform lood on 2 spons.
(Simply supported ot ends)

.l
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.0

.020

0

I

.80

.&

.10

.20

Sect V

Sub Sec, 3.5.2

C,ontinuous Beom

M, = .0313 VL

Rs = '62'w
o

{J

0

qJ

TJ

o
|J
d
{J

AVRO EA 24.1I

Figure 3"5.2-l
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3.1 U.}ISYX}I ETRICAL IEHDIXG

TABLE OF CONTENTS

t.7.1 l*rcdrcfior
,.7.2 ittctlon
3.7,3 Foruulor

3.7.1 Procr*nr
3.7.5 }hnrllcol Erorryb )lo. I

3.7.6 t*nerlcol Ercnplr Ho. 2

,.7.7 l,hnroricol Ercnglo Prirrlpol Arrl

3.r.1 lnrtodrllca

Tbc bcndiag rtrcttc. oo r lectioo tubicctcd
riaulterourly to bcodia3 &EGo3. ia tvo pl.rca crn
bc fouad by tbc fqrulr Sivea ia 3.7.3, rithorx
hrviug to detaraiac th ptiacipel ucr, cvcn :hcn
thc ricdon ir cooplctcly uaryrctricrl.

Thc thccy ir dcvclqrdio R:pott GEN/1090/807.

3.7.2 )lordlrl

Corspoacr of bcading mrcnt ebout
YY.
(M1 rad I$, *. positivc rbcl rctin3

es shora ia ].7.1.)
I,*onrcat of l"crtia of cffcctive *cctioo
rbout XX.

llorrcnt of Inertir of cffcctivc scction
rbour YY.

Prodr.rct of Inqtia of effectivc $cction
sbout rrca XX rad YY.
(Tbe "effcctive ecctioo" ir the lrea
cffcctivc ia bcodiag)

Scc ,.7.3 Ir tlcrc cocf8cielr

ragh bctrccc thc rsrl rrir od tbe
rccdoa rrd ulr )O( rxb thrt

^ltro F-;

bcndi{ .trc.t e: rtrtim lbcc ce
qdirtcS rc r rrd y.

IN.

Iy

Iry

Al
A2

B

I

a
p

xx I 'l lAoy tto coavcaieat rcctrngrdrr rrcr
-,-. I ) lthourh thc'cesroid O of th rcctioo"
YY I J lrh""- tbc rcctioo b.t ra uir of

I l"l*uy, XX or YY rould utrnllY
I lbc cborca to coiride rith rhil uil.

NA I lNo,.r.t erir of tbc rcctioo.

r lIN. lC-*dict. muued rtoog fi: XX
ex^ir.

Co-adiHtc lcurcd dog thc YY
rrir.
(r rad y re poeitlvc ie tbc
qrr&rot.)

MI lN. lCotpoocc of btrdia3'nxar rbout
xx.

]
DEG.

M{

il.{

P.S.L

rr
\* _ri
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3.7.3 foridc
B.rdila rcct. rr rodor Llttf coodlrtcl

r, y b: ol ri + r, rhcs I rld a tra'rt bnlry.

Poritivc s ir r coqrrrrbr tlrllf*

lL rnd [, rlc pc*re rhr rctb3 u rbon

fhcs !u p -:,, poldrr, F fr - tlm.

-r

A nuraericsl crrylc lP?crsl bclor'

3.7.5 Hurnrlcrl Emrryh

Fir. 3.7-2 rbrr r coqletcly nasyaoccicel riog

"cltioo 
fo* rhicb dc erilger poritionr relative to

e:cr XX rad YY though thc ccsroid ine it in thc
Trblc belos. (frc enrylc lr takeo froo tsRUHN,
F[. A 13-4] lt ir tcquircd to fiad thc dircibutios of
botdiog treta ri& th follorio3 Sivca drtr:

L ' 186j IN"

b - {}1'7 IN''

4tY - -'6'{1 IN{' '

lt - 71.3 x l0' L8. Iil.

b ' -3'trx lo{ L8'IN'

Stc.pr (r), (b)' rod (c) of Proccdut hve bcca covercd'

(d) Ar ' ltr Iy - ttr l"y
-7l.l x 10. x 111.7 - 3.8 x l0'x 36.'tI

, - loc x t0'- t.,sr I 10'* + Ls.6-1? x loq

Ar-lhIt-[tft,
- - r.8 x l0'x lt6.t + 71., x l0'x 16.{l

- - 7.1 x l0o+ It.gt xlO'-+ 18.8J x lOc

g-LIy-Ir:y
- 186,1x {31.f -'(!6.{1}2

- 8.06x lOf - 1320 .

- lggi-lg:

*-4.,-1&8Jx tOt -+217.J
B ?.928 x l0r

o-11-8ggl:lgt-+3870
B 7.928x l0r

TraE-! - W -0.0513' B 
'870

g-lf!f'

+t

A
1x

Art'E
ar.t'r

rrr P 'f
tbr Ar .ltl7 - ttf.t

Ar-tL-tlrLt
B -L! -I"t

l,ktc tbt.ly et bt Imd
rl& dne lcFrd to ri3a"

Fl* !.I-t
17.1 ?roccdsr
(r) Ftad tLe poritioo of &. cc*o*d of &. cflactlrc
rccaioa, *hq- lr, thc rcctioo cficctiv: ia bcadiaSt
rhich ia ney &ltr dll canirt o{ raia3:rr plu
cffrLia"
(b) bccid. o. ilt corcoic* rcctro3drr rrrr XX
rod YY &or$ *c ccad&
(c) Fid h, \ rld Lrr 6r lrrr'*dmd rl& dr
rcarrd.:o r[r.
(d) Fid thc codficitlr ApAl rtd I rd cdcd*t
r, r ed & nrio !.
(c) Crlcdrea 6.b.eilt.ll.tr crulrf.

k
l,

b
L
!
I

q-

8s

TraB q

rEcrtoil HAVIXO OXt
AXI! or aYr&rEY

.

C
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Hururriee! fr'rtgpls

L7.5 (coc'd)

(e) o:a:r*oI

- !!7.Jr i 3870Y (+ C-ocP*esrioo)

Velr*r oI o {r vrrionr vrluce o[ r rod y orc given'

The diruibutioo of o ir sbo*n io Fig' 3'7-2' + COMPRESSION

TTEil I

(tN.)
v

0N.)

2)7.Jr 1870)' o

(P.S"l.)

I
2

I
4
,

- I7.{l
- lr"J{
- 9.lr
- 1.4{
- 0.86

{.40
6.45
7.d0
1.'t7
i.97

- 4120
- ]210
- 2t6j
* 1290

- 201

l?,(rco
2l,000
2S,(s0
l0 p00
30 1800

l2 p80
2l,790
76,$O
28,710
28,7JO

6
7

8
9

1. l4
7,L4

11.?4
r5.]9

7.90
7.70
7.,0
6.90

745
1700
179CI

1610

10@
29 roo
.lBJ00
26,700

11310
3l ,ro0
]1,090
3i,,]10

l0
11

t2
l1

-17.fl
- lr.r{
- 9.11
- 2.96

- 2.90

- {.10
- t.!,
- 7.00

-4r&
- 1210

- 216t
- 7)0

-u,2m
- l7,420
- 2l,too
- 27,lo0

- l, ,,80
- 20,tr]O

- 2] ,6?0

- 27,800

l4
t5
l6

3.r?
9.6{

rr.19

-7.7\
-8.22
- 8.47

79t)
2290
]610

-29 gao

-1l,so
- 12,800

- 29,i r0

- 29,r 10
, zg,lr0

Zo#*i**uE sr*Ess f'

II-tlII.tr a:us

Fis. 3.7-e

F'3o30'



I

Secr Y

SobSrcr 3.7

Nsn.?lsol Erorplr )le. 2

ENGINEERING MANUAL
voL. r (prsrcx)

AIRCRAFT

3.7.6 Xu*clcol Erarph He. 2 (Flg 3.7-$

Ar

Ar

B

ol

ql

TuBr-tt - 127
' or 

'88t
Fr - 40 {8'

* 0.08{

Sre E:r+lc hr b- 0

- Lr! -1Bx10'
- -lt&y -!!.!!xl0o
'hb - IrrT ' 7,918 x lo'u t!"'

- ! - 2r.9, x lo' -+ 327B 7.928 x l0r

-At a lo8xlo' -+lglnB 7.g2tx 10.

flrr t"r:'s
llrrc c*d uir rrcr ctock?irc &oo NOA

to N1OA1. Ttir ir er ronld bc erpectcd rioce
rcovel of llv rill rcduce thc conprerrive rtresr,
rld iccrerre fuc ccorih ,ttct!, rt N eod hdnce zcro
vrlrr could 

"aly 
bc obtrimd Uy hrvia3 N1 clockrire

rchtivc to N.

3.7.7 Prhclrl Arrr
Ar r nttet o{ bcaert the Princip.l rrir PP

thir rectioo il rt rrr rnglc a - - 8p 16.2t' to XX
(Sce Bruho, Afr.6L

PP irthurlocated rr ia F[. ,.7-3(mt to scrle[

D

n

7-L,
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llrtroJuction

1.8 PLASTIC SEilDING

TABLE OF COHTEXTS

t.t.l larrcdoctton

3.t.2 trctlon Foetor

3.8.3 Doign Chcrtr

3.8,{ Brading Strctr at Extreno Flbrr

3.8.5 Erndtng Stror ot lntrrnrdlatr FIbr

3.8.6 theor Flor

(c)
Ittts lI{ Tt{l
PL.rtTtc lAllol

3.E.1 lntroductloi

Clrrlc bcodi4s thccy ir bued oo t+ eraurytloa
tbt pleoe rcctid' befme bcading rcrerin pleoe rlter
bcodiog. Sime, rithio the elrrtic lloit' rtrcrr ir
proport"iond to ltrrio, it follo*r tbrt- tbc rcctt
ii"LiU,rio" owr thc crcrt'.cctloo rill bc lirrr,
varvioc ftoo zeto at th neutrrl rria to r nxirtn
., in"crtrenE fibrc, u in Fig. 1.8-l (bL Thir
distributioa is crp,rcsjed rorthcnticdly tc a tyo'
oerricrl cro*c'ccctioc lubiected to I bcodiag s'ocrt

o by: PJ
I

Bhen the er,rcrDc fibtc rucss crceeds the prop'
ortioal liait tter. of thc aeteriat the sErest
dictribuioo on the ctorr-rectioa is no longet limr
but tends to follor the ctrc,rs-strain charactcristicl
of thc mtcriel (Fig. 3.8-1 (c)! Coosequenrly, thc
coavential foroule for liocar bcnding auess dir'
tributioa m loager rpplier.

