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1.Mechanical properties of steels

Schematic Stress-Strain Curve:

Stress

' Strain hardening Necking

T T 1
\ Failure

Plastic range

W

— L Elastic range

STRAIN
7 EhaInsniu
%, Chulaloagkern Unlversity
Stress-Strain Curves (A36):
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n

&, Chulnlongkern Univarsity

Typical Stress-Strain Curves
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Important Properties

1. Modulus of elasticity, E (about 2x106 ksc)
2. Shear modulus, G
G = E/2(1+p) , u = poisson’s ratio (about 0.3)

3. Coefficient of thermal expansion and
contraction

a =12x10° / °C

4. yield strength and tensile strength
5. Mass density = 7.85 ton/ms3
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2. Typical Steel Shapes

Steel shapes can be classified into :

1. Hot-rolled shape
shapes are formed by hot rolling in the steel mill.
2. Cold-formed shape
shapes are formed by pressing the steel plate. The
plate thickness is usually thin.
3. Built-up shape
shapes are formed by attaching two or more steel
shapes together.

1]
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Standard Hot-rolled shapes

HP-shapes ' S-shapes
Wide-flange and I-beam shapes

51 -

Sloping inside
of flange

W- and M- shapes

Flange y

WT-shapes

C- and MC-shapes
Channel, Angle, and T shapes (Geschwindner et al. 1994, p.96)
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Standard Hot-rolled shapes
W, S, M shapes
e.g. W400x66 => depth = 400 mm & weight = 66 kg/m

C shape
e.g. C150x18.6 => depth = 150 mm & weight = 18.6 kg/m

L shape
e.g. L75x50%x4 =>leg 1 = 75 mm & leg 2 = 50 mm & thickness = 4 mm

! unasnsniu
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Standard Hot-rolled shapes

Wall thickness, ¢ /7 \ (ﬁ
/ \ Outside
— wall
dimension
t—
Outside Outside wall Outside wall
diameter (OD) dimension dimension
Circular tube or pipe Square and rectangular structural tubing

Tubular Products (Geschwindner et al. 1994, p.98)




n

&, Chulnlongkern Univarsity

Standard Hot-rolled shapes

Width > 8” -
'/ Rolled surface

Cut edge (sheared or flame cut) Thickness > 0.18” or 0.23”
or Rolled edge (universal mill) depending on plate width

Diameter Width
—»1 d ‘4—— I‘_ <8” _»1
7 A Thickness, up to
/// 0.203” or 0.23”
/A Y dep. on width

Solid circular Bars Solid square or rectangular

Plate and Bar Products (Geschwindner et al. 1994, p.96)

7 EhaInsniu
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Cold-formed Shapes

([ LL

{a) Clanncls {hl Lees ) l-shaped doable

L J L

(d} Angle el Hat seelions

channels
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Built-up Shapes

II’— i

—

W-shape with Plate girders Double-angle
cover plates

! unasnsniu
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3. Design concepts

All structural steel members must satisfy strength
and serviceability criteria.

1. Strength limit states define safety against local or
overall failure conditions, e.g., yielding, buckling
etc.

2. Serviceability limit states define functional
requirements, e.g., deflection etc.
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Three methods of strength design are:

1. AISC / ASD ( Allowable Strength Design )

- use service loads and elastic analysis to compute the
required strength

- use yield strength and stability with factor of safety to
compute the available strength

2. AISC / LRFD ( Load and Resistance Factor Design )

- use factored loads and elastic analysis to compute the
required strength

- use yield strength and stability with resistance factor to
compute the available strength

3. AISC / PD ( Plastic Design )

| AISC = American Institute of Steel Construction

n
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Allowable Strength Design (ASD)

- use service loads and elastic analvsis to compute the required strength
- use yield stress, vield strength and stability with factor of safety to compute
the available strength

/ Axial force, Moment, Shear etc.
(Ra = ZQ:) S (Rs = Rn /Q)

where (; = summation of all service loads
= (D+L): 0.75(D+L+Wor E ); 0.75(0.85D-W or —E)
R, = required strength at service loads
R, = nominal strength
R, = allowable strength
Q) = factor of safety
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Load and Resistance Factor Design
(LRFD)

- use factored loads and elastic analysis to compute the required strength
- use vield stress, vield strength and stability with resistance factor to computg
the available strength

/ Same as in ASD !!

(R, =D 1O)<¢R,

where R, = required strength at factored loads
7 ; = load factor

¢ = resistance factor

' guhasnsniu
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Load and Resistance Factor Design
(LRFD)

The load factor values for each load combination are:

1.4D

12D+1.6L+05 (L, orSorR)

12D+ 1.6 (L orSorR)+(0.5Lor0.8 W)
12D+ 13W+05L+0.5(L, orSorR)
12D+ 1.0E+05L+02S

09D + (13Worl.0E)

l

Use load combination that gives the maximum effect (M, V, etc.)

D = Dead load, L = Live load, Lr = live load (Roof floor), S = Snow
load, R = Rain load, W = Wind load, E = Earthquake
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Load and Resistance Factor Design
(LRFD)

Depends on the type of member and limit state

/

The resistance factors, ¢ . are:
2.1 Tension members: ¢ = 0.90 for yielding limit state
= 0.75 for fracture limit state

2.2 Compression members: ¢,= 0.90

2.3 Beams: @, = 0.90 for flexure
= 0.90 for shear

2.4 Welds: ¢ = same as for type of action; i.e.. tension ,shear ete.

2.5 Fasteners: ¢ = 0.75

7 puhaansniumingdg
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- Let L=3D, yields

R, =¢R,=12D+1.6L=12D+1.6*3D=6D

Resistance Factor v.s. Safety Factor

6D
R="2 e (a)
¢
R=P_p+r=p+3r=4p
Q
R, =4DQ e (b)
6D, 1 15
fr =(b), t Q=—T%_—_ =" S
om (a) = (b) , we ge 5 D (e)
from (¢) when $=09 === Q=167
p=10 ===3 Q=150

- The relationship of ¢ and Q from equation (c), is used throughout
AISC/2005.
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Tension Members

Introduction

Typical shapes

Failure modes

Nominal tensile strength for each failure mode
Design concepts (ASD and LRFD)

R ® N

22
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1. Introduction

+ Tension members are found in most steel structures,
e.g., bridges, roof trusses, transmission towers and
wind bracing systems in multistory buildings.
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2. Typical Shapes

L L L O

L shape WT shape W, S, or M shape Pipe
(Angle) (Tee)
Double angle Double channel Built-up plate angle shape

Double plane truss

Reference: Johnston et al. 1980, p.27

24
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3. Failure Modes

i
6

; : —_— T

L 2°

Block shear
ko /)

. O]

1. Yielding on gross area (Ap)
2. Rupture on effective net area (A,)
3. Block Shear Rupture
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4. Nominal Tensile Strength for
Each Failure Mode
Nominal Strength

The strength of a tension member can be written as:-

- Yielding limit state: T, = F, A,
- Rupture limit state - T, = F, A,

where 7}, = nomuinal tensile strength
F, = yield stress
F,, = specified minimum tensile strength
Ag = gross sectional area
A, = effective net area = U4,
A, =net area
U =reduction coefficient

26
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Net Area (A,)

The cross sectional area of a tension member is reduced due to
holes provided in the bolted connection. The net area can be
computed as follows.

oo o+ | |,
o 0—
o e
@ ®

- on section 1-1 A, = (b-dy)t
- on section 2-2 A, = (b-2dy+s'/ag )t
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The hole is 1/16" larger
than the bolt

This punched hole has
significate deformation
around the edge

1/8" (4 mm) = 1/16" (2 mm) for the
actual hole diameter plus an
additional 1/16" for damage related
to punching or drilling

g.com/BGSCM/BGSCMO003/BGSCM00304.htm

28

7 EhaInsniu

+®, Chulalongkern Unlvarsity

in general, the net area is (for a zigzag line)

n-1
Ay = Ag—ndyt+ 2 (5 /42) ¢
1

Plus this quatity
where b = section width for each gage
t = section thickness space
p = bolt pitch
s = bolt spacing ( parallel to the tensile force )
g = gage distance ( perpendicular to the tensile force )
n = number of bolts
d,= hole diameter = ¢, + 2 mm.
d, = nominal diameter
=d,+ 2 mm. ( for std.hole and ¢, < 24 mm. )
=d,+ 3 mm. ( for std.hole and ¢, = 24 mm. )




Effective Net Area (A,)

‘When the load is transmitted by bolts throuut not all of the cross-sectional
elements of the member, the load eccentricity occurs and the net area, A, may not
correctly reflect the strength. An angle section having connection to one leg only is an
example of such a case.

- The AISC recommends the effective net area to be computed as follows:
for bolted member: A, = UA, (1.2.1)
for welded member: A, = Ud, (1.2.2)

Shear lag factor = reduction factor due to shear lag

TABLE D3.1
Shear Lag Factors for Connections
to Tension Members

Case Description of Element Shear Lag Factor, U Example

1 | All tension members where the tension
load is transmitted directly to each of the U=1.0
cross-sectional elements by fasteners or
welds (except as in Cases 4, 5 and 6).

