
Die Storage Rack Analysis

6"x6"x1/4" HSS tubingCross-members:  

6"x6"x1/4" HSS tubingLong. members:
W6"x20#

Fixed end reaction for the cross members (dist. load w lbs./in.)

 w*L/2FEA = 

Fixed end moment for the cross members (dist. load w lbs./in.)

beam fixed at ends w*L2/12FEM = 

 ksi46sy = HSS tubing:

 in.96L = 
 lbs./in250w = 
 lbs.12,000FEA = 
 in-lbs.192,000FEM = 

 in25.24A = 
 in428.6Ix = 
 in39.54S = 

 calculated bending stress at top psi20,126sb = 
 allowable bending stress psi30,360sa = 

Shear Stress:

 in32.91Q = 
 calculated max. shear stress in side wall psi5,236t = 

 in32.02Q = 
 calculated max. shear stress at corner psi3,630t = 

 calculated bending stress at corner psi18,576sb = 

Combined Stress:

 calculated stress at corner psi19,260s = 



Die Storage Rack Analysis

6"x6"x1/4" HSS tubingCross-members:  

6"x6"x1/4" HSS tubingLong. members:
W6"x20#

 ksi36sy = I-beam:

 in.144L = 

 in25.87A = 
 in441.4Ix = 
 in313.4S = 

Beam Forces and Moments:
 from loading on cross-member lbs.12,000P = 

 in.35a =
 in.109b =

 lbs.10,218R1 = 
 lbs.1,782R2 = 

Bending moment from concentrated load:
 @ end of beam in-lbs.-240,645M1 = 
 @ intersection of cross-member and beam in-lbs.116,980Ma = 
 @ center of beam in-lbs.51,042Mc = 
 @ intersection of cross-member and beam in-lbs.-14,897Mb = 
 @ end of beam in-lbs.-77,271M2 = 

Bending moment from distributed load:
 lbs/in.0w = 

 @ end of beam in-lbs.0M1 = 
 @ intersection of cross-member and beam in-lbs.0Ma = 
 @ center of beam in-lbs.0Mc = 
 @ intersection of cross-member and beam in-lbs.0Mb = 
 @ end of beam in-lbs.0M2 = 

Combined Bending Moment:
 @ end of beam in-lbs.-317,917M1 = 
 @ intersection of cross-member and beam in-lbs.102,083Ma = 
 @ center of beam in-lbs.102,083Mc = 
 @ intersection of cross-member and beam in-lbs.102,083Mb = 
 @ end of beam in-lbs.-317,917M2 = 

 calculated bending stress at top flange psi23,725sb = 
 allowable bending stress psi23,760sa = 





  
A

IS
C

 1
3
th

 E
D

IT
IO

N
 M

E
M

B
E

R
 D

IM
E

N
S

IO
N

S
 A

N
D

 P
R

O
P

E
R

T
IE

S
 V

IE
W

E
R

  

W
, 
S

, 
M

, 
H

P
 S

h
a
p

e
s

C
, 
M

C
 S

h
a
p

e
s

W
T

, 
S

T
, 
M

T
 S

h
a
p

e
s

S
in

g
le

 A
n

g
le

s
D

o
u

b
le

 A
n

g
le

s
R

e
c
ta

n
g

u
la

r 
H

S
S

  
  
  
  
  
  
  
 Y

  
  
  
  
 Y

  
  
  
  
  
 Y

  
  
  
  
  
 Y

  
  
  
  
  
  
 Y

  
  
  
  
  
Y

  
  
  
  
  
  
  
  
  
  
  
  
 k

1
=

0
.5

6
2
5

k
  
  
  
  
  
  
  
  
  
  
  
  
  

  
  
tf
=

0
.3

6
5

  
  
  
  
  
  
  
  
  
  
  
  
  
tf
=

0
.4

3
6

  
  
  
  
  
  
  
  
  
  
  
  
  
b

=
3
.5

  
  
  
  
  
  
  
  
  
  
  
  
  
t(

d
e
s
)=

0
.2

3
3

  
  
  
 b

f=
5
.7

5
  
  
  
  
  
 t
=

0
.3

7
5

  
  
  
  
  
  
  
  
  
y(

b
a
r)

