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Rigid Frames

aquivalent
stable triange

* rigidity
* end
constraints

* smaller
horizontal
members

* larger
vertical
members
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Rigid Frames

I nisee.berkeley.edu/godden

» composed of linear elements

* member geometry fixed at joints
— no relative rotation

« statically indeterminate

. see
— shear

— axial forces
— bending moments
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Rigid Frames

* behavior
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Rigid Frames
— moments get redistributed
— deflections are smaller
— effective column lengths are shorter

inflection point
{where beam curvature
changes direction)

actua span

effective

effective inflection point

span /{no monment, ne bending)

g b 5

CONTINUOUS BEAMS (deflection diagram)

actual span
effective pinned joints at
span % inflection points

L 1

GERBER BEAMS

(b) SIMPLE BEAM
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Rigid Frame Analysis

 members see
— shear .
— axial force LT
— bending

* V & M diagrams
— plot on “outside”

EE

.r\l([rr-ilx"h.‘

B
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Rigid Frames

* resists lateral R

s
for Joint Figidlty upicalt

loadings

» shape depends on
stiffness of beams
and columns

* 90° maintained

e
DEFLECTION DIA&R A
T"M i Figure 5.19: Made! demonstration of the effects of varying the stiffness of
4 Zeams and columns when a building frame is subjected to lateral (oads.
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Rigid Frame Analysis

— need support reactions
— free body diagram each member

— end reactions are equal and opposite on
next member

— ‘turn” member
like beam = c

—draw V & M h

Point of inflection, N L/
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Rigid Frame Analysis Analysis Methods
—FBD &M . i Mer « computer-based
| A=) A .
* opposite end s ¢ — matrix analysis or finite element analysis

Mg

reactions at joints -+ .
"ﬂ) ‘/—3 — equilibrium

— support conditions
— 4 Der — joint locations

— relative stiffness of members =—— ——
— output | i’ b

- deflections ﬂ
 member forces -

http://eng.midasuser.com
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Analysis Methods Analysis Methods
» approximate methods
— presume where inflection points occur in

= deformed shape
g s — these points have zero moment

seismic drift EQ_SBCS7_X_+E_Drit
(~ Force Type ™ Show V:
2 o f i — “portal method”

© Shear-Minor | ¥ Show Diagrams

Sl e « hinge is placed at the center of each girder

; :::am-wnm — — : -

Closn | Hep * hinge is placed at the center of each column
- shear at interior columns -~ .- -

is twice that of exterior

columns

Change Caze.

RAM Frame contains literally dozens of views and interactive reports that Photo: 8of9

SN allow you to verify that your model is performing as desired and within code Babn
[EN limits, such as this moment diagram for an X-direction seismic load case. AN
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Rigid Frames

« member sizes do affect behavior
« location of inflection points critical

Statically determinate Frame structures with different relative
structures column and beam stiffnesses

—_— D - —

g AL ey g
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TOTTITI T

(& (] © ©) te)
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Support Settlements

Sidesway

 moments induced e
—/’—
L |
e
il
™|
e | ]
_—’/—
1 |
7 A basier e
Original location ©* 7L T
o
Location after settiement 44 A F l
(a) Single-bay frame. (b) Multistory frame.
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* translation with vertical load

aL/3 | Li3)
1

O—
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Multistory Frame Analysis

 cantilever method (approximate)
— point of inflection at midspan of each beam
— point of inflection at midheight

S S

of each column 7

7/

f
— axial force in each column ‘& &
proportional to the horizontal
distance of that column from the
centroid of all columns in the story
— centroids are “average” locations
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Multistory Frame Analysis

« cantilever method

=
(approximate) e
:;ﬁhjdjt_i
/;f? = ‘
jL,iP =) -
'I =
v ( f =

i
=
B

M, “‘ﬂ \
A 1
—VYa Columns in Columns in
tersion nd compression
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Rigid Frame Design

* materials
— steel

— monolithic
concrete

— laminated
wood

* forms

—small
* single story, gabled frame, portal, hinged...
— large - multistory

Riola Parish Church, Alto Alvar

www.greatbuildings.com
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Rigid Frame Design - Types

