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BASIC DESIGN FOR STABILITY
Part | - Columns and Frames

@ Introduction to Stability
@ Column Stability

@ Frame Stability — Alignment Chart and
Modifications

@ Frame Stability - P-A Method and
Frequently Asked Questions

ALIGNMENT CHART

@ Since the 1960’s, most column design has been
performed using K-factors, which have traditionally
been found using the alignment chart.

@To determine the K-factor for a column, engineers
must first address the bracing condition of the
frame. Two different nomographs are available to
evaluate the K-factors:

v

a) Sidesway b) Sidesway
Permitted Prevented
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EFFECTIVE LENGTH FACTORS

@ A column with pinned ends is often referred to as
an Euler column for which the buckling capacity is:
P

cr

n2E]

Pcr = L2

@ The use of K-factors permits us to calculate an
artificial length that allows us to use the Euler
equation to evaluate the buckling capacity of a
column with relatively general support conditions.

2
P, = ﬁ(—%z K = Effective Length Factor

" IDEALIZED K-FACTORS

The AISC Commentary prowdes a number of K-factors
for idealized support conditions.
Although these values are useful for gaining a “feel”
for the range of K-factors for specific problems, they

have very I|tt|e prachcal value.

3 T Table c-C2.1
{ K Values for Columns
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EFFECTIVE LENGTH

conditions.
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Most practical problems don’t have ideal support

ALIGNMENT CHARTS
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a) braced

@ The K-factors can be obtained for a particular frame
graphically using the following alignment charts:
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7 BRACED FRAMES

@ Although the AISC Commentary provides the
expressions and alignment charts for braced frames,
in most design situations K=1.0 is recommended.

@ The values of the K-factors for sidesway prevented
are often unattainable because the bracing
requirements are too severe.

@ K<1.0 is possible for systems such as trusses or

other structural systems with large lateral stiffness
values.

 UNBRACED FRAMES

Qo Fmdmg the K-factor requires an evaluation of the ratlo

of the I/L of all the columns at a joint to the beams with
rigid connections.
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ALIGNMENT CHART EQUATION

In lieu of a graphical solution, the K-factor can also be
determined using the equation that the alignment chart is
based upon, which is given in the following expression:

2
7w s
oy [ (1)
Mode: G(GA y GB) tan[ﬂj
o

The alignment chart provides a relatively simple method
of solving for the buckling capacity of frames.

ALIGNMENT CHART EXAMPLE 1A

Consider the frame shown to
the right. What is the (in-plane)
elastic buckling capacity, P, 1=7500 in*
for the frame?

=500 in/

LJ/L.  500/24
B S =0.10 PP,
e JL. 7500736 L

Ggy = = K=2.03
_ #*El _ #*(29000)(500 )
T (kL) (2.03x24x12)

= 418 kips

FEA Solution: 416 kips
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ALIGNMENT CHART EXAMPLE 1B

Reconsider the previous problem. After the structure
has been used for a period of time, the owner decides
to change the use of the structure and needs to
increase the capacity of the frame. To increase the
frame capacity, he permits the clear height to be
reduced from 24 ft. to 18 ft. To increase the capacity, a
bracing beam is put in with an I=500 in*. What is the
new capacity of the frame? 5 P Pgrd

6 ¢

. 4
[=7500 in*
B i

A

18" [™1=500 in*—"

ol A

le— 36' —>|

11

ALIGNMENT CHART EXAMPLE 1B
By observation, Column BC will be the — A¢ P ZCFJ"
critical member due support conditions 6y g [=7500in
and the longer unbraced length. o /
Joint B: 18" [™1=500 in*"
(2,/1,) _(500/6)+(500/18) ¥ C
GB = = =8 /'7%
=, /L,) (500/36)
Gg = l«— 36" —>|

K s = 4.07
2 2
P, = dd El; il (29000)(502 ) =185 kips 7777  (was 418 k)
(KLY (4.07x18x12)

FEA Solution: 554 kips

L We'll revisit this problem later in the lecture. J

12
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EXAMPLE 1 OBSERVATIONS

@ The alignment chart solution has excellent agreement
with the FEA solution for Example 1A. The solution
was essentially exact (418 kips versus 416 kips).

@ For Example 1B, the alignment chart solution
produces silly results that had very poor agreement
with the FEA solution (185 kips versus 554 kips).

