SOLUTIONS TO PROBLEMS

LESSON 1 STRENGTH TERMINOLOGY

Normal stress and shear stress, or, tension, compression and shear
stresses.

The tension stress (ref. paragraph 1.1.1) is:

fy = P/A = 186,000/(1.50 x 2.00) = 62,000 psi

The shear stress (same ref, as above) is:

fg = V/A = 132,000/(3.00) = 44,000 psi

The limit bearing stress (same ref. as above) is:

= P = 2000

_ = 80,000 psi
y Dt .250x. 100

fbr

The ultimate factor is 1.5. (ref. paragraph 1.1)

fory = 1.5 X fop, = 1.5 x 80,000 = 120,000 psf

From paragraph 1.3.1: E = f/e.and E = 10,5 x 106 psi approximately.
Therefore:

e = f/E

= 35,000 = ; :
e = 32, = ,00333 in./in,
- 10,300,000

From paragraph 1.2.1, e = §/L, Therefore:
& = e x L = .00333 x 84 = .28 1n.

Then the length with the load applied would be:

L=1L)-6=86-.28=83.72 in,
£ = 10.5 x 106 psi and u = 0.33. From paragraph 1.3.3:
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1.9 a)

b)

Referring to the definitions of E¢ and Eg in

paragraph 1.3.4 and the
typical stress-strain diagram

in paragraph 1.1.2 it can be seen that
above the proportional 1imit the slope of the curve (which is the

same as the slope of a tangent to the curve) is smaller than below

the proportional limit where the slope is the modulus of elasticity,
E. Therefore:_ :

Et is smaller than E.

By drawing a line, imaginary or real, from the point on the curve to
the origin it can be seen that Es s greater than E and:

Es is greater than Eg,

Stress

— |} _q02 Strain

Al-2 )



SOLUTIONS TQ PROBLEMS

LESSON 2 REVIEW OF STATICS

2.1 Either reaction can be found by taking moments about the point of action
of the other.

Mg = 0 = 750 x 20.0 + (50 x 20.0) 20.0 + (250 x 10.0) 5.0 - 25.0 Ry
R1 = 19004

The other reaction can now be found either by taking moments about point A or
by summing vertical forces:

"Mp =0 =750 x 5.0 + 50 x 20.0 x 5.0 + 250 x 10.0 x 20.0 - 25.0 Ry
= 23504 or:

Pl
(V]
i

"Fy = 0 = 750 +# 50 x 20.0 + 250 x 10.0 - 1900 - R

Ry = 23504

After finding Rz by one equation it can be checked by the other equat{on.
2.2 At joint A: .
iFy = 0 = Pag sin 45° + Pac sin 60° - 1000
.707 Pag + .866 Pac = 1000
"Fp = 0 = Ppg cos 45° - Pac cos 60°
107 Pag - .5 Ppc = 0
Solving these two equations simultaneously:
.707 Ppg = 5 PAC
.5 Pac + .866 Ppc = 1000

Pac = 1000 __ = 732¢
(.5 + .866)

707 Ppg - .5 (732) = 0

Pag = 518#
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At joint B:

iFy = 0 = Pgp sin 30° + Pgg sin 30° - Pag sin 45°
.5 Pgp + .5 Pgg = 518 sin 45° = 366
Tn =0 =Pgp cos 30° - Pgg cos 30° - Ppg cos 45°

.866 Pgp - .866 Pgp = 518 cos 45° = 366

Solving simultaneously:

-866 Pgp + .866 Pgg =(£§%%>366 = 634 (Ratfoing IF, equation)

-866 Pgp - .866 Pgg = 366 ( Fpn equation)

-866 Pgp + .866 Pgp = 634 + 366 = 1000 (Adding the equations)
Pgp = 5774

.5 x 577 + .5 Pgg = 366
Pgg = 155#

~At joint C: -
Fy = 0.=l PcF sin 45° + Peg sin 45° - Pac sin 60°
707 Pcp + .707 Peg = 732 sin 60° = 634
tFh = 0 = Pcp cos 45° - Peg cos 45° + Pyc cos 60°
.707 Pcp = .707 Pgg = ~732 cos 60° = -366
Solving simultaneously:
2 x .707 Pcp = 634 - 366 = 268
PcF = 190¢

————————

-707 x 190 + .707 Pcg = 634
Pcg = 707#

Note: This cable system has four reactions, which is one more than the three
that can normally be found by the three equations of statics -and would
normally be statically indeterminate. The reason this problem could be solved
is that the internal load path was statically determinate.
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This problem could also have been solved graphically, This is done by

drawing a force diagram at each joint with

the lengths of the force vectors proportional
to the magnitude of the force and at the angle
at which the force acts. The sketch shows the
force diagram at point A, .

2.3 Look at a free body of the upper cylinder
available and they act perpendicular to

the surface of the cylinder at the points

of contact.

LFh=0="Pgcos 30° - Py cos 60°

Pa (08 60" \= 577 py
cos 30°

EFy =0 = PB sin 30° + Pp sin 60° - 200

Pa

.5 Pg + .866 Py = 200
.5 (.577 Pp) + .866 Py = 200
Pa = 1734

EE = 577 Pp = 577 x 173 = 100
Now look at a free body of the lower cylinder.
v =0 =Pc sin 60° - Pg sin 30° - 180
.866 Pc = 100 (.50) + 180
P = 2664
LFp = 0= Py~ Pg cos 30° - P cos 60°
Pp = 100 (.866) + 266 (.50)
Pp = 2204
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2.4 Mg =0 = 36,000 x 52 + 18,000 x 6 - 60 R,
Ry = 33,0004

——————————

vy Fn = 0 = 18,000 - Ry coso
2D = arctan 6/60 = 5.71°

Ry = 18000 = 18,090#
— c¢os 5.71°

-

IFy =0 =R + Ry - Ry sin 5.71° - 36,000
33,000 + Ry - 18,090 sin 5.71° = 36,000
Ry = 4800#

2.5 First find the reactions at points E and H to complete the external
balance.

My = 0 = 4000 x 9 + 3000 x 18 + 2000 x 27 - 27 Rg
5333¢4

-
m
"

LFy = 0 = 2000 + 3000 + 4000 + 5000 - Rg - Ry
Ry = 14,000 = 5333 = 86674

Determine the internal loads by balancing each joint, individually..

Joint A: 9= arctan _9 = 36.87°

12 lZCDO\ba
AE = Rg = 53334 comp. : AT A
AF = AE-2000 = 3333 = 41664 tens \.1:;<;
— cos O cos 36.87° AF
AE
AB = AF sin © = 4166 sin 36.87° = 25004 comp.
Joint E:
iFp = 0 = EF
EF = 0
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Joint F:
LFy = 0 = BF = 4F coso
BF = 4166 cos 36.87° = 3333# comp.

TFp = 0 = FG - AF sin@

-
[*p)
"

4166 sin 36.87° = 2500# tens

£Fy = 0 = 3333 - 3000 - BG cos 36.87°

8G = 333 = 4164 tens
cos 36.87°

LFy = 0 = 2500 + BG sin 36.87° - BC

[ o]
O
it

2500 + 416 sin 36.87° = 27504 comp.

LFy = 0 = CG - 416 cos 36.87°

O
[
[}

416 cos 36.87° = 333# comp.
“Fp = 0 = 2500 + 416 sin 36.87° - GH

cy
X
#

2500 + 416 sin 36.87° = 2750# tens

IFy = 0 = 4000 - 333 - CH cos 36.87°

CH = __3667

= 4584% comp.
cos 36.87°

LFy = 0 = 2750 - CH sin 36.87° - CD

€D = 2750 - 4584 sin 36.87° = 0
Joint H:
LFy = 0 = DH + 4584 cos 36.87° - 8667
OH = 8667 - 4584 cos 36.87° = 5000#
Joint D:

IFy = 0 = 5000 - 5000

This checks the internal ba1ante.
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2.6 My =0=Rgx 15+ R x 3 -600x6
15 Rg + 3 Rc = 3600

IMy = 0 =Rg x 6 +Rc x 24 - 600 x 15
6 Rg + 24 Rc = 9000

Combine the two equations by mul tiplyin

g the first equation by a minus 8 and
add it to the second equation.

-120 Rg - 24 R¢ = -28,800
6 Rg + 24 R¢ = 9.000

-118 Rg = -19,800
‘Rg = 174#

———————————

15 (174) + 3Rc = 3600
Re = 3304

LFy = 0 = Rp + Rg + Re - 600

Ra = 600 - 174 - 330 = 964

2.7 (1) My = 0 = 55,000 x 6.0 + 12,000 x 52.0 - (Rqgp sin 60°) 20.0
Rdp = 55,0804

(2) TF; = 0 = 55,000 - R4qp cos 60° - Ip - 2
Ip + Ig = 27,4604

(3) tMy = 0 = 7000 x 60.0 + 10.0 Zp - 10.0 Zg
Ip - Ag = -42,000#

Solving the equations for IF, and ZMyx simuitaneout]y:

Zp - (27460-Z4) = -42,000
2Zp = -14,540
Ip = -72704

e ———————

Zg = 27460-Zp = 27460-(-7270) = 34,730#

Note: The portions of Z, and Z? due to the 55,000# vertical load and the
7000# side load could be determined separately and superimposed.
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(4) F, = 0 = 12,000 - Rdb sin 60° + xp + Xg
XA + Xg = 35,700
(5) Mz = 0 = 7000 x 6.0 + 10.0 X4 - 10.0 xg
Xpo - Xg = -4200
Solving the equations for LFx and M, simul taneously:
Xg = 4200 + X,

Xa + (4200 + Xa) = 35,700

2Xp = 31,500
Xp = 15,7504

Xg = 4200 + Xp = 4200 + 12750 = 19,9504

Note: The portions of Xp and X

B due to rFy and due to tMz could be determined
separately and superimposed.

(6) tFy = 0 = 7000 - Yg
Yg = 7000#

——————————————

Note that in this problem all six

equations of statics are required because
there are six reactions.
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SOLUTIONS TO PROBLEMS

LESSON 3 REVIEW OF STRENGTH OF MATERIALS

3.1 =P
- AE
65,000 x 60
1.25 x 10.5 x 106

L= f1 = -35,000 x 60 _ -0.20 in
£ 10.5 x 106 ~T———

i

= 0.297 in

3.2

3.3 The reactions are statically indeterminate because there are two
reactions and only one equation of statics that applies (IFp = Q). However,

as point B daflects, the length AB must shorten the same amount as length BC
elongates. Thus:

A = “se
PAB LaB _ Pgc Lac
AE T A
Pag = PBC(_LE )= Pac ﬂ)- .75 Py
LAg 24

This, then, is the second equation that is required, the first being:

Fp = 0 = Ry + Rg - 30,000

. Ra *+ Rg = 30,000 = Ppg + Pac
Combining the equations:

.75 PBC + PBC = 30,000

Pec = 17,1404
PA8 = 30,000 - 17,140 = 12,860#

For the deflection at B:

B = PaB LaB = 12,860 x 24 . g.107 ip.
- AE .18 x 16 x 106
or:
55 -

Pec Lec = _17,140 x 18 = g 107 in.
AE .18 x 16 x 106
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3.4 The spar cap and strap are forced to elongate the same amount because
they are attached along the length. Therefore:

‘A = 85 where subscripts A and S denote aluminum and steel,

respectively.
PaL = PslL
AA EA  AS ES
Pp x B84 = Pg x 84

1.50x10.4x10%  .75x29.0x10°
Pa = .717 Ps
and by ZF = Q:
Py + Pg = 172,000

117 Pg + Pg = 172,000

steel Ps = 100,200#
¢, = _P_ 100,200 154,200 psi
M.S. = Fey -1 = 160,000 - 1 = +.04
== 1 158,200

aluminum P = .717 Pg = 717 x 100,200 = 71,800f

P = 71,800 53,200 psi

f
Lt T L.E

M.S. = Fty -1 = 88,000 - 1 = +,65
— T 53,200

Note: The same answers would result from using the equations:

€p = &g
fa=1is
Ea Es
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3.5 From the equation §= PL/AE it can be seen that é is inversely
proportional to AE/PL. P is the load and AE/L is a measure of stiffness.

Thus, for the straps to have the same stiffness (that is, the same S for the
same P):

AEY = [AE where T denotes titanium and
T/1 L/s S denotes steel

Since the lengths are the same:
(AE)T = (AR)g

AT _ Es . 29x106

o= 5S = 1.813
A Er  16x100

Ag = 3.75 x .156 = ,585 in2

1.813 Ag = 1.813 x .585 = 1.061 in

—————————

At

3.6 Find reactions Rg and Rf

Mz = U =500 x 4 + 2000 x 10 + 1000 x 16 + 1000 x 26 - 20R; ' e
Rg = 3200#
tFy = 0 = 1000 + 1000 + 2000 + 500 - R} - Rp
Rp = 1300¢ 1000 I 100616 200016 500 b

The shear at the left end is l l ‘ l
equal to tne applied load of 1000 - o
1b. At each applied load and A B c 0 £ F X
reaction the shear changes by the i )
magnitude of the load. 3700 1b 1300 v

. . 1 2200

The bending moment is zero
At the free end. The change in \2.00
moment in span AB is equal to the Vib)
area of the shear diagram for that
span. Thus, __T__.E

Mg = Mp - 1000x6 = 0-6000 = -6000"# <800 L__

-1000 . -1300

similarly:

Mc = Mg + 2200x4 = -6000 + 8800 = 2800"# ‘ 10,000

Mp = Mc -+ 1200x6 = 2800 + 7200 = 10,000"# 5200

M
Mg = Mp -800x6 = 10,000-4800 = 5200"# {inclb) 220
M = Mg - 1300x4 = 5200-5200 = 0 // '
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3.7

Find

Find

Find

Find reactions by the equations of statics.

M = 0 (M}(E)\» 1000x 12 + (100 x 12) 18 - 24Ry
2 3

RA = 38,900 _ 1¢004
24

-Fy = 0 =100 x 12 + 1000 + 200 x 12 - Ry - Rg
2

Rc = 1200 + 1000 + 1200 - 1600 = 1800#

shear at A, B and C by summing vertical forces starting at point A:

Va = Rp = 1600#

oo
Vg- = V5 - 100 x 12 |
= 1600 - 1200 = 400#
Vg+ = Vg -1000 v {b] \ET 400
= 400 - 1000 = -600# 5 I
Ve = Vge - 200 x 12 -¢00
2
= -600 - 1200 = -1800#
~1g00
bending moment at A, B and C: ; -4
|
Mp =0
A 1600 + 400 400
Mg = My + 200U * 300 12 -~ .
> M 720D
=0+ 12,000 = 12,000"# {in-lb)
| " 50 N e
(Using area of shear diagram). X

Mc = Mg + Vge D - wb2
=

2 12,000 - 600 x 12 - 200012)2 = g (Using M)
6

the shear and moment at center of span a, using the equations of statics:

= Ry - W& = 1600 - 100 (LZ_ = 10004

| =<

2 2
= Ry (3‘) - w(}_)i = 1600 x 6-100(6) 3 = 7800"#
2 2/)% B

Iz
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Similarly, at center of span b using the equations of paragraph 3.4.2:

Vo= Vg4 - wib/2)2 . -600 - 200(6)2 . -900#
- 2b 2x12 -

=
"

M= Mg +(Vas)(b/2) - w(0/2)3 < 15 000-600(6) - 200(6)3 = 7800" 4
6b 6x12 I
Find shear and bending moment one inch from A using the equations of statics:

V= Rp - w(x) = 1600 - 100(1) = 15004

M= Ra{1) - wix) X = 1600 - 100(1) 1 = 1550"#

2 2

Find shear and bending moment one inch from C using the equations of paragraph
3.4.2:

Vo= vg, - w(x)2 o _gog - 200(11)2 -1608#
- 2b 2x12

A

Mg -(Va+)(x) - ¥x)3- 12000-600(11) - 200(11)3 = 170374
6b 6x12

3.8 Summing vertical loads (shear) and moment, starting at the free end:

VA =0, My =0 ‘ZDUDIb -
(- - - - - w = 400 %4
Vg- =(-wa)a = -200 x 6 = -1200# o 2 | [
- Vg+ = Vg- = Py = -=1200-2000 = -3200# A
A " b g c -
= a = Z - " 42Jm'n-
Mp = wy (a) 3 200(6) 3 3600"# 00 1
- Vg, - = -3200- - -6400# vl
Ve = Vg+ (wb)b 3200-400 x 8 6400# (b)
Mc = MB-P(VB+) b—wb(b)(% » 70 Il
= -3600-3200 x 8 - 400 x 8 x 4 = -42,000"# 1700
At center of span a:
M= g (x)(x )= 200(3)(1.5) = 900"# > -b40C
H My
(in-ih) -
At center of span b: : 300 X
M = My +(Vge)(x) - wy (x)(.é
= -3600-3200(4) - 400(4)(2) = -19,600"#
- -42,(CC
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3.9 Balance the beam using the equations of statics:

th=0

Rp -6000
00 o
Rph = 6000#

= = - 24
M. =0 = 6000 x 5 - 24 Ry R 4§—{% )
B

Rp = 6000 x 5 = 12504 |

] -
24 I ‘| A‘QL‘L
L Fy =0 =Rp - Rg . 1250 1h 250 b +
Rg = Ra = 12504
At A v
= - {\b) |
V = -Ry = -1250# —,
M=0 ,
S -1256 L
V = -Rq = -1250# *
M= -Rp x 8 = 8 (~1250) 7 20,000
= -10,000"# ‘
A | "
At B (avib)
V = =Ry = -12504 “\\\\¥—_‘;
X
M = Mg. + 6000 x 5 :
= -10,000 + 30,000 = 20,000"# - -10,000

V = -Rp = -1250#

M = Mg, +(Vgs)x 16
= 20,000 - 1250 x 16 = 0
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SOLUTIONS TO PROBLEMS

LESSON 4 AIRCRAFT EXTERNAL LOADS

4.1 As explained in paragraph 4,1,2:

a) +Nz and loads it produces act down.

b) +Nyx and loads it produces act forward.

c) +Ny and loads it produces act left.

