D

© %0 N oL AW

Chap. 2 Plastic Hinge
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Full Plastic Moment

Design of a cross Section

Effect of Axial Load

Effect of Shear Force

Effect of Combined Axial and Shear Force
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2.1 Introduction

* To elaborate the concept of the plastic hinge and plastic
moment

we extend
- Effect of axial force and shear
- Compactness (local buckling in plastic hinge zone)
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Plastic Hinge

lastic-Perfectly plastic behavior

Real Hinge
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Plastic Hinge Length (Zone)
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Moment-Curvature Relationship and Plastic Hinge Length

2.2.1 M-¢ relationship of \

Assumptions

- Plane sections remain plane after bending

- Material model

- Equilibrium
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1. Elastic regime

£ _0,

1
b= T Ea

2. Regime Il: flange is partially yielded

ad Eg

3. Regime lll: Web is partially yielded
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2.2.2 Plastic Hinge Length 1
At the yield ZQyL =M,

Q
1 4M
l At the ultimate ZQPL =M, 0, ZTP
O s
a
Q—J L < a > MC:%CZ:MJ/ a= Qy
2 p
L L
a = —_
2P 2
_QL My

4
\/ The plastic hinge length

| AL=L-2a=L(1-1/f)

o The length of the plastic hinge length depends on the
The boundary and loading patterns
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The distribution of the yield zone for A=B

A
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| R 2.2.3 Plastic Hinge |dealization
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Section (7Y M=M, (4,<¢)
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Member .
length M(x)=M L-2x -> B ¢y ¢p
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Example)

2.2.4 Another example of Plastic Hinge Length
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2.3 Full Plastic Moment

Ac
Y

A

1,

_y
ATLT

Plastic Neutral Axis

AC = AT

Neutral Axis

Ac)_’c = AT)_’T

Plastic Unloading

Unloading after Full Plastic Moment

elastic

Residual stress

.
M=EIp (0<4<¢,)
M=M, (4,<¢)
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2.4 Design of Cross Section
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Axial Force Effect:
two approaches
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2.5.3 WF bending about strong axis

PNA in web

\Mpc _ —
g

P=o xt,x2y, (Py =0, (thf +twdw))
P
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ot,
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P, (261, +t,d,) | 20,
thW
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PNA in web
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PNA in flange
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2.5.5 T-section
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Shear Force Effect

« Rectangular Section
* Wide Flange Section
» Effects of Combined Axial Force and Shear Force
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Rectangular Sections
Von Mises yield criteria 02 + 372 < gi

—0, Lower bound 1
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2.6.2 Wide-flange section
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Ex 2.6.1)

For WI14x82
V. =100kips
Z =139in’
d, :d—2tf =12.61n
t =051m
2
4
to find o

V. __ 100
dt 12.6x0.51

JIJGi —37% =23.81ksi

23.87

=15.56 ksi

Z, = 139—20.24(1—?j =132.18in”
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2.8 Compactness ) V777774

b, /2
2.8.1 LRFD
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2.8.1 Plate Buckling Column Buckling

Z
£ o‘u 0*u 0*u P 0’u U= 5sinﬂ
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2.9 Connections _ _
Requirement for connections

Strength

Rotation capacity
Adequate stiffness
Constructability
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2.9.2 Corner Connections

‘—)

\ -
. b g
’ Strong column and weak beam
MP
r Y I'= d— = z-ybtwdcol
]| < b
o)
__»
Tyb = ﬁ = O60'y
Plate buckling D7, dyd.
by shear T-_"»r
d T;‘eq < TPL + T;
. ) = > Iy
T d—p <gzr t,d,+T cost

b

T > l MP _ ¢Vayptwdcol
© cosd| d, J3
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2.9.3 interior Connections

/ I !

«— — Column web yielding Column web buckling

\\ Column flange bending in tension k ) [
s, | / .
N I RN
\N' - L \N yeref v
NSSS N Column web yielding R = Ol ( N +5 kc) > d_b
Column web buckling ’
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Column web yielding

3
. 410091, |0,

d

c

Column flange bending

¢R = ¢6.251,0

Column web buckling

2.9.3 Unbalanced interior Connections
Crveing £
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