@ The reason for the good and poor agreement with the
FEA solutions is primarily due to the basic
assumptions that were made in the development of
the alignment chart solution. The frame in Example
1A matched the frame that was used in the alignment
chart development while the frame in Example 1B did
not.

ALIGNMENT CHART DEVELOPMENT

@ An important aspect of accurately employing the
alignment chart to determine K-factors is to
understand the basic assumptions that were
made in its development.

@ Reviewing the derivation of the basic equation
that the alignment chart is based upon will
provide insight to the limitations of the alignment
chart as well as demonstrating corrections that
can be applied when our structures do not satisfy
the basic requirements.

@ The derivation can be completed relatively
simply by employing the differential equation
technique.
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ALIGNIVIENT CHART

ASSUMPTIONS - SWAY CASE

|

D ———

! \ﬁ/ Elastic Behavior ‘

2. Reverse curvature L \
bending of beams~ \6
4. Joint restraint is distributed
to the columns above and

below the joint proportional
to I/L of the two columns.

3. Joints are rigid.

5. All columns buckle
simultaneously.

6. No axial force in the
girders.

15

AN BiF

TALIGNWENT CHART DERIVATION - SWAY CASE _
I/L P P
G, =—"—= Ioals |
& ’ ]bAf/Lb
< IC’LC / IC’ A
I./L
B GB T e
bB /Lb =)
Pl IbB'Lb P
— - 6EIM 6= 6El /L, (L)
ZL GA
P\—f M, = Ly 0, = 6EIC-‘/L-’.‘ y'(O)

® AISC/SSRC 25 August 2003



ALIGNMENT CHART DERIVATION SWAY CASE

Define: k= Fo
El

c

Differential Equations of Flexure: =g M,

A)Flexure:  y"="M/, Note:M=f(P)
= Asin(kx) + Bcos(kx) (Homogeneous Solution)
B)Shear: Y Ry ="V
Yy = Asin(kx) + Becos(kx) + C
C) Lateral Load: y” +k*y" =0
yy = Asin(kx) + Bcos(kx) + Cx + D

~ ALIGNMENT CHART DERIVATION — SWAY CASE

Since we have zero shear the F’¢ _6ELJL,

3 order DE is efficient: o My === y(L)
ym & k2yr - O g

y = Asin(kx) + Bcos(kx) +C X

y' = Ak cos(kx)+ Bk sin(kx) 6EL /L

y" = Ak? sin(kx) 4 Bk? cos(kx) Pl .- G, o

Boundary Conditions (BC):
" M _6E](/L(
— —Rk> — = 1 Ak(1
( /51 ) 0)- [ EI.G, L

[2][y”=fM E]) — —Ak* sin(kL,) - Bk* cos(kL.) =
Clx=Lc

| el (4k cos(kL,)— Bk sin(kL..))
EI G,

18
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ALIGNMENT CHART DERIVATION — SWAY CASE

c

From BC [1]: A=-E2
rom [1]: A= 6G,
BC [2] becomes:

3
Bl sin(kL¢) —Bk? cos(kL) =

2
B%Ak cos(kL) + GBLGAK sin(kL)

B B Cc

Divide both sides of the equation by (Bk(sin(kL)))/(6Ggl)
22 SO:kle _BCukle Lagn o vy
tan(kL.) tan(klL.)

7*EI,. PE =
(I - P - ( L[ — [l - *%
Deflnlng cr (K[C)Z = € EIC K ( )
2
o & Alignment
Insertina (**) and [ ] 366,06, [ J
nserting (**) an K K _o |chart

Rearranging () | 65, 56,) tan[gj Equation

ALIGNMENT
CHART
CORRECTIONS

20
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" ALIGNMENT CHART ASSUMPTIONS — SWAY CASE |

! | 1. Elastic Behavior

s 2. Reverse curvature
bending of beams.

3. Joints are rigid.

4. Joint restraint is distributed

N — to the columns above and
[ below the joint proportional
T T to I/L of the two columns.