(.) (b)

tTnAIX rrllrt r1?mll TtlS
ILA'TIC LIST

It hc been rtrtderd aircraft Pnctice' in ltrcl'
ciccr, to use E ,FORM FACTOR to iodicatc tht;
amouot by which the alloryablc ultinrate s(rrss o( thr:l
material is tbc allorrablc bcoding moruent) could hlt.

conridercd to bc increercd in order to apply thr
conveotial foroula givcn above. To use this mcthod'
it ir necess&ry to have forrn frctors for all the crocs":
rcctioa.l shapcr comrnonly used, information rhicL
is not readily rvaihble. l.....;

',t 
i,

A proccdure hlr thcrcforc been develo.pld {c
r)"roeaicrl tcctioos, (rcc "Bcnding Stcngth ia tht
Plrrtic Baaget' Cozzooc, J. At. Sc., May 194r,
Pagc 137) vhcreby tbe enginecrs' beodiog stresr ie
rcduced. by uring r SECTION FACTOR in cooiunction
rith e serier oi'Dc"igo Charts fa vatious mtcrialal
thie rcduced vrlrte ie then comParcd vith th *llor-
ablc bendia3 ttreit of thc mterial.Flg. 3.3-l

w6wINIATA.r
\.-

,ffi
n\,
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3.8.2 Srcrion Foctor

Thc sectioo factor K ir givea by thc fotmula:

K-3gs
l/"

whcre Qp * thc scatic (first) momcnt about tbt ne utral
axis of the area berwecn the neural arir
and the ertreme fibre.

I o momcnt of inertia about the oeurral axis.

c = distance from the neutral axis rJ rhe
' extreme fibre of the section.

Values of K (or various commoo s vnttuetrical
scctions appear in Table 3.8-l and in Figs. J.g-1 , l
and {.

If K by calculation exceeds 2.0, use 2.(1.

TABI.E ].8-I

(l)

m
YJ

K-1.5

(?)

K=1.7

(3)

See Fig. 3.8*2

(4

Scc F'ig. -i.8-3

(s)

Sce F'ig. 3.8-4

t

t +
-:'l-r *

(6)

ffi

l)o not use a v:rlue of K greater tl'ran 2.0.

3

'-ttJ
@

@
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412 lrcficr lxror (corr'0
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l;6
x

1.4

Fl* 3.8-2

Flg. 3.8-3 l( v.olrn for I or Chclrrl S.cfilrr
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Dulgrr Chrtr

1E.2 Srctlon Foctor (coat'd)

0.6

,y,

OJ

3.8.3 Dulgr Chorr

0.2 0.4 t. 0.6 0.3.r/b

Hr !.!{ Xvdr Ir I ry f rcrtrr
.DO t30t uE YALi tl o,
r orIATtl TrAr ,.o.

t

Th. folloriag Derign Charte arc jvcn:

Fig. 3.8- , l4S-T Aluminun rllloy Foryio3

Fig. 3,8- 6 220-T4 Alumiourn Alloy Smd Crrtio3
Fig. ,.8- 7 l9J-'tfr Alumiorun lllcy Srad Certing

FiS. ,.8- 8 7tS-T Aluminuo Bar

Fig. 3.S- I Alloy Steet H.T. 121,000 p.s.i.

FiC. 3.8-10 Alloy Steel H.T. 150,000 p.r.i.
Ftg. ,.8-ll Alloy Stccl H. f. 1S0,000 p.*.i:
Fig. 3.8-12 HTA ltrgacrisa S.od Crrtiagr

1.0

0.8

,.2

ffi

KJ
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tr**lj ttror rt Erirrnr Fibrc

3.E.a Lrdl4 $rrrrr d lrlmr f*r "

(r) Fid X &ol Trbh !.8-l^ c rlrt tlr b rt
porriblc, stc &. fstdr t -3H

NU}'ERTC.AL EXAXPLI

I llctio bllr rlrr h fL. ,.t-lr'dl*cl;d
to r bcadl4 ril.c o{,f600lL lr. rbil 6r r*d
rrb. qpcclflcrtloa Trlt-T lldm Altoy Er'

--rt
c-llrl

hc I

- 1.0x.ff!x.I0 + .ffrx.20x.{0
- 18+ .06,{ - 0,$ *l.

-L E,f, -.0xl.6f!
li-

Qr

(b) rhd

caa3r

thr cryl*ltrr b1P&ry *c!t. rt tr

(c) Ertc tk rpproprim nmi1l Ch:r ol &l upper

borircdrt *. rcrtc .!d obtrii *r r:br rppticd
I

,trc.. f1 * tht crcx eih. ta tb: prticulr rdx
of f Soudb(rI

x
I

llbre.

I

r.r'?r^! ^n*iu
tr-.rFr r'{

ltr *t-tt

tr) E*:r Flj 3.t-! r &r bct ltr. rt.rA - OJS
Rcrd thc rlb oa tr/L . 0.10 o th vrrticrl rcdr.
Tbc irctrcc.lor drrr I . l.1I ty bl:fobdrr
bctrrrr thr c:rc,r o{ I - l.t rd f - l.t.

Ar a clccl a tb rrhr i. trrrt rtlod,
url{fu lrrlr I-!$1,rilIt r.d.

aq
ldmo

:'*

-i, [o - tri] . o.let ,ir''

Vc -.39! bt,

2x.*l
f, I-

.rv, 'l.:3!L

lL tuL

lcrrrc Frctr c rs nhlnta brrir
dlcr$c nldntt &X.

aWr

rpplicd B,H.

* 1.11

{b} Srl:r dr".lop.d bf te5isrrr'fqrluh
-ts.rl6m -il,ooop.e.i.I .!r,

{cl E*rr fl;i 1}.!-l el te q?- + rcde rt
I

pr,L rrt ril*a lrdcrttf &rrrdr (rr fu

bt rl. d!ila lh., dl poh (l) oc 6c +
flplff.udw el f - lJ55(b lcrrPolrtior
f - 1.1 ud f - l.{'} lr nrclcd.

C,m:rpudlry tir.r. vdr ot thc
l, 61400 Dbr.L'

NESETY-E FACTON,

$lxt rtrrlr lr m lotger propctiand to
rdxlc, *r ttrcrvt hctc nnrt be obtrioe
bGdi,l, mm* trrL.'

E*r fl;i t.l*l d* tb rlloreblt
lrdL *irr tc rl *.rh - k rrtn fa 6c

I
r& f.tr (I. l.tl6ln tlir crr) u hdkr
Foht 1:I f - ,,* p.r.L 5n

lfrlddf tUr rrh W Ac o find tbc r
*thrtc b..dl{ Kr vlr ll - 91000 x .}}5

l

I
I

nL;
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YoL. r (prrrex)

3.&5 B.idtry trrur rr llt*rr{tfi ?ttr
(a) Oa fu eppropdra Derip Cbfi tr i Ar rtnlr t
(oo thc lorrr hor[:ql- rcrtr) @ r irrerio,r rpplhd rrrrrt.L ,. i" Gffi;;

Cl T" rrnla et rrf polc dlrrra 7 trtr rnlr-ir it:
Gy-GsxY/a

(c) Rerd ofirlc vcrttcrl ecdc 6rrlarrrccrcrpordfa
to rhir rneia oatbc rtrcr-tEeln c:rn.* 

---

NUMERrcAL EXAI@LE

To find 6. b.rdiry trt.r of *. t rccdn brrr
:F.o ir FL..r.S-ft r grcttn n, *tcf frlf,dirtrocc y - VZ il &or fu ffil iL,

,\: Appltcd b.d{ Er - !1ff0 tL b

{rl r, - 0.016 drrr by h O) r rh ffirb
crrt?e. L- 6g0o0 pa.L

(b) cy - 0.016 x 9d - 6.96 ltb jr. Fd: ({)
1.0

on ttc reealErb crlrra.

(c) Ccrcrprdiry rrGrl - I!!00t.r.L

& tr -rlotr by Cc:n thr tlc rrirua rbcrrtrr. h -3h pL.d" nar lr r doubly-ryr:cakelrccafr b 3iver t7 
F t*.
I-r*rtt -,il.-Yl-l h I

It*r(x-r)_J
Vdrr ., rla orfidrl I rrrar la Ctrtrtt-t r ll .h fu h rf r ..Sdir -I,' cuvc,

(r) frrtl {r Grl..fr.) Ori L rrlr o{ X, m tbr
tEr3at - t cnr.
ft) S*rdmr *llvdrlr t rbo?G crptcrioo fc q.

. NUIEN,ICAL EIAT'PLB

Cilidrt te rrra I rectloa r ria,rc.