2 | All tension members, except plates

and HSS, where the tension load is trans- 1 ¥
mitted to some but not all of the cross-
sectional elements by fasteners or longitu- U=1— ,y
dinal welds or by longitudinal welds in 1
combination with transverse welds. (Alter-
natively, for W, M, S and HP, Case 7 may ‘?:’
be used. For angles, Case 8 may be used.) ’T::L
3 | All tension members where the tension u=1.0
load is transmitted only by transverse and
welds to some but not all of the Ap = area of the directly
cross-sectional elements. connected elements
4 |Plates where the tension load is izow. U=1.0

transmitted by longitudinal welds only.

2w=/=15w..U=0.87 £ —
1.5w>/2w. . U=075 T




Round HSS with a single concentric
gusset plate

/=1.3D..U=1.0
X
D<!<13D..U=1 /

-

Rectangular HSS

with a single %
concentri(?gusset fZH.,.U=1-«% .
plate __B2%+28H Ki
X=4B=H) ]
with two side gusset I>H. U=1- E/ PR
plates !
g B2 ] =
4(B+H)

W, M, § or HP
Shapes or Tees cut
from these shapes.
(If Uis calculated
per Case 2, the
larger value is per-
mitted to be used.)

with flange con-
nected with 3 or
more fasteners per
line in the direction
of loading

b= 2/3d...U=0.80
br<2/3d...U=0.85

with web connected
with 4 or more fas-
teners per line in the
direction of loading

u=0.70

Single and double
angles (If Uis
calculated per
Case 2, the larger
value is permitted
to be used.)

with 4 or more fas-
teners per line in the
direction of loading

U=0.80

with 3 fasteners per
line in the direction
of loading (With
fewer than 3 fasten-
ers per line in the
direction of loading,
use Case 2.)

U=0.60

I'=length of connection, in. (mm); w = plate width, in. {mm); X = eccentricity of connection, in. {mm); B = averall width
of rectangular HSS member, measured 90° to the plane of the connection, in. (mm); H = overall height of rectangular
HSS member, measured in the plane of the connection, in. (mm)
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L = length of connection in the direction of loading

x = connection eccentricity (distance from centroid of element being connected to plane of load
transfer)

! unasnsniu
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1 |

€O x

(b) Connection eccentricities

{c) C section
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A s

e

(c) W section with bolts in web

X
Treatma a WT
Subdivide on x-axis of symmetry.
_~] Treat each halfl as a gross WT section,

=)
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Block Shear Rupture

- When thin plates are attached by bolts or welds, a fearing limit state known as block
shear, may control the strength of a tension member.
- Figures below show block shear failure occurred in beam and tension member..

- The failure mode combines rensile failure on one plane and shear failure on a
perpendicular plane.

Cope

Beom Failure by fearing
Fallure by learing out of shaded
- Shear out of shoded ~  p.o porfion
area portion arsa \—Tensile
M~ Tonsile e
areg
-

»
- (a) at beam connection (b) at tension member connection
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- Block shear 1s a rupture or tearing phenomenon, not a yielding limit state. However,
gross yielding on the shear plane can occur when tearing on the tensile plane com-
mences if 0.6F,4,, exceeds 0.6F 4.

The nominal block shear strength is
1. Shear fracture — Tension fracture

T = r,4,+UsFudnw < 7,4+ UsFydu
= 0.6F, Ap + Usi Fudy < 0.6Fdg+ UpFy Ay

where 4, = gross area subject to shear
Ay = net area subject to tension
A= net area subject to shear
Uy: = reduction coefficient ( see figure below )
= 1.0 when tensile stress is uniform
= 0.5 when tensile stress is nonuniform

! unasnsniu
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1

Bolted Angle Welded Angle Welded Angle
Single-Row Beam Angle Ends Gusset Plates

End Connections
(a) Cases for which Uy, = 1.0

L

Multiple-Row Beam
End Connections

(b} Cases for which Up, = 0.5

fg C-J4.2. Block shear fensile stress distributions.
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5. Design Concepts (AISC 2010)

I, = I,/ Q, (ASD)
“Allowable tensile strength”
I. = ¢ T, (LRFD)

“Design tensile strength”
Design Criteria :

1. Yielding on A, : T.= F, 4,

ASD: Q, = 1.67

LRFD: ¢ = 0.90
2. Rupture on A, : Th= Fud.

ASD: Q =200
LRFD: ¢ = 0.75

42
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3. Block Shear Rupture : consider tension and shear runture simultaneou!

IL,=06F, A4y + U Fudy = 0.6F A, + Uy Fudy

where Uh: = 1.00 when tension stress is uniform
= (.50 when tension stress is nonuniform

ASD: Q, = 2.00
LRFD: ¢ = 0.75

4. Stiffness : KLA < 300




Example 1 (Bolted Tension Member)

[ok—{<—]
A .1 TeeiTT
5”?_5_(?3 g o A gi
M 22 bolts Al
—— L100x100x7 mm.
PL 9 mm.

Given: A tension member consisted of an equal leg angle 1.100x100x7 mm.

Find: Use AISC/2005 to compute the available tensile strength for both ASD and
LRFD method. Consider strength from the member only. Use A36 steel.

44
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Solution:
i) Compute A, : An=dg—dyt
from table, L100x100x7 mm A4:=13.62 cm’
nominal hole size dy=22+2=24 mm
hole diameter dp=24+2=26 mm
. the net area A,=1362-26x7=11.80 cm?®
ii) Compute A, : A.=UA,

from table, U'=0.60 or U can be computed from U =1- x/L

=1-271/15=0282
therefore, U'=0.82 (larger value can be used )

. the effective netarea 4.,=0.82x11.80

1ii ) Compute the available tensile strength ( T and T, ):

a) Yieldmgond.: T, =F.4,=(2500x13.62)/1000 = 34.1 tons
then for ASD I,=T,/0,=341/167 = 204 tons . (aly

for LRFD T,=¢.T,=09x341 = 307tons (a2
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b) Rupture on 4, : T, = Fd. = (4000x9.68)/1000 = 38.7 tons
then for ASD T,=T,/0,=387/200 = 193 tons ~(bD)

for LRFD T,= ¢ T, =0.75x387 = 29.0tons o (B2)

c) Block Shear Rupture : T = 0.6F 4, + UpeFudi = 0.6F A + UpFoudy:
no. of holes

where A4, =(18.73 @ 0Ty = 837 cm’
A =5 €0.526)(0.7) =259 cm’
Ag = 18.75x07 = 13.13 e’ -
Vo =10 [kt |
) & |-c->- < 0 . —>1
0.6F A = (0.6x4000x8.57)/1000 = 20.6 tons

0.6F 4. = (0.6x2500x13.13)/1000 = 19.7 tons / L
: M""holts

L100x100x7 mm.
I, = 0.6Fdg + UpFudn

I’L‘I mm.
= (0.6x2500x13.13 + 1.0x4000x2.59)/100!
= 30.1 tons
then for ASD T, =T,/0,=30.1/2.00 = 151 tons ey
for LRFD T,= ¢ T, =0.75x30.1 = 22.6 tons . (e2)

From al.bl andcl

. the ASD tensile strength 1s 15.1 tons , and
From a2, b2 and c2

. the LRFD tensile strength 1s 22.6 tons ===

Example 2 (Welded Tension Member)

PL 20 mm thick

- PL 25 mm thick

Member B

E_Jl . L
w=1§0mm% 250 mm

I

=200 mm

Given: A tension plate 25x150 mm is connected to a 20x250 plate with longitudinal fillet
welds to transfer a tensile load T
Find:

Use AISC/2005 to compute the available tensile strength for both ASD and
LRFD method. Consider strength from the member only. Use A36 steel.
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47
Solution:
i) Compute Ay - Member A: A4, =4,=25x15=375 cm’
Member B: A, =4,=2.0x25=500 cm’
ii) Compute A, : A, =UA,
Member A: From table D3.1 case 4 ; with /=200 mm and w = 150 mm
we get =075 Then 4,=075x375=2812 cm’
iii ) Compute the available tensile strength ( I; and T,,):
a) Yielding ond. ( member A controls )
T = Fde = (2500x37.5)/1000 = 937 tons
then for ASD I,=T/0,=937/167 = 356.1 tons ....{al)
for LRFD Th=¢ T, =09x937 = 843 tons ... (a2)
b) Rupture ond, : ( member A controls )
Ty = Fod. = (4000x28.12)/1000 = 112.5 tons
then for ASD I,=T/0,= 1125200 = 562 tons .. (B
for LRFD Tu= ¢ T, =075x112.5 = 844tons .. (B2)

c) Block Shear Rupture ({ member B controls }

Ty = 0.6Fdiy + UsFudy = 0.6Fdg + UbcFudpe

2 sides

where A = Ao £2X00x20 = 80 cm’
A =2.0x15 = 30 cm’
U =10

0.6Fudpm = (0.6x4000x80)/1000 = 192 tons
0.6Fda = (0.6x2500x80)/1000 = 120 tons

Ty = 0.6Fdg + UncFudu

= (0.6x2500x80 + 1.0x4000x30)/1000
= 240 tons

then for ASD T, =TI,/Q,=240/2.00 = 120 tons
for LRFD T,= ¢ T, =0.75x240 = 180 tons

From al. bl andcl . the ASD tensile strength 1s 56.1 tons _ and

From a2 b2 andc2 ., the LRFD tensile strength 1s 843 tons

o (eD)
()

é:
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Compression Members

Introduction

Elastic buckling (Euler’s analysis)
Effective length coefficient
Inelastic buckling

Column curve and design equations for
compression members (AISC 2005)

Alignment charts (braced and unbraced
frames)

Inelastic effective length coefficients
. Torsional buckling
9. Local buckling

R w® N

o

%
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1. Introduction

» Member subjected to axial compression forces are
column, top chord of a truss, top flange of a beam,
post, strut, etc.