5. All columns buckle
simultaneously.

6. No axial force in the
girders.

21

| — ASSUMPTION of ELASTIC BEHAVIOR

@ The condition of elastic behavior in the
development of the alignment chart solution
assumes that the columns and beams have the
same material stiffness.

o If different materials were used in a frame, a
relatively simple modification can be applied the
definition of G:

ZEC ]c/Lc
(L o
2B, (L,

22
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ASSUMPTION of ELASTIC BEHAVIOR

@ |n a steel frame, even though the elastic
stiffness of the columns and beams are the
same, a similar modification is necessary if the
columns are loaded into the inelastic range.

@ The last lecture showed that even though the
applied column stress (P/A) may be well below
the yield stress, the presence of residual

section thereby reducing the effective material
stiffness of the cross-section to a value referred
to as the tangent stiffness, E; <E.

@ The tangent stiffness, E; can be obtained from

the stiffness reduction factor 1 = E/E, which is
provided in Tables in both the ASD and LRFD
Specifications.

stresses cause yielding on portions of the cross-

23

ASD (91 Ed.) — Stiffness Reduction Factor
3-8
F, = 36 ksl Table A
F, = 50 ksi Stiffness Reduction Factors f,/F,
fa FJ’ f& Fr' fa Fy
36 ksi 50 ksi 36 ksi 50 ksi 36 ksi 50 ksi
28.0 — G.097 21.9 o 0.614 159 | 0599 | 0.956
218 - 0.622 15.8 0610 | 0959
27.9 - 0.104 217 — 0.630 15.7 0621 | 0962
278 - 0112 216 - 0.637 15.6 0632 | 0.964
277 = 0.120 215 - 0.545 15.5 0643 | 0.967
276 — 0127 214 = 0.653 154 | 0853 | 0870
275 — 0136 213 — 0.680 153 | 0664 | 0872
274 - 0.124 212 — 0668 152 | 0675 | 0474
27.3 — 0152 211 s 0575 151 0684 | 0977
27.2 = 0.160 210 = 0.683 150 | 0695 | 0979
27.1 — 0.168
270 - 0177 20.9 - 0.689 149 | 0704 | o981
20.8 — 0.657 148 | 0715 | 0983
26.9 = 0 184 20,7 - 0.704 147 | 0724 | 0985
26.8 - 0.153 205 = 0742 146 0734 | 0387
26.7 — 0.202 205 | 0064 | 0.7i8 145 0743 | 0.988
26.6 - 0210 204 | 0074 | 0725 14.4 0758 | 0.930
265 - 0218 203 | 0083 | 0732 143 0762 | 0.981
26.4 — 0.227 202 | 0083 | 0738 142 0770 | 0993
263 - 0236 201 0102 | D748 1411 0780 | 0994
26.2 - 0.255 200 | 0114 | 0753 140 0789 | 0995
26.1 - 0.253
26.0 = 0.262 199 | 0125 | D760 13.9 0797 | 0996
oohosee | ooads | ozes || 138 | o80s | ose7
2

©® AISC/SSRC 25 August 2003
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LRFD (2t Ed.) — Stiffness Reduction Factor

SRF=r=—7.38P—“Iog( Py J for F’—“20.33

Py 0.85Py Py
ZXNSTRENGTH OF COLUMNS 3-7
Table 3-1.
Stitfness Reduction Factors (SRF) for Columns
B/A 5 L R/A K
kst 1 ksi
36 ksl SO ksi . 36 ksl BOksi |
32 - 0,03 { 26 0.38 082 i
4 s i oo 25 0.45 085 |
£ — s 038 2 24 052 048 i
k' == | 021 23 0.58 080 |
B - 027 ) 2z 0,65 083 |
7 - |l we o2 .70 095 |
% - 0.38 ; 20 076 087 {
- 0.44 19 0.81 088 i
] - .49 18 0.85 0.89 |
kg — 053 ! 17 0.89 1.00 !
k¥ - 058 i 16 0.92 1 i
3 — { 083 ‘ 15 0.85 :
% 0.05 i 0.67 | 14 0.97 ]
% 0.14 671 ; 13 0.99 !
2 0.22 075 : 12 1.00 |
& 0.30 079 i 11 1 |
- ~zates net applicable. 25

EXPRESSION FOR G - Inelastic

D ELJL Y rlL/L
) ZE]b/Lb B Z]b/Lb

When the columns are inelastic, the beams do a
better job of restraining the columns than for the
case with elastic columns. It's conservative to treat
the columns elastic, however it is generally
wasteful since the K-factors can be substantially
lower than the elastic values.

