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Stability Index ( Q)

The stability index can be used to determine if a particular story in a frame
structure should be called braced or unbraced. The stability index may be

calculated as

P, A,
Q B VU KC

Where XP,= sum of factored vertical loads for the story in question
V, = total horizontal story shear

A, = first-order relative lateral deflection between top and bottom
of that story due to V|,

¢_ = story height measured center-to-center of the joints

Cc

Q £ 0.05 — Story iIs braced

Q > 0.05 — Story is unbraced




EXAMPLE 2: Compute Stability Index Q

HANISILATIZHLASIESI98TAITIERINTUN 2 e 3 taszezlanuaztsInduandlis
sU aeiasInlnlaseiiinisigniela lnenisasradauaAnaiiatesnin

A (Pu=30t  P,=40t  P,=60t P,=40t  P,=30t
=0
) 3 Floor l l l |
; A
I
I
V=2t V,=4t V=5t V,=4t Vel= 2t
| f — S— — S —
? — — — — .=3.5m
2"d Floor
A,=1.5cm

P, A,  (30+40+60+40+30)x1.5
V, ¢, (2+4+5+4+2)x350

Q =

= 0.05 < 0.05 Wulaseflasin1se
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kL/r < 22
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Neglect
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100 = kL/r 2
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KL/r > 100 /

P-A
Analysis**

4

KL/r > 100

N\

*34 — 12(M,/M,) < 40

**Permitted for any slenderness ratio
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Zone 1 : Neglect slenderness, nonsway and sway frames

Zone 2 : Neglect slenderness, nonsway frames

Zone 3 : Consider slenderness, moment magnifier method

Zone 4 : Consider slenderness, second-order(P-A) analysis



Moment Magnification Method

Sway Frames

The magnified moments are added to the M; = My + 0, M,
unmagnified nonsway moments M, at each end
of the column

M, = M

+ o.M,

2 2ns S

where M; = smaller factored end moment
M, = larger factored end moment

M, = factored end moment at which M, acts, due to nonsway load,
calculated by first-order elastic frame analysis

M, = factored end moment at which M, acts, due to nonsway load,
calculated by first-order elastic frame analysis

M, = factored end moment at which M, acts, due to sway load,
calculated by first-order elastic frame analysis

M,. = factored end moment at which M, acts, due to sway load,
calculated by first-order elastic frame analysis



Moment Magnification Method

Sway Frames

o, = moment magnification factor for frame not braced against
sidesway, to reflect lateral drift resulting from lateral loads

Magnification factor 6, shall be calculated by (a), (b) or (c).

If 8, > 1.5 only (b) or (c) shall be permitted:

1
= > 1.0 Method
(b) |8, = 1 > 1.0 Sum of P concept
1R,
0.75%P,

(c) Second-order elastic analysis  P—A Analysis

where XP, = summation of all the factored vertical loads in a story

>P. = summation for all sway-resisting columns in a story

c
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EXAMPLE : Design of a slender column in a sway frame

Use data from nonsway frame and loads per floor of all column at the level of C1 are:

>P,=1600ton V,=40ton Mg ,ing =19 t-m
P, =9778ton A;=3cm M, ,ing=£12t-m

Stability index:

IP,A, _1600x3 _ . .

Q=1 “a0x400

Since Q > 0.05, sway analysis is required.

FAAMULIBAIRY 3,

5, = 1 1 143
1-Q 1-0.3

AU LNLHUB
M, = 1.4(-.25)+1.7(10) = 16.7 t-m
M, = 1.4(.25)+1.7(12) = 20.8 t-m
M,, = 1.7(9) = 15.3 t-m

M, = 1.7(12) = 20.4 t-m

Total magnified moments:
M; =16.7 + 1.43(15.3) = 38.6 t-m

M, = 20.8 + 1.43(20.4) = 50.0 t-m

P, _ 276 056
#f/ A, 0.7x0.28x 2500
M, 50.0(100)

gf. Ajh  0.7x0.28x2500 x50

p, =0.75x0.85x280/4000 = 0.045

A, =0.045x 2500 =112 cm? (4DB32+16DB28)

A

™~ 4DB32 Corner

50 cm ~16DB28

™~ DB10 ties
o le >l @ 0.4 m




Second-Order Frames Analysis: P-A Effect

Include internal forces resulting from deflection of column.