=
1
.0

7
  
  
  
  
  
  
  
  
  
  
  
  
  
  
 x

(b
a
r)

=
0
.8

5
4

  
  
  
  
  
  
  
  
  
  
  
 x

(b
a
r)

=
0
.6

3
4

tf
=

0
.3

6
  
  
  
 

d
=

5
  

  
  
  
  
  
  
  
  
  
  
  
  
  
t=

0
.3

7
5

  
  
  
  
  
  
  
  
  
  
  
  
X

d
=

6
.2

  
  

  
  
  
 T

  
X

  
  
  
  
d

=
1
0

X
  
  
X

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
d

=
5

h
=

6
  
  
  
  

  
 X

d
=

5
.0

9
  
  
  
  
  

  
  
  
  
  
  
  
  
X

  
 y

(b
a
r)

=
1
.6

tw
=

0
.2

6
  
  
  
  
  
  
  
  
  
  
  
  
  
tw

=
0
.2

4
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
 t
w

=
0
.2

4
  
  
  
  
  
  
  
 b

=
5

  
  
  
  
  
  
  
  
 y

(b
a
r)

=
1
.6

  
  
  
  
  
  
  
  
  
  
  
  
  
  
 (

0
, 
3
/8

, 
o
r 

3
/4

  
  
  
  
  
  
  
b

f=
6
.0

2
  
  
  
  
  
  
  
b

f=
2
.6

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
 g

a
p

)
  
  
  
  
  
b

=
6

W
6
X

2
0

C
1
0
X

1
5
.3

W
T

5
X

1
1

L
5

X
3

-1
/2

X
3

/8
2

L
5

X
3

-1
/2

X
3

/8
L

L
B

B
H

S
S

6
X

6
X

1
/4

A
 =

5
.8

7
in

.^
2

A
 =

4
.4

8
in

.^
2

A
 =

3
.2

4
in

.^
2

A
 =

3
.0

5
in

.^
2

A
 =

6
.1

in
.^

2
A

 =
5
.2

4
in

.^
2

d
 =

6
.2

in
.

d
 =

1
0

in
.

d
 =

5
.0

9
0

in
.

d
 =

5
in

.
d

 =
5

in
.

h
 =

6
in

.

tw
 =

0
.2

6
in

.
tw

 =
0
.2

4
in

.
tw

 =
0
.2

4
0

in
.

b
 =

5
in

.
b

 =
3
.5

in
.

b
 =

6
in

.

b
f 
=

6
.0

2
in

.
b

f 
=

2
.6

in
.

b
f 
=

5
.7

5
0

in
.

t 
=

0
.3

7
5

in
.

t 
=

0
.3

7
5

in
.

t(
d
e

s
) 

=
0
.2

3
3

in
.

tf
 =

0
.3

6
5

in
.

tf
 =

0
.4

3
6

in
.

tf
 =

0
.3

6
0

in
.

k
 =

0
.8

1
2
5

in
.

w
t.
/f
t.
 =

2
0
.8

p
lf.

w
t.
/f
t.
 =

1
8
.9

9
p
lf.

k
(d

e
s
) 

=
0
.6

1
5

in
.

k
 =

1
in

.
k

(d
e

s
) 

=
0
.6

6
0
0

in
.

w
t.
/f
t.
 =

1
0
.4

0
p
lf.

Ix
 =

1
5
.5

in
.^

4
Ix

 =
2
8
.6

in
.^

4

k
(d

e
t)
 =

0
.8

7
5

in
.

T
 =

8
in

.
k

(d
e

t)
 =

0
.9

3
7
5

in
.

e
o
 =

0
.3

1
in

.
S

x 
=

4
.5

6
in

.^
3

S
x 

=
9
.5

4
in

.^
3

k
1
 =

0
.5

6
2
5

in
.

g
a
g

e
 =

1
.5

in
.

g
a
g

e
 =

2
.7

5
in

.
Ix

 =
7
.7

5
in

.^
4

rx
 =

1
.5

9
in

.
rx

 =
2
.3

4
in

.

T
 =

4
.5

in
.

rt
s
 =

0
.8

6
9

in
.

w
t.
/f
t.

1
1
.0

0
p
lf.