26
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ALIGNMENT CHART EXAMPLE 2 (LRFD)

The frame shown has P = 590 k column loads. The columns are
braced out of plane (K=1.0). Design the columns w/ Gr. 50 steel.

Columns: Try a W14x74, A =21.8in2, [, =795 in* I, = 134 in*
Beam: W18x50, L, = 800 in*
Check out of plane, KLy = 16" ¢P, =598 k > 590 k OK
In-Plane: P/A = 590/21.8= 27 ksi © = 0.78 RSk, s f
_zl/L, _0.78(795/16)

: =] 45, G 5=
1,/L, 800/30
_ 213000¢7
) &7 H —
l«— 30° —>
_ 213000(0-785)(195 )_ 591k > 590k
(2.47x16x12)°

27

~ ALIGNMENT CHART ASSUMPTIONS — SWAY CASE

| | 1. Elastic Behavior

2. Reverse curvature
bending of beams.

3. Joints are rigid.

4. Joint restraint is distributed

~N — to the columns above and
[ below the joint proportional
f i to /L of the two columns.

5. All columns buckle
simultaneously.

6. No axial force in the
girders.

28
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Y

.. BENDING STIFFNESS OF RESTRAINING MEMBERS

@ The assumption of reverse curvature bending
can cause significant errors in the alignment
chart solution if the restraining members do not
satisfy this condition.

@ Applying a simple modification to the stiffness of
the restraining members, however can be used
to avoid these errors.

Redefine G:
Z tl, /L, 1, - actual stiffness
Zm[ i Ly assumed stiffness

29

BENDING STIFFNESS OF RESTRAINING MEMBERS

m=6/6=1.0
m =4/6 =0.67
Very stiff
Joint, 6 =0
Voirs Veicd
m=23/6=0.5

30
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ALIGNMENT CHART EXAMPLE 3

Considering the frame shown to
the right, what is the (in-plane)
elastic buckling capacity, P, for
the frame?

Columns: W12x50, I, =391 in*

Beam: W18x50, I, = 800 in*

Far end of beam is pinned, (3EI/L

s .ffrnes). Therefore m=1/2 [«— 30" —>
st L 391/16
GTup - = RE
ml,, /L, (0.5)800/30
Ggi=0 = K=259 Uncorrected
_ mEl 72(29000)(391) solution produces

~ KV =452k il
" (kLY (2.59x16x12) PSP, =574 kips

FEA Solution: 454 kips

3

|l ! 1. Elastic Behavior

~—— 2. Reverse curvature
/ bending of beams.
3

. Joints are rigid.

4. Joint restraint is distributed

~No e to the columns above and
[ [ below the joint proportional
T T to I/L of the two columns.

5. All columns buckle
simultaneously.

6. No axial force in the
girders.

32

 ALIGNMENT CHART ASSUMPTIONS — SWAY CASE

® AISC/SSRC 25 August 2003
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IDEALIZED ALIGNMENT CHART CONNECTIONS:

B ]

’\',_1__

Simple Shear Connection
Idealized as pinned

SEMI-RIGID (Partially Restrained or PR Connections):

T

L o
e A
o

Rigid (Fully Restrained)

33

PARTIALLY -RIGID CONNECTIONS

p (ﬁ “Rigid Connection”

- “PR Connection”
;"[ﬁpR (unloads w/ same
¥ initial stiffness)

Joint Moment

“Simple Connection”

8, rotation between
column and beam

34
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PARTIALLY -RIGID CONNECTIONS — Past Studies

o The use of PR connections requires determining the
stiffness and strength of the connections. There
have been several previous studies on the stiffness
and strength of a variety of these connections.
These studies have included experimental and
analytical studies.

1. Ackroyd, M. H. “Simplified Frame Design of Type PR
Construction”, AISC Eng. Journal, Vol. 24, No. 4, pp. 141-148.

2. Deierlein, G.G., Hsieh, S. H., and Shen, Y. J., “Computer-Aided
Design of Steel Structures with Flexible Connections,”
Proceedings of 1990 NASCC, pp. 9.1-9.21.

3. Disque, R. O., "Directional Moment Connections — Proposed
Design Method for Unbraced Steel Frames,” Engineering
Journal, Vol. 12, No. 1, pp. 14-18.