4.2 The load factor N; on the airplane is equal to the total of all vertical
forces acting on the aircraft divided by the aircraft weight,

N, = 252,000 + 31,750 - 40,000

37

200

= 6,

Thus:

“\

4.3 Load factors for mass items in the fuselage and wing of the F-4 are found
on pages 4.5 and 4.6 respectively,

Prob '+NX "Nx +Ny 'Ny +Nz 'NZ
a) 6.0 -5.2 0.9 -0.9 8.5 -3.0
b) 6.0 -5.2 2.4 -2.4 9.3 -4.0
c) 6.0 -5.2 5.8 -5.8 12.5 -5.1
d) 6.0 -5.2 4.8% | -4.8* 9.2 -3.4
e) 6.0 -6.1 14.0* | -14.0* 15.5 -9.5

*These values for Ny are from the graph on page 4-6.

loads acting outboard.

They are for inertia -
The inboard-acting load would be smaller; however, it

is usually assumed to be the same as the outboard-acting load.

4.4 As explained in paragraph 4.2.1, crash load factors apply only to items

in, or directly behind, the cockpit.

this requirement,
Ny = 40 ultimate and N
side of farward.

4.5

4.6 Control system design limit pilot effort loads are shown on page 4-7,

Only the console of problem c) meets
The crash load factors for design are N,

= 20 ultimate,
= 40 ultimate in a horizontal plane up to 20° either

The highest design ultimate pressure is 48 psi on the engine air duct
skins due to engine stalls, as explained in paragraph 4.2.2.

Ultimate loads are determined by multiplying the 1imit loads by 1.5,

Prob. Limit Reference Ultimate
Load Column Load
a) 450 1b MCAIR 657 1b.
b) 300 1b Air Force 450 1b.
c) 250 1b Air Force 375 1b.
d) 100 1b Air Force 150 1b.
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5.1 a)

5.2 a)

i)

5.3 a)

SOLUTIONS

LESSON 5 INTERNAL LOADS

Bending moment and shear
Torsion

Tension and coﬁpression
Shear

Seam and torque box
Beam, torgque box and axial member
Beam and torque box

Beam

Axial member

Shear web

Beam

Beam, axial member

Axial member, shear web

Wing shear, bending and torque, caused by air and inertia loads,

cause shear and bending in the spar. Fuel pressures cause bending in the spar
webs and stiffeners.

h)

the rib.

c)
mic and

d)
e)
f)
g)

h)

Wing shear, bending and torque cause shear, bending and axia]jload in

Wing shear, bending and torque cause axial load and shear,. Aerodyna-
fuel pressure cause shear and bending normal to the plane of the skin.

Aerodynamic pressures cause shear and bending.

Aerodynamic pressures cause shear and bending.

Cockpit pressure éauses shear and bending.

Engine stall pressures cause shear, bending and axial load (tension).

Aerodynamic and inertia loads on the fuselage forward of F,5.77.00

are redistributed by the bulkhead causing shear and bending. It distributes
nose landing gear loads from the keel webs, causing shear and bending. Cock-
pit pressure causes bending normal to the plane of the buikhead.

i)
load.

Aerodynamic and engine bay pressurescause shear,bending and axial
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j) Aerodynamic loads cause shear and bending.

»

k) Aerodynamic loads cause shear, bending and torsional shear.

1) Stabilator shear, bending and torsion due to aerodynamic loads cause
shear and axial load.
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SOLUTIONS TO PROBLEMS

LESSON 6 STRESS AND MARGIN OF SAFETY

6.1 Tension, compression, shear and bearing.

6.2 Tension, compression and shear.
6.3 No at limit load; yes at ultimate load.

6.4 Design limit load (DLL) is 1000 1b. Design ultimate Joad (DUL)=1.50 (DLL)

=1500 1b. Failing load (which, by definition, is the allowable load) is 1500
1b.

M.S. = (Pa11/Py1¢)-1 = (1500/1500)-1 = O
6.5 Fry, Frys» Feys Fsus Forys Forus E, G, and u.

6.6 MIL-HDBK-5 "Military Standardization Handbook - Metallic Materials and
Elements for Aerospace Vehicle Structures".

b.7 Compression stresses - due to crippling and/or column buckling.
Shear stresses due to buckling of the shear web.

6.8 None, hecause the mechanical properties are the maximum allowable
stresses for the material,

6.9 McDonnell reports MAC 338 and MAC 339, other company strength manuals, -
and various college textbooks and handbooks.

S0 a) b 2328 = 50,500 psi
Fey = 61,000 psi

Mo = Ftu - - 61,000 _

.. — ml"".Zl
t »

R Sl v P

Fey = 86,000 psi

M. = Ftu . - 86,000 _

_— 1 =+.07

ft 8'
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¢l fg o= % 23%9 = 26,000 psi

Fsu = 31,000 psi (using extrusion allowable)

F 31,000
M.S. = _SU -1 = -1 = +.19
S Ty T 7,000

[ay

f = = P = 3500 ; 224,400 Si
br X T IR 0%0 P :

Foru = 261,000 psi (using Ti-6A1-4V allowable)

F 261,000
M.S. = _Dru -} = wextymm -1 = +.16
=T : —

I Material Ftu Foru
AISI 301 half hard 151 304.
125 ksi 4130 steel 125 251

Fu 125

a To7 = 828
F;;f%E% 151
Fore@ 2L _
rb_l‘u% 308 .826

Required t = 2125 = 1513 inch minimum
q .525
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7.1

7.2

SOLUTIONS TO PROBLEMS

LESSON 7 SECTION PROPERTIES

First, find the effective area. Then determine the stress from the
equation f = P/A. Find the allowable stress from the table in Lesson 6
and determine the margin of safety from the equation M.S. = (F/f) -1.

a) Ay = .10 [3.00 - .50 - 2x.25) ] = .20 n 2

fe = P = 10,500 = 52,500 psi Feu = 59 ksi
— X .20

W.s. = (Fea/fe) -1 = (59/52.5) -1 = +.12

b) Ac = .10 ( 3.00 - .50) = .25 in 2
c

fc = P = 10,500 = 42,000 psi Fe = Fey = 59 ksi
— X .23

M.S. = (Fe/fc) -1 = (59/42) -1 = +.40

c) Ag = Ag = .20 in 2
fs = V = 7200 = 36,000 psi Fsy = 37 ksi
— X .20
M.S. = (Fsu/fs) =1 =2(37/36) -1 = +.03
)4
Select a differential area dA having all I
‘points equally distant from the base.
dA =b dy "_')L
Then,using the equation Ay = //} dA: T b — ]
, Y
h h
7y=1 bydy =1 (b)y2 -b[hz] —t
x/o & A¥ lo Wz
y=nh
.
Using the equation I =//;2dA:
h
n . h
o 0 0
Iy = bhd
=3
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7.3

@

Centroidal I = I, - Ad2 = [, = Ay2 = pn3 - (bh)(hz
) ) 3 7)
[ = bnd
Z

Divide each section into a minimum number of rectangular elements,
neglecting the small fillet radius areas, and solve, using the equations
given in Lesson 7. This is most conveniently done using a table that com-
bines the calculations of Examples 2 and 4 (paragraphs 7.3.2 and 7.4.3).

a) Ang]e
4 A
Q@ Ip = bhd3 = .12(1.5)3 = ,03375 in @ 1In = 1.38(.12)3 = .00020 in”
T e

%
|
Element{ b | t | A y Ay Ay2 In T‘
1 1.5 | .12} .18 | .75| .135 | .10125 | .03375 D
2 1.38| .12 .1656| .06 | .0099 | .00060 | .00020 _L_ @
A = ,3456 in 1,38 —=|
y ( = X because of symmetry) = r(Ay) = 1449 = ,419 in
In (= I, because of symmetry)
= Ip + z{Ay2) - A(y)2 = ,03395 + .10185 - .3456(.419)2 = 0751 in*
I, = In by symmetry, |
Ph =P, 2 [ = 1/.0751 = ,466 in
v o Vix \-qm
b) Tee
In = bnd = .12(1,5)3 = .03375 in* (@) 1p = 1.88(.12)3 = .00027 ir
T - 12 1z
Element b t A y Ay | Ay? Ih 17
1 1.5 | .12| .18 | .75 | .135 | .10125 | .03375 Q|5
2 1.88 | .12| .2256| .06 | .01354 | .00081 | .00027
T <4058 13357 | 710206 | T03%0Z| @ | e
, n
A s 4056 in2 . l—qg > fe 90l
Y = _s(Ay) = .14854 = .366 in
- TR 0%

x = 0 because if there is an axis of symmetry, the centroid lies on that
axis.
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[h = “lp * I(Ay%) - A(¥)2 = .03402 + .10206 - .4056(.366)2 = 0817 in.?

I, = & gg3> = .12(2.0)3 + 1.38(.12)3 = .08 + .0002 = .0802 in.%
— 12 12 17 -
n=lf Ih = .0817 = .4488 in.
A2 V oss ————
A
o, =\ [Ty - ‘\/ .0802 = .4447 in.
¢) Channel Y
Because this section is not symmetrical, it i'-.? -i
.1s necessary to tabulate x terms as well as
y terms. T é
(1) Iy = bn3 = .20(1.5)3 = .05625 in? EN0
17 - 127 ‘
(2) 1y = .80(.20)3 = .00053 in® | ©)
12 _ o l —x
)2
(3) Ip = 1.2(.20)3 = .0008 in% —
17 |
Ele.| b | t ALyl Ayl Ay2 In | x| Ax | A2 | 1, -
1 1.51.20| .30 .75 .225 | .16875| .05625 | .10{ .03 | .003 | .00l
2 .80 | .20 .16 | 1.4 .224| .3136 | .00053 | .60 | .096| .0576| .00853
3 1.2{.20| .24 | .10 .024| .0024 | .00080 { .80 .192| .1536| .0288
70 473 | 48475 | 05758 318 | TZI3Z | 703833
A= .70 in
y = Z(Ay) = .473 = .676 in.
T A .70
X = I(Ax) = .318 = .454 in.
TA .70
Ip = nlp+ 2(Ay2) - A(y)2 = .05758 + .48475 - .70(.676)2 = .2225 in%

Iy = ¢ly + p(Ax2) - A(X)2

.03833 + .2142 - .70(.454)2 = 1082 in%
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7.

4

\/ v 2225 .5638 in. -
- A

0, = \/ I, = \/.1082_=_.3932 in.
I - .70
This problem is solved the same way as problem 7.3, //)\ A

yp = 1.38 sin 45° + .12 sin 45° = ,530 in. <§??t) ’i
2 =z

Y1~ 1.5 sin 45° + .12 sin 45° = 573 in. ’5;§§;;k§§K\\
1,38
2 2 75 - X
/ \\
*")L

Find I, of the two elements
from the equation of paragraph 7.4.4.

Element@ Ipax = tb3 = .12(1.5)3 = .03375 in*
| “ 17 i
Inin = bt3 = 1.5(.12)3 = 000216 in*

'TZ 17—
I45° = Ipax C0S% 45° + Ipin sin? 45°
= .016875 + .000108 = .016983 in? :

Element® In,. = tb3 = .12(1.38)3 = .026280 in*
max’l'é‘—ﬂ_

Imin = bt3 = 1. 38(.12)3 = .000199 in

T T _ B
I4g = Ipax COS2 45° + Ipip Sin? 45°
= .013140+ .000099 = .013239 in?

Ele. b t A y Ay Ay2 In
1 1.50 | .12 | .18 |.573 |.10314 |.05910 | .016983
2 1.38 | .12 | .1656(.530 | .08777 |.04652 | .013239

TI3%8 ~1509T | 710862 | ~030222
y = _Eé;xl = f%%%%l = ,552 in
o= slp+ t(Ay?) - A(12 = 030222 + .10562 - .3456(.552)2

.030536 in?

W’ I = V.030536 = ,297 in.
L) .

A7-4
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7.

5

This problem is solved the same way as problem 7.3 The area may be

divided into elements in any of several ways but the answers will be the
same.

1]) Ang]e

(1) Ty = .12(1.38)3 = 026281 in® (2) 1, = 1.50(.17)° = .000614 in®
T e
r—-,:z
Ele. b t A y Ay Ay2 Ih 1 -T.
1 1.38 | .12|.1656|.86 |.142416|.122478(.026281 ©
2 1.50 | .17|_.255].085|.021675|.001842 |.000614 38 ,
. 1640971 | 124320 |- 0256835 i !
il ® 14
A = .4206 in? 4
pe— 1.50 -,{T
S(Ay) = .164091 = .39 in
TR ~4206
TIp + D(Ay2) - A(Y)2 = .026895 + .124320 - .4206(.39)2
.08724 in%
k————-nav._____ﬁ
b) Channel :%: — !
(1) Ip = 1.89(.063)3 = 000039 in% .063 I e, 3 jik—(:y 1
12 .5 Y
(2) Ip = .80(.20)3 = .000533 in?
=1 i ]
4 l
(3) 1y = .20(1.50)3 = .05625 in ¥
12 20
(tre)
(4) 1, =.1.20(.20)3 = .0008 in%
- 1z
Ele b t A y Ay AY2 In
1 1.89 | .063 | .119 | -.0315| -.003749 | .000118 { .000039
2 .80 | .20 .16 | -.163 | -.02608 | .004251 | .000533
3 1.50 | .20 .30 | -.813 | -.2439 .198291 | .05625 ——
4 1.20 | .20 .24 | -1.463 | -.35112 | .513337 | .0008
L8139 -.524835 | TTIS9ST | -
A = .819 in?
Yy = _I(Ay) = -.624849 = -.763 in

u

LA

.819

il + I(AY2) - A(Y)2 = 057622 + .715997 - .819(.763)2

7972 ind
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7.

7.

6

7

This problem is solved the same way as problem 7.5

—1.9

7

Again, there are many ways the area can be divided

A7- 6

ﬂl'q ?"%_{
o 1

into elements. 4 2~ %0
300
(1) I, = .0018 in% _l_-. 20 .20
(2) Iy = .000032 in% i
(3) I = .045733 in4 |
(4) 1 = .000933 in? —ry - T
Ele: b t A y Ay AY?2 In
1 ¢ .80 | .30 .24 -.15 -.036 .0054 | .0018
2 | 1.80 | .060| .108| ~-.03 -.00324 | .000097 | .000032
3 | 1e0 | 20 28 | -.70 | -.196 .1372° | .045733
4 | 1.40 | .20 .28 | -1.50 -.42 .63 .000933
| 308 BN ~038438
A = .908 in2
. ¥ = (Ay) = -.65524 = -.722 in
- TR .308
L= 21, + = (Ay2) - A(¥)2 = 048498 + .772697 - .908(.722)2
= .3479 in® "
This problem is most conveniently solved using ,
a table similar to those of previous problems. | 23 =
— )
(1) 1p = 2.0(.125)3 = .0003 in T 1 1o )
- 1z 1.00
(2) Ij = .125(1.0)3 = .0104 in% -+
L2000
3.65
(3) 1, = .070(3.65)3 = .2837 in? 070
H.
(4) In = 2.0(.100)3 = .0002 in? ©)
—I-z——.
(5) Ip = 2.0(.100)3 = .0002 in% 100
3 4 @I%‘:E = @ @ | Y
(6) I = 1.8(.060)3 = .0000 in 3 ey
— 12 T 2.00 —be g0+



Ele| © t Area y | Ay AY2 Iy

1 2.0 .125 .25 4.0375 | 1.0094 4.0754 .0003
2 | 1.0 .125 125 | 3.475 .4344 1.5095 .0104
3 | 3.65 | .070 .2555 1 2.025 .5174 1.0477 . 2837
4 1 2.0 .100 .20 .15 - .0300 .0045 .0002
5 ' 2.0 .100 .20 .05 .0100 .0005 .0002
o 1.8 .060 .108 .03 .0032 .0001 L==-

| T.I98s 70085 | B.6377 | T79AE

a) Area A = 1.1385 in?

b) Centroid y = _£ (Ay) = 2.0044 = 1.76 in.
tA- - TI38%

c) Moment of inertia I = Il + £(Ay2) - A(y)2
= .2948 + 6.6377 - 1.1385(1.76)2
= 3.406 in

d) First moment of area of the skin, Q = Ay,

Qg g = (Aylg + (Ay)g where ylilis measured from the centroid.