S
x 

=
2
.2

8
in

.^
3

y(
b
a

r)
 =

1
.6

in
.

Z
x 

=
1
1
.2

in
.^

3

g
a
g

e
 =

3
.5

in
.

h
o
 =

9
.5

6
in

.
b

f/
(2

*t
f)

7
.9

9
0

rx
 =

1
.5

9
0

in
.

Z
x 

=
8
.1

8
in

.^
3

Iy
 =

2
8
.6

in
.^

4

w
t.
/f
t.
 =

2
0

p
lf.

w
t.
/f
t.
 =

1
5
.3

p
lf.

d
/t
w

2
1
.2

0
0

y(
b
a

r)
 =

1
.6

0
0

in
.

yp
 =

0
.9

3
in

.
S

y 
=

9
.5

4
in

.^
3

b
f/
(2

*t
f)

8
.2

5
e

o
 =

0
.7

9
6

in
.

Ix
 =

6
.8

8
in

.^
4

Z
x 

=
4
.0

9
0

in
.^

3
ry

(0
) 

=
1
.3

3
in

.
ry

 =
2
.3

4
in

.

h
/t

w
 =

1
8
.7

Ix
 =

6
7
.3

in
.^

4
S

x 
=

1
.7

2
in

.^
3

yp
 =

0
.9

3
3

in
.

ry
(3

/8
) 

=
1
.4

6
in

.
Z

y 
=

1
1
.2

in
.^

3

Ix
 =

4
1
.4

in
.^

4
S

x 
=

1
3
.5

in
.^

3
rx

 =
1
.4

6
in

.
Iy

 =
3
.1

5
in

.^
4

ry
(3

/4
) 

=
1
.5

9
in

.
h

(f
la

t)
 =

4
.8

7
5

in
.

S
x 

=
1
3
.4

in
.^

3
rx

 =
3
.8

7
in

.
y(

b
a

r)
 =

1
.0

7
0

in
.

S
y 

=
1
.1

9
in

.^
3

Q
s

(0
) 

=
2
.5

1
b

(f
la

t)
 =

4
.8

7
5

in
.

rx
 =

2
.6

6
in

.
Z

x 
=

1
5
.9

in
.^

3
Z

x 
=

3
.0

2
in

.^
3

ry
 =

1
.0

2
0

in
.

Q
s
 =

2
.5

8
J
 =

4
5
.6

in
.^

4

Z
x 

=
1
5

in
.^

3
I y

 =
2
.2

7
in

.^
4

y p
 =

0
.2

8
2

in
.

x (
b
a

r)
 =

0
.8

5
4

in
.

ro
(b

a
r)

(0
) 

=
2
.6

6
in

.
C

 =
1
5
.4

in
.^

3

Iy
 =

1
3
.3

in
.^

4
S

y 
=

1
.1

5
in

.^
3

Iy
 =

5
.7

1
in

.^
4

Z
y 

=
2
.1

2
0

in
.^

3
H

(0
) 

=
0
.6

8
3

A
(s

u
rf

) 
=

1
.9

3
ft

^
2

/f
t

S
y 

=
4
.4

1
in

.^
3

ry
 =

0
.7

1
1

in
.

S
y 

=
1
.9

9
in

.^
3

xp
 =

0
.3

0
5

in
.

ro
(b

a
r)

(3
/8

) 
=

0
.7

in
.

ry
 =

1
.5

in
.

x(
b
a

r)
 =

0
.6

3
4

in
.

ry
 =

1
.3

3
in

.
Iz

 =
1
.7

4
in

.^
4

H
(3

/8
) 

=
0
.7

1
8

R
o

u
n

d
 H

S
S

 &
 P

ip
e
s

Z
y 

=
6
.7

2
in

.^
3

Z
y 

=
2
.3

4
in

.^
3

Z
y 

=
3
.0

5
in

.^
3

S
z 

=
0
.6

7
in

.^
3

ro
(3

/4
) 

=
1

in
.

  
  
  
  
  
Y

rt
s
 =

1
.7

in
.

xp
 =

0
.2

2
4

in
.

Q
s
(5

0
) 

=
0
.8

3
7

rz
 =

0
.7

5
5

in
.