4. Gerstle, K. H., and Ackroyd, M. H., “Behavior and Design of
Flexibly Connected Building Frames”, Proceedings of the 1989
NASCC, pp 1.1-1.28. 35

PARTIALLY -RIGID CONNECTIONS — Past Studies

5. Geschwindner, L. F., AISC Engineering Journal Vol 28, No. 2 (2nd
Quar.) 1991.

6. Goverdhan, A. V., “A Collection of Experimental Moment Rotation
Curves and Evaluation of Prediction Equations for Semi-Rigid
Connections, MS Thesis, Vanderbilt Univ. 1984.

7. Kishi, N. and Chen, W.F., ASCE Journal of Structural
Engineering, Vol. 116 No. 7 July 1990, pp. 1813-1834.

8. Nethercot, D. A. and Chen, W. F., “Effects of Connections on
Columns,” Journal of Constructional Steel Research, pp.
201-239. Elsevier Applied Science Publishers.

36
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PARTIALLY -RIGID CONNECTIONS

If we know the connection stiffness, 3, we can'modify the
alignment chart solution to account for the PR connection.

Consider the moment rotational behavior of a beam

with PR connections:
Moments shown

My <7Q( e in a positive sense
LE, 7797 g

Connection to column under
consideration with stiffness, p.

Angle of rotation at the column due to moments:
ML MFL+MN _2MNL+MN MF.L+MN 6EI/L

‘" 3El  6EI B  6EI M, 6EI S 6EI/L
o - My [, M GEIL
6EI/L|” M, p .

PARTIALLY -RIGID CONNECTIONS

Beam Stiffness: M _ 6EI/L
0, {2 M 6EI/L}
M, B

Recall from the last section:
1

G - ZT LfL, = actual stiffness
assumed stiffness [2+ M, N 6EI/L}

B Zlml.[7 fil,

» : My p

Check for rigid connections (4 = ) :
/J; Vosrd

ms= 1 1 1 m= N SO,

[2+_—M—+O} L [2+0+O} -

M M
Okay -

© AISC/SSRC 25 August 2003
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Consider the frame shown that has
a PR connection with 3=37100
k“/rad between the W10x60
columns and the W16x40 beams.
Determine the elastic buckling
‘4— 20' ~—-‘ capacity of the frame.

W16x40 I = 518, W10x60 =116
Due to the symmetry, M=Mg:
_rl/L 100 16/12)[2_1+6x29000x518}
ml,/L,  518/20 240(37100)

G,

7*EI  7*(29000x116)
P = > — 2
(kL)  (3.22x12x12)

=155k  FEA:P, =155k

cr

39

_ PARTIALLY -RIGID CONNECTIONS

o If the frame is unsymmetric, a lateral load needs to be applied
to determine the magnitude of M and Mg relative to one

another. 1_k,_M B

o For columns with PR connections framing in on both sides,
only rely on one of the joints for restraint against buckling.

Rotation of the joint during
buckling will require one of
the joints to “unload” or relax
before the connection can
deliver restraint to the
column.

40
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ALIGNMENT CHART ASSUMPTIONS SWAY CASE

l l 1 Elastic Behav:or

oy 2. Reverse curvature
bending of beams.

3. Joints are rigid.

./Joint restraint is distributed

™ to the columns above and
[~ [ below the joint proportional
T T to I/L of the two columns.

5. All columns buckle
simultaneously.

6. No axial force in the
girders.

41

COLUMNS SHARE JOINT RESTRA[NT EQUALLY

Zrl /L o
an]b/L

@ Part of the reason that direct application of the
alignment chart solution for Example 1B with the
bracing beam produced poor results is due to the
assumption that the joint restraint is shared
equally between all the columns framing into the
joint.

@ In reality, the joint restraint is distributed to the
columns based upon the need or demand from
the column.