.20(1.76 - .05) + .108(1.76 - .03)
.5288 in3

e} First moment of area of inner tee cap Q = Ay,

Q,2 = (Ay)y + (Ay)y

.25(4.0375 - 1.76) + .125(3.475-1.76)

.7838 in3

NQtelﬁg For calculating first moment of area, y is either (y - ytab]e) or
(Yiable ~ yh
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SOLUTIONS TO PROBLEMS

LESSON #8 FASTENERS AND JOINTS

Problem 8.1
Member | P31 Source (page no. are in MAC 339) Joint Py1y
a 1 1099 Pg. 1.13 bottom table for e/D = 2 927+
2 927 Pg. 1.13 hottom table for e/D = 1.5
b 1 470 Pg. 1.14 table 470#
2 551 Pg. 1.13 bottom table for e/D = 2
c 1 7178 Pg. 1.15 bottom table 778#
2 - Not required per Note 2 on pg. 1.15
d I 520 Pg. 1.15.01 Air Force value 520#
2 575 Pg. 1.13 bottom table, e/D = 2
e 1 2690 Pg. 1.23 shear strength tab]eZ£>& 26904
2 2750 | Ppp.qy = DtFppy = .1875x.090x163, 00
f 1 2380 Pg. 1.38 for a #10 bolt fi 2380+
2 2447 Pbra11 = DtFppy = .1875x.050.x261,000
g 1 1384 | Pg. 1.39.01 for a 5/32 in. hi-lok 1238+
2 1238 | Ppryyy = DtFppey = .156x.063x126,000
h 1 1765 Pg. 1.45 for a 3/16" steel jo-bolt 1765#
2 2053 Pbra1] = DtFppy = .200x.063x163,000
(Note that the dia. of a 3/16 Jjo-bolt
is .200") :
i 1 1550 Pg. 1.45 for a 3/16" aluminum jo-bolt 1550#
2 2053 (Same as problem 8.1h)
i 1 8620 P = DtF = .375x.190x121,000 8120#
oo |88 Porall = DEFRRY = [375x.130x114 00
Fastener | 9740 Pg. 1.45.01 shear strength

[Cﬁ The value 2920# in the upper table is below the small letter

a’ which indicates that it is higher than the strength for a

160 ksi fastener as explained in Note 2 of MAC 339, pg. 1.23.

[C& Fbry from the table in Lesson No. 6.
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Problem 8.2

Member | Pamn Source (page no. are in MAC 139) Joint Pa11]
a 1 676 Pg. 1.12 ) 676
2 1099 Pg. 1.13 +1099
3 1815Zf> .080 x 1875 x lZl,OOOZéD& ' T775#
Fastener 1180 Pg. 1.12 or 1.13 (per shear face)
b 1 2035 .050 x .156 x 261,000 |
2 1591 .050 x .156 x 204,00 22124
3 2212 .100 x .156 x 141,80
Fastener 1820 Pg. 1.22 (per shear face)
o 1 3780 125 x ,250 x 121,00 3780
2 5748 .190 x .250 x 121,00 +4660
3 9813 .250 x .250 x 157,00 BAA0#
Fastener 4660 Pg. 1.39

Zﬁ§ MAC 339 gives a value of 1180# for a DD6 rivet in .080, but
that is for a single shear joint. Because this joint is

joaded in double shear, the load in member 3 is not limited
to the single shear value.

Fory from the table in Lesson No. 6.

> P>

Because e/D is less than 1.5, the Fp,, must be calculated.
On pg. 12.12 of MAC 339, enter the chart with e/D = 1,2,
Move horizontally to the R/D curve and from that point
move vertically to read Fpp/Fyy = 1.02. From the table in
Lesson No. 6, Fyy = 139,000 psi. Therefore:

Fopp = 1.02 x 139,000 = 141,800 psi

[ﬁ& Note that member 2 can pick up 5748# but the fastener is
only capable of transferring 4660#,

AB-2
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Problem 8.3

Room Temperature

At At tlevated Tempera ture
Member | P31 Source Joint [Factor Jource Pal1 | Joint
(f) Pann | @) (Dx(Z) Par
a 1 470 | Pg 1.14 470# |.912 |(Pg 1.83, 2024| 429 | a29#
2 575 | Pg 1.13 .776 |Pg 1.83, 7178 446
Rivet 596 | Pg 1.13 .885 |Pg 1.81, 2017 527
b 1 470 | Pg 1.14 4704 [.848 |[Pg 1.83, 2024| 399
2 575 | Pg 1.13 .450 |Pg 1.83, 7178| 259 | 2594
Rivet 596 | Pg 1.13 .650 |[Pg 1.81, 2017| 387
c ! 4290 | Pg 1.39.06 4290 {.753 |Pg 1.84 3230 | 3230
2 4788 | .063x.25x304,000 | +4660 |.65 Lesson #3%{3112 +3112
1 -3 10040 | .160x.25x251,000 | BI50#|.875 |Lesson #8 8785 | TIX2#
Hi-lok | 4660 .84 3914

Page numbers are from MAC 339,

Zﬁ& For 301 st. st. 1/2 hard th

600° and .59 for 800°.

67 - (650:600)(

.67-.59)

For 650°, the factor is

= .65,

Zﬁ§ For alloy steel the temp factors are .92 for 600°

For 650° the factor is .92 -

A8-3
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8.4

a)l

b)

c)

d)

The loads in the fasteners are proportional to the fastener

cross-sectional areas which are proportional to the squares of the
diameters.

Fastener no. 0 hY4
1 .1875 .0352
2 .25 .0625
0977
Fastener #1 Py = (D \p = 0352 x goo0 _ yanry
— T 0977 —
Fastener #2 Py = (D2 \p = .0625 4 5000 = 3199#
— Z(Dz) .0977

Following the same procedure as for problem a) above:

Fastener no. n hY4
1 .156 .0243
2 .156 .0243
3 .1875 .0352
4 .1875 0352 | :
L]
Rivets #1 & #2 Py = Pp of D2 )P = 20243 x 5750 = se24
— 2 .1190 —
~Rivets #3 & #4 Py = Pg = __23_>P = ;9222 X 2750 = 813#
—_— {009 .1190 -

Again, the load in the fasteners is proportional to
squared. Find the proportion of the load P in each
find the location of P by the laws of statics.

the diameters
fastener and then

Fastener no. D hY4 DZ/5 (D¢)
1 .260 .0676 .5026
2 .164 .0269 .2000
3 .200 .0400 .2974
T )
M3 = Pa = ,5026Px2.0+.2000Px1.00 = 1.205 P

a =1.,205 in,

The allowable load for the joint is the lowest load that produces a
zero margin of safety on the critical fastener. For each fastener

find the total load P that would cause failure of that fastener. The
lowest of these three loads is Pal1.

A8-4

,\./



Fastener no. 02/ (D2) Psa1* @ /@
1 .5026 4500 8953
2 .2000 1680 8400
3 .2974 2620 8910

* From MAC 339 pages 1.45.01

Pall = 84gos based on fastener #2

Py = .5026 P = ,5026 x 8400 = 4222¢
BE = ,2000 P = ,2000 x 8400 = 1680#
P3 = .2974 P = ,2974 x 8400 = 2498#

8.5 Find the centroid of the fastener pattern and the moment about that
centroid.

a) Because of symmetry, the centroid of this pattern is at point "C" as
shown. The distance from the

centroid to each fastener is: cqua o
e = (2.02 + 1.52)1/2 = 2.5 ip. ' \ P~
p = MeA - M because all fasteners p
;T;EZ; 7o have the same A and E. ‘\\H
O
Pl=P2=P3=P4 = _M = 8000 = 800# O
—_— e W23 B

b) Because the structure can only
carry axial loads, the moment
must be reacted Dy a couple
as shown. Then:

WO
40
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Because the pattern is not symmetrical,

calcuiated. The value 1.0 can be

used for rivet areas because all

rivets a

_ Ay

re the same size.

) . 2(1.0x2.0)

y .

Z{AX

o0 = 0.8

) _ 2(1.0x2.0)+1,0x4.0 _

>

£A

D
1}

Me

5.0

A _ Me

{eCA) B L(ed)

[x-502 + (y-p)2] 12

1.60"

'

Y

r——*—lc

O

. O
Lﬁéﬂc

T

O

the centroid must be

O “’lf C
0.5

o

For each fastener, the values of e and p are calculated in the

followin

g table.

Fastener el e Me p
1 1.602 + .802 = 3.20 1.789 17,890 1118#
2 .402 + 802 = .80 .894 8,940 | “BBOF
3 2.402 + ,802 = .40 2.530 25,300 | T53TF
4 1.602 + 1.202 = 4.00 2.000 20,000 | 12507
5 .402 + 1,202 = 1.60 1.265 12,650 | ~JOIF

Separate the unsymmetrical applied load into its symmetric and
antisymme tric components.

symmetric load is the 6000# load
and the antisymmetric load is the
moment caused by the load not being

The

O 1

at the centroid. _ /.00
?
Goco *
M = 6000 x .50 = 30004 1.00
3000“# O

Find the fastener loads due to
the symmetric load.

Pp=

6000 = 15004
-

Find the fastener loads due to the antisymmetric load.

Pm = MEA = _M_
t(e2A) re.
e = (1.52 + 1.08)1/2 . | 503 in.
4x1.R803
Combine

symmetrical and antisymmetrical loads.
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8.6

a)

b)

For fasteners no. 1 and 2:

7 =90 - arctan (1.0/1.5) = 56.31°

3y the law of cosines:

P2 = Py2 + pp2 & 2Py Pp cos @

/ 15007
15002 + 4162 + 2 (1500)(416) cos 56.31° ‘ e
3,115,300

w o u

Py = Pp = 17654

For fasteners no. 3 and 4:
n = 90% + arctan (1.0/1.5) = 123.69°
By the law of cosines:
P2 = Pp2 + P2 + 2Py Pp cos o
= 15002 + 4162 + 2 (1500) (416) cos 123.69° = 1,730,800
P3 = Pg = 13164 ]

For infinitely stiff fasteners, the elongation of both straps between
fasteners no. 1 and 2 must be the same. The equation for elongation
is: : ’
s = PL
At

Because the L, A, E and 6§ of both straps are the same be tween
fasteners no. 1 and 2, the P must also be

the same. This is only possible if 50% of rastener | Load
the load is transferred by the end 1 5P
fastener. The same is true for the other : 2 0
end of the splice. Therefore, the load 3 0
distribution is as shown in the table, 4 . 5P

The referenced table shows that for four fasteners, each end fastener
will transfer 37.5% of the load. Therefore,

the load distribution is as shown in the Fastener Load
table. 1 37
2 .125pP
3 .125p
4 .375p
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8.

7

c)

For infinitely stiff fasteners:

sa © gb

and § = %% as shown in Lesson #3.

- (7, = (),

.20PL = .80PL
wtaE wth

The end fasteners carry all the load, as the load increases, until
the bearing yield stress (Fbry) is reached. As the load continues to
increase, the holes in the bearing - critical part will elongate
slightly. This yielding adds to the deflection = ;E of the strap,

allowing the total deflection of the two straps to remain equal even
though the loads are not equal. This permits the middle fasteners to
load up until they, also, reach the yield point., As the load
increases further, the fastener loads increase equally until the
failure point is reached. Therefore, just before failure:

Py = Pp=P3 =Py

The load on the clip is the reaction at one end of the beam.

P=%=§9_§_ZM=800#

The rivet loads are found by the laws of statics with the load
applied at the apex of the clip angle.

TMp=0=.40 x 800 - 1.6P)

Py = 200# ' |

__}.
|
I'no

£ Fy =0 =Py - 800 - 200

3
Py = 10004 e co—o
2 = r——— (.60 — 40
R B 60

A8-8



M3 =0 =
Py = 5334
Fy =

P3 = 1333#

.60 x 800 -.90 P4

=0 =P3 - 800 - 533

_+?
}

|

—*1 .GO ¢ﬁ—-.90 —4

wV

7

For each rivet location, find the smallest rivet that is strong

enough in shear and check the allowable load in the clip and in the
mating structure.

Rivet| P | Trial Rivet| P11 ZLN Mating Pa11 Z1\ in |Fastener | .5
NO. in Clip | Structure Structure Pam
1 200 | AD4 (BJ4) 388 .125 7178-76 388 388 +.94
2 1000 | DD6 (CX6) 1116 .125 7178-76 | 1180 1116 +.12
3 1333 | DD8 (CX8) 1501 .040 7178-76 | 1630 2 1501 +.13
4 533 | ADS (BJ5) 596 .040 7178-76 575 575 +.08

ZCE& From MAC 339 Pg. 1.12 and 1.13 except as shown.

zf>> Pa1y =

tDFppy = .040 x
table in Lesson No. 6.

A\ ns. = (Pay1/P)-1

b)

.250 x 163,000 = 1630# where Fbry is from the

The load is 800# as in Problem a).
follows.

each rivet is the resultant of these two loads.

For rivets #1 and #2:

Py = 200#

Resultant load:

Py = P = 800 = 400#
zZ

“My = 0 = 800 x .40 - %n

Pl = Pp = (4002 + 2002)1/2 = 4474

A8-9
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The rivet loads are found as
The vertical applied load is divided equally between the
two rivets in a flange because they are of equal stiffness.

The
moment is reacted as a couple on the two rivets.

The total load on

00




For rivets #3 and #4:

Py = P = 800 = 400#
z
3007 £
Mg = 0 = 800 x .60 - Ego _
o e
Pn = 3004 ‘
Py = Pq = (4002 + 3002)1/2 = 5004 #,3
- v
[Rivet | » | Trial Rivet |Pa1y Z2\|{Mating Pa11 Z1\ in | Fastener | M,S.
No. in Clip |Structure Structure Pa1ll |
1 & 2 |447 | AD5 (BJS5) 594 |.125 7178-76 | 596 594 +.33
344|500 | ADS (8J5) 594 |.040 7178-76 575 575 +.15

Zﬁ& From MAC 339 Pg. 1.12 and 1.13.

/A ms. =(Pa”/%-1

¢) The vertical load is divided equally
between the three rivets because they
are of equal stiffness,

Py = 1500 = 500#
-3

Mg =0 = .30 X 1500 - 2.0 Py
Pp = 2254

Resultant rivet loads are:

Py = P3 = (5002 + 2252)1/2 = 548y

P2 = Py

5004

A8-10
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8.3

a)

c)

Because the clip has only a single bolt rather than a row of bolts,
the effective bolt spacing is the clip width which is 1 inch. B8olt
head clearance is 0.18 in. and thickness is .090.

tnter the chart on MAC 339 page 12.01 with t = .090. Go up
vertically to the curve for bolt spacing = 1.0" and from there to the
right horizontally to the curve for bolt head clearance = .18
(interpolating between the .15 and .20 curves). Move vertically
downward from this point and read yield load per bolt of 600 1bs.

= 1.5 x 600 = 900#

Pallure = 15 Pallyjerq 2004

This problem is solved using MAC 339 page 12.02. The parameters are:
T1=T2=.090, W=1.0 inch and e=.435 inch.

Enter the chart with T1=,090, go up to the T2=.090 curve, right to
the D=.25 curve and down to read ultimate load of 1.5 kips. This is
the aliowable load only if the clip. has the following geometric pro-
portions shown on MAC 339 page 12.02: W=4D and e=1.75D. For this
clip, W=1.0=4 X .25=4D and e=,438=1.75 x .25=1.75D. Therefore, it is
not necessary to use the factors Kj and Kz of MAC 339 page 12.00.

Pa]]u]t = 1.5 kips = 1500#

This problem is solved using MAC 339 page 12.01.01. The parameters
are thickness = .090, bolt spacing = 1" and bolt head clearance =

0.18 inch., Enter the chart with t=,090, go up to the bolt spacing =
1" curve, right to the bolt head clearance = .13 (interpolated) curve
and down to read yield load per bolt of 760 1bs. The double clip has
two bolts and the chart gives the yield load per bolt.

Pallyyy = 1.5 X 2 x 760 = 22804

This problem is solved using MAC 339 page 12.02.02. The parameters
are T1 » 11 and Ty.