H
(3

/4
) 

=
0
.9

8
3

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
 t
(n

o
m

)=
0
.3

2
2

h
o
 =

5
.8

4
in

.
J
 =

0
.2

0
9

in
.^

4
J
 =

0
.1

2
in

.^
4

T
A

N
(α

) 
=

0
.4

8
5

J
 =

0
.2

4
in

.^
4

C
w

 =
4
5
.5

in
.^

6
C

w
 =

0
.1

0
7

in
.^

6
Q

s
(3

6
) 

=
0
.9

8
3

C
w

 =
1
1
3

in
.^

6
a
 =

2
3
.7

4
in

.
a
 =

1
.5

3
in

.
J
 =

0
.1

5
in

.^
4

P
la

te
s

O
.D

.=
8
.6

2
5
  
  
  
  

  
 X

a
 =

3
4
.9

2
in

.
ro

(b
a

r)
 =

4
.1

9
in

.
ro

(b
a

r)
 =

2
.1

6
in

.
C

w
 =

0
.2

1
7

in
.^

6
Y

W
n
o
 =

8
.7

8
in

.^
2

H
 =

0
.8

8
4

H
 =

0
.8

3
0

a
 =

1
.9

4
in

.
t=

0
.3

7
5

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
 I
.D

.=
7
.9

8
1

S
w

 =
 

4
.8

2
in

.^
4

ro
(b

a
r)

 =
2
.4

5
in

.
  
  
 X

Q
f 
=

3
.0

7
in

.^
3

H
 =

0
.0

0
0

b
=

1
2

P
ip

e
8

S
T

D

Q
w

 =
7
.3

8
in

.^
3

A
 =

7
.8

5
in

.^
2

t 
=

0
.3

7
5

in
.

O
.D

. 
=

8
.6

2
5

in
.

b
 =

1
2

in
.

I.
D

. 
=

7
.9

8
1

in
.

w
t.
/f
t.
 =

1
5
.3

1
p
lf.

t(
n
o

m
) 

=
0
.3

2
2

in
.

A
 =

4
.5

0
0

in
.^

2
t(

d
e

s
) 

=
0
.3

in
.

Ix
 =

0
.0

5
3

in
.^

4
w

t.
/f
t.
 =

2
8
.6

0
p
lf.

S
x 

=
0
.2

8
1

in
.^

3
Ix

 =
 I

y 
=

6
8
.1

in
.^

4

rx
 =

0
.1

0
8

in
.

S
x  

=
 S

y  
=

1
5
.8

in
.^

3

I y
 =

5
4
.0

0
0

in
.^

4
r x

 =
 r

y 
=

2
.9

5
in

.

S
y 

=
9
.0

0
0

in
.^

3
Z

x 
=

 Z
y 

=
2
0
.8

in
.^

3

ry
 =

3
.4

6
4

in
.

J
 =

1
3
6

in
.^

4

J
 =

5
4
.0

5
3

in
.^

4
C

 =
--

-
in

.^
3

R
e
fe

re
n

c
e
:

  
T

h
e
 s

h
a
p

e
s
 c

o
n

ta
in

e
d

 i
n

 t
h

is
 d

a
ta

b
a
s
e
 a

re
 t

a
k
e
n

 f
ro

m
 t

h
e
 A

IS
C

 V
e
rs

io
n

 1
3
.0

  
"
S

h
a
p

e
s
 D

a
ta

b
a
s
e
"
 C

D
-R

O
M

 V
e
rs

io
n

 (
1
2
/2

0
0
5
),

 a
s
 w

e
ll
 a

s
 t

h
o

s
e
 l
is

te
d

 i
n

 t
h

e

  
A

IS
C

 1
3
th

 E
d

it
io

n
 M

a
n

u
a
l 
o

f 
S

te
e
l 
C

o
n

s
tr

u
c
ti

o
n

 (
1
2
/2

0
0
5
).