(r)' L -6rB0p,&L
R r { tr poil (!) oo th Scesr -R

n.J. crvr d FU l.g-g
ol [,r,1./-. a - l x 0J + 0.8 x 0.i - 0.r io z.

tljttr r %f 't'1r2
'f;-r - o.trz

ntff-u ' lxo'172'l'888

[. rtff- u]' !'803

' G- r) r r.236-'l - 0.215
R (X - 1) - 0.91{

[+ nG - ,tr ' 1.9fi-::,8

E

"J

H

t.t 6 $lncr Flor

Thc rhcrr lrcm dira&nir rlam . rthdclrro3c fror ttrr o$trird b, rhc "o,rl&t ,*.*;
{or rhcrr llor vir, S - T lb, pcr h.
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AIRCRAFT ENGINEERING MANUAt.
voL" r (oEstcru)

Sact Y

$ubSect 6

Columnr

@LUrX3

TABLE

I

OF COXTEXTS

Sardtr Boe€chnnr

Imodrrtio
Trbulrr Srrry: C-oarur I bcen-coluonr

Pcrrytr rpprorirtloo
l{r*riert cnryler
Polrr Dirgrror fc saright compterrion
bcrocolumr
Trpcred Bero-C.olrraor : Crcncrd rcthod

Stiffcrr ud Crrpwct Cbts

r
I

6.1 . Prhcy lerrSllhy h Clerrh
6.1.1 Loa3 Colurr
6,t.2 Sbort C.otmor

6. 1.3 Q6l,nr'$i3srr Crrvcr

6. l",l Mirccll.aotl Fqmlu

6.2 Locol lnrtoblllrr ln Cc+mrim

a5

c5..t
6.5.2

6.5.3

6.5.4

6,15

6.3

6.3. r

6.3.2

6.1

6.a.t
&12

(See GEN,/ro9o/82r) 6'5'6

&rcll14 Lood c{ C.olcrnr of Yorylag.srcrlcn ' 6'117

Steo&rd Crreri Trbdrr $rumry
Crcocrd l,lcthod fc Pinrd Eddr

Brrctllrr Lccd.f €rctlrrccr Crlumr
6.6 Grlnri rlth Srcll ldilol Bow

6.6.1 Trbolr tr.r(, of ttrdrrd cercr

46.2 ttrrcicrl cnrple

-:={+l', Polrr Dtryrur
Tro Spra

Tlicc Spra' )l
a

I

't

,$
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AIRCRAFT ENGINEERING MANUAI-
voL. r (orsrcru)

6

lnfroduction ond Rcfctcacc ToH;

The Columo Refereace Trblc b6lol iodiclter.thc
thcse ruMivi*ioa* (e) md (bL

(5[rma problcu urtty lnvolvc thc dctcrgintioa of (r)
(b) thc distrib$tioo of bcadigg m.!L

tbr brHiag lcd csd/a

Scctta thrt dcdr rk} or c o&tr ol

cot uilt{s

? (oruun qgrE\ErcE TAB!-$. i 'i

PROBLE[I (r) BI€KLING L0AD (b) BE!{D[NG IilOMENT

5inglc Span Colu'.a
Nc Lrteral Lcd

I Conrteat

Sce 6.1.1 fq Euler lcoulg fc
piaed rod fired coda.

Sce 6.1.3 fc Colunn Stterr crncr
for pianed ead fired e{r.

I Vrryiag
Sec 6.3.1 fr ctnodsrd clacc ead

6.1.2 fq gcrael nethod

Cootinuour C.oltua
No Letcrel Lcd I Coartrat Sce 6.{ fr Chrrtr '

Str*ight licarn"
Column

I Const*nt Btrkllry ttrcst, cottelponding to
bxkliog lod of 6.1, orut nor bc
erccc&d by coobincd .r"3r lt

Scc 6!.2 fr rrnnry of rnodlrd crcct,
6.1.3 fr Pctry'o rpprorioedoo

eod 6.5"5f4 Polar dlrgnrur

I Verylag
eoy rtrtioo"

Scc &1.6 6r Sccrl rcthad

Coluon with arll
initial tiow

I Con$tast Scc 6,6 fc r 
-'y 

oI rcoderd clt€t.

'1
J

-brd
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AIRCRAFT ENGINEERINc HANUAL . STctY

vot.. r (oeerax) tuLtri 6.1 "

Lor; Colurr

6.1 trinry larrcHllry ln Cc4irnlca

6.1.t Loog Colrm

Erlcr'r faouh fa rhc ptiauy frilrre by lrtcnl b.rdiql GrrUIry) of lory colr:or, tht bn coluonr
ieded ia thc clesric reogc it:-

r ^ r2E s?E
-n = s 

- 

, t' (L/plz (UPl;)z

' -q:i. .. fu'lf . A$c-r,.Egrdor l.!tl

'Yhere Fc * allooable coaprcrcive strese

E- * Moduluc of Etr*ticity
L - leugth 6f gottmr

' P - rEdiua of gyreti$ o{ croer rccrioa
C - firity cocfficicu, thc vrlua of uhich &paodr m ebc dcgrtc o{ Grd firiry c coolcrir.

Vriuc* o{ C rrc givce bclor: rhcy rrc obtriacd iB GEHTI(p0/gn.l
L/--'P r cledetclr rrtio

. L' * rlfrcti13 so,|rlirr lcryth * 5lc
I

FIIIID At TACH TTTD PrnrtrD Ar ilE tlrD
rtltD 

^t 
arlltr fxD 'IITDA? '(yffiND'

PnI: A? OIC IXD
tl*tD A? OtHrn ttlD

(LTIT A IAtT}

t.
.t',*rr,' 1'o{7

'- 
i

C- {l

A.lC t! fL; &1.2-t lr r typlcrl Enle 'cire of p. plcrd rrrlirr ilr *fircrh rlcdecer rrcbL'/,kc
ra rlurLnh rttoy cotn hvlry E.-. l0'x l0l f.r"i. (Ydu urd h pla{ d. ;ne rl3 aiwr tr
GElr/rogo/rtr.2)

w.rI
\*-.9

n

N*'
,i,.trr*ft

+
C-t0

I

I

fJ
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Short Colunar

AIRCRAFT ENGINEERING MANUAL
YoL. r (ossrar*)

5.t.2 Sho?t Cdemr

Thc Eulcr fanrlr of 6.1.1 crni h lld rr t
lover ead of tbe L'/ ^ rcrdrc (tl thc rhon eoln rq3c).P
becrrlrc prirry bGdla3 ,ril*. oacuit .t rllatLr
belou thorc obtricd thcrby.

Thir h du to uvol&bh Gcc.rtslcldc. rrl ro
tbe reductioo io rlqe o{ thc racrr.rtcda crrr rbwe
thc propqptioall liait of tbc rtsrirt, ro tlpt, lrord
of E, lt ir nccerery to trc er effdctirc.jda E'in
thc. Eulcr fcuuh

For rhst coluonr thir bccocr:-

Fc = C trE'
(L,/pl,

Alitc r, f4rr.io! liSCt r.

I
IFc=Fco(i-K
I
I

.

:

Fq rhct colur it ir nc RoorGda3r Lrivr,
to cqloy r arnritim crrrc, tpqlcrbl to tb 8r!.r
crrvG rtroocpolm B ia Ftg. 6.1.2-f ird havlry *c
vdrr F"q, rhc colrn yicld racr (rrypcr Unfu d
cotnoo rccra fc prirry hllrc), u Li/g - 0,-..-,,"

.t

Thir ruitiot cwe lr clthcr r pretbolr, rr
choso ia Fig. 6.1.2-1, c r earigh li6, &pcdicA
oo tbe cterirl, thc aecnl crpreriu fa Fs o"cr 3ha
shott coluoa najGr rht L, to ab. lc& o, B, brla3:-

tl1 6.1.1*l

llrt. Fcr i, |.ff-d rloit, f llr r exlflctrr
red gb. hder r cra ht 2.0.0ohara.Probolr), lJ
(nrrlboh) c 1.0 (rcilth liac), u tl: cuc ry h .

*..
Erpc:rimr fc Fs eed fa tic criticd veluc of

.L'/p ea*rpoodia3 b poi*. !r.ro tb:, left of rtich
cdrnr lrc rrr&cttt, lrr $vcr lr t - 2.0, l.t md 1.0

ir thc nbr{rr rucry tbt foilorr rod rrc provcd ln
GEN/I090/8rr.r.

.t

nL"1

\J

7-t-
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Column-Strcrs Crvcr

ENGINEERING MANUAL
voL. r (oestcN)

6. 1.3 Column Strcrr Curvcr

Fig. 6.1.1-l Aluminum Alloy 24S-Tl
Fig. 6.1.1-2 Aluminum Alloy 615-T6

Fig. 6.1.3-3 Aluminum Alloy 75"S-1 6

Fig. 6.L.)-4 Steel 1021

Fig. 6.1.J-5 Hcar Treared Steel Ftu = 12J k.s.i"

d
oo
I'l
&
F0

I
.l
c
o
li
J
a
B

J
".1

II

f&

50

f-ig. 6.1.3-6 Heat Treated Steel Ftu = 150 k.s.i.
Fig. 6.1.3-7 Heat Treated Stccl Ftu = 180 k.s.i.
Fig. 6.r.3-8 Alloy Stecl 4130

Fig. 6.1.3-9 lhgoesium Alloy Sheet FS-lh

Thc valrrs of F", and Fss used irt obtaining these ctnves are given in the tabular summary of 6.1.2.
Deoiled calculations appear in GEN/I090/ BLL.4.

30 {0 50 60 7t g0 90 t00 lto lA0
ffective Slenderness Raio y/p

Fig. 6.1.3-l Allowoblo Column Srror for 24S-T3

3
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Column-Strcrr Curvor

61.3 Colurnn Sarorr Curvor (conr'd)

r.v-: lll}

:]:=TEI
tti*b#:iliilflttl
IEi tfiF:
*t*+Hs
J!+,tli-n

:tt=ffi

:t1:: iilir

#.HisI,.].&j

.+iii$i#

ffi
I EULER CURVE

Effecti.vc Slcnderxxs ratLo U /,

Flg. 6.1.3-2 Allowoblr Coluam Stnrr fer 6lt-f6

;at-co
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2.
p. 8(

Hf+#+
ffiHr+1t+
fi+lrfH

ffiffi
tj-ti:-I ri1I*i

ffifiH
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.|lla+*
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-
6"1.3 Colunn Sircr* Cusvor (cont'd)

0 30 4c 50 & ,0 80 90. 100 I r0 I20 I30 I10

Effective slcndcrarr :.ario V /O

Flg 6.I.3-3 Flg. 6.I.3-t Allowobh Colunn $ltorr for 753-T6.