Deflections is computed based on reduced stiffness El of the cracked sections.

Large majority of columns do not need 2"9-order analysis since kL/r in most cases
below 100.
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AdnUseanSiafiasniw (stability coefficient, 0)
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Iterative P-4 Analysis
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Iterative P-4 Analysis

P
r sl Yy
A
TPA
4 H
HTT"-» I — c—
e
TPA
¥ ¢ H
-€ - o

I
A
—_—p
e

1 Jd 9 1
LL‘V]Hﬂ’]IiJL?J‘L!@] 2PA ﬂ?ﬂllﬁﬂﬂﬂ?ﬂiullu'ﬁTﬂ ZPA/fC



Iterative P-4 Analysis
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Lateral load, H
—

Structure

P-A Interactive Procedure

Analysis

Lateral deflection, A

|

Sway force

|

Lateral load, H
e
+ Sway force

Structure

Lateral deflection, A

» Reanalyze



EXAMPLE 2 : Iterative P-A Analysis Beam size =03 mx05m

4 t/m Column size =0.3mx 0.3 m
2 ton Yy V.V V VYV VYV VYV V VY -
' 1 Ko = 12(ZEI) /D3
4m
4tm = 12(2.3x10°)(2/12)(304)/4003
2 ton YV V.V V VYV VYV V VY \ 4
g K3 = 5,822 kg/cm
. 4m Kpeam = 12(ZEI/L),qm/N?
2 ton
> Y v e = 12(2.3x10°)(30x503/12)/800/4002
4m = 6,738 kg/cm
_; 6m ;_ v A= V(]-/Kcol + 1/Kbeam)
1st |teration: Floor  Force Shear A

(lateral force only) 3 2,000 2,000 0.64
2 2,000 4,000 1.28
1 2,000 6,000 1.92

YA=3.84cm




ASIVHBUINRDIILASIZH P-A WSald?

lASIATBULIIARAAWNIALESNIARNWUUSTINAT | C, = 2.5
WIRHNDIANSHEARZAW = (4 t/m) (6 m) = 24 tons
] 1 a = g d P A
AIWIANENUSSENSLANYSATN 0 = X
Vx hsx Cd
Floor hg, P, V, A 0

3 1200 24,000 2,000 0.64 0.00256

2 800 48,000 2,000 1.28 0.01536

1 400 72,000 2,000 1.92 0.06912 ~ 0.10

0.5 0.5
6max — 0 < 0.25 OK

P-A Analysis



P-A Analysis EP)A  (ZP)A,
. sway force; = _ — 7
WIRWNLB RS A - i j
P,=4x6=24ton, | =400 cm
Floor A XP  (XPA/L), (XPA/L); Sway Force Force

3 0.64 24,000 384 0 38.4 2,038

2 1.28 48,000 76.8 -38.4 38.4 2,038

1 1.92 72,000 115.2 -76.8 38.4 2,038
2nd |teration: Al Converge
Floor  Force Shear A

3 2,038 2,038 0.65

2 2,038 4,076 1.31

1 2,038 6,114 1.96

ZA=3.92¢cm Number of iteration




Slender Column Design by CSICOL V9
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—Loading

Define Loading...

Column Framing Conditions
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Effective Length Factor - Frame
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Effective Length Factor - Frame H
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Effective Length Factor - Frame
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Diefine Loading...

Column Loads

Factored Load Combination
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Check Sway Conditions
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Column Loads

Factored Load Combination
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Fesults : . .
B Capacity Calculation Results
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Interaction Diagrams
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End of Lecture
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