Uniform loading Diagrams plotted on Diagrams plotted on  Galerie des Machines
conditions compression faces tension faces (see Figures 5-15, 5-16)
(U.S. convention)

it \ athe (dih

Three-hinged frame Bending moments Bending moments Shape of structure
Two-hinged frame Bending moments Bending moments Shape of structure
Two-hinged frame Bending moments Bending moments Shape of structure

with cantilevers
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Rigid Frame Design

 forms
—small
—large

http:// nisee.berkeley.edu/godden

5
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Rigid Frame Design

* staggered truss =SS
— rigidity

Rigid Frame Design

— clear stories

s
o T :
| e

¥
[
7]

i
|
B

RN
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Rigid Frame Design

* considerations
— need frame?
— minimize moment (affects member size)

—increasing stiffness
* redistributes moments
* limits deflections

— joint rigidity
— support types
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e connections
— steel
— concrete

flanges
connected
(bolted weo
connection
to facilitate
erection only)

]

;“%k.’-'ﬁ‘i«
W

i EH\
|
A:J
L]K{'

yiEss

MOMENT CONNECTION
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Rigid Frame Design

* load combinations
— worst case for largest moments...
— wind direction can increase moments

(M T
M-y My emy
+ =
T
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Combined Stresses

Combined Stresses & Design

 beam-columns have moments at end
» often due to eccentric load

P P I
j 4 ]
| o 2
] = |
T T T
I c c
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Eccentric Loading

— find e such that the minimum stress = 0
_P_(Pefe _
mUA

— area defined by e from centroid is the kern

SR
W‘ >
S~ -

o
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— axial + bending

P Mc
fmax =T <R d — |
M =P-e y |

— design B

__¢r [
1:max < |:cr _ 3 AT
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Biaxial Bending

—when there is moment in two directions
M,=P-e, M,=P-e, B
_P My My '
max A I I
— biaxial bending

W =Five, (AT THE 2-4Xg)

\/Ii ﬁxﬂ (’”,/iu( “ffjﬁﬂlv,

b‘_ﬂ <
A it =

hi ----> X == = + = =
1 é <3
i eb—) —_}j — —_
v —
Z _

z result
M, = P e, M;=P-¢g
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Stress Limit Conditions
— ASD interaction formula

LJrigl.O F

a |:b

— with biaxial bending

f
fa_|_ 1:bx_*_

F, F

a

by <1.0 =
Fby

X
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Design for Combined Stress

_a+

- satisfy = PN
— strength s P

_ stability LL B L

* pick
(a) Framed beam (shear) connection (b) Moment conne

ul f7

ul frame)
e = Eccentricity; M=T xe M = Moment due to beant bending
— section .
"
e
. iy e
' ‘LL,Q,kx i wvvq:jb.gf'v! !

| T~ermEL N |
| SEAT BRACKET o — B —

- ’ :
£ —+ 4 ’

(¢} Timber beam—colunert connection

-d2 ricityy M =P xe M= “’T
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R o] o s
4= ;

G ACTION

(d) Upper chord uf u truss—conpression plus bending.

St

ress Limit Conditions

—in reality, as the column flexes, .
the moment increases E

— P-A effect 'F."
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Tools — Multiframe4D

 in computer lab <

0 =1 <

. Frame

BEx ([t B S| O &

= %

935,298 IbT-ft

N EAABEmM= M
Anlas b e

—

View |==3.355 y=30848 z=0.000 dx=-0.296 dy=0.093 dz=0.00C 500

Sections
B 198
—x

®, Load g@

« PlL OB e ey

0.000 Ibi-ft
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Tools — Multiframe4D Tools — Multiframe4D
s

. ' e . :
frame window @) ST to run analysis choose = e
— define frame members N >/AFA&m=amn — Analyze menu = m:;::;.

* or pre-defined frame * Linear [ [ —

— select points, assign supports « plot T—

%
— select members, ﬁ — choose options e
assign section )

* results SBTR TT o pem—

—choose  [Rre ok

Static Case: Load Case 1

Meodal...

It+
S0 | L T

— load window

. | _load
- Select p0|nt Or member, ”‘lU [L o]t 3"| Optlons Meml)‘Lal)el‘Julm‘ :;) ‘ m ‘ :IT) ‘
. . . 7 T cowmn 1 1250 0188 0.0
add point or distributed |, o+ w1 e
4 2 coumn 4 4250 088 oo
loads == e
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