1--\LI

u 
Firffi*t**
I F^^ = 7J.

- t-:v---

rO Efr
Eit

FGH
h.r.l. ffi
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$B#

ffi

h:t*
20H
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MANUAL Scct V

SuLScct 6,I

Column-Stresc Curycr

6. 1.3 Colunn Slrcrr.Curvor (cont'd)

llif&r*l+**T#&

ffi i f+]r:il+iil1ffi ffi ffi #f l{&iie-iirriHIr$t}]i+l ffi

ffiit+*#i
11tE$i C :trJ: : I r..:iu::H

Effective slcnderncsr nrio l,! /,

Fig. 6.1.3-4 Allowobh Column Strur for Ploin Corben $el 1025 Roond Tublng
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a
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.rf'
' a ,-r' '

t

: a-';.'
6.1.3 Column Stur Cupcr (condd)

50 & .70 80 90 t00 lto 120

Ef(cctivc rlcadcmcsr rrlio V / p

Fic. 6.1.3-5 Allowoblr Colcxr Scrdr Crvc [c llocr.Trecrrd Alloy Smcl Rerad Tubiry Fr - 125 k.r.t.
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f*llNUAL Scct V
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Column.Strosr CurYrr

6.t.3 Colunn Strorr Curvr (cont'd)

t{0

I30

120

il0

r00

90

80

70

E(}rC

k. r. i.
gt

o

30

n

r0
&80'l

Effective rleaderocsr n;tb l! / 
O

Fig. 6.1.3-6 Hcor Trcoted Alloy Slcol Round Tubing Ftu = I50 l.r.i.
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Column Sirorr Curves (cont'd)

t60
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140

I

I

I

r00

{0 & 80 100 t20

Elfective slerderners rario lJ / p

Fig..6.I.3-7 .Hcct Trcatod Alloy Srccl Round Tubing Fru = 180 k.r.i.
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Colsmn-Strcrr Curvcr

6. 1.3 Column Strerr Curvri (conr'd)
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Coluar*Sire.r Cgrv.t

AIRCRAFT ENGINEERING MANUA.L
vot.. t (orslcn)

6. 1.3 Colsmn $trorr Cwvrr (cord'd)

Effective rlcnderncrc t*io l,! / p

Flg. 6.1.3-9 llogncrlunl Alloy Short FS-Ih
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6.1.3 Column Strorr Curvor (conr'd)
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Effective cleademcer i*lo Y / p

-qF

,lLL

F--\

-f
*)

El&- I

O -IHTA EXTRUDED SHAPES
(EXCEPT HOLLOV)

O . I AMC 
'8S 

EXTRUDED SHAPES
. (EXCEPT HOLLOV)

ffi
TUBES, Fcy = 10O00 PSI
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5.3 BtrcKLING LOAD OF COLU'{}.{S OF VARYING CROSS SECTION

TABLr br,COXreXrS

6.3.1 Stondord Corcr of Long Colurnnr;
Tobulor Summory

6.3.2 Aprproximclr Ginarol lr{arhod for Piirncd Eadt

6.3.2. I .Numerical Erample

6.3.1 Loog Colucoc of Yeryiag Sectioo

(t)
PINNED - PINNEI)

*-E**- See Fig" 6.1.f -1

(a
PINNED - PINNED

-;f-rrdf5*
-

Sce Fig. 6.1.1-2

(3)
PINNED - PINNED

--
(1)

PINNT{D - I.'IXED

(

-{

(5L
TJREE - FIXED

plr-.r*--I 2_ -+1

-ff I

(LIKE A MAST)

rig.6.3.l-3

Sec Fig. 6.1.1-1

lLt
tan g1l1 tan p.7l 2='-L

ltz

See Nuaericel eraople
io GEN/1090/811"5

PINNED - I}INNED

STRAIG}{I TAPER

@ lrrxrD - FIxED

STRAIGHT TAPER

PINNID - PINNED

b. I.l-II)'fiCAt" TAI)r: R

See Roerk ,p.298,
Tablc XV

Sce Roark, p.298,
Teble XV

Sde Fig. 6.3.1-{

See J. Ae. Sc., April
aod r. App. Mech.
Dec.''51 , 4l J.

J. App. Mech.

Dec.'!1,,{15

t
C

ffi

o
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Long Colunnr ol |oryiag Scction
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voL. r (DEsrGN)
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Sact VAIffiSRAFT ENGINTERING
v€L. 1 i $fi$t$hr)

$ub.$rct 6.5

Uniforr*l y D i srri b,.rte,:i L o{id

MANUAL

6.5.4 lferkad Exompler

65J,1 Uni{ormly Di*rributod Lmd

Besm column showo rn Frg. 6.5,4-L for which EI - 106

HND iIOMENI'S

WL
M,t * Me = -- j: /J" from f).5.2.i" l^ase ]A

f, * L.*. 1l li ? 2 I 1x,1s$
f)", ]l---.-*_- i :.--^:: = t.(!:1

, {.;r I l.UL 'l) _i

Me = Mri = - .i+0 '. 1.$.::i .. - J;;l -l lb. i*.

fh is resuir xor:, .riri ainer{ in }.3"1.

CHECK BY PERflY A,'}Pttt]XIh{.4,TlON of 6.1^:

M= ,Q- M'
Q-CP

= 1.075 x 300 = 1??.5 tb. ic"

ot i) - .3r8

9x 20= lffi
180 r 20

12 = 100

a= I.$.-e'8,-xloc =24625

C = .172 CP * .17? x 10000 = l72A

Q -cP = 22+rr5 a$p ='# = r.075

EI
F- 

* loo

LzA
2t= N
* .6120

U.

,7
,a

U

2

Ucd-

(l-c

M^
.a-<' s= 9

Fig. 6.5.4*t

i*

= 1.0 radian =

10

57.3 deg,

r'CSf .'

= g. r "l grl i j l;{.}8

w=
WL

l2

CENTRE MOMT.,N]"

S'L
!l^ ,, 

- 
fl''L 1{j',

* t50 ^ Lilfi8 -. l6f .1 lb" in,

CHECK BY PERR Y APPI{{]XIMA'TIOb.I

Mc - l.ll5 x 150 * 169 ltr' in.

U

I = 1.0 rad. = 57.J det.
UcosecZ=1.1883 a

UU(Tcosecr-r)=.1883

[u
lz

l_

.. {r

I
i

1i

I

I

I

C = .276

Q*CP:

-wLM'= fr=

CP * 27&

2186' o*p=r.126
1r0

.-1
I

l

ffiII



AI RCRATT HNGINEERII"lG MANUAL
voL.. r (oEstcruj

dr.5"4.2 Trionguta: Lood

Sinrply supported beam rolumn shown in t i5. {;,5"4*7"
rarrying trrangular load'

Sy the icrmula cf 5'9.? .l " 
(,"*se '{,

EI = 8"68x 106

Flg. 6.5.4-2

EI 8.68 x 106

- - 

- 

= r.449x 103P 6000

L8018 u=;=m=;:"

w lil

tr'", 60{10,*

rX-]
I sin -r- I

M = wi'i_.#u -;j ')t' "

i--

*lex.Mocclrs41 I a ttrC

sin U .8199-:- 

-=.4L1
u 2.105

sia U = Ar99

sin U
cos (-_ I

The angle nhose cosiae is .,{11 is 6i.7o = 1.1{6 rad.

r = 18 x 1.146 = 43.6 in.

values of M at th.is and other starioos are evaluaced in ihe table below.

70

l.&{l

0 5.?

.961

l.l20

.877

80

2.1o1

120.8

a59

1.0

1.0

to

1.31'

7J"1

.968

I.128

.62t

"5r 3

71*0

50

r.r78

90.6

1.0

r.t62

.7'

.412

tg70

30

..789 
'

17.3

.7t I

.47

6rt0

40

1.052

(fi.4

.869

l .012

.50

.:i l

7.{"1u

$.6

1.r{6

61.1

.9t 1

1.062

.J11

.r l8

7)10

x

i (rad.)
i

t-.
-. (drf,.)
t

sin x r,

sin (i

:
l-

Ein,,| /.
t_-,
lsin U

10

J'61

l5.1

.2@5

.30,

.12,

.18

26r)$

x0

.326

,o.2

.rol

.J8t

.2t

.3l J

{8ro

C

n

--]
L-/

0

0

l- . r{,



6.5.5 F,rl*, ilit:,1r'r:r,,i {c.r Strai6ht Ct:*',!:r*lsicn []*o.n-l,riuo,n,

i*,.: iil,.N I i-r.{1 ,ji I . ".J fr'i E:}p}.1i!"ttior1 ni t[:r-:r:r v "

T1?r:

IA

IB

IC

Conitant I
Unifcmly Distributed Latcral Load plur eS3ravatiry cnd mocrcnts

C-ooseat I Plus ooe sSSraYating and on* relieving
Uuifmmly Distribured Lateral Load end rrcment

Cnnstrnr I plus both relieviog ead moments
Uniformly Distributed Lqteral LGd

) {,onstsnt I
Sudi3en cLange in I.;niform!y Ilistributed
1.*trrai l-oad plus rclieving end rloments

1A

.38

1t-

r-r'-trnnt I
Single Coocestrateel Lateral Load plus relicving end montents

Constant I
Single Cnocenuated LateteX Load plus rclieviog end momeots

Consmnt I
Single Cooccstrated Lateral Load plus lggravating end moments

4 (lonstsut !
'l'q,o Cotrceotrated Lageral l-oads plus aggravacinl4 end mollrerrts

1A

5B

I Varying Step*ise
Unifornrly Disrrii:uted l-eteral I-sad

No L.ateral L*rd

plus one sggrsvati{rg and otre relieving
end momeot

plus end mo{trents

n'fype lA differs froro Type 3B only io so fer as the rtlative value of W, the lateral l<lrd.

t

n

I_"*l

"l
-)

r-:
ILr



Me = 6fAi lh irr.