+ Compression members are different from tension
members in that buckling can occur.

« Only very short columns can be loaded to their yield
stresses.

« A perfect column is a column having;:
- homogeneous materials
- perfectly straight
- axially loaded
- no residual stresses

» The strength of an actual column is always less than
that of a perfect column because of the presence of
residual stresses, initial column curvature, and
accidental eccentricity of the applied load.

50
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Type of columns

1. Short columns :

Failed by a material failure, i.e., yielding
2. Intermediate columns :

Failed by an inelastic buckling
3. Long columns:

Failed by an elastic buckling

52

Typical Column Sections (Galambos 1996, p.94)
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Failure modes

 Primary or overall buckling
= Flexural buckling about principal x,y-axes
= Torsional buckling about z-axis
= Combined flexural and torsional buckling
 Secondary buckling (local buckling)
= Flange local buckling (FLB)
= Web local buckling (WLB)

« Stiffness (KL/r should not be greater than 200)
K = Effective length coefficient

L = columm length
7 = radius of gyration

7 EhaInsniu
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2. Elastic buckling

Long columns buckle elastically at stresses well below the yield strength, Fy.

Such failures occur because of instability at a load called the critical or Euler
load. The member then buckles suddenly and without warning.

Leonard Euler, a Swiss mathematician, in 1759 derived the formula for elastic
column buckling. A simplified version of his general solution, which is still in use
today, is based on the following assumptions:

The column is concentrically loaded.

The member ends are pinned.

The column is perfectly straight and prismatic.
The deformations are small.

No initial internal (residual) stresses exist.

GbhwN =
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Elastic buckling load

An initially straight concentrically loaded elastic member
will buckle as shown in the figure

original shape
L /
P P

The elastic buckling load, or Euler load, is given by

T2E]l K = Effective length coefficient

© (KL)®
2
And the Euler stressis F, = ”—EZ
(KLIvr)

Where E = elastic modulus

7
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lob - ———— < Aslk: F =00 ksl « The elastic buckling strength is a
function of only one material
80 property - the modulus of
elasticity. It is not a function of
60 L the yield strength
~ .+ The critical buckling stress
) T <~ ASTZ: R =30kst  cannot exceed the yield strength
= A A6 F =36 ke ©f Steel. Therefore, the Euler
wo . by curve must be cut of at the yield
o L I All sleels strength of steel.
5
o
0 | 1 | |
0 50 10D 150 200

L/r

Fig. 6.2.2. Euler’s Elastic Buckling Curve




' guhasnsniu

&, Chulnlongkern Univarsity

3. Effective length coefficient (K

The equivalent pinned-end length of a column is referred as
effective length (KL) where K = effective length coefficient.

(a) (b}
Buckled
shape of
calumn
shown by
dashed
line
Theoretical K value 05 0.7 \ I.I'J/ 1.0 0 20
o ekt deign vatue wh
Pl slfasi i iy 065 | 080 \m/ 12 20 | 20
'%'ﬂ Rotation ﬁxad,\'l'x{m\t:uinn fixed
0l
End ‘g‘ Rotation free, Transkation fixed
conlitions
code ;! Ruation fixed, Translation free
? Rotation free, Transkition free

Figure 6,95 Ellective length fuclors Tor centrally loaded columns having
various idealized end conditions. (Adapted from Rel. 6.8, p. 52)
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4. Inelastic buckling

 Typical range of column strength —slenderness ratio is shown
in the figure.

« Euler elastic buckling governs the strength for large
slenderness ratio values.

« Intermediate and short columns will buckle inelastically.

e

Range of test data

KL

Fig. Typical range of column strength v.s. slenderness ratio
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5. Column curve (AISC 2005)

F,y
N F, Inelastic buckling
5 / Eq.(2)
F,, Elastic buckling
0.39F, Eq. (@
Inelastic range <— —> Elastic range
0 471 JE7 F, KLi

Figure. AISC Column curve
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Design of compression members

we have P, = P,/ Q. with Q.= 167 (ASD)
P, = ¢.P, with ¢ =090 (LRFD)

where P, = nominal compressive strength = F, 4,
F,.= critical buckling stress

1 Elastic buckling: when KL# = 4.71,JE/F.  (or.F,/F, >225% )

F, =087 F<F, Eq. (1)

2
where F, = LEZ
(KL/7)
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2 Imelastic buckling: when KL# < 4.71./E/F; (or F,/F, <225,

E
F.= (0.658)F F; Eq. (2)
or F, =(0.658)* F,
where A = & :ﬁ & (Slenderness parameter)

¢ F rm\NE

e
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6. Alignment charts

For columns in a rigid frame, the effective length coefficient
should be determined using the alignment charts. Main
assumptions used in developing the charts (Kavanagh
1960) are

1.Behavior is purely elastic.

2.All members have constant cross section.

3.All joints are rigid.

4.Rotations at opposite ends of beams are equal.
5.All columns buckle simultaneously.
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Braced v.s. unbraced frames

« A braced frame cannot sway and the buckling shape is
symmetrical.

» An unbraced frame will sway and the buckling shape is anti-
symmetrical.

» Two different alignment charts are given for braced and
unbraced frames.

6
7 puhaansniumingdg .
.‘. Fl.|lll|l\fﬂ.ﬂ‘ﬂkﬂlll Unlvarsity P P P
A N /.
9,4 9(‘
B I. Braced frames
(sway prevented)
P P P
l A /1{ B
\
eA eﬂ

II. Unbraced frames
(sway permitted)
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w_. G K G ¢ © ¢
5003 - 10 L 500 - e Lo
100 - 100 100.0 | = 00 - 100.0
5.0 E 50 50.0 |- 50.0
0] 1 oo oo 3003 T F- 300
b0 ] oo 200 . T.o N 20.0
i <08 - 967 T30 C 5
1.0 1.0 80— 8o
0.9+ 09 7.0 — 7.0
05 Cos 6.0 -] 60
0.7 o7 50 50
06— L os R o
0el o7 os 40 ] =420 r 40
0.4 [ o4 30— 3.0
03— [ os 20 n L 20
02 + 08 oo ] +15 |
g + 10 1o
0.1 o1 R F
0 Los L o o Lo C o
Sideway prevented Sidesway permitted
n. Wifnswdsundudng 9. dmandauiisudie
column
_ 2 (EIL). /| G, =value of G at top of the considered column
== 't A
S(EIIL), Gy = value of G at bottom of the considered column
beam
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The characteristic equations of column can be written as
 Braced frame

1

GAGB(”/K)2+GAGB[1 7l K }+2tan(7z/2K):
4

4 | tan(z/K) 7lK

Eq. (3)
o Unbraced frame

G,Gy(xlK) =36 _  zlK
6(G, + Gy) tan(z/K) Eq. (4)
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When rotations at opposite beam ends are not equal (violate

assumption no. 4), the beam stiffness must be modified as
follows,

o Braced frame

= Beams with far end hinged - multiply (EI/L), by a factor 1.5
o Beams with far end fixed - multiply (EI/L), by a factor 2.0

o Unbraced frame

o Beams with far end hinged - multiply (EI/L), by a factor 0.5
o Beams with far end fixed - multiply (EI/L), by a factor 2/3

In practice, when column ends are hinged or fixed, the
following values of G are recommended

« Hinged end, theoretical G value =inf. -> use G = 10
« Fixed end, theoretical Gvalue=0 ->useG =1

68
7 pEhansnium3nendd

&, Chulnlongkern Univarsity

7. Inelastic effective length coefficients

 The alignment chart uses the elastic modulus in
computing the column stiffness.

« Columns, however, may buckle inelastically, therefore,

we replace (EI), with (EI), to account for the
inelasticity.

 The inelastic G, can be written as

_2(ELIL), _ Xz EINL), Eq. (5)
Y(EIIL), Y(EIIL),

in

7, = E, | E = stiffness reduction factor

__ 2(EIL), _

in = Ta =7 Eq ©)
S(EIL),
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”ZEt /(L/r)2 - .fcr(inelastic) _ (0'658)Fy/Fe Fy
”ZE/(L/r)Z f;r(elastic) 0877F;3

Et
T = — =
E

a

Eq. (7)

Alternatively, for a faster convergence, Yura proposed

fa
= _Ja Eq. (8
e 0877F, a- (8

where f.,=PlA4

» The K,, can be obtained from the alignment chart once
all G;, have been computed.

 The calculation of K,, needs iterations until its value
converges.

« The use of elastic K will always give conservative result
in the design.
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8. Torsional buckling

« The most efficient shape for resisting a torsion is a
hollow circular section.

« Thin wall closed sections are stronger in torsion than
open sections.