N
O

M
E

N
C

L
A

T
U

R
E

 F
O

R
 A

IS
C

 V
E

R
S

IO
N

 1
3
.0

 M
E

M
B

E
R

 P
R

O
P

E
R

T
IE

S
 A

N
D

 D
IM

E
N

S
IO

N
S

:

A
 =

C
ro

s
s
-s

e
c
ti
o
n
a
l 
a
re

a
 o

f 
m

e
m

b
e
r 

(i
n
.^

2
)

d
 =

D
e
p
th

 o
f 
m

e
m

b
e
r,

 p
a
ra

ll
e
l 
to

 Y
-a

xi
s
 (

in
.)

h
 =

D
e
p
th

 o
f 
m

e
m

b
e
r,

 p
a
ra

ll
e
l 
to

 Y
-a

xi
s
 (

in
.)

tw
 =

T
h
ic

k
n
e
s
s
 o

f 
w

e
b
 o

f 
m

e
m

b
e
r 

(i
n
.)

b
f 
=

W
id

th
 o

f 
fl
a
n
g
e
 o

f 
m

e
m

b
e
r,

 p
a
ra

ll
e
l 
to

 X
-a

xi
s
 (

in
.)

b
 =

W
id

th
 o

f 
m

e
m

b
e
r,

 p
a
ra

ll
e
l 
to

 X
-a

xi
s
 (

in
.)

tf
 =

T
h
ic

k
n
e
s
s
 o

f 
fl
a
n
g
e
 o

f 
m

e
m

b
e
r 

(i
n
.)

k
 =

D
is

ta
n
c
e
 f
ro

m
 o

u
te

r 
fa

c
e
 o

f 
fl
a
n
g
e
 t
o
 w

e
b
 t
o
e
 o

f 
fi
ll
e
t 
(i

n
.)

k
1
 =

D
is

ta
n
c
e
 f
ro

m
 w

e
b
 c

e
n
te

rl
in

e
 t
o
 f
la

n
g
e
 t
o
e
 o

f 
fi
ll
e
t 
(i

n
.)

T
 =

D
is

ta
n
c
e
 b

e
tw

e
e
n
 f
il
le

ts
 f
o
r 

w
id

e
-f

la
n
g
e
 o

r 
c
h
a
n
n
e
l 
s
h
a
p
e
 =

 d
(n

o
m

)-
2
*k

(d
e
t)

 (
in

.)

g
a
g
e
 =

S
ta

n
d
a
rd

 g
a
g
e
 (

b
o
lt
 s

p
a
c
in

g
) 

fo
r 

m
e
m

b
e
r 

(i
n
.)

  
(N

o
te

: 
g
a
g
e
s
 f
o
r 

a
n
g
le

s
 a

re
 a

v
a
il
a
b
le

 b
y
 v

ie
w

in
g
 c

o
m

m
e
n
t 
b
o
x
 a

t 
c
e
ll
 K

1
8
.)

Ix
 =

M
o
m

e
n
t 
o
f 
in

e
rt

ia
 o

f 
m

e
m

b
e
r 

ta
k
e
n
 a

b
o
u
t 
X

-a
xi

s
 (

in
.^

4
)

S
x  

=
E

la
s
ti
c
 s

e
c
ti
o
n
 m

o
d
u
lu

s
 o

f 
m

e
m

b
e
r 

ta
k
e
n
 a

b
o
u
t 
X

-a
xi

s
 (

in
.^

3
)

rx
 =

R
a
d
iu

s
 o

f 
g
yr

a
ti
o
n
 o

f 
m

e
m

b
e
r 

ta
k
e
n
 a

b
o
u
t 
X

-a
xi

s
 (

in
.)

 =
 S

Q
R

T
(I

x /
A

)

Iy
 =

M
o
m

e
n
t 
o
f 
in

e
rt

ia
 o

f 
m

e
m

b
e
r 

ta
k
e
n
 a

b
o
u
t 
Y

-a
xi

s
 (

in
.^

4
)

S
y 

=
E

la
s
ti
c
 s

e
c
ti
o
n
 m

o
d
u
lu

s
 o

f 
m

e
m

b
e
r 

ta
k
e
n
 a

b
o
u
t 
Y

-a
xi

s
 (

in
.^

3
)

ry
 =

R
a
d
iu

s
 o

f 
g
yr

a
ti
o
n
 o

f 
m

e
m

b
e
r 

ta
k
e
n
 a

b
o
u
t 
Y

-a
xi

s
 (

in
.)