\

F rocadurc

(i) Fiod u* L * 46
2

rr=j=f90.^^*6.9xlo-{' EI 8.6g x ru-

p * .026,

y,a = .0263 x {0 * 1.052 radia*s * 60 depce*
g = lq 

= iiSr,ro lb. in.
F2 6.9 " lo-

(ii) &aw OA1 nrrd OB* at 60 r{egreer"to OC1 acd
marlcoff points a ard h. f,)raw normcls i"4^o end bE* tcr
meer ar F. C-oastrucr a circle on OF as diqmeter,

iiii) t}'aw arc erf radir.rs Y. He*ultaat ts.M. is sholsn

shade<i. Max" M i* si,i; bv FF1 and equels gf.-qq-0
lb. in.

l, i...*r ar flrr - Z,Z1 cl*61rres rhel is, et a di.sranqs

1?'x 40 * 1.5 ir. to tbe lefr of C.60

B.M. at any statioa G is G6, - 21200 lb. in which
occrrs at an engle prs from ocl 

**",,:

Shear at G is FG x ,r * I l3l0 x .0?63

- 351 lb.

I

\

coMPRESSIVE END LoAD; uNrr{-}k}r{-y r}LsrftrBUTEt} I-AT}:RAL Lo,tD+ AGGR.AVATING END M{)MEli.rS

Us = 3Om Ib. ie.s = l0 lb. per ineh

I- = 80 in-

*":l.i [yp* lA

(-ONST;lI{I'I:

Tvpe ! A

},

B&NDINA I*OMENT
TGP pL61q6g 1N
coupnESSION

EI=8.68x106

r-]
L-/

C

/ ii/ i t .'
/ il

i.{



Typc lB

M^= 6ffia\
I"}IE SAME AS TYPE 1A

r=. l0

BUT M^ IS A RELIEVING MOMENT.

cl Bn

p. r 600

xs = ]ooo

Procedrro

Similer to Tlpe lA crcept tbrt
poir r ir positiooed differcody
lhr. M - FFr ,- 11700Ib. io.
]t lrr ' Ll.t dcarccr to
thc right of C

POINf Ot
CON?RA.
TLEXURI

At

!
p2

'a.'..$airon{o ror.EET 1r--1. ;

Typr I B

Typr lC.

x^ * 6{xx)

THE SAME AS TYPE TA BUT

Frocrdwe

Sinilar to'T1pe lA
ttu. M-FFr= 6!998
A, l^, - (o to thc ri3be o[ C

x^ AHD'Lt
Xj I 300O

ART BOTH RELIEVING iIOUTXTS.

Typr I C

TOP TLANCE tN COIPNE'EION

t-l

b

n-- 600 -/x,ry

Y
a
H,
Lll"

F

ll
TII

+/

/

ntrl ./ r'



'.Fu: -' V

uLScct 6"5
AiffiCRAFT ENGINEERING MANUAL

voL" r (oesrGN)
Folcr Dlogrona* - Blonr.Colunrnr

6"5.5 Typc 2

CONSTANT 1. COMPRESSTVE

Me*6'ffilL b rr * ?0 lLlin

pr

END LOAD. SUDDEN CHANGE IN UNIT'ORMLY

LOAD. + RELIEVING END MOMENTS.

DTSTRIBIJTED LATERAL

uxl looo tu i*
?l * lo l5"li;F\

-**- P
B

L*80iq.

Prccrderr

(i) tt, - 60 dcgrec ec for C"c*s I A
tl. rgooo 3. rd,3oo
p, rl

{ii) D.rrr OA1 *od OB1 * 60 d*6rror so OC1 snd

nerk olf poian r *d b Drrr aormak eA1cd bB6

(iii) ftrr *rcr of rgdiw Li ona 3*
pB pr

Frou my poirt h on aA6 dtrv hk of itngeh {:;;}l}
pb

prnllcl to OC, *sd frsm k drrr kXr mrnll*t to eA6

ts BGct oormel bB* ia X3.'f-krr tb.c pnre"clr*l* oa

OXl er dirmtctr. Froo Xs drtr X3X1 prall*l to

ocr ro mctt norrrsl *r{g in x1" epnrruct B*rt'ckcie
oo OXr rr dhaarcr,
Rrlultr*r B,ll. L ihorya rkrdad"

Tbr mn* Brtbod eea hc raptoTrd f* rey cCInbisslof,
ol and [srmntr r .

91

$l1 ?,

,rl

Yypc 2

g1*5.$6xtOt

FOllfr or
COl{?E}\'

T
16 16. -**!

C

I

I !r.- !-r1#y
lp'irrl#

f



6.5.5 TrPe 3A

COI,ISTANT I: COIIPRESSM END LOAD'

tlr = 6OO0 l-{X}

P r 5{XX}"-II

CoNCENTRATEDLATERALL0AD+RELIEVINGENDMOMENTS.
ct

IIs - i0ffl B0

:'l
Dr

I
,

! = 11200
lt

L-

-)k
'r/

BrI
I

Ar

,

Prcc{ro
(l) lr- 6O dr,gtcr. u fc Cerc lA

i-.1#r-rlroo
(ll) Drrr OA1 rd OB1 rt 60 &jr:l b OCI md &rr
ODs il lJ dcpcc to OCI .o rGDrGtGt' ttc poritioa oI

D (rbcre ? actr! Ir'brk ofl poiorr r rld.b oo OAr 'rad

OB1 rad corttnrt thc unlr rAa rod bBp

Ftcc Bll o E!
L - {Si!!9j'19 - 7Jfi}

fl)

B.ll. Diryrr vithorr Erd
rr Strr[ft Buc

P

TOP FLANGE
IN TET'ISION

TOP FLANGE
IN COMPNESSION

{ TYPo 3A

(iii) Frm eaypoint h oarA, derv(to th riSht of eAa)

e lir hk of leqth ! et righ englca to OD1; hor L

tt
&rv tX, pualtcl m Aor to EGt Bob podrxed ia Xr'

Ccrtrrrt e prrt circlc.a OXu rr diracter'

Froa X2 &rr X2X1 prnllcl m kh to Ecct'Agt

podtrccd in X1. &rr thc pcrt-citcle oa OX1 rr
diroctct. Rerultent B.U. ic rhrdcd.

1700

Lo.d B.ll. Dirgru rith Eod Lord
o r &nigk Btrc

f

l

f ,,i



5r,i*Sect 6.5

Polor Diogrcmr - Bcom.Columnr

ENGINEERING MANUAL
voL. r (oesrcx)

AIRCRAFT

= fli00[fA

Dl
TI
11 /==\J

<dt
Y- ' ltalp

-'Y

= l87l
7t2A 700r.

j28n eaoo

2.1 4161
B.M. Diagram vith Ecd Locd
oa a Sraighr Basc

6.5.5 Typo 38
CONSTANT [, COMPRESSIVE END LOAD, CONCENTR.,iTED LATERAL LOAD *

. RE LIk.VING Et{D I4OMIINTS

This case differs frprn lA only in so far *s B (an<i h.*. [ ) is srnaller. This resuhs in a qlifferenr

diagram, as will be undcretood by conrideriog rhe "orrogJi* cases whco rhere is oo axral loa<i.

Ma = l(ffi lL in" C1

w= l0O

P=60ffi..-*+

--a=Sin

Itr

L-80in

Et = 5"68x 106

P roccdurr

(i) ,rl = 60 degrec as ic Ccse I Av 100
F- 'ffi =3800

(ii) Draw OA1 and GB1 ct 60 degree to OCi aod &ar
OD1 at l! degree to OC1 ro repre3eor thc positioo of
D (where W acts). l,lark off poiots a rod b ct OA1 aod
Olil and cors.rucr the normals aAn aod !gn.
(iii) From any point h on aA, draw {to thc right of eAl)
a lirrc hk of lengrh Y "t ,rght angles ro OD1; from.k

lL
draw kX2 parallel to Ana ro mcer btso in Xr. Coartnrct
e perr-circle oo 0X, as diarneter.

From X2 draw X2X, parallel to &h to ocet rrla
io X1. Draw the part-cirelc on OX1 ar diractcr..

Rcrultaot B.Lt is shsded.

Frae BM - I!! * l9L" JQ * lo
8CI

6?6{r
6000 -L

B.M. Diegraar wirborr End Lqd
oa r Suaiglrr Baec

Me * 6O00

Typc 38

/1

Ma = Sooc

?r)/ti'.,\yr:y .*o,./ / /l't / ,,r/r,\n_yO
; ,','' "';'J |i+ 

"/t ".:>
.. ,,' , T?P,lLANcr: rN TEN,sloN,',,, , ..

in. An

o I

0
A1

-8111

r-\
L-l

l0

TOP FLANCE
IN TENST(}N
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Socr Y

SuLS.er 6.5
AI RCRAFT

- 8ou-Cclrrrr

ENGINEERING
voL. r (o:sraN)

TIAN UAL
Polsr

6.5.5 Typr I
COI{STANT I: COilpRESSIyE END LO D.
AGGRAVATI}IG END I'OXENT$

Ia = l0p@ lb. ie Ir - l10O lb. rz - 6o0 th,

P * l0Poo lh

T"O CONCENTRATED LATERAL LOA&S +

rfu * l0,0OO lh ia

flir.dirjrrl ir riril* ir
3s*rd clrrcrdrtict e
Tvp" lc

I az
'l--- -.r p

Tn l.