A-R72-07Z O e
H = Distance from bolt centerline to edge of flange = .435"

Ty} = Thickpess of flange in bending = ,090"
R

Radius of tee fillet = .180"
D

Diameter of bolt shank = .25"
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e)

Compute the values of:

_n - .090 - 409

H-R/2-D/2 .435 - ,180/2 - .25/2

T

1 .090 _ 36

.25

Ty _ .00 _

R .180
Enter the curve in MAC 339 on page 12.02.02 with Ty =
' , R~ R/2~D072

.409, Go

up vertically to the T)/D = .36 line, then left
horizontally to the TE/R .50 1ine. Move down from this poxnt and
read the value of P/D¢ = 53 ksi., Solve for Pa1q = 53(D)2 53(.25)¢
= 3.31 kips = 3310 1bs. Bolt spacing = 4D = 4 x ,25 =

Pa]]owu]t = 3310 ]DS.

Enter the chart on MAC 339 page 12.02 with Ty = .25, go up to the

interpolated curve for T2 = .125, right to the D= .38 curve and down
to read ultimate load of 4.5 kips. As in problem b), this is the
allowable load only if W=4D=4x.375=1.5 inch and if
e=1.75D=1,75x,375=.656 inch,

The actual values are W=1.25 and e=.55.
equations on MAC 339 page 12.00:

n = W/o =(1.25/.375)= 3.333

Therefore, using the

= (n-1)/3 = (3.33-1)/3 = .778
m = e/D =(.55/.3_75)= 1.467
Kz.= 1.75/m =(1.75/1.467)= 1.193

Pallyy = Pchart x K1 x K2 = 4600 x .778 x 1.193 = 4270#
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3.

9

a) Thne allowable 1oad is the allowable bearing lo0ad:
Pbrayy = OtFor

For is the allowable bearing stress based on R/D or W/D, whichever is
critical.

R/D = 1.00/1.00 = 1.0
For/Fey = .78 (from MAC 339 pg. 12.12)

Fey = 61,000 psi (from table in Lesson No. 6)

1"

Fop = .78"x 61,000 = 47,600 psi (based on R/D)

W/D

2.00/1.00 = 2.0 (W=2R .. not critical)

Phrgyq = OtFpr = 1.00 x .750 x 47,600 = 35,7004

b) The allowable load is the allowable bearing load in member (1) or ()
or the fastener shear strength, whichever is the lowest.

Hember (1) allowable bearing load:
e/D = .35/.25 = 1.40 = R/D

For/Fey = 1.23 (from MAC 339 pg. 12.12)

Fty = 86,000 psi (from table in Lesson No. 6)

For = 1.23 Fgy = 1.23 x 86,000 = 105,800 psi

ember (1) Ppryyy = DtFpr = .250 x .10 x 105,800 = 26454
Member (:) allowable bearing load:

e/D = .30/.25 = 1.20 = R/D

For/Fey = 1.02 (from MAC 339 pg. 12.12)

Fety = 59,000 psi (from table in Lesson Mo. 6)

Fop = 1.02 Fyy = 1.02 x 59,000 = 60,200 psi

Member (2) Ppryqq = OtFpy = .250 x .160 x 60,200 = 24084
Check the bolt: '

PSa1y = 46504 per MAC 339 pg. 1.33
Thus, the joint strength is:

Pa11 = 2408#
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c)

8.10 a)

Tne allowable load is the allowable bearing load on the lug.

x

~

<
]

.65/.50 = 1.30

Fty = 88,000 psi per table in Lesson No. 6

For = 1.13 Fyy = 1.13 x 88,000 = 99,400 psi (from MAC 339 pq. 12.12)
For W/D the grain direction is long transverse, as shown on MAC 339

page 12.12. The table on MAC 339 page 12.13 specifies the use of lua

curve #2 for a 7178-T6 extrusion with LT grain direction. Therefore,
on MAC 339 page 12.12:

W/D = 1.20/.50 = 2.40

Fbr = 1.34 Fyy = 1.34 x 88,000 = 117,900 psi
If 2 was equal to zero the allowable load would be:

Po = DtFphrp;, = +50 x .375 x 99,400 = 13,6404

However:
F =90 - 35 = 55°

Pe/Po = .828 per MAC 339 pg. 12.16.

The allowable load 1s found by using the chart on page 12.15 of MAC
339. The parameters are Fbrln Fbrzn e/D and the degree of clamp-up.

For lugs (:), the female or outside lugs:
R/D = .90/.50 = 1.8
Fhry = 1.58 Fyy from MAC 339 pg. 12,12
Feu = 61,000 psi from table in Lesson No. 6

Fory = 1.58 x 61,000 = 96,400 psi

W=1.80 = 2R .+.  W/D.is not critical,

A8-14 i
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L]
™~

For lug (:).?ghe center or male lug:
R/D = .60/%50 = 1.20

Forp = 1.02 Fey = 1.02 x 61.00 = 62,200 psi

W/D is not critical as for lugs (:)
The maximum gap at worst tolerance is:
x-d = (1.56+.03) - (1.50~-.03) = .12
Because the male lug can be on one side of the slot the entire gap

can be on one side. This would create a more critical bending moment
on the bolt than for the male lug being centered, so use:

e = .12
e/D = .12/.50 = .24

Enter the chart on page 12.15 of MAC 339 with Fpp

= 62.2 ksi and
move upward to an interpolated curve for Fory = 96.4 ksi. From this
point, move horizontally to the curve labeled "160 ksi unclamped"
(the second curve from the right) and then downward from that point .

to an interpolated curve for e/D = .24, From this point move

horizontally to the curve labeled "unclamped" and from there downward
to read K = ,88. Then:

Bolt P33y = KVamy

Va1l = 18,650# from MAC 339 pg. 1.33

Bolt Payy = .88 x 18,650 = 16,400#
Check lug (:) :

lug @ Pa11 = 2DtFppy = 2 x .500 x .42 x 96,400 = 40,500#
Check Tug (:) :

Lug(@Pa11 = DtFpp, = .50 x 1.50 x 62,200 = 46,6504

The allowable load is the lowest of these three allowable loads.

Paiy = 16,400#
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c)

d)

The torque is correct, as shown on MAC 339 page 1.34, for clamping-up
with a tension nut. Follow the same procedure as above except when
going to the left from the Fypy, Curve, go to the "160 ksi clamped
tension nut" curve (the third from last curve). From that point move
downward to the same interpolated e/D = .24 curve and from there

horizontally to the "clamped tension nut" curve and then downward to
read K = 1,34, Then:

Bolt Pa11 = 1.34 Va7 = 1.34 x 18,650 = 24,9904

Because the allowable lug bearing loads are larger than this
allowable bolt load:

Pa11 = 24,9904

Permissible clamp-up (gap) is determined from MAC 339 page 12.14.
The parameters are L/t, material and grain direction. The table on
MAC 339 page 12.13 tells which curve to use on page 12.14 for various

alloys and grain directions. For 2024-T4 plate, curve number 5 is
used regardless of grain direction,.

L/t = 2.5/.42 = 5.95.

Enter the chart on MAC 339 page 12.14 with L/t = 5.95.

Move upwards
to curve 5 and, from there, move to the left and read:

x-d = 10
t

Allowable gap = (x-d) = .10t = .10 x .38 = .038 inch.

The nominal
gap is .06 and the maximum gap is .l2.

". Clamp-up is not permissible.

The gap in the sketch is .06 + .06, so the maximum gap is .12 inch.
The required lug length for this gap is found by reversing the
procedure of the preceding problem.

x=d = .12

>
}

(=9

"

Xx2d = ,12/.42 = .286

Enter the chart on MAC 339 page 12.14 with (x-d)/t = .286 and move
horizontally to curve 5. From that point move downward to read:

L/t = 10.1 Then:

L =10.11t=10.1x .42 = 4.24 inches
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SOLUTION TO PROBLEMS

LESSON 9 CRIPPLING

PROBLEM 9.1

‘0 First find the critical crippling load and stress for the angle if

it is alcladv7075-T6 shaet metal.

42; EDGE éfl ‘
lement| b t b/t COND. Fe bt | btFec
1.45 | .1 ]14.5 1l e.f. 31,000 145 | 4495
.95 | .1 9.5 1 e.f. | 43,000 .095 | 4085
.240 | 8580
Z@S Ref: MAC 339 ng Cladding = 2.5% per side

Pg. 16.16

Pcc = L bt FCc = 8580 lbs.

F = L% Foc = 8580 = 35,750 pat.
' L bt 24

o Next, find the critical crippling load and stress for the angle if
it is bare 7075-T6 sheet metal

Foy = 80,000 psi . j} from table in lesson 6
E =10.3x 106 psi

Fcc will be found for each flange using the curve on page 16.14 of
MAC 339:
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Fcy b, | EDGE A

Element; b t E “t° ] COND. Fey Fcc bt btFcc
1.45 .1 1.27 1 e.f. 47 37,600 .145 | 5452
.95 .1 .84 1l e.f. .65 52,000 .095 | 4940

.240 {10392

A\ Ref: MAC 339, Pg. 16.14
P = btF__ = 10392 lbs.
cc cc

- &bt Fcc = 10392 = 43,300 psi
I bt .24

F
cc

o Finally find the critiecal crippling load and stress for the angle
if it is a 7075-T6 extrusion.

EDGE {1\
Element{ b t b/t . COND. Fe bt | btFee

1.45] .1 | 1475 1 e.f. | 34,800 .145 | 5046
95| .1 9.5 1 e.f. | 49,000 .095 | 4655
.240 | 9701

/N Ref: MAC 339, Pg. 16.15
P = I bt F__ = 9701 lbs.

c
E bt Foc = 9701 = 40,420 psi
I bt 24 -

F =
cc

A-5
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PROBLEM 9.2

o Pirst, find the critical crippling load and stress for the 7075-T6
extruded tes.

. EDGE éﬁ&
Element| b t b/t COND. Fc bt | btFec
1.469 | .15 ] 9.8 1l a.f. 47,000 .220 | 10,340
1.0 .063115.9 1l e.f. 32,000 .063 2,016
1.0 .063]15.9 1l ae.f. 32,000 .063 2,016
l <346 | 14,372

/\ Ref: MAC 339, Pg. 16.15
P = IbtF_ =14,372 lbs.

- It F o 14,372 = 41,537 psi
T bt 346

FCC

o Next, find the critical crippling load and stress for the 7075-T6
extruded channel.

L : EDGE éfx

lement] b t b/t COND. Fe bt | btFeec
. 825 .0801 10.3 1l e.f. 46,000 .066 3,036
1.43 | .15 9.5 No e.f. 78,000 214 16,692
.825 .0801] 10.3 1l e.f. 46,000 ,066 3,036

.346 22,764

A\ Ref: MAC 339, Pg. 16.15

Pcc = L bt rcc w 22,764 1bs.

P = 2P Foc = 22,764 = 65,792 pai
T bt .346
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PROBLEM 9.3

o Find the Fey and E for extruded 7075-T6 material at 300°F (10 hr.
exposura)

1) -~ Room temperature properties from table in lesson 6
Fcy = 61,000 psi Ref: MIL-HDBK-5, Pg. 3-287
E = 10.4 x 10% pst
2) Temperature reduction factors
KFcy = .77 (MIL-HDBK-5, Pg. 3-291)
KE = .90 (MIL-HDBK-5, Pg. 3-293)
Fey = FcyRT Kcy = 61,000 (.77) = 46,970 psi
6 - 6
E= ERT KE = 10.4 x 10° (.90) = 9.36 x 10  psi

Fcc will be found for each flange using the curve on page 16.14 of
MAC 339.

Fcy b | EDGE A
E 't

Element{ b t COND. Fey Fce bt btFcc
1.469).15 .69 1l e.f .76 35,697 .220| 7,853

1.0 .0631} 1.13 l e.f .51 23,955] .063 | 1,509

1.0 063 1.13 1 ea.f .51 23,955) .063 | _1,509

.346 | 10,871

/N Ref: MAC 339, Pg. 16.14
P =3IbtF__ = 10871 lbs.
cc ceC

= LBt Fo 10871 = 31,419 psi
BT ~346

F
ce
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9.4 Use p.

16.28.09 of MAC 339:

EDGE
lement] b t b/t COND. bt Fcc Fccbt
1.469| .15 9.8 1l e.f. .220 83,000 | 18,260
1.0 .063 }15.9 le.f. .063 56,000 3,528
1.0 .063 | 15.9 1l e.f. .063 56,000 3,528
. 346 25,316
P =1 bt F = 25,316 lbs.
ce ce
F_ o= 5% Foc a5 316 = 73,170 pst
¢ T bt .346
9.5 Use p. 16.28.09 of MAC 339:
| EDGE
Elementy b t b/t COND. bt Fce Feebt
1.469 ] .150 9.8 l e.f. .220 72,000 | 15,840
1.0 .063 15.9. 1l e.f. .063 49,000 3,087
1.0 .063 | 15.9 l e.f. .063 49,000 3,087
. 346 22,014

P

F

cc

cc

= L bt F = 22,014 lbs.
cc

JIbtF

cc = 22,014 = 63,620 psi

Ibt

. 346
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9.6

i .
rmp— i g
O ! 1 ®
®
=:@ —— ]
EDGE
Elementy b t b/t COND. bt Fcc Fecbt
1.00 |.080|12.5 | 1 e.f. .080 39,000 | 3,120
1.00 |.080}12.5 | 1 e.f. .080 39,000 | 3,120
1.425 |.070 | 20.4 | No e.f. .100 65,000 | 6,500
.965 [.070 {13.8 | 1 e.f. .068 36,000 | 2,448
.328 15,188
F =20 Foc u15,188% = 46,300 psi
¢ T be .328 in

Determine the effective width for the upper skins:

(E) skin = 10.0 x 10°KST = 96.7 = 100

Using p
2

t

For the upper skins which are one edge free:

w

t

J(?(E) stiff /10.7 x 10°KST

. 16.13 of MAC 339:

Ye 2 35.5

“e = .35 (M) = .35 (35.5) = 12.4

W, = (12.4)(.050 in) = ,62 in.




The total width of skin to use for the upper skins is:
- w = 2(.62 in) + 1.00 in. = 2,24 in.
Ag = wt = (2.24 in)(.050 in.) = .112 in’
Datermine the effactive width for the lower skin:
E) skin = 10.5 x 10°KSI = 101.5 = 100
(qz) stiff /10.7 x 10!KSI
Using p. 16.13 of MAC 339:

Vo - 35,5

om—

t

w, = L (35.5)(.050 in) = .89 in.
2

Ag = 2(w )t = 2(.89 1n)(.050 in) = .089 in®

So the total allowable crippling load is:

Pcc = (46300 psi) (.328 in® + .112 in + .089 in2) = 24490 1b
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9.7 v I = *

=
o\ o
©)
D
EDGE

Elemeny b t b/t COND. | bt Fce Fecbt
1 1.00 .080 | 12.5 1l a.f. .080 39,000 3'120,
2 1.00 .080 ] 12.5 l o.f. .080 39,000 3,120
3 1.4251) .070 } 20.4 No e.f. .100 65,000 6,500
4 .965 1 .070 | 13.8 1l a.f. .068 36,000 2,448
.328 15,188

. LF bt 15,188 % = 46,300 psi

I bt .328 in

Determine the effective width for the upper skins:
E) skin = 10.0 x 10°KSI = 96.7 = 100
qz) stiff [10.7 x 105xsx
Using p. 16.13 of MAC 339:

v, = 35,5

t

For the upper skins which are one edge fres:

“a = .35 (M) = 12.4

t t :

Since these are chem-milled skins, determine from what point the effective
width should be measured.

(1) (Ye)(.050 in) = (12.4)(.050 in) = .62 in.
t

(2) (Ye)(.020 in) + .50 in. = (12.4)(.070 in) + .50 in = .748 in.
t
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Since the effactive width of criteria (1) is less than (2), measure the
affective width off of the fastener.

So: Ag = 2[(.50 in)(.050 in) + (.12 in)(.020 in)]} + (.050 ")(1.0")

- .105 in’

Determine the effective width for the lower skin:
from problem 9.6 :

2 Ye = 35,5
t

Ya = 17.75
t

Check criteria:

(1) (Me)(.050 in) = (17.75)(.050 in) = .89 in.

t . '
(2) (Me)(.020 in) + .50 in. = (17.75)(.020 in) + .50 in = .86 in.
. t

Since criteria (2) is less than (1), measure the effective width off of the
end of the chem-mill land.

Ay = 2{(.50 in)(.050 in) + (17.75)(.020 in)(.020 in)] = .064 in?

The total allowable crippling load is:

2

Pcc = (46300 psi)(.328 in® + .105 in” + .064 in2) = 23010 1b
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9,8 Determine the centroid of the section:

4 I 2.0 1y — i e
. 1 L ] “T-
Tl &
- @ 1.123
RS
4.0 o e, 70
Y Y
@
= = —_©
' ) ™ML,
= 1.0 =t 92 ‘—.9"'"
Elementy b t Area y Ay AYZ Ih
@ J2.0 .125] .25 4.0375 | 1.0094 4.0754 { .0003
@ 1.0 .125( .125 | 3.475 L4344 1.5095| .0104
@) |3.65 | .070| .2555| 2.025 .5174 1.0477 | .2837
& {2.0 .100| .20 .15 .0300 .0045 | .0002
B |2.0 .100{ .20 .05 .0100 .0005 | .0002
® [1.8 .060] .108 .03 .0032 .0001}| .---
1.1385 2.0044 6.6377 | .2948

a) Area A = 1.1385 in

b) Centroid y = £ (Ay) = 2.0044 = 1.76 {in.