42
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" DISTRIBUTION of JOINT RESTRAINT

E __; v P1 P

Consider the above system of columns and beams:
@ Columns AB and BC have the same moment of inertia, L.
This is not a requirement for this principle, however it helps
demonstrate the behavior.

o If the two columns are both buckling members, they must
buckle simultaneously.

o Since Column BC has a higher load, it will therefore demand

more of the joint restraint than Column AB.
43

DISTRIBUTION of JOINT RESTRAINT
“We can account for the distribution of the joint restraint by
modifying our expression for G as reported in Stockwell (AISC
Eng. Journal 1976 — 3/ Quarter):

('.rf /L ) ¢__l Properties for column i \
G- _ c c/y

E Xﬁszb/Lb Proportion of the beam restraint
required by column i to support
applied loads

The above expression can be used in a frame to evaluate the
buckling capacity. The problem begins by starting at a joint at
the end of the column where there is only one column framing
into the joint. Based upon the applied loading and the
alignment chart we can successively move through the joints in
the structure until we get to the other end of the column where
we can check the required G with the restraint provided in the
structural boundary conditions.

44
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SOLUTIG.  STEPS for DISTRIBUTING JOINT RESTRAINT

- o 1. Start at one end of the column where there is only_
4

. skl one column framing into the joint (say joint A) and
A obtain Gp.

2. Based upon G, and applied column load solve for

.. . P2 ( the required Kg,. Using G, and Kg, solve for the
B required Gg, at the bottom of column AB.
3. Solve for the proportion of the restraint at joint B to
C;; support the applied load using the expression:

X,, = (TIE/LC)BA
GEAZmIb /L,
4. The remainder of the proportion of the restraint Xgc = 1-Xgp
can then be used to calculated Gg: _ 1t )s

e XB(IZmIb/Lb
5. Using Ggc and the applied load solve for the required Kgc.

Using Ggc and Kge, solve for the required G¢ and compare to
the actual support conditions. If required G¢ > actual G; OK. 45

EXAMPLE 5: DISTRIBUTING JO
J, 235k J, 235Kk - : .
Consider the frame shown in which
: A the upper story columns have loads
235 k 235 k of 235 k while the bottom Story
¥ \ columns have loads of 470 k.
Evaluate the elastic buckling
capacity of the frame.

Z 777 Columns: W12x50 — 1, = 56.3 in
l— 30' — Beams: W18x50 — I, = 800 in*

Start at Joint A, where there is only one column:

(1./L.),, _ (563/15) _

mil, /L, 1.0800/30)

Based upon the 235 k load in the upper story,

the required K can be solved for:
2 2

[ };;I _Z (29000)562.3 212 o K, =145
PL 235(15x12)

INT RESTRAINT

1

1*'—01

o —
oy}

.

c

o

A4

46
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EXAMPLE 5: DISTRIBUTING JOINT RESTRAINT

. . . Using Gga required of 3.67:
Iggggm i %ﬂ&% 5:?%:5_% X s (Ic /Lc )BA — (563/1 5)

30.0 + 50 F 200 BA — = =
I Gy > .ml, /L, 3.67( .0x800/30)
19, E + 30 E I§§

Ig  Xgo =1-Xga =1-0.04=0.96

3.67; ree pe Column BC:

\1 45 | u Therefore, at the top of column BC,
% 9 E the value of Gy is given by:

sg 1.03 *\ﬁIE (Le/Lo)se (563/15)

o O 3I4 5T Xpelmi, /L,,) 0.96(1.0x800/30)

Based upon the 470 k load in the uppg\ The required G =0.03
story, the required K can be solved for: / which is less restraint tIlan

X = n*El _ m*(29000)56.3 _ | ¢ K, =103 actually supplied by the

TPl 470(15x12) 4~ 77| fixed end. Therefore the
We had loads of 235 k, the critical frame is stable.
load from an FEA solution is 240 k “

! | 1. Elastic Behavior

~/

2. Reverse curvature
bending of beams.

3. Joints are rigid.

4. Joint restraint is distributed

N e to the columns above and
[ below the joint proportional
I I to I/L of the two columns.

5. All columns buckle
simultaneously.

6. No axial force in the
girders.

48
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FRAME BUCKLING MODEL

P, P,
¥ 18"
Gr=15[  T——" Gr=1.5
K=2.48] 12" K=1.22
Gg=w ' 'EI=16.41b-in? Gg=0 /
2
16.4 =
“—-—ﬁ- ( ) = 1118 Pcr2 =0.76

" (2.48x12)
*P. =0.18 +0.76 = 0.94 Ib.