-_-.+ P
<..*-_
\n

Procedwo

(i) p "trJEI
Flt *.A2l0j x 2J =.J27 radinar

Itz = .021r0J x l0 * .6i,j ra.tisnr
pa =.0210J x 60 = t.26lredim

;' -.ffi = r?zn

!z - 6oo 
=28rootr .02L0t

- .02I0J

- ]Oolll
- 36"121
- 77l'Z1r

A}IGLE A1OC1. -
aNGLE A1oD1 -
AIGLE D1()81 -

xr

(ii) tlrr OC1 retticdly rod rrl off OAI rld OB, m
crch ridc of ir et 72o21r. Tbca &rr ia ODs rr
30ollr to OAr .ad OEr $ t&l|r ro OD1.;

lhrt off Oe to rcprcrcot ya .d Ob ro rcprelcot llp
rod coo.rtnrct thc tcrle arta rod bBr.

Froo ray point b oo rAo tLrl hL1 u:l ao ODI

rad egrrl ,o &. Froa h, &rr h1f, cq-t mJb .oa
-Pttoarl to OEr. Froa X &1, fX3 prnllcl to rAo

rod crrtiq3 bB, io X;. Fror X3 &rt -X1I2 prrrllcl
to Xhl ro cur OCr h Xr. Fru X2 &er X1X1 p.sdlGl ,

to hrh to ctra aAo ia X1.

Coartrrt prrt.circlcr oo OX1, OXr rrd OX, er
dirctcrr.

Rerultrr B.X. h rhr&d.

Ar

AT{GLE

,oo llr
,60 l2r

EI-2il.lxl0.

10.
22.J x lOe

-I

BrOCr - 7?o Z4r

o(,

rl
t"-/

LJ



6.5.5 Typc 5A

I VARYI}.IG STEPVISE. COMPRESSIYE END LOAD. UNITORMLY DTSTRIBI.JTED LATERAL LOAD + ONE
AGGRAVATING AND ONE RELINVNG END MOMENT

llr- 6000 llr'l0OO

I

P = 5000 lb

(EI)r-12x19r
(El)t-t.6txtg.

xr

x,
Proccdgr

6000 ; !.0 x l0-{
12 x 106'

- ...!9E-- ' 6"9 x lo-'
8.68 x l0'

lr
p

B'

(i) rr' - !
(EI),

^Pllzt * -
(EI)z

Itt - .02241

I

trz = .026il

llrlr * .0224 >'

$lz - '0263 x

Ft
Itz

Br
* .8J2

N - .6Tl ndirar- 389pt
J0 -.I.3lJ rrdirar - Jto]0t

I - 20000

tr r'

(ii) eu OC1 vctticrlly rad OAr .!d OBr rs Y* r,
degrecr oa each aidc oI it. Thca plr in ODs rt rs
rrylc p1I1 - 38or0r to OAr. ff* o,f : rad lll or

Pr'
OA1 3o trvc po{!. r rad ! 

" 
..d Ir n OBs lo dvc

poir b. Drer oanr.af i ua".

(iil) Frm ery poic h oa rAa &rr hh mrl to ODr
to .cci ODI io k, Chooec . por[ b, o h& rrch thrt

E -tl-hrt-ghL-r!2ht.

?ry.5A

Joiu h1 to T, thc poiot of intcrsectioo of aAa end OD1

l,lerk off r length TT1 oo OD1 c<lual to GGl tbt ir,

equal to (: - - : ), tod froo T1 drer T1X, pnllcl
Fr' ltzz

to Th, l.o.ctr bBo ia X1. Drrr r prrt circle oo OX2

dieacter. Froo X2 &rr Xrm prrellel to OD1 to cut

Th1 io o.

Coorrrrrct tbc uul to OD1 viz ornX, to cut .r,Aa

in Xl.
Draw the pcrt circlc oa OX1 rs diaccter.

Rcsulteu B.M. ir rbrdcd.

-Yn
I t{o

: - l{!00
Pt'

h'l

hrk Pr Itz

nL_/

\J

,/

J



Srcr Y

SrLSoct 6.t
AIRCRATT ENGIINEERING MANUAL

vot.. r (osErcn)

6.5.5 TYPr tO

,

I VANYITIG STEP'IIE. TIO IJITENAL LOAD BUT END }OUENTS.

lr'!o

Seu corrrrrrtia:r Tr?c tA, hE rirc thcc ir p l*rnl
lo.d X, cdrllrr rlth r ud T tt6 T1.

Ai

h
-u

/

P * 6000

Ft
lt,

- .8t2 Ll

re- iboo
a(st),-

t2 x 10.

t

(El)1 -
l.5t x

llu - lm!,^lo.

lrl
ht

lrL

PASSES

TIIT,OUGH X,
P/rssEs
THBOI.'GHII

TyTr SB

ffir'.t
L-

--l
l-/

Ba

i- 't
e"l



6.5.6 Toprred Becln Colunnr: Crerrrol lvhthod

A gcrrd ctbod fa dctcrriaing th distr$utioo of hding moo€atr rbrr ead dc0ectioa of a bcao-colurnn
o( vuyiry I rcted oo by cdooracctsrnd carryiug i faitly cooplcr lrteral lcd ir developcd io "Aircraft Eogio.
ccriagl', Febtuary 19t3, p.16 by Girtlemen

Bricfly thc mffld ir er follorrlj Conrideriag aay tcgacot KL of e dctlcctcd bcto-colu-'r AB heving
cdintcsxxrodra,rrrchthr. r-(xr-rs) Fig. 6.r.6-l(r), it ir rhorn rht if

*KrodL
r.tPGctil.l,

llreod Mr - bcodiol ooccrl
0. rad 0l - rloPc J

0r.--rr$ rio{+l-coy'+e

rr- rr c' tl*r. i ,rref +P

rhcre
cr

pr

tt2 -

ry o -cor c) - ; ( tS*r: cs r, -'r)

-€r -a)'td - i * I (*?,,'/ -r. rtrpt)' -' F lt' p r

* rod e - Rr' + lq:IA rbcre R^'ir tbc htc rercric rt A.

c rad B dcpcnd thc hdiag rod beru tcortry.

D E r'

?lf.6JJ-l($
1

By lhrt rrrudnj thrt tr.eoiri&r dd A eod rbr tb rlopc tlcrc, vlr 0r - 0r ,lr zcto (rhich it ry
lcry rcll 6 bG of cocrc), lt lr porrlb{c to cdculrtc a.d B ud fud01, rril X" rt C

llrvia3 fmd thctc rlrr fc retcnt AC, coridcr :hc rrt rc$r.a CD ead rlc the L vrlrrcr
frt fond rr X vdrlr fr thir rccod rctcil rod fiad 0s rcd llL tt D.

A frt s rrtrtichlp lr:- Ill -e dr +brbcrc r rad blic cortrcr.

Tts celcrlrtlr fr rrpcrtcd fc rclcr rrtr oI 01 l Brro trld rotricr bcilg rcceury.

+\
,'i\

F|s.65.6-l(o)

rolclf qoa

*rr,-r
f$g,r

x

LI
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Sccr V

Sub-Secr 6.5
Topcrcd Bcom.Columnr

AI RCRAFT ENGINEERING MANUAL
voL. r (oesrcN)

6.5.6 fqrrd Eecn C,clmar: Grmd llrrtr.d (cot,d)

NUMERICAL EXAMPLE

TLc pobler cocidacd ir tbc *n .' la tlc rcfcrcnce qnacd.boc.
Althoqb rhir prrticulrr bclr.cdn ir ryr:uiql rbour itr d&rFl, ir lr mt lcorgry fctlir to be ro, fa thc rcthod ir I gcaml oc ia thir rcrpc.bt
Ffu. 6"5.6-2(e) rhocr tbe dirsiorr 

-of 
tbc bcrn (rct to rcdc), (b) rLorr thr eorylcr ladia,eod (c) the xthod of rtcpvirc divirio, rcfcrcd to b.L

Mr * 6@ lb. in.')
Ms . {O0 lb. ia. }
fr -8001b, I
rr * J00lh I

"r = 800 tb. I,, * eO lb./ia.. I

t- tmnlr,
l'r
/Tr
tl

Pr l&D tllett ir.

f,P'uooo tt'G'

(b) LOADmo Ox Bt^lc{rLuut

f--_ I L-3#).
FIIIl

PROCEDURE

(l) Dividc tbc tpca imo coavcaicu ,ctreitr. Iathir cere erch ir 5 in. lo3, arch thrt, --, coarrratr
but it is ncithcr ruccsrary-& dcrinble thrt t rloltjbc coostrnt in rooc inrtaaccr. Io frct. th rub-
divisioo into reg,ocmr rust bc guided by thc iutc ihat
no corcelt"ated load ot ,lrll'esl. stst bc sppltcd *irbltlbc lctgtb ol _a scgscst. Note, fa .r.Slc, thrt tbc
conccotrrted lotds rod EoDGtrtr occr tt Er'f red G.t oEG cad of r lcgctr.

The dirocter of crosa-rectioo of crch rcareot ir
cooridcred rs uaifqo wer itr lco6h rad cq.-l ,o
that rr thc oid-cectioo, th*t ir, ni&rry bctrcco A
eod C, C rod D, ctc.

(2') Coarider thc heeo-coluo .r a b.es ilstJ tttbc csls rod cdculrt-c thc hge rcrctlol i^, rt A.

{.) ltl}rlt DtyIFl
Flg.65tr-l .

By mcr rbar B,

R^'x {d + 600 - r0
- f * Sr + [0x l! - S0 x t! + !O0x 20

R1'- C4! lb. ;
a - Ra,+ +5

- ur * !!Pil9!. - r{! + tJ - !60,b.

O) Fild 6c rgr o, tbc coaccrrrrrd lcdt Xl rtr!, rtrtioa rrd bc*: cft - Q).