IA

JAN

.90" = 15 (thickness)

1.1385
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For the upper

side of the section:

EDGE
Element] b t b/t COND. bt Fece Fecbt
a 1.00 125 ] 1l ea.f. .125 36,500 4,563
b 1.00 .125 8 1l a.f. .125 36,500 4,563
c 1.063 1] .125 8.5 1 e.f. .133 35,000 4,655
d 1.69 L0701} 24.1 No a.f. .118 57,500 6,785
e .40 .070 5.7 l o.f. .028 74,000 2,072
.529 22,638

P o= Fo Pt 297 638 = 42,790 psi
¢ Tt 529
"For the lower side of the saction:

EDGE
Element| b t b/t COND. bt Fce Fecbt
h [1.53 .070] 21.9 No e.f. .107 62,000 6,634
£ 1.00 .10 10 . 1l e.f. .10 47,000 4,700
g 1.00 .10 10 le.f. .10 47,000 4,700
.307 - 16,034

g mIFbt

cc

Use p.

2

Z bt

= 16,03:.’*2 = 52,230 psi
.307 in

skin ~ 100

o

(7!) stiff
16.13 of MAC 339 to detarmine effaective width of skin:

Ve = 33.5

Ve = .35 (33.5) = 11.7

t

Determine whether to measure off of fastener or chem-mill land:

(1) (11.7)(.100 in) = 1.17 in.

(2) (11.7)(.060 in) + .50 in. = 1.20 in.

Since (1) < (2), measure effective width off of fastener.

A
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Agiqn = (2.00 in)(.100 in) + 2(.67 in)(.060 in) = .280 in2

This area of the skin is assumed to act at the average stiffener stress:

Fec = 52230 psi

Pec = (52230 psi)(.307 in® + .280 in2) = 30659 b
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LESSON 10 - PROBLEM SOLUTIONS

1. First determine ‘f

foia
. . 2
A= Z“RAVG t =27 (.234 in)(.032 in) .047 in
I = ﬂRiVG t = 7(.234 in)3(.032 in) = .0013 in®
.0013 in® = .166 in.

.047 inz

This strut will be treated as a pin-ended columm.

L"=L =35 1in

L' = _5 in = 30.1
{  .166 in

Using p. 16.31 of MAC 339, note that this value of L'/p falls in the short

column region.

To determine the allowable crippling stress for this section, refer to the

inset of the upper figure or p. 3-404 of MIL-HDBK-5D:

= .50 in = 15.6

D
t = .032 in

so F = 49 KST
cec
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Using p. 16.31 of MAC 339, begin on the vertical axis at F . = 48 KSI.
Follow a parabolic curve, interpolating between the plotted curves, to the
valus of L’ = 30.1 on the horizontal axis. Following a horizontal line

f
back to the vertical axis from this point, gives Fc = 42.5 WK&I.

Alternatively, the equation for the Johnson curve could be used to get the

same result:

2
Fo=F_ - (F) 2

¢ ™ Fee c ‘LL) = 48 KSI - (48 KSI)* (30.1)2
w2 E VT

4(3.14)%(10.2x105ps1)

F_ =42.8 KSL

Determine Allowabla Load:

Per = (42.5 KSI)(.047 in?) = 2000 1b
)0 will be the same as in problem 1.
L' =L =151n
L’ = 90.3

!

The allowable crippling stress, Fcc = 48 KSI (from problem 1)
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Using p. 16.31 of MAC 339, begin at Fcc = 48 KSI, read over on the Johnson
curve, follow it along the Euler curve until the value of Li = 90.3 is

7
reached. Reading over horizontally from this point gives an Fc = 12 KSI.

Alternatively the Euler curve equation can be usad to determine Fc:

2
Fc

2E = (3.14)2(102x10%psi) = 12.3 KSI
(%) 2
7 (90.3)

The allowable load is

P = (12 KSI)(.047 inZ) = 564 1b

a) Determine section properties

A = (.399")(,399") - (.335")(.335") = .047 in>
Y4 - (,335M)* = .00106 in®
12

12
[r—
A ‘f =j':- /.00106 = .150 in
A .047

b) Determine the allowable crippling stress:

I = (.399"

Each of the four sides of the section can be considered to be a

no-edge-freae element with b = .378" and t = .0Q32".
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4,

This gives b = 11.8. Entering the crippling curve or page 16.19 of
t

MAC 339 gives

Fcc = ?cy = 57.0 KSI

Using the curve on p. 16.31 at MAC 339:

Fc = 48.0 KSI

P__ = (48.0 KSI)(.047 in®) = 2256 1b ultimate

Solution:
.f = 166 in (See problem 1)
‘L’ = L =54n = 3.49 in
¢ [2.05

L/ = 3.49 in = 21.0
-)7 .166 in

referring to the inset of the upper figure on p. 3-404 of MIL-SD:

D= .50 in = 15.6
t .032 in

Fcc = 48 KSI
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Using p. 16.31 of MAC 339,

F_= 45.8 KSI
c

P = (45.8 ks1)(.047 in%) = 2153 1b

Solution: 70 = ,166 in (See problem 1)
L’ =L =35 in= 2,57
fc (4

L’ = 2.50 in = 15.1
f  .166 in

referring to the inset of the upper figure on p. 3-404 of MIL-5D:

D= .50 in = 15.6
t .032 in

F__ = 48 KSI
cc

using p. 16.31 of MAC 339:

Pcr = (47 KSI)(.047 1n2) = 2209 1b
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6.

Selution: f = 166 in (See problam 1)

/

L' = L =35 in = 10 in

=

L’ =10 in = 60.2
{  .166 in

referring to the inset of the upper figure on p. 3-404 of MIL-30:

D=.50 in = 15.6
t .032 in

F = 48 KSI
cc
Using p. 16.31 of MAC 339: , ' -
F = 27 KSI
c
The ultimate allowabla load is:

P = (27 KSI)(.047 in%) = 1269 1b
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7. Solution:

| ME-Te
l s £
! T2000 2\ 't.\sa" T 1\

"Il"IS-Tb/

2.0

Ut

Determine the allowable crippling stress for the sectiom:

Since this is an equal leg angle stiffener, the average stress for the

total section is equal to Fcc computed for any leg. From p. 16.23 of

MAC 339:

F__ = 48,0 KSI
ce ~
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Determine /0

Firat determine the moment of inertia and area of the stiffener-web

cc;mbinat ion:

N=1 E = 10.7 x 10° paz
Using p. 16.13 of MAC 339

2w = 35,5
e

we = 1/2 (35.5) (.10 in) = 1.78 in

I

: ;
Ele b i t A y Ay Ayz 1
| .

1 2.00 ‘ .188 .1 .376 | 1.10 ; .414 4554 .1253

2 1.81 ! .188 .340 | .194 .066 .0128 .0010

3 3.56 .100 .356 : .050 .018 .0009 .0003

1.072 .498 L4691 L1266

NA

4

I = .364 inl'z - .582 in
A 1.072 in

Alg- 8

= I+ ay? - 3°4 = .1266 in* + .4691 1n® - (1.072 1n%) (.465 in)2 = .364 in

4



So L’ = _10 in = 17.2
f .582 in

from figure on p. 16.31 at MAC 339:
and using F__ = 48.0 KSI and L’ = 17.2

f

gives FC = 46.5 KSI

Pcr = (46.5 KSI)(1.072 inz) = 49,850 1b = PJ (Johnson critical column
load)

Using fig. 16.38 with P1 = ( gives = 1.92

2

P, Pe

Using the Johnson critical column load to determine the allowable column
load for a uniformly unloaded column, Pzz
P2 '(P_Z_)(PJ)a P2 = (1.92)(49850 1b) = 95710 1b

Pe
The stress produced by this load is well beyond the elastic limit as well,
and much higher than the crippling load. So the allowable load for this

section is the crippling load:

P_ = (48.0 KSI)(1.073 in®) = 51.5 Kips

Solution: For 2024-T3
Fcy = 34.0 KSI
- = = 2
Az lvravg t = (2M¥(.450 in)(.049 in) = .139 in
I2 - RAVG3 t = q(.451 1n)3(.049 in) = .014 in4

B, = 10.2 x 10° psi

Alo-9



Por 4340 Steel End Fitting:

F 240 KSI
y-

2
Al = w(.37§ m)l- .110 in

"‘ -
I, .nf':—_—ms ). = 9.71 x 1074 1n?

4

El = 20.0 x 106 psi

EL,  (29.0 «108 s )0 9.7 2 10-% in4) = 497
Y, (10.2 1106 s )(.014 n*)

Using the figure on page 16.42 of MAC 339:

with: A = 14 in = .78

L 18 in
P_ = .92
_er
Fe
Pp = (EI) * (3.19)%(10.2 x 108 gsizgo 014 in*) = 4350 1b
(L)2 (18 n)?

P . (.92)(4350 1b) = 4000 1b

Solution: Using the beam column analysis p. 16.50 and 16.51 of MAC 339:

Parr ™ (PALL) Por

Pecr
where Pall = - h - Jbz-huc
Per Za
where a=P
cr
Fec R
- M + 1
.
[ “-°h mnu. Ma
c = - H
Mlll

From p. 18.23 of MAC 339
Mallow = 2215 in .« 1b

FCCA = 6610 1b

RI0-10



From problem 8:
P _ = 4000 1b
cr

For a simply supported beam

100 b
!

.J 50 te

¢ = (100 1b) (18 im)’ = .0851 in (Ref:

©  ,8(10.2 x 10° psi) (.014 ta™)

Mo = (50 lb) (9 in) = 450 inm 1b

Determine the quadratic formula parameters:

a =P = 4000 1b = .605
L %610 1b
cc

@q" ‘l @zﬁ ’ mlbbf"(‘

30 lls ’
50 Ve

Roark p. 106)

- = e N +1‘\ a - | 4000 1b, (4000 1bX.0851 in) _ 450 in 1b
1

EccA Mall Ma

b= - [.605 + .154 - .203 + 1]} = -1.356

c = - Mo + 1= =450 in 1b + 1 = 797
=il 2215 in 1b

Pall = 1.556 - \q&-l.556)2 - 4(.605) (.797) = .706
2(.605)

cr

Pall = (.706)(4000 1b) = 2824 1b

A=\

6610 1b 2215 in 1b T2215 in 1b

+1



SHEAR FLOW HOMEWORK PROBLEMS

Solutions

300 b

Solution: az = 300 1b = 100 b/in
3.0 in

Take Moments about Pt. B:
T Mg = 2AppB ad - 2AACBGa = 0

(6 in)(5 in)aq = (6 in)(3 in)(100 1b/in)
ag = 60 1b/in
ac = 60 1b/in

Sum moments about Pt. A:
T My = 2AppRAb - 2AABCAc = O
(5 in)(6 indap = (3 in)(6 in)(60 16/4in)
ap = 36 1b/1n

All-1



11.1 b) c _
-
_ P
e - \ °
~
”~
P
D A
‘Bvo.
Solution:

Since shear flows on non-parallel sides of a trapezoid are equal.
qq = 750.1b/in

Sum Moments about D:
T My = 2Apcade - 2Apsadp = O

(4 in)(6 in)gc = (4 in)(10 in)(750 1b/in)

1250 1b/in

Qe

Sum Moments about B: .
T Mg = 2Apcadq - 2ApeAda * 0

(4 in)(6 in)(750 1b) = (10 in)(4 inlqy
in

q, = 450 1b/in

Ait-2



Solution:
Note that this shear panel has identical heights to those in 11.1 a) but

with a different base.

Sum Moments about B:
L Mg = 2AppRad - 2AACBGa = O

(5 in)(8 in){gq) = (8 in)(3 in)(100 1b/in)

60 1b/1n

a4
for horizontal equilibrium

ap = 60 1b/4n

Sum Moments about A:
Z My = 2AppBap - 2RAcBAc = O

(5 in)(8 in)ay = (3 in)(8 in)(60 1b/1n)
ap = 36 1b/in

Recall that the values of the shear flows found in 11.1 a) are exactly
the same as found here. This demonstrates that the value of the shear flows
are dependent only on the ratio of the heights on opposite ends of the
trapezoid.

All-3



1.1 d)

7} 2500 1b

So lution:

Qe = 2500 1b = 500 1b/4n
5.00 in

Sum Moments about 8:
L Mg = 2AppBad - 2ABDCAc =

[}
o

(11 1n) (1 in)aq

(5 in) (11 in) (500 ib/in)

aq = 2500 1b/4n
ap = 2500 1b/in
Sum Moments about D: '
EMp = 2Aagpaa - 2Agpcap = O

(11 4n)(1 4n)ag = (11 1n)(5 1n)(2500 1b/in)
aa = 12,500 1b/in

Notice that g3 = 25 gc! This example shows that shear panels with one side
very short should be avoided.

All-4



Solution:
1) Find the total area of the pane!l
A = Aprg + ABCEF + ACDE
A =(3.0 in)(2.0 in) + (2.0 in)(1/2X3.0 in + 4.0 in) + (4.0 in)(4.0 in) = 18.0 in2
2 2

.2) Find Apgp: _
~ (3.0 in)(8.0 in) = 12.0 in2
2

AnagD

3) Find Agcp:

Agcp = A-Aagp = 18.0 in2 - 12.0 in2 = 6.0 in2

4) Sum Moments about D:
T Mp = gal2Aagp) - ap(2Agcp) = O
ga = (200 1b/in) 12.C in2 = 100 1b/in
24.0 in2

5) Find AaACD:
Aacp =(1/2X4.0 in)(8.0 in) = 16.0 in2

6) Find Apgc: _
AaBc = A - Apcp = 15.7 in2 - 16.0 1n2 = 2.0 in2

7)  Sum Moments about A:
L My = qp(28agc) - ac(28acn) =
Gc = (200 1b/in) 8.0 ind
4 32.0 in2

(]

2% 1h/in

8) Sum Moments about B:
LMg = ad 2AaBD - ac 2Agep = O
ad = (25 16/4n) 12.0 in2 = 12.5 1b/4n
24.0 in2

All-5



11.2 a) 8000 1b

+) \B6 000 in-lb

taooo'\b
000 1t | | :—% e
I ]
S :iEDLD\b=R3

Since this beam is rectangular, the shear flow is the same on all edges.

q = 8000 1b = 1600 1b/in
5 in

X
~n
¥

= (1600 1b/in)(17 in) = 27,200 1b

8000 1b

All-é



1.2 b) 8000 e

AR323 )

This problem can be solved by the method of superposition.