Torsional Stiffness Comparison

CI’ orque

a) closed section b) open section
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Table A2 Torsional Properties

O =shear center J = torsion constant, C,, =warping constant
G = centroid i, = polar moment of inertia about shear center

[—b—-l J =32bF+htl)

o IR W,
& T T 24 4

| !
| 0.6 | h IL=I+I,
2

J=3b 1} + byt +hd)
.= (4
“ 712 \bi+b3

b
e=h
bi+b3

L=1+I, +Ay2

7 ansnium3nnas 72
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T=1b3+htl)
1 (b
C,=— —+h3r’)
T

=zero for small ¢

I =3(bt3+ ht3)
1
C,= v (b*3+h*3)

w

= zero for small ¢

5 U T =32bF+hid)
_ﬁ:‘: =zib3hz (3b;f+2hlw h_z —
h_r‘?_I*_ C. 2 766!,*}&!") P (I, + AX* —qXA)
i _mb?
| B 41,
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« Torsional buckling of symmetrical shapes and
flexural-torsional buckling of unsymmetrical shapes
are failure modes usually not considered in the design
of hot-rolled columns. They generally do not govern,
or the critical load differs very little from the weak-
axis planar buckling load.

 For built-up columns, however, the torsional and
flexural-torsional buckling modes may control the
strength.

7 EhaInsniu
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Design recommendations (aisc 200s)

b + Doubly-symmetric sections
L = The elastic torsional buckling stress is
| z
h 7 7‘( Fez = ﬂ- ECW +GJ L Eq. 9)
0,6 ‘ 12 (K ZL)2 A’Toz

Polar radius of

gyration about shear
center

where 7 =xl+yi+(I,+1)/4

X, Y, = coordinates of H =1-(x%+1?) /72

shear center wrt. centroid.

o The critical buckling stress in Eq. (1) or (2) is
calculated from F, which is the minimum value of
F,, F.,andF,,.

ex? - ey’
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+ Singly-symmetric sections
» Symmetry about y-axis, the elastic flexural-
torsional buckling stress is

I

v, o[ sC.

T R P Eq. (10)
| 2H (F, +F.)
|
|

 The critical buckling stress in Eq. (1) or (2) is
calculated from F, which is the smallest of F, and
Feyz .

o If symmetry about x-axis, F, will be the smallest of
F,andF,, .

ﬂ

0
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« Unsymmetrical sections
y = The elastic flexural-torsional buckling stress is the
smallest root of the following equation

sC. (F, = F)F, = F, )(F, = F,.) = F/(F, = F, J(x, IT)" = F/(F, - F,)(./%)" = 0

o
ce. ¥ where F, = 7°EI(K LIr)’ Eq. (1)

F, =n°EI(K,LIr,)?

ey

2E 1
Fo= | 2 gy
(K.L)? A7?

o The critical buckling stress in Eq. (1) or (2) is
calculated from F..
« Flexural buckling about both x and y axes and torsional
buckling about z-axis happen simultaneously.




77
| yuasnsniumSnands

«*y Chulalongkern Unlvarsity

« Double-angle and tee sections

= Due to symmetry about y-axis, the critical flexural-
torsional buckling stress is

F, = | -2 g e Eq. (12)
(Foy +F,2)

cryz 2H
where F,_ =GJ/Ar’
and F,y is calculated from Eq. (1) or (2) using

g _ 2 2
F,=F,=n"EIK,LIr)

o The critical flexural buckling stress about x-axis,
F.., is calculated from Eq. (1) or (2) using

F,=F, =2ENK LIr)

o The critical buckling stress is the smallest of F,
andF,, .
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10. Local buckling

« All column sections consist of plate elements.
 These plate elements can buckle locally before the
overall buckling of the column occurs.

 Local buckling will reduce the compressive strength of
the column.

Compression
flange

&

Section A-A

)
I

)
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Low b/t
L _/
i
|\\ P
\; Rigid straighy
alE T | M / MMM g
| !
3 T ; > Simiple supporp
% Ty , Rigid straiahy
Y - Pust-buckling P ol ul
2 Gl
E s pn o sirength :
] Straight line indicates - uitng ,
< uniform strass prior to 1= thickness
buckling U]IIID P
d"/
- b f) o

Average axiul struin

Plates with high b/t value will buckle under lower £, than plates with Jow b/7 value.

- The plate, however, can carry more load and reaches the maximum load in the post-
buckling strength region.

- Plate with high /7 value will have larger reserved strength than the plate with low b/7.
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Classification of plate elements

o Unstiffened element

The plate element that is supported along only one
edge parallel to the direction of the compressive force.

« Stiffened element

The plate element that is supported along two edges
parallel to the direction of the compressive force.
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Slenderness ratio of plate (b/t)

Tl T ]% 13t

-

I

b

ned elements Unstiffened elements

7
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Limiting b/t ratio to prevent local buckling

}—— 2 =0%6,/E/F, =16 N
D 4, =DIt=01E/F, =90
w
i =129 [EF, =428
‘ b

. —

' % 4 =140 fE/F =40 ; |-— 4 =149JE/F =428
b

T ﬁ=”> i =084 REF, =183 h ~— 4 =149[EF =225
T

U
1 :‘|:| -— i, =056 JE/F, =16

— RPN

I

l—--—z

Remarks: E =2,000,000 ksc, F, = 2,450 kse
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4 Z1LAJEIE, =40 T 4, =045 (E/F, =128
i b
_f__L 4,=08/EF =15
-~ 4 =08 E/F =16

7, =149 [ETF, =426 | LI

T 2,=045,[ETF =129

i, =120fE/F, =20

4 =056, fE/F, =16

4, =d/t, =075 fE/F, =214

i, =143 fEF, =426 T

—| |—t d

A —

- -
Tpei & (h)=umm1un’"hq [ATIHEND) NEMEn - [ 2(F +7) Wia at ]
e = A, » = SadanulEanoely




85

I ymadnsniu

«*y Chulalongkern Unlvarsity

Design of slender element
section with b/:> 4,

Eq. (21) .

OF, /

0.390F, |-mm e

Eq. (22)

TUNBUBANARAN <« s FNBRERN

4.7JEIQF)) KLIr
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« Inelastic buckling

For KLIr < 4.71 QLFy or OF,|F, <225
F, = (0.658°""")0F, Eq. (21)
« Elastic buckling

For KL/r > 471 |-£- or OF,|F, > 225
OF,

F, =0.877F, Eq. (22)

where Eq. (23)
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Q, for slender unstiffened elements

e 3.5 Aguandviutudiunzgaivatasdannnisiio (Q,) (£ = 2% 10° nnJ/ns.au.)

bit o8
Tudau F, F, =2450 F, F, =2480
NN.J/AT.TH. nN./Ag.aN.
= ]
RnamaLl

E b E b F, (B
045 |—<—<0811— 128<=<26 1320078 2} |2 | 1.340-0027] —J

Fot £, t tNE L

2 2
bape|E LS 0.53E/| F,[E] ] 433,-[E]
t % t | T\ t
s
T | 1 ar5—0.008 5]
E Lt

Unwdnan

Rz L b L
REZLELU | g gp 1= <2003 [= PLOTI 1415-074[ 2
ad F ot F t t
fusInAIL * Y

simiaite

gafanATiy

s e 2
usadmu TR | by 0g (£ L oseE/| £ [2 sea/f &
o = t F, iy \1
(Huwmdin i L

gulveany

Tnwdnan

Rty I I

) 0.64 ’ﬂ<5<1.17 ’E&f 13.3JE<3<33‘4\[;Z 1.415—0.65(£} i 1,415_0,02352] s
Tusaniavia £ E, t tNkE LeSYE,
FAIATTY

o o =
LIEATU N

— b Ek [ 2 2

\fluaedanans J—2‘1.1? T‘ 9233_4\];: 0.80Ek_/ pv(%] 735&;@]

Usznay : ' L \
=

1mrmaasai

{
s [E el eioaE | sracdons coos_129/ 4115 | 1ene—npa3 i)
£ £ ¢ eV E Le

d z d T (ay e
a0z (L 45004 oeeEl F |4 (d
CTNE : . U} /5]

* dmduwingmgUiala: & = 4/ ki, 035<k <0763, h = d-2k
AwFuutivaie: k& =0763

d= P'ﬂkﬁr‘li‘:q {nominal depth)
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Q, for slender stiffened elements

0,=4,14,

where 4, =4, - (b—b,)1

Eq. (24)

= ' o =
A1919% 3.6 AAuNinalszAnTea (b))

e

90

a" ]
TUAIU

b

e

. ‘ R
- ?Jn“ﬂmLﬂmﬁ'}mﬁgﬂﬂ@m?m@mﬁﬁ

ANNANAND (b/1) 2 1.404JE/ f*

1.92¢ E/f{1

_0.38 m] <b

(/1)

- -
- FuduFuusadasinly

(b/t) > 149JE/ /™

1.02 Eff{

PﬁJEff] <b

(b/1)

o -
- PUIRANANNAT LU

OME/F, < D/t < 045E/F,

@=0,-=

0.038E 2

S F(D/n 3

D = duhrudnanaseuuan, 2., ¢ = AL, T

"f=Rl4,vieenld f=F,

“f=F,\la0=10
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o oA v & o 1 & e i a
AREN9N 3.3 1BTAINENL 10 LWAS iuu'munmmﬂ’l?ﬁmummmu Lﬂmmmmuuﬂmmﬂmﬁ 50 AU LA