 =
 S

Q
R

T
(I

y/
A

)

Z
x 

=
P

la
s
ti
c
 s

e
c
ti
o
n
 m

o
d
u
lu

s
 o

f 
m

e
m

b
e
r 

ta
k
e
n
 a

b
o
u
t 
X

-a
xi

s
 (

in
.^

3
)

Z
y 

=
P

la
s
ti
c
 s

e
c
ti
o
n
 m

o
d
u
lu

s
 o

f 
m

e
m

b
e
r 

ta
k
e
n
 a

b
o
u
t 
Y

-a
xi

s
 (

in
.^

3
)

rt
s
 =

S
Q

R
T

(S
Q

R
T

(I
y*

C
w
)/

S
x)

 (
in

.)

xp
 =

h
o
ri

z
o
n
ta

l 
d
is

ta
n
c
e
 f
ro

m
 d

e
s
ig

n
a
te

d
 m

e
m

b
e
r 

e
d
g
e
 t
o
 p

la
s
ti
c
 n

e
u
tr

a
l 
a
xi

s
 (

in
.)

yp
 =

ve
rt

ic
a
l 
d
is

ta
n
c
e
 f
ro

m
 d

e
s
ig

n
a
te

d
 m

e
m

b
e
r 

e
d
g
e
 t
o
 p

la
s
ti
c
 n

e
u
tr

a
l 
a
xi

s
 (

in
.)

h
o
 =

D
is

ta
n
c
e
 b

e
tw

e
e
n
 c

e
n
tr

o
id

 o
f 
fl
a
n
g
e
s
, 
d
-t

f 
(i

n
.)

J
 =

T
o
rs

io
n
a
l 
m

o
m

e
n
t 
o
f 
in

e
rt

ia
 o

f 
m

e
m

b
e
r 

(i
n
.^

4
)

C
w
 =

W
a
rp

in
g
 c

o
n
s
ta

n
t 
(i

n
.^

6
)

C
 =

T
o
rs

io
n
a
l 
c
o
n
s
ta

n
t 
fo

r 
H

S
S

 s
h
a
p
e
s
 (

in
.^

3
)

a
 =

T
o
rs

io
n
a
l 
p
ro

p
e
rt

y,
 a

 =
 S

Q
R

T
(E

*C
w
/G

*J
) 

(i
n
.)

E
 =

M
o
d
u
lu

s
 o

f 
e
la

s
ti
c
it
y 

o
f 
s
te

e
l 
=

 2
9
,0

0
0
 k

s
i

G
 =

S
h
e
a
r 

m
o
d
u
lu

s
 o

f 
e
la

s
ti
c
it
y 

o
f 
s
te

e
l 
=

 1
1
,2

0
0
 k

s
i

W
n
o
 =

N
o
rm

a
li
z
e
d
 w

a
rp

in
g
 f
u
n
c
ti
o
n
 a

t 
a
 p

o
in

t 
a
t 
th

e
 f
la

n
g
e
 e

d
g
e
 (

in
.^

2
)

S
w
 =

W
a
rp

in
g
 s

ta
ti
c
a
l 
m

o
m

e
n
t 
a
t 
a
 p

o
in

t 
o
n
 t
h
e
 c

ro
s
s
 s

e
c
ti
o
n
 (

in
.^

4
)

Q
f 
=

S
ta

ti
c
a
l 
m

o
m

e
n
t 
fo

r 
a
 p

o
in

t 
in

 t
h
e
 f
la

n
g
e
 d

ir
e
c
tl
y 

a
b
o
ve

 t
h
e
 v

e
rt

ic
a
l 
e
d
g
e
 o

f 
th

e
 w

e
b
 (

in
.^

3
)

Q
w
 =

S
ta

ti
c
a
l 
m

o
m

e
n
t 
a
t 
th

e
 m

id
-d

e
p
th

 o
f 
th

e
 s

e
c
ti
o
n
 (

in
.^

3
)

x(
b
a

r)
 =

D
is

ta
n
c
e
 f
ro

m
 o

u
ts

id
e
 f
a
c
e
 o

f 
w

e
b
 o

f 
c
h
a
n
n
e
l 
s
h
a
p
e
 o

r 
o
u
ts

id
e
 f
a
c
e
 o

f 
a
n
g
le

 l
e
g
 t
o
 Y

-a
xi

s
 (

in
.)

