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5.4 DESIGN PROCEDURESFOR SECTION 3.3

Table 5.4-1 lists the Design Procedures for Section 3.3 Surface Elements.

Table 5.4-1 Design Procedures for Section 3.3

Design Reference
Procedures Section Title
3.3-1 331 Overview: Integrity of Flat Plates
3.3-2 331 Deflection of Flat Plates T,
3.3-3 3.3.2, 3.3.3 | Lateral Integrity of Curved Plates with Uniform Compression T,
3.3-4 3.34 Dent Resistance T,
PROCEDURES Section 5.4 Design Procedures For Section 3.3
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DESIGN PROCEDURE 3.3-1

Overview: Integrity of Flat Plates

Reference: Section 3.3.1

‘ START ’

i

Compute deflection of
plate considering small
flexural deflection only
Use Sect. 3.3.1, Ref. 1,
2 or other references

In-plane (membrane) loads become
significant (Fig. 3.3.1.2-1)
Deflection reducing flexural deflection.
exceeds half the Use references to evaluate or
thickness approximate this nonlinear
deflection.

Is
slenderness
of plate very
large

Evaluate flexural
stresses using
same references

Evaluate plate as a
membrane only.
Compute deflections
and membrane stresses

as per Eq.

4 and 5 or from

3.3.1.2-3,

references
Compute combined
flexural and axial
stress using reference
material
/ \
-
L

A

/

‘ FINISH ,
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DESIGN PROCEDURE 3.3-2 (1 of 2)

DEFLECTION OF FLAT PLATES

Reference: Section 3.3.1

= 3.3-2

(:S TAR f)-- DP
E

L/ [

Clamped
or Simply
Supported

w /t

m
Eq. 3.3.1.2-2

' S

Circular
Plate

w /t, Using Calculate
m Approximate
Ref. 1 or 2 of Value

Section 3.3

V' N
[}
n

Let

GO TO!FROM
I

m 13 15
Equivalent a One or
Both Ends
cC =1.0 of Span L C =10.6
f 1 f
Clamped
\
Yy Yy
> &
Ll Il
17
16 4 C = 11 times deflection
w C q(L /7t) Yy 18 W
m w 1 coefficient for beam
-_— ——-— for span L ;
1.1(L /2) [ t 2 2 —— C == 1
1 E[(C (WL +1] w e.g. C = 11%(5/384)
f 1 2 w
for s.s. beam.
Eq. 3.3.1.1-1 modified to
include C .
f
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Section 5.4 Design Procedures For Section 3.3



AUTOMOTIVE STEEL DESIGN MANUAL

May 1996

DESIGN PROCEDURE 3.3-2 (2 of 2)

DEFLECTION OF FLAT PLATES

Reference:

ENTER;FROM
20 11

Simply
Supported

Edge
Restraint

Flexural
Behavior
Satisfactory

Inplane Free

Section 3.3.1

23

Inplane
Restraint

\

Immovable

{ 28

Restraint

Immovable

w ;3 Eq. 3.3.1.2-1

o

Flexural and
Membrane Behavior
Considered

Y 30

w 3 Eq. 3.3.1.2-3

o

Membrane Behavior
Only
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DESIGN PROCEDURE 3.3-3 (1 of 2)

LATERAL INTEGRITY OF CURVED PLATES WITH UNIFORM COMPRESSION

Reference: Section 3.3.2, 3.3.3
1
DP = 3.3-3 i !
START)----- i |
Iteration = 0 ENTER ! FROM ENTER | FROM
1A 11 1B |2
/ 4A 4B
E,F,e,F,E F —»J E=E >4
P Yy Y P
7
8
Single
Curvature t, a, q —p| f , Eq. 3.3.3-1
m
9 14
10 13
L=1L1 N ’
eff Negligble cr Yes
] w Side Support c
Eq. 3.2.1-1 Eq.3.3.2-1
Yy 18
Y 16 17 Y 19 Y 2¢
f t
k, Fig. cr q , Eq. 3.3.3-2 q , Eq. 3.3.3-3
P f = k(f per Eq. 3.3.2-1)}Plq = cr >4 cr
3.3.1.3-1 cr cr cr a
/ 23
q a
cr
Iteration = 0 f =
cr 2t
26
F =F ,
assume vy
F
Y
E = — ,
s e
\ y
E = E ,
t ty
E = E E
s t
| Iteration = 1
Y 29 GO TO!FROM
(FinIsH ) 2h 1
PROCEDURES Section 5.4 Design Procedures For Section 3.3
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DESIGN PROCEDURE 3.3-3 (2 of 2)
LATERAL INTEGRITY OF CURVED PLATES WITH UNIFORM COMPRESSION
Reference: Section 3.3.2, 3.3.3
ENTER;FROM
28
31
F = F
upper y
Iteration = 1
F = F
lower P
/
1 1
_ - - F
E E y 37
ty P
=F
n = upper assume
e - F /E
Y Y
e - F /E
Y Y P
K =
n
F - F F =F
[ y p] lower assume
Y 39
Y Y
F =F + 0.5(F - F ) |«
assume lower upper lower
42
40
F n
assume + K(F -F)) ,
[F - F ] e = assume P
assume P s E
e =e + ’ P
s y 41 F
E assume
F ty E = ,
assume Yes No s e
E N s
s e -1
s 1 n-1
E = — + n K(F -F)
E E , t E assume P N
t ty P
E EE E = EE
s t s t
+ » _d +
Ll Il
Y 43 !
Iteration = Iteration + 1 GO T0;FROM
1B |2
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DESIGN PROCEDURE 3.3-4 (1 of 2)

DENT RESISTANCE

Reference: Section 3.3.4

ENTEREFROM
1A

Y 3 4
E, F > L,L,R,R,t <
yd 1T 2 1 2 A
' .
7
5 2 2
L L H

H 1 2 c

c H = — + — Evaluate —
k = 8.06 - 0.088 — t
Eq. 3.3.4-7

Simplified

Method
to find
k

Determine K by
some other means:
e.g., Eq. 3.3.4-8
& Ref. 6 of
Section 3.3

-~

16 ‘ 17

k, Eq. 3.3.4-5 A, Table 3.3.4-1

F

Y 18 20

Denting energy
K > required W, Eq. 3.3.4-9
value

) 4

K, Eq. 3.3.4-3

22

ENTER | FROM Modify panel properties

W > required
value

1A} 2

PROCEDURES Section 5.4 Design Procedures For Section 3.3
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DESIGN PROCEDURE 3.3-4 (2 of 2)
DENT RESISTANCE
Reference: Section 3.3.4
6
ENTER:FROM
28 11

27

Check 0Oil
Canning
30
i Determine P by
A some other r::ans

2
LL<0.774 m

12 2

(1200 in )

P ,Eq. 3.3.4-10
|35
GO TO:FROM > required P
1A : 2 cr value cr
Section 5.4 Design Procedures for Section 3.3 PROCEDURES