Wminussmnas 50 fu anmamseaiuiilansunsasaradluuunsssunn wasianudenseffiananeaniuge
Tufieneunuses Auaasluglil 3.29 e bidansiedeundudne Wwdn F,= 2450 nnumeau. 19
AIARBUAINAINIST N s Ul Us I NANUNIUN U UE TR W250x 822 melinnsTiamng

Ee9ann138 R FoeiE ASD waz LRFD

Pr=50 fiu
l P, =50 pu
/fﬂfﬁz /4f££
I
1)
5.00 & n
|
[ — &L
1)
I
5.00 &. i
H
H
377 e
Ppr=50 I
50 F1U

- . . 4
71l% 3.29 l@nzanieliusedpauuIg LNy (F\’J‘ﬂﬂ?ﬁ‘ﬁ 3.3)

ar

1. Auanidusadamuuunuiifienis (gindiai 1.4)

Aaskrsdpmuuaunulien B = P, + P, =50 + 50 = 100 /U

AP uluIUnUliUAYT P, = 1.2 P, +1.6F, = 1.2x50+ 1.6x 50 = 140 fiu

2. AUNUANATLR S ARNL LN Ra U o T LA
e o
ANANARLIN 1. W250 % 82.2 HAniauilh fatl

A =1047 p3.au., r

x

= 1051, 7, = 6.09 Tu.

anglii 32018 L =10u., K, =10, K, =05

aglf  (K,L/r,) =1x10x100/10.5 = 95.2
(K,L/r,) = 0.5x10x100/6.09 = 82.1 < 95.2

Farfu Aan1sliaanzileda nnIIfAseULNL x (ANN1S 3.13)
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F.=7°ENK L/r)" = 27 x2x10° /(95.2)* = 2178 nn./ma.qa.

ex

Fagann (F,/F, =2450/2178 = 1.12) < 2.25
Favhu AnmsTiaeny ludaedudanadin wazannauns 3.54 15

E, = (0.658)5”“5 = (0.658)""% x 2450 = 1530 NN./AT.44.
uazAINANnIT 3.57 14

MAsUIERANULIUNUIEY P, = F, A = 1530x104.7/1000 = 160 Fu

i arg

Adausadmmniuaunuiaiunsnials den

=y

3 ASD: P, /Q, =160/1.67 =958 fu

7 LRFD: ¢ P, =0.9x160 = 144 du
3. WT'J"M'E]‘LIF‘]’J’m@’m’ﬁﬂluﬂ’ﬁ%’uLLNﬁﬁ‘Nﬂ’]?

A8 ASD: (P, /Q, = 958) < (P,=100) #u W18
A8 LRFD: (¢.P, = 144) > (P, = 140) #u it
i

Chulalangkarn

fangnedl 3.4 11% Alignment chart AmunounAndilsrAvianuetssdvina K ludasdanafinaaa
#ine 7 lulaseenansfiuanslugiii 3.35
E W350x41.4 H -
[o2] ()]
> S
3 %
= =
= = 400 4.
= =
B W 450x76 D W450x76 G W450x76 4y
@ (o2} (+] 7
[*2] (o] (o]
X % %
& ] 2 5.00 .
= = =
A F
s RYAN o . 1
10.00 4. 6.00 4. 6.00 4.
|
=4 3 o ' i
5U7 3.35 ImsagnAnTvan (Faeneii 3.4)
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8 /L 2eudnsne S
181 AB =CD = FG = 4720/500 = 9.44 73.°
DE = GH = 4720/400 = 11.80 71.°
F 1/L vaspusing 7 8e
AN BD = 33500/1000 = 33.5 73,
DG = GJ = 33500/600 = 55.83 13.°
EH = 11100/600 = 18.5 73.”

. . L . ,
Fangnunlazeduans (ABCDFGJ) wudn Whulasefilifinnsiadewnisinuding safs annaunis 3.72 wazglil 3.32

. - L - o
n. Andudlsedvisaninenadszdvisua K anunsovlé fadl

W AB: G, =10, G, = 9.44/33.5 = 0.282 Wi K =077
_ _ 9.44+11.80 _ P _
1B CD: G = 10, = 244+ 11.80 — pno3g 3l K =076
Ge G 33.5+55.83
WFG: Gy =1, G, = 22421180 _ 45 Fulu K =067 d

 55.83+55.83%1.5

alangkarn Unlvarsity

= .-

. L .
fiansounlazetuuu (DEGH) wudn (ulasefidninadeuifuingly daiu anaunns 372 wazpli 3.32 1.

‘ iy o o . R
AndnLszAvERnuentszdntua K Auonld fail

W

@1 DE: G, =0.238, G, =11.8/18.5=0.638 WU K =115 O

¥

W1GH: G, = —244+11.80 _ _ 064 G, =11.8/18.5=0.638 WK =117 L

556.83+56.83x0.5
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Fatneit 3.5 gﬂﬁ 3.36 LLﬁngUﬁ%“ﬂ’ﬂx‘iﬁﬁuﬂﬂﬁiﬂﬂﬂﬁﬂﬂiQJﬁﬁi"Wﬁqqﬂﬂ’ﬁ‘amﬁ’]uﬁﬂd |1 AB Fusinin
mmnlﬁmum’mLLmLmuﬂmmmi’mﬂﬂmmﬂmﬁ 150 5 Lm:i{wuﬁnmmnw 200 Fu prufiFeusiatlane
UUBARZAIHTUIR WA00 x 56.6 @ugﬁlﬁmeefuuugLﬂ:dwqﬂmuwmwiw fUTuNAT2980 AB LazANTIeNIZINT
Tnamnzifasannnisialussunuaesdarsenansvingy Hwdnsla F,= 2450 NN./AT.94. ATIRAEY

v :
ﬁ'}’7N'ﬂ’WNqi‘ﬂluﬂqﬁ‘lﬂuﬁﬂﬁtﬂﬂﬁ‘ﬂﬂﬂﬁmLI.‘L!"JLLHHBH’N @7 A W400 = 200 ﬂﬁﬂlﬁﬂﬁiiﬁﬂtﬁﬁmﬁﬂ&@’]ﬂﬂqi‘ﬁﬁ

e |
Faeis ASD usz LRFD H
[ I I _
f |
4.00 4. |
W400x566 | A W400x566 W400x56.6
T _ _ _|_ w400x566 LA WA400x566 ) }
P50 1=20000 70
4.001. b . 2
PL =200 AY A =72.16 TN
'#_' T 77| Wa00x566 Te W400x566 |
4.00 4. |
I
R I o .
1
8.00 4. 8.00 4.
1

= o v |
514 3.36 Tassenansdsnaannnisdadinudng (Fhadied 3.5)

an o v & o 14 o g
’!E‘VI"I ﬂ’ﬁ‘mi"l’ﬂ’ﬂ‘ﬂlJﬂ'ﬂﬂ.l@'1Nqi‘ﬂlumuﬁ'ﬁuﬂﬂi‘i‘ﬂﬂﬁﬂmuuﬂLLﬂu ﬁﬂmm@umm'ﬂiﬂu

1. Awrnindausedamuuuaunuiisieans (giaded 1.4)
fdussdpmuuuaunuliay P =B, + B, = 150+ 200 = 350 6y

Mdaussdamauuaunuiliua P, = 1.2P, +1.6P, =1.2x 150+ 1.6x 200 = 500 Fiu
2. AUNRANAILSS RN LR UNURATNN30 5L LE (FRENIZIALMNY ¥ ) LAZAIIRASLINNTTULIIER
@ 1 - - Fo = ' n.:
n. A K ludasBanadn (anlandanflaanie K, wiisiy)
@N2WR W400x 200 (NMAKNWAIN 2.)

ApsanTRningn 7, = 78000 9., 4 = 2549 AN, 1, = 17.5 TN,

_ 2(78000/400) __ .

G, =G
4 7F 5(20000/800)

4N alignment chart 3107 3.32 1. 16 K =268
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¥

AW (K, L/r,) = 2.68x400/17.5 =61.3
annrauan n. 18 F, =2015 Nn./AT.74.

Mdusedamusuaunuszy P =F, 4, = 2015x254.9/1000 = 514 Al

o’y

AAausF AR NuLNUAaNIN T FU LR T

78 ASD: (P /Q, =514/1.67 =308) < (P,=350) Fu 1Hi1A O
7% LRFD: (4P, =0.9x514 = 463) < (R, = 500) Fu 1513015 O

langkern Unlvarsity

2. e K Tutdedufianadin (annlandinfsennz K, winhy)

o o = = - . ;| a s P

andan. 15 G,=G, =78, K, Banafin = 2.68 wazianiinnslnasnzlutiasBudanain e K,

- e e e e
Fudanadin Auenlisssells

AT 1

Kfo’rx =268x400/17.5=61.3 < (4.71 E/F} =134.6)

fatiu @iansinannzlugasdudanafn uazain

manuan n. 1§ F,=2015 nn/As.od., F, = 5253 Nn./A7.oN.