49

ALIGNMENT CHART CAPACITY

IN UNBRACED FRAMES, THE INDIVIDUAL ALIGNMENT
CHART “K" MAY GIVE A POOR INDICATION OF THE
BUCKLING LOAD ON THAT PARTICULAR COLUMN.

P
< SHEAR=0 1

ALIGNMENT CHART ASSUMPTION
.". All columns in a story
buckle simultaneously

)
1.

50
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ALIGNMENT CHART CAPACITY

ACTUAL COLUMNS

Shears are present that generally “help” the load carrying
capacity of some columns and “hurt” others.

FJ
HELF HURT

©, ®
1. 1.

For gravity loading: ¥ Shear =0

LEAN-ON COLUMNS

P, P; =
J’—CL’ ¢ —pO— — —O<—£
/ TEA /EA
/ | L | L
l / /
[ l
Ay .
(B+P)A

52
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~ WHY THE =P CONCEPT WORKS
e CONCEF =
% - o e
/_bT /
T / /
/ o~ /
S o~ |
i |
Yorswa
+
PA QA (P+Q)A
 EXACT SOLUTIONS
1.0
i {/\; i\/\P P PSPV
P+oP h i
061} | \ l j ! ;
| P P |
04r | |
0.2} ' I E
o —
6
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TP CONCEPT ELASTIC

@ FOR SWAY BUCKLING OF A STORY:
SP, <3P

tory Column ori
Loads /

Sway Buckling Load of
each column using
Alignment Chart K-Factor

@ EACH COLUMN MUST SUPPORT ITS
OWN LOAD IN THE NO-SWAY MODE

(ie. WITH K=1.0)
55
= P
T I 101 / \
L /
SWAY MODE NO SWAY MODE
@ Col.A: E,=0
1 7 E(101) .
TN UNBRACED Col. B: £, = QL) p =z ‘f]
FRAMES, SWAY L
AND NO-SWAY 10 72 El
BUCKLING MODES | £ =2P="—7 %
MUST BE CHECKED 1 CONTROLS
i El
P, =125"=
L
55
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INELASTIC ZP CONCEPT

4001 3 <
’,’ { \aU*O
300} iy
G
\\\\EUXS
P HANDBOOK
or 200} P
[ +«— oL 12'
160+ W8x35
L
O 1 1 L 4 1 1 1 L L i
0 0.2 0.4 0.6 0.8 1.0
04
57
INELASTIC P CONCEPT
P P2 Py ;
l Sway Buckling Capacities

L |1 2 3 p ooaZE
” (kL) Based
upon P4

B A”_zEé@\
i (k,L) Based
12 upon P,

ZPC,_ = EZP 5 in ASD

0.877¢ in LRFD
=0

Service Loads in ASD
P

cr3

Factored Loads in LRFD

58
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180 k l220 k 180 k —— Service Loads

T All Columns are W10x45
12" |1 2 3 F =36 ksi ASD
A— 13.3in?%, 1, = 238 in*
248

[ i = - rx/ry—2.15
K =20 K=20 K=o

@=13.5ksi 16.5ksi

13.3

From Table A, pg. 3-8, 9" Ed. —

r=0830  ~=0.3317" 4 \5c Manual

12z (29000)(z uJ(O 830) _ 370 +237+-6=6074> 580k OK

B (2004) 310+ 23] SOTPSIOC
Using Col. Load Tables: 2x12/2.15 = 11.2 ft. P, = = 2x224Kk = 448 k
No Good

58

ALIGNMENT CHART ASSUMF’TIONS SWAY CASE

! l 1. Elastic Behavior
2. Reverse curvature
bending of beams.
3. Joints are rigid.
4. Joint restraint is distributed
N — to the columns above and
[— ™ below the joint proportional
T T to I/L of the two columns.
5. All columns buckle
MC e ) simultaneously.
M s : .
M = g P \/6 N_o axial force in the
L girders.

60

© AISC/SSRC 25 August 2003

30



" BENDING STIFFNESS OF RESTRAINING MEMBERS

m=6/6=1.0

Very stiff
Joint, 6 =
77 /7‘L/

m = 4/6 = 0.67

EFFECT OF AXIA

1

08 F

06 1

PP,

0.4

FORCE ON BENDING STIFFNESS

0.2 t

0 0.25

0.5

0.75

S/S, (stiffness/"base stiffness”)
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EFFECT OF AXIAL FORCE ON BENDING STIFFNESS

@ We can therefore apply a relatively simple modification to the
expression for G to account for the effect of axial force on
the bending stiffness of the restraining members:

(¢ 1./L.)