5330 b
{ . 4000 1t
— >
I é f) 4000 1b
| E— C 117810 a 1b
5930 b
4000 b <
00| 3 — 4

i ]

Rg

Balancing the left cap:
g(5 in) = 6930 1b
g = 1386 1b/in

Balancing the upper cap:

Rq = (1386 1b/in)(17 i~) - 4000 1b
Ry = 19,562 b

Balancing the lower cap:

Rg = (1386 1b/in)(17.5 in)
Rg = 23562 1b

Al -7



l?!!)\b Q00 b

1.2 ¢) ‘
23890 in1b
G
\
A
i\ZDO b
- ) et | e e
R _ 300 b 900 b
SR 1
1200 Ib — _
f—*-_ el R —————— |
Rz

Balancing the rightmost cap
" 900 1b = (g1)(6 1n)
qy = 150 1b/in

Balancing the upper and lower caps:
Fi1 = Fp = (150 16/1n)(10.5 in)
F1= 1575 1b
Fo = 1575 1b

Balancing the middle cap:
300 b + (150 1b/in)(6 in) = (g2)(6 in)
a2 = 200 1b/in

Balancing the upper cap:

Ry = q2(120 1n) + F1 = (200 1b/in)(12.0 in) + 1575 1b
Ry = 3975 b

Balancing the Lower Cap:

Rp = (g2)(12.0 in) + Fp = (200 16/1n)(12.0 1n) + 1575 1b
Ry = 3975 1b :

All-8



_ l Q00 \b
11.2 d)  1ob50 b

(+

t 000 b 300 ‘b

e )

900 tb

Balancing the rightmost cap:
900 b = q1 (6 in)
ay = 150 1b/in

Balancing the upper and lower caps:
F1 = (150 1b/1n)(10.5 in)
Fp = Fy = 1575 1b

Balancing the middle cap:
(150 1b/in)(6 in) = 300 1b + g2 (6 in)
g2 = 100 1b/in

Balancing thé lower cap:
Rp = F2 + (g2)(12.0 in)
Rp = 2775 1b

1575 1b + (100 1b/in)(12.0 in)

Balancing the upper cap:
R1 = F1 + (a2)(12.0 in)
Ry = 2775 1b

1575 1b + (100 1b/in)(12.0 in)

All -9



11.3 a) ‘ 200 \u

tlaHh + 100 \b
—
A :?f_”ﬂ

— 100 lb

Balancing the end caps:
gy (5 in) = 100 1b

gy = 20 1b/in
g2 (5 in) = 100 1b

az = 20 1b/in

Balancing the upper and lower caps

Fy = (10 in)(20 1b/in) = 200 b
Fa = (10 in)(20 1b/in) = 200 1b
Fy = 200 1b
Fp = 200 1b

Checking the center vertical member:
a1 (5.0 in) + g2 (5.0 in) % 290 1p
(20 16/4n)(5.0 in) + (22 v/in) (5.0 in) = 200 b

RI11-13



11.3 b)

/ 3000 b

1500 ib I
e

i 2195 |y

I T =

2195 b

PO — 405 1b
#-—C_—‘——_=—.-F - -
1500 1 5
Balancing the Caps:
Left Cap: Right Cap:
(5 in)qy = 2195 b az(5 in) = 405 1b
a1 = 439 1b/in g2 = 81 1b/in

Upper Cap Above Left Hand Panel:
(439 1b/in)(6 in) = Fy
F] = 2634 1b
Upper Cap Above Right Hand Panel:
qp (14 in) = Fp
(81 1b/4n)(14 in) = Fp = 1134 1b

Balance Joint above Center Stiffener

—t )
2634% 1134% 1500F
Lower Cap Below Right Hand Panel:

(a2) (14 in) = F3
(81 1b/in)(14 in) = F3 = 1134 1b

Checking the Lower Cap Below the Left Hand Panel:
(a1)(6.0 in) - 1500 1b & Fy

(439 1b/in)(6.0 in) - 1500 1b = 1134 1b = F3

All-11



’ 2000 \b * 4000 \b

11.3 ¢)

VPR ' + 2444 b

==—'—F P N R

.w\\: 400Nb._-.
ol ey
44 ‘b; <_—‘-=_=_»4—F —— F54—== 2444 \b

Balance the Left Cap: Balance the Right Cap:
444 b = (q1)(4 in) 2444 1b = q3(4 in)

g1 = 111 1b/in a3 = 611 1b/in
Balance the left center cap:
(q1 + g2)(4 in) = 2000 1b
gy = 389 1b/in

Balance the lower caps:
(111 1b/4in)(4 in) = Fy = 444 1b

By Symmetry:
Fp = F1 = 444 b

Determine F3:
(389 1b/1n)(9 4n) - 424 1b = F3 = 3057 1b

Again, by Symmetry:
Fy = F4 = 3057 1b

All-1z



J 00 \b
lzom '"‘-\b N e ——
c \ Cap Areas = ,080 in2
+
N
0
i 600 b
Pl
- 600 b
”L 1 % ‘ 1 Determine the Upper and
f r Lower Cap Loads at Wall:
i
| %2 | I £Mo = (600 16)(20 in) - P1(6 in) = 0
600 1b ' - Py = 2000 1b
ST oy Symetry:
¢ Py = 2000 b

Since the middle cap is at the neutral axis, it cannot pick up load.

So balancing the lower cap: Balancing the upper cap:
2000 1b = (q2)(20 in) 2000 b = g1(20 1in)
a2 = 100 1b/in ay = 100 1b/in

Balancing the right caps:
600 1b - g7 (3 in) = F,
Fy =300 16
Note that the shear flow would have been the same if the center stiffener had

not been there. This example illustrates that having a stiffening member at
the neutral axis is useless, unless an external load is to be "dumped in" at

its end, or if it is to be used as a panel breaker for diagonal tension webs
(See Lesson 13).

All-13



*bOle

11.4 b) P =

4

2
P2

P, — =

b00 \b
Moment of Inertia:
2(Ay12 + A2y22)’
2[(.080 1n2)(4.50 in)2 + (.050 1n2)(1.50 in)2]
3.47 ind

—
1)

An alternate method from the one presented in the text can be used to

determine the panel shear flows which has the advantage of knowing the total
cap loads initially:

0 \b
P Load in Upper and Lower Caps:
Po o Ty = mc = (12,000 1n 16)(4.50 in)
vi I 3.47 ind
Py = Py = (15560 ps1)(.080 in2) = 1245 b
P —=
By Geometrical Considerations: Load in the Middle Caps:
V = 600 b . 0y =M = (12,000 in 1b)(1.50 in) )
I 3.47 ind -
Py = (5190 psi)(0.50 in2) = 260 1b -
Pt e 600 \b
Determine Shear Flows: ' = —
Balancing the Upper Cap: U} 1 G\ } 1
(q1)(20.0 in) = Py = 1245 b _ P, > -
a1 = 62.3 b/in | P e = F,
Balancing a Middle Cap: Q} 1 %l - L 1ﬂ
(q1)(20.0 in) + P2 = (q,)(20.0 in) ‘fl, — = y ?:l
(62.3 1b/in)(20.0 in) + 260 1b = (q2)(20.0 in) R |
a = 75.3 To/in b % Xl
b00 Ib — >
Balancing the End Vertical Members: '-p-= =
{q1) (3.0 in) + Fy = 600 1b '
Fi1 =600 b - (62.3 1b/in)(3.0 in) = 413 1b
(q2)(3.0 in) + Fp =Fy
"Fo =413 1b - (75.3 16/in)(3.0 in) = 187 1b

All-14



11.5 a)

=

[. First determine the internal shear
flow on panels adjacent to cutout:

oo

From the sketch above:

(ap) (10

200 '%n

===-P 4—=

> o) lﬂt l.t

P =0 "

Unknowns:

P1s P2, P3, Pa, Pc, P, @

I1. Set up free

Txx 1t Py o+ ()7 dn) =

* 2: Po + (qc)(

in) = (200 b/in) (15 in)
ap = 300 1b/in

From the sketch at left:
(qa)(14 in) =

(200 1B/in) (21 in)
5 = 300 1b/in

body statics equations:
(200 1b6/4n)(7 in)
5 in) = (200 1b/in)(5 in)

3: 295 + (200 1b/1n)(5 in) =
* 4: Pp + (qg)(5 in) = (200 1b/in)(5 in)
*x 5 Py + (q) (7 in) = (200 1b/in)(7 in)
6: Py + (q)(5 in) = (300 1b/in)(S in)
7: P3 + Pg = (300 1b/in)(5 in)
*x% 8: Pg + (qc)(7 in) = (300 1b/in)}(7 in)

kkk G- p5 + (qc)(

¢

Note equations 1 and 5, 2 and 1, 2 and 9 are equivalent

All =15

7 in) = (300 1b/in)(7 in)

(300 1b/in}(5 in)



Solve for unknowns:

Po: 2P + (200 1b/1n}(5 in) = (300 16/4n)}(5 in) (3)
2P2 = 500 b
P2 = 250 1b

+

(q¢) (5 1n) = (200 1b/4n) (5 1n) (2)
qc =70 1b
5 in
qg = 150 1b/in

Q- P2

P1: Py + (qg)(7 in) = (200 10/in)(7 in) (m
Py + (150 1b/in)(7 in) = (200 1b/1n)(7 in)
Py = 350 Tb
P3: P3 + (ga)(5 in) = (300 1b/in)(S in) (6)
Py + (150 1b/4n)(5 in) = (300 1b/in)(5 in)
Pq = 750 1b
Pg: P3 + Pg = (300 1b/in)(5 in) (7)
Py = 750 1b
Ps: Pg + (g.)(7 in) = (300 1b/in)(7 in) (9
P5 = 1050 b

Pg: By subtracting equation (9) from (8):
Pg = Ps
Pg = 1050 1b

Al11-i&



11.5 b)

cuT
outT

?zoo‘qcn

First solve for the shear flow in either shear panel:

Cap 1:- (g)(11 in) = (200 1b/in) (11 in)
q = 200 b/in
200 %, 9 .

Next find the cap loads:
At joint A: ZFy =0 =F)

Fo Cos taﬁ‘1(8 in ) (n
11 in

Fy = .809 F?
TF=0=F3-Fsin|tan1[8 in (2)
[ (11 1n)] :
Fq = .588 F2
Fy = (200 1p/in) (1 in) (3)
Fq = (200 10/1n)(8 in) (3)
Solving: Fy = 2200 1b
Fq = 1600 1b
Fy= .809 F (N
Fp = 2720 1b
Check: Fy = .588 Fp

1600 1b = (.588)(2720 1b)
1600 1b = 1600 b

All-17



11.5 «¢)

P
— P, B The loads at points A and B will be equal
H—P
A /PR L but act in opposite directions
X .

'y a) Balance the structure externally
determining the loads at A and B:

P. = =
3 35 PJ 300 (14) 2100 1b
Pq,—, ——Pz 2
k IMgPa(18) + 300 (8)(14)-(30018X14) = O
P = 0

b) Balance the external loads R, and Pj
acting at point A with internal loads
P3 and P4. The balance is the same at
point B.
P3 cos (tan -1 %) = Py = 2100 1b

Py = 2419 1b
Py = P3 sin (tan -! %)

Pg = 1200 1b

2) Determine the internal balance of one quadrant. The remaining quadrants
have an identical balance
a1(8 in) = 300(8 in)-1200 b

a1 = 150 1b/in
42 = q1{8_in} = 300 1b/in

(4 1n)
a3 = g2/8 inl = 600 1b/in

(4 1n)

Arl-+8



12.1

SOLUTIONS TO PROBLEMS

LESSON 12 BEAMS AND OTHER BENDING MEMBERS

The moment of inertia of the section is:

Iy-x * 2 Acap 7 o+ ESEH%%)&

= 2 [2.5(.20){4.0 - 42912] + .10 (6.0 = 2(.20)]3
2 2 12

= 1,610 + .388 = 3.998 IN®

The extreme fiber stress is:
Yb = M(xc) = 80000(£2.0) = ¢ 40020 psi
I 3.998

The static moment of the area above the neutral axis is:

Q=A FL*A2T2 " <2.5>(.2o>(i:_o_ - _zg) + (2.0 - .20)(.10)(2_.2_;_._2_(_)_

2 2 2

= .950 + .162 = 1.112 IN3

The shear stress at the neutral axis 1is:

fg = VQ = 11000(1.112) = 30600 psi
It 3.998(.10)

Material allowables - Ref. Lesson 6, Page 6-4
Fry = 61 KSl
Fgy = 31 KSI

The minimum margin of safety is:

MeS. = TSU -1 = 31.0 - 1 = +.013
fs 30.6

Al2z-i
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lzlz

The allowable plastic moment is:

MaLL = (Q1 + Q2)Frp where Qi and Q2 are the static moments about the neutral

axis.

Qq = Q2 = 1.112 IN3 (REF. PROBLEM 12.1)

EQ/F = .84 for 2024-T4 extrusion (MAC 339, Page 14.02)
TU
K=Q +Q
I/c
I =3.998 IN C = 2.0 IN (Ref. Problem 12.1)

K= (l.112 + 1.112) = 1.11
3.998/2.0

Find Fpg from page 14.01 of MAC. 339

F
22 = qes
Fry

Fgg = -985 (61000) = 60100 psi

By the procedures of Lesson 9 the allowable crippling stress of the

compression flange is found to be:
Fee = 45560 psi
Calculate Marp

Mapp = (2 x 1.112)(45560) = 101330 " #

M = 80000"#

w.s. = MaLL = L = 101330 - 1 = + .266
M 80000

Riz- &
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12.3 For convenience, a section one inch from the free end of the beam is

used.

Find the neutral axis

v EAy
A

= (1.0)(12.0) + 1.0(8.0) = 5.0 IN

1.0+ 1.0+ 2.0

(]
]

T ay?

108 IN%

Find cap loads and shear flow on 1.0 in width:

M = 10000(1.0) = 10000"#

UPPER CAP:
P} = MyA = 10000(7.0)(1.0)
I 108
= gu8?

" INTERMEDIATE CAP:

Py = MyA = 10000(3.0)(1.0)

1 108
= 278k
LOWER CAP:
Py = 10000(-5.0)(2.0) = 92&"
108

AIZ=-3

1.0¢(7.0)2 + 1.0¢3.0)2 + 2.0(-5.0)2

|.0|l\z __I_
040w .07

1.0 nlz __-‘_

X ]

2.0.at

G 2 /in

92 b

10,000 b



Find the panel shear stress,upper panel:

qu = PL = 648 = 648 ¥/1N

1.0 1.0

fq = 648 = 16200 psi
.040

LOWER PANEL

a, = 926 = 926¥/1IN
1.0

£ = 926 = 23150 psi
.040

12.4 The support reactions are found using the i{nformation from problem 12.3 :

Upper Axial Reaction 4
Ry = 648(40) = 25920¢ 4~ 048 .
Intermediate Axial Reaction - 2l '0/ia
Ry = 278(40) = 11120¢ i
1 370

Lower Axial Reaction- 10,000 1b

' = 40" -
R, = 926(40) = 37040 |

LFy = C = 25920 + 11120 - 37040

Upper Shear Reactionm
Vy = 648(4.0) = 2592¢

Lower Shear Reaction
Vy = 926(8) = 7408*

LFy = 0 = 10000 - 2592 -~ 7408

RIZ-&



12.5

Figure 1 v
h = 2(6.0) sin 45° = 8.485 in.

Py = P2 =M =10,000 x 1.0 = 1178#
h 8.485

(Note: Mc would give the same cap load.)

(]

By considering the loads on the upper and lower cap, it can be seen
that:

qp = qy = AP = 1178 = 1178#/"
L 1.00

T My = Ve -2Aq =0 [Reference Lesson 12, p.ll ]
LMy = 10,000 e - 2(0)q = 0

e = (

Figure 2
P=M=10,000 x 1.0 = 1667#

h 6.0 ‘ /P

q= AP = 1667 = L6674/"

L 1.0 ’,4r

T My = Ve - lag = 0 2z I‘/

= 10,000 e - 2 (‘rr x 3.02)1667
2

e = 4,71 {n.
Ai2-S



tion with & counstant ghear flow, the ghear flow can also

Note: For 2 sec
be found from the equation:
q=v" 10,000 = 1667#/"
h 6.0 o

und directly from the equation:

and the shear centet location can be fo

e=22a=2 [ (3)21 = 4.71 in.
N 2

he same distance from th

e neutral axis, the cap

Figure 3

Because the caps are no

g must be found from th

t all ¢

load e equation!

p = fpr = Mc A
1

1= 2(-5X2.002 + 2 (.50)(3.0)2]

1 = 22 iod

o = 20,000 in‘lb

¥ = 20,000 x 1

20,000(2.0)(.5) = 9094

P * Mey A ™
22

1

= Mcg A ™ 20 033 3.0)(.5) = 1364 \b
1

Pz’?q

RIZ- &



The shear flows are determined by considering the loads acting on the caps,

starting with the caps at the free edges (cap #1).

At cap #1l: At cap #2:
}:E‘H=P1‘Lq1-0 :Fh'P2+qu'Lq2'0
= 909 - 1.0 q; =0 = 1364 + 1.0 x 909 - 1.0 q3 = 0
qp = 909 #/" qz = 2273#/"
At cap #3:

L Fy =Py +Llg - Llqy=0
= 1364 + 1.0 x 2273 - 1.0 q3 = O
q3 = 3637#/"

r——————————————————

The shear center is found by summing moments of the shear flows about any

point on the cross-section.

LMy = Ve = 2A1q; ~ 2429, - 2439, = 0
L M, = 20,000 e - 2(4.0) 909 - 2(_4_._0_%;_&_9_)2273 -2 [ T (3.0)2 13637 = 0
]

e = 8.23"

AlZ - "7



12.6 Because of symmetry, 1/2 of the 10000 1b. load will be reacted on each

side of the center line.

Find the reacting shear flows from the equation:

q = V = 5000 = 90.9 #/" per side
h  55.0

The loads in the horizontal members are found by treating the bulkhead

as a beam.

Find the bending moment at the center by~taking the moment of the

shear flow about any point on the vertical centerline of the bulkhead using

the equation:

M= 2Aq
The area (A) is a function of angle 8.
8. . = arcsin{ 27.5\= 47.17°
be 37.5
= = .54°
GFG arc51nt;75 11.5
QEG = arcsin (l 53=v27.82
.5
QDE = gDL 9 o= 47.17 f 27.82 = 19.35
= - = 2 _ 5 - °
QEF gEG QFU 27.82 11.54 16.28
Ao =137-5F sin 19.35 cos 19.35 = 232.97 in?
EO 3 2
Ao =(37.5f sin 16.28 cos 16.28 = 197.108 in’
FO > i
AFGO = @7.5? sin lléSA cos lléSA = 140.66 in 2
For moments about point C, the areca is:
i
AO = 2 (ADEO + AEFO + AFGO) = 1141.5 in
Mo= 2 Aoq =2 (1141.5) (90.4) = 267529 in 1bs
I = 2A(7 52 +17.52 +27.5°) - 2237.54A
Pl = 207,525 (27.5A) = 2550.6 lb.
2237.5A
P, = 207,525 (17.54) = 1623.1 1lb.
2237.5A
PB' = 207,525 (7.5A) = 695.6 lb.