F 2015

A naunns 3.78 16 ¢, = —=— = = 0.437
0.877F,  0.877%5253

QINANng 3.77 18 G, = 0.437x 7.8 = 3.4

/1N alignment chartld K =1.92

d = . = v & e . o a
Lﬁ’t’]\ﬂ@’m K 'L“Nﬁﬁﬂhﬂﬂﬂ’hﬁ’m K Ansnn fati Anunnwnen K vl aeil




K Lir, =1.92x40017.5=438

F3lf £, = 2217 nn/e2.aa., F,, = 10242 NN./AS.GH.

Wi 7, =2217/(0.877x10242) = 0.247

=t

War G, —0.247x7.8=1.93

. ;
Azl K =158 FafailAuanfneiu K Bunan dail wen K T

P 3
K.L/r, = 1.58%400/1.75 = 36.1
sl F, =2290 nn/msasl., F, = 15147 nn./As.as.
T, =2290/(0.877x15147)=0.172
G, =0172x7.8=1.34

azlf K =140
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L
i

ATV 4

. . Y
AN K fin 140 Awaumudtinegu K Tl 1.32 FafluanilndiAeana daiu 18 F, = 2337

NN./AZ.TH.

UNEAANLUIUAUIZY P, = (2337x254.9) / 1000 = 596 FU

. o
AFARRELAINNANNNFNTLILTS L et

fin

73 ASD: (P, /Q, =596/1.67 = 357) > (P,=350) fu 114 O

A% LRFD: (¢,P, =0.9x596 = 536) > (P, =500) fiu %14 O
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a | s 5 o a i w o i i

Aaened 3.7 WA Mdussdanuuuaunuiiannsnivlfoaaawidn f fuasluglii 3.43 @0
"

©19 3.00 . Uanevisgadiiawin (K = 0.5) Hwanale F,= 2450 Nn./A7.73. Faem% ASD uaz LRFD (14

. o ‘ o

Aihiemsliasmzaniz)

hd

|
S.C. |
]

__ :
Yof ’
o
C.G.

—

—--|_|-— 12

= ar a ' i as
g1 3.43 wwithind (Feenedl 3.7 AR uu.)

NIAATALUNY 1 URYNIILIAFALLNY 2z WERHU

= i o = ar J
ﬂm@uumﬂwmmm@’] HANU
A, =(30x12)+(20~1.2)x 1.2 = 58.56 {75,
7 =[(30%1.2)x0.6+(18.8x 1.2)(9.4+1.2)]/ 58.56 = 4.45 1.

y, =4.45-06 = 3.85 7al.

1. = 1(@a0)(1.2)° + (30%1.2)(3.85)% + L (1.2)(1.88)° + (18.8% 1.2)(6.15)° = 2056 3..*
12 12

—
I

L 2)@0)° « L(18.8)(1.2)° = 2703 2.t
12 12

7l = a4 y2+ (I, +1,)/ A = 3.85% + (2056 + 2703)/58.56 = 96.09 1u.°
H =1-(x?+y?)/F* =1-3.85°/96.09 = 0.85
G = 0.38E = 0.38x2x 10° = 7.6x 10° NN./A7.73..

¥ = 1,/A =2056/5856=351170°, r, =5.93 7.

v = I,/A=2703/58.56 =46.161%.°, r,= 6.79 .
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1. vidlaussdningm F

1.1 nnstiamnzilaeannnnsdpsouuny
K_L/r=(05x300)/593=253
anmesuan n. 1§ F, = 2370 nn/Asay.

1.2 nstramzdasmnmssaseuuny y uazliagauuny z f9unu
K)_Lf'ry =(0.5x300)/6.79 =221
[nnAedan n. 1A F,, =2383 nn./ma.Tu.
Hasaniuanuiifnsd HIRT§IU AISC Avua i (aunns 3.128)

F, G Yﬁxm x 281 = 3795 nn./m9.qu.

o= A 58.56 % 96.09

war F,, = { ] 1-

[2389+ 3?95J e 4 x 2389x 3795x 0.85
2x0.85 (2389 + 3795)°

4F F _H

oy’ ooz

2
(Foy + F2)

= 2036 NN/ATLN. < (F,,. = 2370 NN./FA2.94.)
sat i@ AansTiamniasainnsdnsasuny y uazilasauuny z Wieudu TnaflAnwine
ussdAingm £, =F,. = 2036 nn./ps.gu.
2. MAUTEARULIILNUTAILET
Mdussdapuuiaunuszy P, = F, 4 = 2036x58.56/1000 = 119 #iu

o o o = My o y o o
AN AIUTNE AR N UL WA AHN T nFULH AuandlFFail

3% ASD: P /Q =119/167 =713 fu O

ae

7% LRFD:  @.P, =0.9x119=107 fu O
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W

ar i = o | ' =3 |
el 3.13 i dsznaufiviindmiuandlugui 3.66 g ldwiuminaunn 250x 9 nu. fluTniisass dau

R M UEAMANTWNR 275% 6 NN, RvuAliA et ssAnEnatend KL = 4.50 §. EmEnidmiaus
. P . ‘
AN F,= 5000 nn/mzau. wazlfuimsgou AISC uazAnilsilamasiifisduvdsfinnsiiaanziannzi 1

¥
ﬁ’ﬂu']mﬁlﬁﬁ’l’m@’]N’Wi‘ﬂluﬂﬁi‘%"ﬂuﬁﬁﬂﬂﬂi‘i‘ﬂﬂ AANLLAUNY FneAE ASD WAz LRFD

Y P 2509 wu.
I—A‘_\

-— P 275x 6 uu.

=
=

B 250 x 12 1al.

= =
71 3.66 wihdaantszney

as o o o o = x fy o Yoo g
18N ﬂ'\ﬂ\‘iLLﬁ‘d‘EﬁﬁlﬁmLLu'ﬂLmu‘ﬂﬂWNﬁﬁ‘ﬂi‘Uiﬁ Anuanlfderalii

1. ﬁTQﬂﬂ’ﬂUﬂ'J’mﬁﬁgﬂﬂmﬁhﬂlﬁu (@miwﬁ' 3.4)
187 (A= h/1,=275/6=458) > (A= 1.49\/7}1 = 1.494/(2x10°)/5000 = 29.8)
fIn: dessnndusiidndszney
k, = 4/(h/1,)"® =4/4584%% =059 < 0.763
(Ay=h/t=250/(2x9) = 13.9) > (A,= 0.64m = 0.64v2x10° x 0.59/5000 = 9.8)

e @ ! P
Aadu elnuazieafianisiiuanzaned  (luesdenasdsainnuindndudounzgn  A>4) ua

. s o
AN AUITLAFRAILAR O Fai
2. AMundRuan Q = 0,0,

2.1 AnuadiAuan O
o 5

. Y .
Tn:iflessn 9.8 < (h/t =13.9) < 18.0 FethAInANTA 3.5 14

0, = 1.415-0.65 (b/1),[F, /k.E = 1.415 - 0.65%13.94/5000/(0.59x 2x 10°) = 0.827
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2.2 AusnuiRan O,
B9 ANANNIE 3186 Q= A,/ 4,
ANENNNT 3156 A, = A - (b-b)t

0.34

@ﬂnmiwfﬂ" 3.6 b, = 1.92:JEff {1——,}E/f} <b

(b/1)

Tnefl £ = F, e 0 = 1.0 uaz F, vldainaunns 3.157 ¥i3a 3.158 atinalsfinu nsunan

v

Lo ‘ Ay o de . ' .
E, L andlufieden F, new @dlfunAilieafiananndn £, £, uaz £, (Hesananiuihdaaunes

.
VEGREE )
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13 1 o e Y oa ﬂ?‘
Aruanuminausadaingn F,, 1Hdal

A = (2x25%09)+(27.5%0.6) = 61.5 AI.TH.

—
I

2(%x25x 0.9°+ 25x0.9x14.22]+éx 0.6x27.5° = 10117 1.

—
I

1 1
2| —x0.9x25% |+ —x27.5%0.6° =2344 =’
12 12

o = JL /A, =283, r, = I /4, =617 9w,

1 1
J o= =3 b = —(2x25x0.9° +284x0.67) = 14.19 71.°
3 3

X
1l

C, = 1,i/4 = (2344%28.4%)/4 = 473x10° o1
2 2 6
E 3.1416° x 2% 10
F,=-= - X~ 16046 NPT
(K. Lir)? (450/12.83)?
z z 6
E 3.1416% x 2% 10
F@ = T = xex = 3711 nn./ms.adu.
(K,Lir,) (450/6.17)°
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F_ = [;rzECw (K, L) + GJ]H(IX +1,)

= (314167 x2x 10° x 4.73x 10°/450° + 7.6 x 10° x 14.19) /(10117 + 2344)

= 4566 NN./AT.T4.

adld  F, = F, =371 nn/meau. flesann (F,/F, =5000/3711 = 1.347) < 2.25
ol f = F, = (0.658)" " F, = 2845 nn./nz.ga.

o

45.8
A, = 61.5—(27.5-24.5)(0.6) =59.7 AT
0, = 4,/4, = 59.7/61.5 = 0.971

azlfl @ = 0,0, = 0.827x0.971 = 0.803

, = 1.92x0‘6\/2x10812845|:17wv'2x106f2845} =245 < 275 W3

alangkarn Unlvarsity

3. AuniNALIE AL LU LnURANIN T Fu LA

QFy/F;, = (0.803x5000)/3711 = 1.08

azld £, = (0.658%"")QF, = 0.658'% x0.803x5000 = 2555 nn./m5.1u.