Fq elcL rcaed cdculrro ttc rdr:r b TrbhqJ,yl ud jba c (Tr![r 6.rJ-t] .rd p (frbtr

lt"
@ Drxtr(ltoxt or aB^*col.urax (rD" to rc^r"r)

\
-/

J

J



l\iR(:kAir; EhJGIN[HRiNG
VCIL r',DgSfCr*f)

MANUAL
SoL $*er 6.S

Tnprr*ti Be.:n. fo! umnr

6.5.6 Tcpcrcd Boom"Colrrmnc: Gcncrol l*qihod {cont'd}

1'r Itl. t.. 6.1.0*l

IAIJLTJ 6.'.6-2 !-OR i..iNDING A

sEGMEti"r' .1 5 il

Mf:Allr DIAMETI,-R I]

D4

I'1 Pr
s4

[il ;t 1g*6

Ft ( lo{

lr

pI tRaur.rus)

(DECREES)

sin p/

c,rs gl
Iv
Gv*el

1.37s

3.16

. .1748

1"211

22.t)

.o477

.2381

i:"2
.2368

-9717

-860

1.rit5

* '16

.1,ti 5

10.241

I t.7l

.01,{ I

.17$'

.1696

" rtis5

*860

L tl?,

I ?.;1

, (ri,lj

i 8" iltr

6"{r1

.01 1?

' . t28J

7.16

I )O )

.$917

-8(r0

2.0

t6.fJ

.786

2r"t8
1.08

.o226

.r 110

6.,{8

. 111(r

.99)6

800

60

2.0

16.0

.7b6

21"58

1.08

.0126

.1130

6.48

. 1126

.99 )6

100

{40

t.815
'! 1 f <

.00:

18.06

6. ri5

"0;5;

. llil 3

7. trb

! 1{i l

.9ii 1 ?

s00

.160

I :.rzs
I

I 6.,,t'
i

i .l.ltt

10.24 5

'(114 I

.!7!5
{).:7

. I irtlli

.i)851

itli}

'lt,lt

i r.t:l
i r.sc
I

| .rz+a
i

\. 241

ll.9

.047?

.2lB'
I 1.7

.2 li;8

.9:I7

500

'Il)il

1***ar
P

(l - r',:s prli

iIfr -,1lulr \::--Y'(l-ccsp/;
P

sio lrl
t(

IL

11 cos pI
rL
sia tl( -...--rrKcosl-tl)

lt
,r

F

l(,1 :( 
T, 

- rr(ocos ,/ * rr- !

ro'a I

-.07167

"0281

-2.428

{.9519

0

0

,
-.0461

*.07 167

.0i45

- 1.0]9

1.9716

5

4.927\

IO

-.0q89

AT

-t.6t

*8.74

CONST,

*"77

-19. tl

-..0? 167

.i,08 i
*. rsJ

"1.9881

io
9.9 t7

i5

_.0q{7

I .{>6tr x

*: .18

-1.37

| -.o05
I

I

Ii .0064
I

i -.0'
d.9821

I5

l 4.90d

?0

- 
I t 1'

l0-3

-1.90

1.18

.03657

.006{

- f t<

1.9823

2$

19.872

2t

-.1{r7

*2.41 
i

I

I

4.?8 I

.-.0]0

.0{.}tsJ

*.24q

4.988)

?1

21.'1921

1$

*'2192

-,1'6J

t. 16

- . il10

.014 s

* 411

4.97 16

it
29.11;1

J'
*" ,i614

-7.6i)

,.14

*.0,10

.028l

*'. li'19

4. !r11)

1i

1{.0,J95

4{}

..1.rl1t)6

-1:.28

8.?3

o

f]



Sect Y

SuLSect 6.5 .

AIRCRAFT ENGINEERING M/\NUAL
voL. I (oEsrcn)

Topcrcd Bcom,Colcnnr

6.5.6 Toporcd Bmm'Cotsmnr: Ganerol itetfrod (cont'd)

(4) Assunoe that K aoineides sish A *nd txkt ilt*

- i000 i (,ho knr** fixi*6 mrmesr &t A) ad d* = ry,

as an initial assunrption-

Then for segfftnt AC
ltAt---M*psirrllta

= -f000x.939r10-6 *19.J1 xlt]-{

= -9.19 x l0*{ - 19.}1 x }.{J -a * * Z$"pS x 10*{

Mr, = 1000 cor ;rI + P

* 97L,7 + 4012= {9&{

TABLE 6"5.6.1 FOR TINDING p

A*sume oow that K coimicles wirh C a*d L witb D

M* - Mr- *bove * {984

6* = 6,-sbove= -28.9x10-a

Flence determine S, *nd &{" fw sf,{tseet (-{} *nd for

ail scgrecnts, by tebulari**, *s showrr in "Iahles

6.5.6*4 and *I'

It ir fouod thet M" af B = Ms * -2S67 1

! 2 3 4 3 6 7 I

(Iv-Q)
sin Fl

v

tv-Q)'SJ
wtt
u'
tos pl

'n 
(in pt

eos 1tI_Ji- -IK$!nF'
wd
-(r.os'--xg *in 1;/)

p

-8@

1.9519

-1260

8790

7A.17tl

0

20.371 t

8t12
I

Ii 4ol2

* 860

1.9716

-1277

r 7r99

28.9003

.8480

28.At2t

l6{t3

,"1

* 860

{"9881

-d290

10280

]8.t871

1.2820

37.rO57
I

I

| 29011
I

I

I ,o{r

-{s
1.982)

- 299

)9179

{3.9546

1.6890

12.Ztt6

)7111

-r{46

110

{.9821

trg2

,9159

{1.96{6

2.7520

lt.7126

16916

*1111

-160 l

4.9881

-r796

1C180

]8.'87t
3.2050

)7.1827

27J15

- 9{9

-r&
1.9716

-1790

t7199

28.9001

,.0880

23.81 2]

l re6$

-14{3

-1781

879{)

20.171 I

6.??0 5

r 1.rfl06

t0 74

- 191]

360

4"9t)9

i' ''!
r- -/

rl
.-/



AtRcRAFT ENGTNEERTNG MANuAL ie'ciY

voL. r (pesrcN) * *ai:'S*ci r''5
upere<i B*crrt- [oi t,rtnt

6.5.6 Topcrod Brom.Colurnnt: C'cncroi i&thod {ecnt'd}

TABLE 6.'.6-4

TABLE 6.}.6.}

I j t { {
tJ

'f a

F- ,rn ,,1 .- 10- b

Ir'
M1

- Mx ,il- rir 1rl lo*a
P

0* :^ 10 
*a

,,os f

fucoslxl0*a
10. a'

io4 0L

.919

1000

-9 ]9

0

.sitt

0

-r9.,l

- 28.9

.482

4984

-21.02

-28.9

.9851

*28.48

-8.74

-61.2{

.z1t

8271

-22.7'

-61.2{

.9917

-60.7'

*4. t7

-87.8J

.212

LrJlq.

*24.31

-87.8'

.9916

*87.29

1 .58

*i r0.0{

.2L2

913?

-?0.00

-t 10"04

.9936

- i09.14

4.78

-124.16

.27)

1ql:

- 10.67

*124.)6

.99t7

-123"14

r.16

-113.05

.4{r2

2tt2

*10.]7

- l 11.o:

.98r'

-lll.l2

. 1,14

- 118 15

.9i9
-- r t(,

_ ! n")

--l i8.11

.), L

..114.?4

8.79

I .,
3 4 { 7 I

MK

Mg cos 
6-lri

I
p
0x

{l

MI,

stn

t'

r

i
rio f

1000

972"

,9116

0

d01 2

4984

49M

4912

19581

-r.12

,r1r

s2?l

8271

820?

59860

*167

104 I

lwiq

llgg
I 1401

,9788

*521

-r416

94ir

9432

9,72

,9788

-618

-443i

9:2

,3:2

..38{7

J9860

-746

-919

2rj2

:]\l i -'iu
I

"i
:i.:\ ! -lrr

i
Ie..rqlg,i i ,;+.t.1,-l

j

-" 
* ri.; i ..!,. :

*i,1r 
1 

::,:;l

, ' ' --;. -r
, .' 

l
, L -.-------J

- !,_

l{ore rhat rchen trse{errirg Ma froao colurua } to Ms in columr a, i, iu ne.e$s&ru to a.-id err

ttx applied mooocnr of 600 lb.in" at E, thu* mahing 10875 + 6O0 - 11476 as indicaced by tkr

dotted liae in Teble 6.5.6-9.

Sinihrly rhen trracferring Ms * 1219 &onl colurnn 5 to columod it is reducscl by 400 to 3S79,

bccrucc of tbe applicd mmeat rt G.

n
L./

n\,r



Srct V

suL!.d 6.t
fopercd lrr-Cclrrr

ENGINEERING MANUAL
vot-. r (oestcx)

AI RCRAFT

6.5.6 Topmd ErorColuatr: Crnlrnl ffid (cont'd)

Thc &tlectcd rhrpc of tbc bcro, nlil,hr b A, i, rbra dir3rrrticdly il Fi3. &r.(-ir. (It ic thw
becrure rll the nlrrc of 01 rc rptivc).

rr o 2867

Ie' lfil0/t '-48
da ' - ,012{}6

!^'' o

Froo tbc rclrtimrbip Xr - r@e + b

2867-O +b
b -- 57

SE@ND APPNOXII'ATIOI{

Arrllr e lccoed veh d1- 0.10.!d trh llar IQS q1i& (1ury 5g r $dlr celcdrtim
(u rlrra Lrc c h thc cl;inl rcfcrcrc) lo trv: ll1 - j[968

llr -.Ct + b

119(/l -rx0.l0 -t1l67
0.10e ' 3111
r - l7[,Jn
& ir hom fur 6. rc::I rrl: eI .llr - l6m

H;r. 160O - til,lfO .h - fr7
d0^ .-0.011D7

FINAL SOLUTION

Stert vith de * 0.0ll8x)7 rad M1 - fO00hod rork ttrorryb er ia TrHc 6.J.ffi to fiod 01 aod Ma

'fq rll rcgmcds
a

Vrlucc at B rrc 0s - - 0.01007,

Ma _ 1t98 )

SHEAR.AND DEF'LECTION

Rcf* to the ciginl rrttclc fc thc crhod to bc rrd.