223754 A12-3
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Find the panel shear flows by putting the horizontal stiffeners on one
side of the vertical centerline in static equilibrium (starting with the top

or bottom stiffener) and by balancing the shear panels as trapezoidal panels

b}

neglecting the ML curvature.

Upper member:
F, = 2550.6 - 25.49q = 0
q = 100.06 #/"

Upper panel:

end g =gq b =100.06 25.49 = 76.84 #/"
e u -
a 33.19

lower ; =q, b 2 . 100.06 25.4§§ = 59.01 #/"
¢ 3 33.19

2550.64# re——
Next member: 190.06 #/"

—————
F, = 1623.1 + 33.16 x 59.01 - 33.16 = 0 76.84 #/" 4[2\ 76.8% /"

¥ 97,400

= 107.96 ‘: "
d 1623.14___ 2206 1"
103.96 #/"
Next panel:
' 97.44 4/ |
end q_ = 107.96 /33.16\ = 97.44 #/" ———
e 36.74 87.95 #/"
695.6 y—_————
Lower q_ = 107.96 (33.16 2 . g7.95 #/m —
36.74 i
J 106.88 #/¢
Last member: —
Fh = 695.6 + 36.74 x 87.95 - 36.74q = 695.6 G-
q = 106.88 #/" 89.3 #/"
va‘

Center panel: This panel is rectangular so the skin is uniform with
Q=106.88 1b/in on all four sides.

A1Z-9



ABDR - ALLOWABLE SHEAR HOMEWORK SOLUTIONS

N
la) N
N
I\
N
N
N
N
\ \v
\
| N
300 ia
Solution:

T =g =50.0 1b/4n = 1250 psi

t 040 in

Find Is . Is

= ,0016 in%

SOC\h*

= 1'67

het> ~ het>  (15.00 in)(.040 in)3

he , he = 15.00 in = 1.500

d *d 10.00 in
From Figure 1:
Kg = 6.1

Now:

T oer = KgE  t2
d

"Ter
Ter

1000 psi

T 21250 pst . .35
Tea 1000 psi

Find T all:
From Fig. 2.5:

T all ™ 3.5 KsI

(6.1)(10.3 x 108 psi)(

for

T
('t'.

A

.040 in )
10.00 in

= 2.0

A3 =1

—d




lb) for 2500# Loading:

T =291 = 6250 psi

(10.00 1n)(.040 in)

Find 351_2 = (250.0 1b/in)(10.00 in)? = 3.91 x 108 psi
t

(.040 in)”
For Figure 2.5: or computing directly:
L = 5.8 L = 6250 pst = 6.25
tc,a _ Twx 1000 psi

Reading off the figure gives:

T a11 = 28.5 KSI ’ T a11 = 28.4 KsI

Ngte; that the allowable shear is relatively insensitive to changes in the ratio of

L/tu\ for 7075-T6 for T/t R 5.0.

[
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le)

a)

b)

e)

d)

e)

bD",J\/"

Find T gt
a = 15.00 in _
5 10.00 in - 1700
b2 = (10.00 in)? . 417
ft  (60.00 in)(.040 in)
From Fig. 17:

Ks = 14.5

F.. = KeE = (14.5)(103 x 106 psi)

cr T KE = (M3 P8 2390 psi

b 10.0Q in?
Find T : q = 2500 1b = 250 1b/in
10 in

040 in

Loading Ratio:

T = 6250 psi = 2.62
Ten 2390 psi

Diagonal Tension Factor:
300 td = (300)(.040 in)(15.00 in) = .300
Rh (60.00 in)(10.00 inm)
From Figure 19:
K = .32
or using the equation for these curves:

T
K = Tanh ( .05+ 300 td ) leqg = [=322
( m\) ) tu)

Allowable shear: .
From Figure 20, for K = .32, 2024~T3 AL:
T all = 23.3 kst

Al3-3



1d)

a) Find T opt

a = 15.00 in _
b T10.00 in 1.500

b2 = (10.00 in)?
Tt  (5.00 in)(.040 in)

= 500

From Fig. 17:
KS = 70.0

For = KE = (70.0)(103 x 10% ps1)
(3)7- (10.00 1n)1

= 11,540 psi
=040 in

Note the huge increase in stiffness gained from the smaller radius on the same
panel. :

b) Find T :

q = 2500 1b = 250 1b/in
10 in

.040

¢) Loading Ratio:
_'C_ = 6250 psi = 542 < 1
Ter 11540 psi

e) Allowable shear:

From Figure 20, for .04"7075-T6 and K = 0

T all ™ 35.0 Ks1

Al3-4
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le)
1 q- 25001
' \0 n
A |
lioo\bt l '
From Figure b:
Critical Shear:
1) qer = 329 1b/in Ter ™ 325 1b/in = BI25 psi
.040 in
Allowable Shear:
11) T qg, = 460 1b/in T,y = 460 1b/in = 11.5 KSI
@ 040 in

Applied Shear:

111) T = 250 1b/in « 250 psi
040 in

RI3-5
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.1f) :s\DO\b/m.

Try D = .8h or D = 7.71" (Closest value to .8h)
¢c=b=-D=1500" <~ 7.71" = 7,29 in
from Table 1:
B= 32
C' = 7,29 in - 2(.32 in) = 6.65 in

————————————————

for ¢t = .040 in:

h = 10.00 in = 250
t .040 in
K= .85 - .0006 h
t

K= .85 - (.0006)(250)

K=.70

From Figure 4:

for h = 250
t

£f . = 4700 PSI

sh

for ¢ = 6.65 in_= 166
t .040 in
f = 7200 PSI
sc

Substitute these values into eqn (3):

.. =kt |f. [1- gjﬂ £ o] c
all [sh[ (h + “sc Bl s
2
q ;7 = (+70)(.040 in)(4700 PSI)(1- (7.71 in ))+(7zoo PSI)[7.71 in |6.65 in
10.00 in 10.00 in{15.00 in

quqp = 102 1b/in

M.S. = 102 1b/in - 1 = .02
100 1b/in

Net Section Shear:

Thet = 2500 1b = 27.3 KSI
(10.00" = 7.717)(.040™)

From MIL-5D:
Fsu = 44 KSI
M.S. = 44.0 XSI - 1 = .61
27.3 KSI

Al3-6



2a) | Stiffener: - 040" 1075 -Tb

The applied shear flow is:

q = 2500 1b -
=10 in 250 1b/in
L‘- Ti"d-L* 15”‘*J
2500 b
The applied shear stress is:
T =g =250 lb/in
T ~5i0 in 6250 psi
Find: Is : Is _ = .0016 in .25
het3 et (10.00im)(.040 im)° '
he : he = 10.00 in _ 1.33
d d 7.50 in

From figure l:

K, = 7.8

T or =% E(&f

T cr = (7.8)(10.3 x 100 psi) |.040 in\2
(7.50 in

T cr = 2285 psi € Note 2 fold increase over no stiffener

Loading Ratio:

T = 6250 psi

T.. 2285 psi 2.74

Determine the Allowable Shear Flow:
from figure 2.5:

T ,11 = 30.0 KsI

Ri3-7
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=7 _F

2b) .040° 7075-Te

Determine the applied shear flow:
= 2500 \b - b
t2500 b 1 10w = L3C Vi

The applied shear stress is:

T = g =250 1b/in = 6250 psi
T .040 in

To determine the critical shear stress, determine:

4
Is = .00l6 in .
hetd  (10.00in)(.040 Im)3 ~ 230

he . 10.00 in
d 3.75 in

= 2.67
Then from figure 1:
Kg = 4.71 (by interpolation)

Since: T op = KgE (':T) 2

Substitute the known values:

T er = (4.71)(10.3 x 106 pa1) (.oao in
[ ] i

Ter » 5520 psi <= Note 2 fold increase over 1 stiffener
Loading Ratio:

T 6250 psi

cr 5520 psi=l'13

Determine the allowable shear stress:
from figure 2.5:

T all = 31-5 KSI

AI3-8



2¢)

S 040" 10715-Tl
25"
Determine the applied shear flow:
q=2001b o550 1p/4n
’ 10 in
7500 \v

The applied shear stress is:
~_gq =250 1b/in = 6250 psi
C*% 040 in
To determine the critical shear stress, determine:

1s : Is = .0016 in®
3 3 3 = 2.5
het het (10.001in)(.040 in)

he : he a« 10.00 in - 4.00

d d 2.50 1in

From figure l:
Kg = 3.73 (by interpolation)

Tt (g)’

T p = (3.73)(10.3 x 105 psi) (.oao in) ¢
7.50 1

T or = 9840 psi < Not quite double - this illustrates the law of
diminishing returns

Determine the Loading Ratio:

= 6250 psi _
T cr 9840 psi -635

Determine the allowable shear stress:
from figure 2.5:

T a11 = 31.5 KsI

AI13-9
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—A
T =
‘ “
L_.. A 2
- L/
Bl || 118 032 Y
) L/
A /_70'75"“5 5
7
[/
4
“
Y/
L > - =t
4 |'L" ___-——-1 un
3000 b o
080" 7075-Tb 080" 1075-Tk
| Lr—ws TY‘P--1 /‘
f { 27—

[

T =

t ﬁ\@ L}——.ﬂ" '

A-A: ,L_ B‘B:
Use Crippling Analysis to determine effective sheet for use in computing section
properties.
Ele b t b/t Edge Condition bt F F__bt
ce ce

1 .75 | .080 9.4 One Edge Free .060 | 49500 2970

2 .75 | .080 9.4 One Edge Free .060 | 49500 2970

3 .86 | .080 | 10.75 | One Edge Free ,069 | 44000 3036

.189 | 8976

F. =L F bt = 8976 1b,= 47490 psi
¥ bt .189 in

Since the Fcc valve is below Fcy' 7( = 1,0

and (E) =100

skin
stiéf

Ri3-to



Using figure on p. 16.13

_z_w_%-as.s
t

for a one-edge free skin element:

we = .35 (zwe) t = .35 (35.5)(.032 in) = .398 in

t.,

but for this problem, the one-edge-free element is limited by the edge distance,
.34 in.

for a no-edge free skin element:

He = .50 (zwe) t = (.50)(35.5)(.032 in) = .57 in.

T
Section Properties of Tee Section: (Ignores effect of fastener for simplicity)
Ele b t A | v Ay Ayz I '%E: — - .
1 1.5 |.080 |.120 | .04 |.0048 | .0002 |.0001 } \_@
2 .82 | .080 |.066 | .49 |.0323 .0158 {.0037 - -
3 .91 1.032 1.029 | .68 |.0197 .0134 1,0020 q1”
215 .0568 | .0294 |.0058
= 3 . L—— g
y = .0568 i 1n = ,264 in. .
T215 in? : "4:>
I = .0294 in® + .0038 in - (.264 im)? (.215 in?) = 0.0202 in%
f . 0202 1n .307 in.
215 in*

Ai13-11



Web Analysis

The effective haight is the distance between flange centroids:
for the tee section

b =1.50 in

t = .080 in b= 18.8 d = .6
t b

d = .90 in

~using Figure 1l4:

X = .242
d

'x = (.242)(.90 in) = .218 in

so the effective height is:

a)

b)

c)

d)

he = 12.00 in - 2(.218in) = 11.56 in

the shear flow:

q=yv_ = 3000 1b = 260 1b/in

h 11.56 in
e

Shear strass:

T =g =260 lb/in = 8125 psi
t .032 in

Critical shear stress:

(ga®)(1078) ={ (260 1b/in)(12. 1n)?)(1078) = 11.4
iy (.032 in)?

from figure 2.5

I=13.3

T
cr

Ter ™ 81%? gsi = 5§11 psi

Allowable Shear Stress and Diagonal Tension Factor:

Also from fig. 2.5:

Tl ™ 27.8 KSI K= .50

Ri3-ie



e)

)

Web Margin of Safety

M.S. = 28 KSI - 1 = 2.46
8.1 KSI

Net Section Shear
With four fastener diameter spacing:

Area = 75

i net
Area ToT
Net fs = T Areatot = (8.1 KSI) = 10.8 KSI

Frea ez .75
from MIL-HDBK-5D:

F = 44 KSI

su

M.S. = 44 KSI - 1 = 3,07
10.8 KsI
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2.

Flange (Cap) Analysis
a) Cap Bending Moment due to Diagonal Tension

Mcn = gkd® = (260 1b/in)(.50)(12 in)? = 1170 in.1b
ST 16 16

i At Mid-Span:

e ~ ] Q pen = {1170 in.1b)(,866 in) = 50.2 KSI

.0202 in¢

r

G = (1170 in.1b)(,264 in) = 15.3 KSI
comp 0202 in%

Tension Margin of Safety:

M.S. = 78.0 KSI - 1 = .55
© 50.2 KSI

Crippling Check:
Using only the material in compression:

Ele b t b/t Edge Condition bt F F_ bt
ce ce

1 .75 .08 9.4 One Edge Free .060 49500 2970

2 .75 .08 9.4 One Edge Free .060 49500 2970

3 144 | .08 1.8 No Edge Free .012 70000 840

.132 6780

Fcc = §780 lb2- 51.4 KSI
132 in '

Crippling Margin of Safety:

M.S. = 51.4 KSI - 1 = 2.36
15.3 KsI

b) Cap Analysis Using Primary Loads:

At the end of the first bay, the equations below are applicable for
determining the cap loads:

Pp=M_ - 0.5KV

o
[

+ 0.5 KV

n
:‘lz
®

RI3-14
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Substitution of parameters gives:

PT = (3000 1b)(12 in) - (0.5)(0.5)(3000 1lb) = 2364 1b

1156 in

Pc = (3000 1b)(12 in) - (0.5)(0.5)(3000 1b) = 3864 1b
11.56 in
At the reactions, the cap loads are:

PT = -Pc = (3000 1b)(24 in) = 6000 1b

12 in

To check for the tension margin of safety, divide the cap load by the
cap area, and then compare to FTU:

ap = 6000 1b = 31750 psi
.189 in?

M.S. = 78.0 KSI == .46
31.75 KSI .

To check for the compression margin of safety, use the figure on
p. 16.38 of MAC 339 to determine an equivalent column load. Then
check this load against the allowable load.

P. = 3864 1b = .644 )
-;,12- 6000 1b ‘

Using figure on p. 16.38 of MAC 339:
32.' lf25
Pe
P. = P, = 6000 1b = 4800 1b
e W
.25 )

The allowable column stress is found using the figure on p. 16.31 of
MAC 339:

with F = 47.5 KSI
cc

and L’ = (0.7)(12.00 in) = 27.4
f .307 in

gives Fc = 43.5 KSI
P__ = (43.5 KSI)(.215 in®) = 9353 1b

Computing the Margin of Safety:

M.S., = 9353 1b - 1 = .95
4800 1b

Ai3-15



3. Stiffener Analysis

a) To determine the stiffener stress,

first determine its section
properties:

First, use crippling analysis to determine an effective width of skin

to use:
Ele b t b/t Edge Condition bt F F_ bt
[o o] [o] o]
1 .63 .08 7.9 One Edge Free .050 57000 2850
2 .56 | .08 7.0 One Edge Free .045 | 62000 2790
.095 5640 1b

F = 5640 1b.= 59,370 psi
ce | A2 2D,
.095 in

for the one edge free sheé::

we = .35 (2We)t = .35(32)(.032 in) = .358 in
t

the actual effective width is limited by the edge distance = .33 in
for the no edge free sheet:

we = .50 QZ:f)t = .5 (32)(.032 in) = .512'in

So for compression analvsis, the section is:

[ 4" =

Al3-16



Ele b t A y Ay Ayz I
1 .60 .08 |.048 .332 |.016 .0053 .0014
2 .59 .08 |.047 .072 |.003 .0002 .0000
3 .84 .0321.027 .016 {.000 .0000 . 0000
.122 .019 .0055 .Q014
g =203 o s in
.122 in

.0014 1n + .0055 1n
-f / .0039 1n .179 in
.122 int

To determine e, the distance from the median plane of the web to the
stiffener centroid, use the figure on p. 2.30 of MAC 339 to get the
location of the stiffener centeroid

= 8.4

= .90

- (.122 in%)(.156 in)?