AdursdnnaueunuIzy P = F, 4, = (2555%61.5)/1000 =157 Fiu

erflg

e ar o dl ar v o v o J‘
ﬂ']f‘NLLN’E.‘Iﬁﬂ’]NLLu’JLLﬂuVIﬂ’]N’Wi‘DTUuLﬂ mmmimmu

e

JEASD: P, /Q, =157/1.67 =94 AU

o

TR LRFD: ¢,P, =0.9x157 =141 #u
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Flexural Members (Part 1)

Introduction

Simple flexure formula
Modes of failure
In-plane bending (IPB)

Out-of-plane bending or Lateral torsional
buckling (LTB)

AISC 2005 provisions (Chapter F)

loads.

=

==

[ |

—

1. Introduction

=

=

114

« Beams are members that carry primarily transverse

 Typical beam sections are shown below.

00T ]
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2. Simple Flexure Formula

f:ﬂ_i_%
S, S,

S = section modulus, defined as the moment of inertia | divided
by the distance ¢ from the center of gravity to the extreme fiber.

The subscript x and y indicates the axis about which the moment
of inertia is computed and from which the distance c is measured.

Gy 5 f 5
P il i y - =a N =it ¥
if
St
7

1y
S = 1 §,= =
1‘." ¥

Figure 7.2.1 Elastic section modulus expressions for symmetrical shapes.

Reference: Salmon, C.G. and Johnson, J.E. (1996). Steel structures: design and behavior, fourth edition, HarperCollins Publishers Inc
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3. Modes of Failure

+ In-plane bending (IPB)
° Yielding
= Local buckling of web and/or flange

Out-of-plane bending or Lateral torsional buckling
(LTB)

Shear

° Yielding

= Web shear buckling
Deflection

The limitation depends on the type of materials being
supported, i.e., ceilings, partition, or walls.
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Behavior of Laterally-Stable, Compact Section
Beams (In-plane Bending)

» Beams are laterally stable when compressive flanges do not buckle laterally.
» The moment strength can be computed from the section properties.

« The strain and stress distributions through the section depth at different
stages of loadings are shown below.

a) stress-strain i @_@ ®

b) strain distribution j ; ; §
¢) stress distribution
5”” ; ; §

i
H-G B -8

7
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Up to Yield ( stage 1 ) : both strain and stress distributions are linear.
the limiting moment is M, = F,5:
where M, = yielding moment
F, = yielding stress

S, = elastic section modulus
Bevond Yield ( stages 2—4) : strain distribution is linear but stress is nonlinear

the limiting moment is M, = F,.Z,

where M, = plastic moment
Z. = plastic section modulus
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Shape Factor (f)

» The increase of moment from My to Mp is known as the
reserved moment strength.

» A shape factor is defined as the ratio of Mp and My

M 7z ! P
f=—£ === 1
: —_—
M, S, i Fy
1
. bd/4
for a rectangular section = = 1.50
gl 4 b'd /6
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Moment-Curvature relationships

M/My
20 1 <& aundanyu 2.00
® NANFU 1.70
15 B Fwdeniu 150
O naunan 1.
w AU/ 1.14 (Anseuunu x)
1.0 [~ 50 (ARTRLILNY
O Awdsunass 1.50
0 K
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4. In-plane bending (IPB)

M, (snusiszy)
A widngAuLY (compact section) : M, =M,=ZF,

wriFn gAY (noncompact section) :

w4

miAnTudauTzgn (slender element section) :
M, =F,S

aPx
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Limiting b/t ratio to prevent local
buckling

AISC (2005) classifies the steel sections into:
1. Compact section
0 A section can develop a fully plastic moment.

o A flange must be continuously connected to the
web or webs.

o Element local buckling is not a problem.
2. Noncompact section

0 A section cannot develop a fully plastic moment.
3. Slender element section

o Element local buckling occurs.
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5. Lateral Torsional Buckling (LTB)
Tuust
A ANATHITDUNNIUY U = RA .
H
- I
M e IORE
M, P
o NANERAN
@ 2UBAARN LTB and local buckling prevented
M, p——f—==——- LTB or local buckling
@ LTB or local buckling
™~ 8AN45N M
R )
0 Amax srezinesia

alangkarn Unlvarsity

Lateral deflection
of the compression
flange

Top view 5 1 ‘%% 1

Point A

Loading in plane of web Compression i
1 B A flange 2
I et B
S e A
Side view Side view
(a) (b)

Figure 9.1.1 Beam laterally supported only at its ends.

Reference: Salmon, C.G. and Johnson, J.E. (1996). Steel structures: design and behavior, fourth edition, HarperCollins Publishers Inc
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Angles
Open
web
Joists =
(c)
(d) (e)
T Stiffenar — Roof purlin
T i _? Channel Welded or bolted
Fl=——— Strut .
- Main roof
iﬁ beam or
rigid frame
section
2 ®

Figure 9.2.1 Types of definite lateral support,

Reference: Salmon, C.G. and Johnson, J.E. (1996). Steel structures: design and behavior, fourth edition, HarperCollins Publishers Inc
| RS DR A Bt
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Nominal moment strength v.s. Unbraced length

M, (luwuriszy)
Liifia LTB M,=M,

M, LTB TugasBudanafn :
L —-L
M, F M, =C,| M, —(M,-M,)| =2
n b P P r L —L
M, F-———- dmm e b o

'lu'mmmamn: M,=F,S,




1 yunadnsnium3nenda

Chulalangkarn Unlvarsity

AISC  uses Ch 12.5M e

R, <30
25M, +3M ,+4M, +3M,

where Mypax =

absolute max. moment between the unbraced length

M, Mz, Mc = absolute moment at %, Y and % of the length

R, = cross-section monosymmetry parameter
1.0, double sym. members

1.0. singly sym. members under single curvature bending
Cy, is permitted to be conservatively taken as 1.0 for all cases.

Cp = 1.0 for cantilevers or overhangs where the free end is unbraced.

(3.6.10)

1 yunadnsnium3nenda
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- From AISC formula, Cp ( with R, = 1.0 ) values are as follow

IXEEEEEERER"
T
|

IXEEERAREER)
Ly=L | Ly=Li
Cy=1.14 ! Cy=1.30
(a) (b)
o e &% A =&
) L:.:L Ly=L/2
Cy=1.32 Cy = 1.67
() (d)
oM My=M |
o S LR IR
Ly=L | L i J a :
Ch =227 | I I 1
()

ABandCD:Cy = 1.67
BC: Cp = 1.00

Cn
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AISC M, = M,
where M, = required flexural strength
M, = available flexural strength
= M, /Q,  (ASD. Q,=167 )
=[gM, (LRFD. ¢, = 0.90)
A

’ M, = nominal flexural strength ‘
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132
6. AISC 2005 provisions (Chapter F)
Table below gives appropriate limit states for each corresponding section type.
TABLE User Note F1.1
Selection Table for the Application
of Chapter F Sections
Section
in Flange Web Limit
Chapter F Cross Section Slenderness | Slenderness States
F2 = @ c Y, LTB
F3 I NC, S c LTB, FLB
F4 C,NC, S C,NC |Y,LTB, FLB, TFY
F5 _E- T C,NC, S £ Y, LTB, FLB, TFY
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F6 | | | C,NC, S N/A Y, FLB

F7 | | C,NC, S C,NC Y, FLB, WLB

F8 @ N/A N/A Y, LB
F9 :"—— p— C,NC, S NA Y, LTB, FLB

F10 N/A NA Y, LTB, LLB
Fi1 N/A N/A Y, LTB
F12 Unsymmetrical shapes N/A N/A All limit states

Y = yielding, LTB = lateral-torsional buckling, FLB = flange local buckling, WLB = web local buckling,
TFY = tension flange yielding, LLB = leg local buckling, LB = local buckling, C = compact, NC = noncompact,
S = slender

F2. DOUBLY SYMMETRIC COMPACT I-SHAPED MEMBERS

AND CHANNELS BENT ABOUT THEIR MAJOR AXIS
The nominal flexural strength, M, shall be the lower value obtained according
to the limit states of yielding (plastic moment) and lateral-torsional buckling.

1. Yielding
M,=M,=FZ, (F2-1)
where

F, = specified minimum yield stress of the type of steel being used, ksi (MPa)
Z, = plastic section modulus about the x-axis, in? (mm3)
note: if Ly < Lpg= [0. 12+0.076( M, / M, )](EJ Fy)ry . then plastic analysis can be

used.




and where

2. Lateral-Torsional Buckling
(a) When L, < L pe the limit state of lateral-torsional buckling does not apply.
(b)) When L, < Ly < L,
Ly—L,
M, =Cy| M, — (M, —0.7TF,S,) | ——— =M, (F2-2)
L,—-L,
(¢c) When L, > L,
Mﬂ = Fchx = Mp (F2'3)
where

L} = length between points that are either braced against lateral displacement
of compression flange or braced against twist of the cross section, in.
(mm)

May be conservatively taken as 1.0

(F2-4)
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E = modulus of elasticity of steel = 29,000 ksi (200 000 MPa)
J = torsional constant, in.* (mm*)
S, = elastic section modulus taken about the x-axis, in.> (mm?)