G. = Axial Force in
i N Z ]b 1 P restraining member
i m ra P Buckling capacity
b ci « s
" of restraining
member

@ Based upon the above definition of G, any member with an
axial force less than its buckling capacity can provide
restraint to another member.

63

RECONSIDEREXAMPLE 1B

receives no restraint from the 500 in* beam.

B et GA:Z(IL_/LC)_ (500/

Direct application of the alignment — A e . 5 J"
chart earlier gave very poor results 'y 7 1=7500 in

and estimated P, = 185 k. Use some A

of the corrections outlined to estimate 18' =500 int—"
the buckling capacity of the frame. _L C

Consider Column AB: Assume that Column AB /777 77

6) _

le— 36" —>

=(7,/L,) (7500736)
B —‘5 G, = (With no help from 500 in* bracing beam)
Assume
a hinge ~ K, =213
w2 EI 77(29000)x500 .
= P = — = — = 6085 kips
T (kL) (13x6x12) T

64
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RECONSIDER EXAMPLE 1B - continued

Clearly Column AB does not require any restraint at joint B and
this member will actually act as a restraining member for Column
BC. Treat Column AB as a cantilever member with EI/L stiffness.

M=ELLp - m= actual stiff . _ EI/L —0.167
assumed stiff . 6EI/L '

Column BC: F— Al =
' I=75 4
o (L/L) 9% B
Xy s ILP_ 1=500 in*
b cr
Elastic Buckling - NS .
il 0
Cre = 500( - ffég) P 36
1.0 1.0——-+O.167——[1'~——j
y 36 6 | 6085
B PérAB
mbracing beam mBC 65

LE 1B - continued

RECONS DEREXA_MP

27.8

13.9+ 13.9[1—rp—)
6085

Guess P = 560 k (educated guess to save space):
G e =1.05

Geo=w

Gsc =

= Ky =2.34

2 2
_#El _~ (29000x500) _ o

(KLY (2.34x18x12)

FEA Solution: P, = 553k

66
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EXAMPLE 6

Consider the frame shown with
bracing provided in the first story.
The columns are all continuous
from bottom to top while the beams
all have simple end connections.
Determine the required moment of
inertia of the columns to have a
l<—30'—>|4— 30.__‘ factor of safety of 2 against elastic

45k 90 k 45 puckiing.

) Doubled loads for F.S. = 2
The top story will buckle as
Bk 12 ok an unbraced frame while the
S bottom story columns act as
R the restraining members.
105k

*210k 1105k (REACTIONS) &7

EXAMPLE 6

Apply the =P concept to the top story:
=P =2(45k)+90k =180k <2P,,;+ P, =P,

2 2
T (29(2)00)1]+n (29(300)1 :15_53%”.76 I
K. K ;

2 1 2

180!(:2[

Consider expressions for G for top story columns:

Forces in bottom story restraining columns:
Columns 1 & 3: P=105 k; Column 2: P=210 k
Buckling capacity of lower story columns:
B 7*(29000)1

& =7.761
T (16x12)

68
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EXAMPLE 6

Columns 1&3: B (1/16) B 1
Gﬂfgi{_ 105 _AL(I—E_SJ Eq-1
616 7761 2 i
Column 2:
G, = (1/16) s 1 Eq. 2
zf[l_ 210 lti_ﬂ)
616 7.761] 2 I
From ZP Concept: I
180k:15.537{7+7_76_{2_ Eq.3
Using Trial and Error: ! 2
1 |Gri23| Gors| Kis | G | Ko Equation 3

50 oo | 274|285 | 437 |3.27 |180k #

132k (Too Small)

65 00

252|278

3.43 | 3.03 |180k =

185k (Too Big)

64 | oo | 253|279 |3.47 | 3.04 |180k =~ 181k (Okay)

FEA Legq = 60.5 in*
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BASIC DESIGN FOR STABILITY
Part | - Columns and Frames®

S
&y

T ponn®

70

© AISC/SSRC 25 August 2003

35



