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If shear strength of panel zone is inadequate:
- Choose column section with larger web area

- Weld doubler plates to column

11

Options for Web Doubler Plates
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a very heavy two-story X-bracing




Two story X-bracing
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Two story X-braced frame for bottom stories, with a inverted V-braced
frame at the top story
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Maximum Forces Developed by Braces

Braces in Tension - Axial

Force: >0
1 — =
P
For design:
I:)max = Pf- > Take P ., = Ry Fy Ag




Maximum Forces Developed by Braces
Braces in Compression - Axial Force

= B

o =

= <—-

o = For design:
Presidual ~ (0.3 PCr Take P =1.1 Ry P,
(Ph=AgFg)
Take I:)residual =0.3 I:)n




Maximum Forces in Columns and Beams

To estimate maximum axial forces imposed
by braces on columns and beams:

Braces In tension;:
Take P = Ry Fy Ag

Braces In

compression:
TakeP=11R,P, or P=0.3P,

whichever produces critical design
case




Example

—
0
Find maximum axial
= compression in column.
Tension Braces:
Take P = Ry Fy Ag
— Compression Braces:
Take P=0.3 P,




Example

0.3 P:

Fy Ag.

0.3P;

Column Axial Compression =

[E(R,FyAy)cos6+X(0.3P)cosO]+P

(sum brace forces for all levels
above column)

gravity




Example

Find maximum axial
tension in column.

Tension Braces:
Take P = Ry Fy Ag

Compression Braces:
Take P =0.3 P,




Example

0.3P

Column Axial Tension =

[Z(RyF,Ay)cos0+Z(0.3P,)cos0]- Py

(sum brace forces for all levels
above column)

‘Q...3 Py

03P,




Example

Find maximum axial
compression in column.

=> Tension Brace:

Take P = Ry Fy Ag

Compression Brace:
Take P=0.3 P,




Example

03P

Column Axial Compression =

(RyFyA;)cos 0+ (0.3P)cos6 +P

gravity

Note

Based on elastic frame
analysis:

Column Axial Force = P, i




Example

Find maximum bending
moment in beam.

Tension Brace:
Take P = Ry Fy Ag

0N

Compression Brace:
Take P=0.3 P,




Example




Example

(R,F, A, -0.3P,)sin®

Compute moment in beam
resulting from application
of concentrated load at
midspan of (R, F, A, +
0.3P,)sin®d

and add moment due to
gravity load

Note

Based on elastic frame
analysis:

Moment in beam = 0




Example

f

W

gravity —

(1.2 + 0.2 S,e) D + 0.5L

F, A

0N\

0.3 P,

\Beam-to-column

connections: simple
framing



Example

Forces acting on beam:

|< L >‘
Wiy = (1.2 + 0.2 Spe) D + 0.5L

gravity —

A / A

(RyFyAy +0.3P,)cos6 (RyFyAy -0.3P,)sin6
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* Design brace connections for maximum forces

and deformations imposed by brace during cyclic
yielding/buckling




Example

Find maximum axial
tension and
compression that will be
applied to gusset plate.

0N

Tension Brace:
Take P = Ry Fy Ag

Compression Brace:
Take P=1.1R, P,



Example

Check gusset yield,
gusset net section

fracture, gusset block
shear fracture, local

Check gusset buckling,
beam web crippling, etc.

beam web yielding, etc.

R, F, A
y Ty 1.1R, P,
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Deploy braces so that about half are in tension
(and the other half in compression)

N4%4%

All braces in tension (or compression) NG

M o
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Example

—
0
Find maximum axial
= compression in column.
Tension Braces:
Take P = Ry Fy Ag
— Compression Braces:
Take P=0.3 P,




Example

0.3 P:

Fy Ag.

0.3P;

Column Axial Compression =

[E(R,FyAy)cos6+X(0.3P)cosO]+P

(sum brace forces for all levels
above column)

gravity




Example

Find maximum axial
tension in column.

Tension Braces:
Take P = Ry Fy Ag

Compression Braces:
Take P =0.3 P,




Example

0.3P

Column Axial Tension =

[Z(RyF,Ay)cos0+Z(0.3P,)cos0]- Py

(sum brace forces for all levels
above column)

‘Q...3 Py

03P,
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/Iastic Hinge

I ..

For "pinned" end braces: flexural plastic hinge will
form at mid-length only. Brace will impose no bending
moment on connections and adjoining members.

Must design brace connection to behave like a "pin"



To accommodate brace end rotation: provide "fold

Buckling
perpendicular to
gusset plate

Line of rotation ("fold
line") when the brace
buckles out-of-plane
(thin direction of plate

\

<l




t = thickness of gusset plate










Concrete floor slab



Concrete floor slab
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