y(
b
a

r)
 =

D
is

ta
n
c
e
 f
ro

m
 o

u
ts

id
e
 f
a
c
e
 o

f 
o
u
ts

id
e
 f
a
c
e
 o

f 
fl
a
n
g
e
 o

f 
W

T
 o

r 
a
n
g
le

 l
e
g
 t
o
 Y

-a
xi

s
 (

in
.)

e
o
 =

H
o
ri

z
o
n
ta

l 
d
is

ta
n
c
e
 f
ro

m
 t
h
e
 o

u
te

r 
e
d
g
e
 o

f 
a
 c

h
a
n
n
e
l 
w

e
b
 t
o
 i
ts

 s
h
e
a
r 

c
e
n
te

r 
(i

n
.)

 =
 (

a
p
p
ro

x.
) 

tf
*(

d
-t

f)
^
2
*(

b
f-

tw
/2

)^
2
/(

4
*I

x)
-t

w
/2

xo
 =

x-
c
o
o
rd

in
a
te

 o
f 
s
h
e
a
r 

c
e
n
te

r 
w

it
h
 r

e
s
p
e
c
t 
to

 t
h
e
 c

e
n
tr

o
id

 o
f 
th

e
 s

e
c
ti
o
n
 (

in
.)

yo
 =

y-
c
o
o
rd

in
a
te

 o
f 
s
h
e
a
r 

c
e
n
te

r 
w

it
h
 r

e
s
p
e
c
t 
to

 t
h
e
 c

e
n
tr

o
id

 o
f 
th

e
 s

e
c
ti
o
n
 (

in
.)

ro
(b

a
r)
 =

P
o
la

r 
ra

d
iu

s
 o

f 
g
yr

a
ti
o
n
 a

b
o
u
t 
th

e
 s

h
e
a
r 

c
e
n
te

r 
=

 S
Q

R
T

(x
o
^
2
+

yo
^
2
+

(I
x+

Iy
)/

A
) 

(i
n
.)

H
 =

F
le

xu
ra

l 
c
o
n
s
ta

n
t,
 H

 =
 1

-(
xo

^
2
+

yo
^
2
)/

ro
(b

a
r)
^
2
)

L
L
B

B
 =

L
o
n
g
 l
e
g
s
 b

a
c
k
-t

o
-b

a
c
k
 f
o
r 

d
o
u
b
le

 a
n
g
le

s

S
L
B

B
 =

S
h
o
rt

 l
e
g
s
 b

a
c
k
-t

o
-b

a
c
k
 f
o
r 

d
o
u
b
le

 a
n
g
le

s

h
(f

la
t)
 =

T
h
e
 w

o
rk

a
b
le

 f
la

t 
(s

tr
a
ig

h
t)

 d
im

e
n
s
io

n
 a

lo
n
g
 t
h
e
 h

e
ig

h
t,
 h

 (
in

.)

b
(f

la
t)
 =

T
h
e
 w

o
rk

a
b
le

 f
la

t 
(s

tr
a
ig

h
t)

 d
im

e
n
s
io

n
 a

lo
n
g
 t
h
e
 w

id
th

, 
b
 (

in
.)

A
(s

u
rf

) 
=

T
h
e
 t
o
ta

l 
s
u
rf

a
c
e
 a

re
a
 o

f 
a
 r

e
c
ta

n
g
u
la

r 
o
r 

s
q
u
a
re

 H
S

S
 s

e
c
ti
o
n
 (

ft
.^

2
/f
t.
)

S
T

D
 =

S
ta

n
d
a
rd

 w
e
ig

h
t 
(S

c
h
e
d
u
le

 4
0
) 

p
ip

e
 s

e
c
ti
o
n

X
S

 =
E

xt
ra

 s
tr

o
n
g
 (

S
c
h
e
d
u
le

 8
0
) 

p
ip

e
 s

e
c
ti
o
n

X
X

S
 =

D
o
u
b
le

-e
xt

ra
 s

tr
o
n
g
 p

ip
e
 s

e
c
ti
o
n