Fl* GI.6-t

_l

r-I
r-l



AIftfiHAFT ENGi},iEERIrjU MANUAL
VoL. 1 (DEsIGN)

fitr:rll:,, ;.-',,t, :- .'ir'"r'.

&.5.{.r "Irper,:i,ieu':-...i.ri*rns: r**n*r*i i**tl*rJ irrlnr'ill

i : 1:

I )
I114

;.J
'7

,:
-, !irrIl .'. ii)

.r1, - .,,, . ii' (
''t

I

' j - l:, iii -,

r. ns i,i

tl;r L.tir.; 1i 1 1: ' a

tt 4 il

I t r4 ii..

:

t,.,'i;:

i!,

, i.: '

"!rl .I i

t, i )1'. l'l

-;l "'. 1 l

$ 'r.1r ;

:\ -1 
-'

F | 'r,,

--8.:.-

lii,ii

.jl' ,. ,,i,o
l

. r.;.!l il r,i,llj

-rr.., , l:?"r j

r, .! , I il

,.rli
,i

1:,,i,1 r l.' ,rr

i
_l-.1.' r i.",1

I
,

i'.1; i .,.t1

t..'

.!l .. ('il \ ,jlnr
p
- .iin !.rl
lt,,' 

I>
'./K - slO I/l

I
/i

[1 r"

I rrlli:

:1",j

59.! {6

-l) 
":

i{} !.1

{,,j9 {;

\i.ani,

!a,n4

1q s8'l

rrlr,

1<1 I

96.17

:),, 1 '

'iJ{i:Jr}

l:fii)!

I.;'t':i

I ilt.l

{(t lgE

l0:

- l,{.{{i

I )nau

L.;

i l, r, l

)r;ils

. _1,*

'" ,l-i i 1

'? i: t.^

{r}ii(':i;

.":i' i

-. ,) i,.'

-r i) { t.i

_I

4

t

t_)



Sect Y

SuLSrcr 6.5

Bcom-Colurnnr

AIRCRAFT ENGINEERING MANUAL
voL. r (oesrc N)

6'5'7 Brorrcolunor sTlFlliESS AND cARIil'-ov['R ct{{t{.TS {to inclule rffect of }-n'i ['oa'i]

Stiffr*ss artl carr".c,ver factus. rcrlulreti {rr carryrn[ {}tlt ttrolllent dittribution calculatir:ns of

treams rirh arial irnd and l'.rrerai lo:r'1. *re givt:rt herelrl irt chart itrrn.

AESOLUTE STITFI

Sec GEN,/1090/ W4.lfor derivation itii-tfi,
# l, - E! where P = end hd.

.l

0

Flg. 6.5.7-l Stiffnur For,lor n lor Corrtunr.l Beor*.Colunmr (from N"A.C.A., T't{' 534}

nL/

r'!
J



RCRAFT E.NGINEERING MANUAL
vot.. r (ogsrcx)

6.1,7 BrorColucnr (cor*'d)

Flc. 6.5.7-2

.2

.t

0
n



ATRCRAFT ENGTNEERTNG MANUAL settv
5r.rb5*rt d.6

vol.' r (orslGN) 
colunnr with smcll lnitlol Bo*

6.6 COLUMNS T'ITII SMALL INITIAL BOt{

TABLE OF CONTEHTS

5.6.1 Tobulor gunnmory of $tondord Corct

6.6.2 Xumorical Exonplo

6.6.3 Folor Diogromr

$.{.1 Colunnr whh Srncll lnitiol Bow
EI ,,- L

'Pt

+ B.M. PUTS TOP FLANCE IN COMPRF,AII()N

{l )

C-OI-UMNS YITH SMALL INITIAL BOT

SruPLY SUPPOR:rED AT ENDS
COMPR.ESSIVE END LOAD

NO LATERAL LOAD

^At eny statioo dirtrnt r hoto A,

U - Q p.Cosin !I ,lp.rryapprorirnation)
Q.P L

where .e - Eulcr foiling load for pioned ends = 
#

[4rx. u * -9- P.Co at C
Q-P

Deflection relative to lioe A B is

y+yi - q C-orin4I
Q.P L

* 3 C6'at C whire ir is a max.

Q-P
Fr derivrtion sec GEN/1090/811.8

*P

(Deflectcd rbapc showa dottcd)

IMTIAL BO? (SINUSOIDAL) yi * Co SIN f

Vhere Co = iairirl bor rt ccltrc C

r"!\/



se*'r' ATRCRAFT ENGTNEERTNG MANUAL
suLScct 6'6 voL. r (oesrcN)
Columnc with Snoll lnitiol Bow

6.6.1 Colunne with Smol! hitiol Bow (cont'd) ir=g u*|
,P t

COLUMNS YITH ST{ALL INITIAL tsOW "} BJ. PUTS T@ FLANGE IN COIPNESSK)H

(2)

SIMPLY SUPPORTED AT ENDS
COMPR}:s$V[ F]HD LOAD +

UNIFORML Y DTSTRiIJI.JTE D T.ATE RAL
(INCREASING lNtTI.{L BOV)

IMTIAL BOr (PARABOLIC) yi' Kr (L - r)

1'5oro 1 * ISc
L2

rod C6 = ioitid bor rt ccotrt

p l- - r -ri co i p
--

it-;c!
Ii2

At ery stetioo dirtaot r koo At

M * A"o"l + Bainl-ir(r+2Pk)ii
yhcre A r ir(r+2pk),

B - i2(r+2Pk).oU
2

Altentivelyruae r poler dlryna, rr in 6"6.]

Irlrr M - ir (v + 2Pk) (rcc U - l) rt C

Thecc cxprcorior ere bsicdly riuilrr to thox
io 6.5.2.2, Crre 1A sith tbc rddltioo of 3 t.lt!
iovolviog k, duc to rhc iaitid bot.

ftco tbe lrterd loed decrcrcc tf,c iqitial bo'*'
ruc (v - 2Pk) icsterd of (u + 2Pk) thorryhout.

FIXED AT ENDS" COMPRESSIYE END LOAD +
UNIrOR,MLY DISTRTBUTED I-ATERAL LOAD

(TNCREASING NITIAL BOT)

IMTIAL BOI (PARABOLIC)yi * r'r (L - r)

s6j6 1= lSo
1r

md Co = initiet bsl rt ccacc

(3)

Me - Lta - - i. (r + 2PL) tt - I
At rny ctetioa dicteot r frm C,

M -A "o"1 + B ainl'-ir (?+ 2Pk)

shcrcA - i2 (r + ZPk) - ll^
r 

lk) - v^l ..o 9B-izl!r+2l .., 
2

Altetrtivcll r uac e po{rr diegm, rr b 6.5.3,
l- -r

ltu. +M-ir (v+ 2Pk)l 9"ono" 9 - r I etC'Lz .2 J

Thea thc btcrrl lord dccrarrr &a initid bor,
ure.(r - 2Pk) ianterd of (r + 2Pk) &ogbou.

UI"*;J



Al&Cf,t,,{f'T [ir&lN HL.ft lf.lG MANUAL
v*L. t'.ri{:*r*;rui

$set Y

5r.lbScct 6.S

Columnr wirh Smsll lnitiol 8o.,e

6.6. I Coluranr quith &noll lniriul Bow {conr'd} U-L
i

:, EI,P

ct)I-uii4lis wITx sM,{Lt- tNtTL{t_ BC}S + B.M. i,UTS TOP FLANCE, IN COMPREiqI0N

M1

i\
6'-*- I

(1)
(-ANTII,.T'VEIT

INIIIAL 809 y1 * Co rio LI

M1- - 3- P.Co
Q-p

vhccQ - Euler failing lmd for pinned codr

nr El
1l

(5)

ARC}I PINNI]D AT ENDS
EXTEKNAL RAI)IAL PRESSURE

pc,- 
[.'(;),_ 

r] t
Proof in Dcn Hrtog

Advrnccd rtrcngth of }irrrrirlr, p. lg?.

(6)
ARCH FIXED AT ENDS

AXTA R.]{AI. RADIAL PNESSUAE

p-cr ['[r )' -'] EI
Rr

f.:L-t

r--t!l
i-I



$ocr Y
Ssb-S.cr 6.6
Nuarrlcd Enqlr

AINCRAFT ENGINEERING MANUAL
vol.. r (ourcn)

6.6.2 Hil."lcd Erm;b

xa.-tr (r+rph) [-X.*X]
lr.E.t'6!xlot rt14!'P6m

ll.1 .- t{at (l0 + r!} rt -..602]
.- t.& x 10. x .!gl
r- [fi!!

F
Uc -f t (r+ZPf) lU *.

Lr

- 1.62 x lo{ [.rtr - t]

P -6fil0lL

Fls. &61-l

Slighdy borcd colum o{ Fig. 6,6,2-l hrrtnf arr. bov rl ce&. co - 2lc
To tiod ll*, Xr rd llc. El - 9.6t x l0t.
Frm rbulr lr"*'y 6,6.1, Crrc $):

- 3.62 x 10. x .212 d i

- 792

.'*.ff rl2.!xio-{

2Fl -lx&0xll.lxl0-.
g.!.!9..I.o'l,'dL..
24 ltlr

cor 9 t.lTill
2

l.t H.l.o1 x,rrr7

-,607 "

.o..9 - l.l!2{
2

!*." I -l.0jlxl.tJi{t!
- 1.212

. t.t x tl.J - ll
. 60.t dr|rerr

9-rl2J

ilr rrb d.cl. rff ft ob.hd &ot &. poh Dl{nr lr 66.r.'

tl

lle llr

--l
s-/



1't!ti ij 1l.-,ir. ,{r .,: il:
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