MAC 339 (Figure 14)

.193 in + .016 in =

thickness.
b= .67 in
t .08 in
d = .60 in
b .67 in

from p. 2.30 of
x = .2875
b
x = 163 in
e’

Now to

necessary terms along the way:

e

.f

.209 in

= .0039 in”

, then add one-half the web

compute the stiffener stress, use figure 12, computing the

.209 in = 1.17

179 1

n

Using the chart gives:

A

-
dt

The chart gives A__ = .
.se

0

95 in2

(12.0")(.032")

3

Recall t = 13.3

cr

The chart gives:

-3
‘As
L 247

o= 1.38
s

T

.43

A13-17
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b)

c)

The applied stiffener stress due to tension field effects is:
o = (os) v = (1.38)(8125 psi) = 11213 psi
'—.-E )

This applied stress should not exceed the stiffener column yield
stress, Fcy' For 7075-T6 extrusion, Fcy = 70 KSI

M.S. = 70 KSI - 1 = large
11.2 KSI

The maximum stiffener stress, ", max occurs at the midpoint of the
stiffener, and is obtained from figure 13:

since d_ = 1.0 and g_; = 13.3
T

s cr
figure 13 gives: ¢ = 1.07
s ,max
Us
O max (1.07)(11.2 KSI) = 12 KSI

Forced Crippling Check of Stiffeners

To prevent forced crippling of the stiffener, the maximum stress
should not exceed L where 9, is determined from equation:

o = 3’K2(5§) - i/(.so? (.080 in) = .85
T° t (1032 in)

a_ = (32500 psi)(.85) = 27625 psi

M.S. = 27.6 KSI - 1 = 1.3
12 KSI

Column Strength of Stiffeners

The average stress over the cross-section of the stiffener shall not
exceed the allowable stress as a column. To determine the allowable
column stress, use the figure on p. 16.31 of MAC 339.

F__ = 59.4 KSI
cc

L’ = (0.5)(12.0 in) = 33.5
f 179 in

The figure on p. 16.31 gives Fc = A9 KSI
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The average stress is

o =g (A } = (11.2 KSI)(.43) = 4.8 KSI
5,4V -1
§

Computing the margin of safety:

M.S. = A3 KSI -1 =9.2
4.8 KSI
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4.

Attachment Analysis

a)

b)

c)

Web to Cap Connection:

Compute the running load:
h = 12.00 in - 2 (.56 in) = 10.88 in
Rim S(1 + .414 K) = (3000 1b)[L + .4ls (.50)] = 333 1b/in
hy 10.88 in

To avoid inter-rivet buckling, a spacing of four diameters will be
used. For a #5 rivet, 4D = ,625 in. From p. 1.13 of MAC 339:
MS20470-AD5 Rivet: P L = 551 1b

AL
Maximum spacing: PALL = 551 lb = 1.65 in
- 333 1b/in

Computing the Margin of Safety:
M.S. = 1.65 in - 1 = 1.64
.625 in

Stiffener to Cap Connection

PDT " % Ase = % (Ase) As
s 2
Ppyp = (11.2 KSI)(.43)(.095 in®) = 458 1b
From the analysis above, use a MS20470AD5 rivet.

Compute the Margin of Safety:

M.S. = 551 1b - 1 = .20
458 1b

Stiffener to Web Connection:

Required tension strength > .15 ouLTt

P (.15)(72 KS1)(.032 in)

t,req

Pt.req

from p. 1.11 of MAC 339, for a MS20470-AD-5 rivet

Iv

346 1b/in

v

Pt = 301 1b

The maximum spacing would be:

P_ = 301 1b = .87 in

P 346 lb/in
t,rei

If the four diameter spacing is used in the stiffener, the margin of
safety is:

M.S. = ,87 in - 1 = .39
.625 in

Al3-20
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Solution:

a)

b)

c)

. d)

A3 = 24 +

.06"

.040" 10715-TbL

Determine Cross-Sectional Area of Doubler
>
ADBLR Z (1.5)(Arem)

> (1.5)(1.00")(.040")
2 060 in®

Doubler gage

Choose | gage thicker than web material, that is .050". This
gives a minimum circular diameter:

CD . = .060in% + 1.00 in = 2.20 in

min 7050 in
Rivets between hole tangents

P=2 Dhq = 2(1.00 in)(500 1lb/in) = 1000 1b

from MAC 339:

Two MS20470AD5 Rivets (BJIS 's) in .040" (575 lbs/rivet):

PAll = 2(575) = 1150 1bjM.S. = 1150 1b - 1 = .15
1000 1b

Spacing:
Inner Circle Circumference = (2)(M)(.50" + .37") = 5.47 in

Circumference = 8 rivets
4D spacing

Outer Circle Circumference = (ZYCW)(.87" + .625") = 9,39 in

Circumference = |5 rivets
4D spacing

Outer Radius = .50" + 37" + .625" + .37" = |, 87"

Check for cross sectional area:

A= (L05")[3.74" -1 -4(.156")]= .106 in® > .06 in® /o

REGD. DOUBLER:
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5. SOLUTION:
A

D B

00" N718-Tb

"-————-7.51-—-—aa//

eniind

400 % Se9p *

8" / 1.5
[
—:za'% 050
? \ We-Tp
4" 123 Ty
* H- -
Eodey ‘ |
‘A "D a000% 5896 ¥
3 —
- e 1 4015F
4075 *
Determine Shear Flow: ' " 140 'l f-lOD"
L ]
a) Effective Height T {
b - ] 40u ) 185"
t TToom <14 |
TYPICAL CARP
d_ 8" o L ¢
b~ T.a0"
From Fig. 14
X _
3= 233
x = .198"

Effective Height

q = 40754
7.6"

8" - 2(.198") = 7.6"

= 536 #/in

Free body of web from edge to D-D:

.Zo" £
i 0

Al D 1§.
ey —

Y
TR
®
1.8 a 2.0° _‘;Z_O 1
B'Du E 7.

I 2038%

o

‘y' .

4075

}

T F, =0: 4000"-4000"-R, +R, =0
HZMp = 0:L 4015%2(4.75") + (4000%1(.20")

(L

-(4000™ )L 7.8 )+ R, (B-§)-R,j =C

FROM EQN. | :

P\\=R2

SUBSTITUTING INTO EQN. 2:
Ry (8= 23) = 49756 w-1b

A13-22
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X
.

.0e0”

.(f;’ :

1N
SECT. @ D\-D,_

ar E-E
e, o1
L10"
ke
- I 0.} 2037%
10%7% 4
.— 70" —]
£, 0,
— * — N.A.
90"
-E4
- 5
.l 3
365KSI B,
I N— z-"
- - P
L L2S" !
I U

vy
'Y
N|

ELE b h A y Ay Ayl 1
1 1.90 | 0.10 | .140 | .050 | .007 | .000¢ | .ogo1
2 | 0.0 | 0.75 | 075 | .a75 | 036 | o171 | 003
3 | 0.05 | 3.00 | .150 |1.75 | .263 | .4603 | 112
4 0.06 1.25 .075 | 2.625 .197 5171 .0098
453 503 | .9949 | .1253 |
= Ay = .503 = 1.10"
T iy -+
I = .1259 + .9949 - (1.10°)% (.503) = .512 in®
, 49156 n-\b
Set R,=R, = = *
: =R T ey = 897
- - t )
LF,=0: R,—851% =0
Ry = 8579

IEMg =00 M, - (20371711271 = 0
M. = 4075 inl

Stress @ E,
Ceomp = (4075 in 1b) (2.15") + 8579%= 36050 psi

512 in" 453 in?
Considering just the web & doubler combination as column:

G‘av = "
g = (.90 z (36.05 XSI) + 36.058 KSI = 25.57 KSI
. ) :

2
AVERAGE LORD FROM E, O E,

P, = (25.57 KSI) (1.25") (.050" +
AVERAGE LDAD FROM D, T0 D,:

P. = 357q#2 (1.25") (.05" + .060") = 2404 #
1 ;

.060") = 3510 #

1

Using a Column with Distributed Axial Loading:

From MAC 339, p. 16.38:
P, = = W04 = .74
FE 351&:

2= 1.7 PE= 35lb# = 3005 #
P .17
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..Column Allowable:

Conservatively assume column pinned @ both ends:

L' =L = 2.0"
Determine least radius of gyration, bt

(1.25") (.11")3 = 000139 in®
12

tf /.000139 = ,032 in
.138

Slendernass ratio:

I

L' . 2.0"
PR

Euler Column Allowable:

= 62.5

Fo= T 2E = 26020 psi
(L'/)«a)2

- - . .2

R ° Fc A = (26020 psi) (.138 in ©)

£olumn Margin of Safety:

P

M.S. = 3590 # - 1 =0.1

D05 #
Fastener Check:

L

D4
PE ——— B Pb
£, D,

From MAC 339, p. 1.13:

(¢=/T)

R= LLZS"I .050"+.0L0") =~ 138 ?

(E=10.3+10%ps:)

= 3590 1b

Load in Doubler:
At E,-E
Pe = (25.57 KSI) (1.25") (.06") = A8 &
At D:
Py = (18.94 KSI) (1.25")(.06") = 14\ 1b
Load Transfer =497 #
% = %ﬂg_li = 249 §/in

Shear Strength of BJl 5 rivet in .050" 7178-T6 Alum Sheet:

P =594 #

Assuming 4D fastener spacing: ‘-z( allow =

Margin of Safety:

M.S. = 1.82

950 #/in - 1 =
249 #/1n

-

§ H »

594 # = 950 #/1in

Al3-24



Required Doubler:

BI1S 1vp 50 Pucs

Trt £
gttt +++++ T a
+ ¥ — 4+
‘t‘i' >++ 275"
+ ,
++++++++++J§__+ N
| t++++++++ \
1. 25 b 75" A
156+
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Solutions: Torsion

10 Determine the Polar Moment of Inertia:

1-2 Ea in)* - (2.8 m)‘j

3 =1.92 in®

For 6061-T6 tubing, WW-T-700/6, FTY = 35 KSI, FTU = 42 KSI

Using the assumption, that Fo, = (.6)(FTY), Foy = 21 KSI

So the maximum torque which can be applied while maintaining an elastic

distribution is:

ALl - Fsy = 2] KSI

TAll = Jr = Sl.92 inAQQZI KSI)
f (LS in)

TAll = 26880 in-1lb

jy-A
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The maximum allowable torsion will be based on plastic analysis.

D=3.0"=30 , L=10"=3.33 , Fp = 42,000 psi
t .10 D 3

From figure 21:
F.. = 24 KSI

ST

Thus the maximum torsion is:

All st

T . = (1.92 in")(24 KSI)
All
(1.5 )

TAll = 30720 in-1b

4R -5
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D

Determine the polar moment of inertia:

-

4 T 4 . 4
J = 32d = (33)(3 in) = 7.95 in

Using Fsy = 21 KSI from problem 1

T = Jr = (7.95 in®)(21 KSI) = 111.3 in-kips
'f L\.S n)

The maximum allowable torsion is found using the technique of

problem 2: » o

for:

fadiw)

= 3" =2 and: L = = 3.3
: 0

10"
g

from figure 21:

i4A-6
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n
{1)

- (34.5 KSI)(7.95 in") = 183 in-kips

T
ALl {48 )

From the previous four problems, note that depending on the thickness

and type of stress distribution assumed, the allowable torsion can

change significantly. (6.7 times for these cases.)

Determine the parameter,X :

for: b__ = 5.72" = 57.2"
@Y ToT

j from the table on p.4 of the lesson '
\/ A = ,333
P

substitute o into equation for T,

or

T-toxbtz

T = (20 KSD) (.333)(5.72") (. 10M)?

T = 4000 in-1b

14A~7



b) for a section without a slit:

AD”

Determine the polar moment of

inertia, J

=1 [(2 1% - (1.8 1m)*]
32

J = .54 in

Determine the maximum allowable

elastic torque.

T = J tmax = (.54 in”)(21 KSI)
T, (A )

T = 11340 in.1lb

Note the three fold increase in capability to carry torque that the

continuous section exhibits over the slit section. For this tube then,

the design loading should be based on the torque carrying capability at

the slit section.

This problem is similar to the example in the text

without the applied shear load. (See figure 7)

14/-8



{___ The enclosed are# for this section is taken as the

kY -t:)

where average is defined as the average between the
&_- 2800 in-\b

product of the average length and average width,

internal and external dimension.

——T T ——

A= (1.85 in)(2.85 in) = 5.27 in®

. The shear flow is defined by:

Substituting the given values:

q = 3500 in'1b = 332 1b/in
205.17)

For this cross-section, the average of the two areas enclosed by the

inside and the outside surfaces of the tube is:

Ay = 214 in)? z (1.25 in)?]

3500 w\n

AAVG = 5.53 in

14$A -9



Then the shear flow is

q=T_ = 3500 in'1lb = 316 1b/in

24 2 (5.53 in?)

Note that the shear flow is approximately the same as in the
rectangular torque box of problem 6. This is so because its enclosed
area is about the same. The rectangular tube is less preferred,

however, because local stress concentrations exist at the corners.

To solve for the shear flow, first determine the area enclosed by the

torque box. Since this is a complex shape, it will be assumed that it

is composed of a semicircle and a rectangle.

A=1/2 vrz + lw

A=1/2 (3.14)[%.00 + 1.85]2 + (2.5" ; .15"}(1.85 in) = 10.31 in®
4 (4

So the shear flow is:

q=T_ = 3500 in-1b_ = 170 lb/in

24 2 (10.31 in?)

I4p-10



To determine the shear flow, use the principle of superposition which

was introduced in the text.

q, = ¥ = 4000 1b

h b in

q, = 667 1b/in

93

T = (6")(4000 1b)

T = 24000 in-1b

A=(6")(6™)+0.57(3")2

A=50.14in>

= T_ = 24000 in-1b

2R 7(50.14 «a2)

9, = 239 1b/in

14A-11

4000 \b

9 = 239 1b/in

Q3'ql-q2

4, =(667 - 239)1b/in

q5 = 428 1b/in
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Problem Solutions

Lesson 15 - Pressure

The stress level in a sphere is uniform, and is found by passing a

section througn the center of the sphere. From section 15.1:

The pressure will be taken as the burst prassure¥:
Py = 4(30 psi) = 120 psi
The burst pressure factor is the multiplier applied to the operating

oressure. The values range between two and four and depend an the

usage of the compartment being designed.

The stress can be computed:

o = (120 psi)(10.0") = 12 KSI
2(.,050")

A5



From MIL-HDBK-5D for 2024-T3 sheet:

FTU = 63 KSI (L-T)

S0 the margin at safety is:

M.5. = CULT -1 = 63 KSI - 1 = 4.25
%5 p 12 KSI

The maximum stress in the cylinder will be the hoop stress:

Qhoop

ﬁl?

Applying the burst pressure factor to the operating pressure:
Py = (30 psi)(4) = 120 psi
So the hoop stress is:

= (120 psi)(10.0") = 24 KSI
(.G50")

Ohoop

The axial stress is:

= Pr = (120 psi)(10.0") = 12 KSI

%%
ocp 2t 2 (.050")

The margin of safety is:

M.S5. = 63 KSI -1 = 1.625
24 KST

The method of solving this problem is the same as the method presentea

in the lesson, section 15.3.

An equilibrium balance could be made to determine the reactions, which

would then be divided by the cross-sectional area to determine the

stress.

Alternatively, one could use the hoop stress equation tc determine tne

stress.directly:

EL = Br = (25 psi)(20") = 15625 psi
t (.032")

AiIsS-7
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4.a) Assume that 1 psi causes less than .020" deflection (1/2t). Then use
the equations for a thick plate:

10’ 6
w = 14.2 (lEQ:])P = (16.24 10.3x10° psiJ (L psi)

(lOOOt) 3 (1000)(.040") " 3
b » (4")

w = (4 in)(.0l4 in) = .055 in
Since the edges were assumed to be built in:

deflection =.1/5 w = .01l in (assumption: 0K)

The stress:

o= 750,000P = (750,000)(! psi) ) = 7500 psi
(IOOOt)Z (1000)(.040")
e W)

Jsing the assumption of built in edges:

g = 2/3 0, = 2/3 (7500 psi) = 5000 psi
o) Assume that 50 psi causes the panel to act as a membrane:

{i.e. w > 5t)

Deflection:
7 1/3 7 \1/3
w=o0.162 [(23) .} = o.162 (LO-——E— )
g —_— 10.3x10 psi/ (50 psi
1000t (1000)(.040")
b (4")
w= (4 in)(.274) = 1,10 in

(which is greater than .40 in)

The tensile stress:

o, = 7700 \2/3 7 2/3
T s L= 700 %‘1(5‘095.)\‘

1000t (1000)(.040")
b (am)

or = (7700)(1.60) = 22740 psi

Ai5-35



c)

From the preceeding analysis, it will be assumed that 10 psi causes
a condition which is between a thick plate and a membrane.

Use the figures in MAC 339 for thin plates with built-in edges:

Pafameters:
107p = 10° psi = 9.7
£ 10.3 x 10° psi

1000t = (1000)(.040 in) = 10
b (4 in)

Compute the maximum stress:

from p. 17.40: from p. 17.41:
10%, = 4.35 104, = 30
E E
o, = 4481 psi Iy = 30900 psi
a=0 . to, = 35,400 psi

or from p. 17.42:

loacmax = 34.5
E

omax = 35,500 psi

This shows that both methods agree in the final analysis.
Compute the deflection:

Wmax = .0126
b

Wmax = (.0126)(4 in) = .050 in

AI15-4