The limiting lengths L , and L, are determined as follows:

E

Fy

E | Jc (0.TF, S.h,\
Ly =195rs - L f1+6.76 (= (F2-6)

L, =1.76r, (F2-5)

TV Seh, Je
where
and
For a doubly symmetric I-shape: ¢ =1 (F2-8a)
For a channel: c= J'E\/T (F2-8b)
2V C,
where

h, = distance between the flange centroids, in. (mm)
| Sl e

1,h?
For doubly symmetric I-shapes with rectangular flanges, C,, = -2

1 and thus
Equation F2-7 becomes

Ih,
= 25

r;s may be approximated accurately and conservatively as the radius of gyration
of the compression flange plus one-sixth of the web:

by

12 1+1m“’
6bysty

I'es =




F3. DOUBLY SYMMETRIC I-SHAPED MEMBERS WITH COMPACT
WEBS AND NONCOMPACT OR SLENDER FLANGES BENT

ABOUT THEIR MAJOR AXIS

The nominal flexural strength, M,,, shall be the lower value obtained according
to the limit states of lateral-torsional buckling and compression flange local
buckling.

1. Lateral-Torsional Buckling : Same as previous section F2
2. Compression Flange Local Buckling
(a) For sections with noncompact flanges
A — Apf
M, =M, —-M,—-0TFS)| ———F— (F3-1)
Arf = hps
(b) For sections with slender flanges
09Ek. S,
M, =——— (F3-2)
22

4
k. = ———= and shall not be taken less than 0.35 nor greater than 0.76 for
S g

calculation purposes
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Flexural Member (Part 2)

Simple shear formula

Web shear failure

AISC 2010 provisions (Chapter G)
Deflection criterion

Biaxial bending

LA B A

142
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1. Simple shear formula

Theoretically, the beam shear stress is given by

v
z'v = _Q (1)
It
Where V = shear force
I = moment of inertia of the entire cross section about the
neutral axis
Q = moment about the neutral axis of the area that is beyond
the fiber at which the shear stress is calculated
t = thickness of the portion at which the shear stress is
calculated
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For a typical I-section, the shear stress distribution in the elastic
range is shown below. It is clear that the web carries a significant

portion of shear force. Also, the shear stress is nearly uniform
over the web area.

[ ] B__

Elastic Shear
stress

- —

Fig 1. Shear stress distribution on I-sections

Therefore, for the purpose of design, we can assume without
much error that the average shear stress is

v @)
Y4, td
Where t,, = web thickness, d = overall depth

. 144
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2. Web shear failure

Depending on the slenderness of the web, the possible
failure modes are

» Web shear yielding
« Inelastic web shear buckling
- Elastic web shear buckling

i

L=
dEEE

Fig 2. Shear yielding near the support.

|
N
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|
2 b= 7, = C,(06F, )4,
|
|
AN|

1.10
C, = JEk,IF,
TS, vy —

AumkaRiing aneju
\_ (Mstrenzludasdusanasin)
08— ———— -y
N
v, =06F, 4, ~

_ 1.51Ek,
(1t )'F,,

(Malnawnzludasdangsin)

(41N19 4.105)

h
= =137, [Ek,IF,,,

w

(ANN19 4.104)

h
= =110 [EK,IF,,

w

Fig 3. Web shear coefficient, C,
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Refer to Fig. 3, we can summarize as follows,
1. Web shearyielding : #/¢, < 1.10,/Ek,/F,,,

C =1

2. Inelastic web shear buckling : 1.10 R
F, 1, F,,
1.10
¢ - 10 [Bk,
(hlt,)\ F,,
Ek

3. Elastic web shear buckling : LN 1.37 | =
t

w w

c - 1.51€kv
(hl1,)?F,,
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3. AISC 2010 provisions (Chapter G)

Chapter G addresses webs of singly or doubly
symmetric members subject to shear in the plane of
web, single angles and HSS sections, and shear in the
weak direction of singly or doubly symmetric shapes.

The design shear strength, 0,,V,,, and the allowable shear strength, V,,/Q,, shall be
determined as follows:

For all provisions in this chapter except Section G2.1(a):

n

&, Chulnlongkern Univarsity

0,=090 (LRFD)  Q, = 1.67 (ASD)

148

G2.1 Members with unstiffened
or stiffened webs

For webs of singly or doubly symmetric members and
channels subject to shear in the plane of the web. The
nominal shear strength (V) of unstiffened or stiffened
webs according to the limit states of shear yielding and
shear buckling is

v, v (G2-1)

“shear yield force”
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(a) For webs of rolled I-shaped members with  h/t, <2.24,/E/F,
6,=1.00 (LRFD)  Q, = 1.50 (ASD)

and

C,=10 ‘ Section G2.1 (a) ‘ (G2-2)

(b) For webs of all other doubly symmetric shapes and singly symmetric shapes
and channels, except round HSS, the web shear coefficient, C,, is determined

as follows:

(i) When h/t, <1.10Jk,E/F,

C,=10 (G2-3)
(i) When 1.10\/k,E/Fy <h/t, <137 JkE/F,
1.10./k,E / F,
= V¥ (G2-4)

hit,

v

(iii) When h/t, > 1.37 k. E/ F,

C, = 151k E (G2-5)

(hit,)'F,

where
A, = area of web, the overall depth times the web thickness, dr,,, in.2 (mm?)

h = for rolled shapes, the clear distance between flanges less the fillet or cor-
ner radii, in. (mm)
= for built-up welded sections, the clear distance between flanges,
in. (mm)
= for built-up bolted sections, the distance between fastener lines,
in. (mm)
= for tees, the overall depth, in. (mm)
ty = thickness of web, in. (mm)




The web plate shear buckling coefficient, k,, is determined as follows:

(1) For webs without transverse stiffeners and with h/t,, < 260:

“flanges on both edges of web”
k,=5

except for the stem of tee shapes where k, = 1.2.

(i1) For webs with transverse stiffeners:

“flanges on both edges of web”

k, =5+ = 5 (G2-6)
(a/h)
260 T
=5 whena/h>30o0ra/h> 6
(hity)

where
a = clear distance between transverse stiffeners, in. (mm)

4. Deflection criterion

Deflections in structural members and structural systems under
appropriate service load conditions shall not impair the
serviceability of the structure. Usually the allowable deflection is
L/360.

-—
l Force . L3
D=
) T e
force
«— | —»
l Force . L3
D D=
* T 192, 5
Force
«— | —»
lD D= Force . L3
_T— 1 108. EI

l Force . L3

“«— L —»
ﬁ-— TD D=48‘ -
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5. Biaxial bending

¥ x = strong axis
y = weak axis

Aloading condition that produces bending about both major
(strong) axis and minor (weak) axis

166
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Axcs of —-‘ Fig.. Location of
¥ SYmeLy. shear center for
several common

L + '1 cross section
f
IR

(b)

A shear center is a point through which the loads must act if there
is to be no twisting, or torsion, of the beam. The shear center is
always located on an axis of symmetry; thus the shear center will be
at the centroid of a cross section with two axes of symmetry.
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Case I: Loads Applied Through the Shear Center

One-axis bending:

AISC M, = M,

where M, = required flexural strength
M, = available flexural strength

or

required moment strength -
available moment strength

1.0

X

A

Biaxial bending:

required x - axis moment strength 4 required y - axis moment strength <1.0
available x - axis moment strength  available y - axis moment strength ~
168
' guhasnsniu
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M M
LRFD : A Tl P )
oM, oM,
where
M, = factored-load moment about the x axis
M, = nominal moment strength for x-axis bending
M, = factored-load moment about the y axis
M,,, = nominal moment strength for the y axis
M.
ASD:: M, “o <19
MM/Q!? Mﬂ_\'/nb
where

M, = service load moment about the x axis
M,, = service load moment about the y axis
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Minor axis bending (Mp,):

Any shape bent about its weak axis cannot buckle in the other
direction, so lateral torsional buckling is not a limit state.

Compact section:

M, =M, =FzZ

y

< 1.6F,S,

where
M, = nominal moment strength about the y axis
M, = plastic moment strength about the y axis
F,S, = yield moment for the y axis

Noncompact section (flange-to-width ratio exceed the limit):
= A- "Lp
Mny = MP}. - (MP). - 0.71"}5_“) —A.. = 3»;,

Same equation as major axis bending

' guhasnsniu 17
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Case II: Loads Not Applied Through
the Shear Center

When loads are not applied through the shear center of a cross
section, the result is flexure plus torsion.

P Py Py

~ _ d
4 = By C Py .
Purlins

(a)
. Take only half the cross section to be
e ...’ |Y.k + effective with respect to y-axis.

) I) % Beams

(b)
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The sag rods provide lateral support with respect to x-axis

bending and will act as transverse supports for y-axis bending,
requiring that the purlin be treated as a continuous beam.

Mragned 4.6 Tasswdianlszneufanlasiananisinaiu s was wlneinaiu 1.00 wns uazlmdn
viewdaul (sag rod) Eﬁﬂﬂﬁqﬂmmqwmwmm WaRES PN LL‘]J%U{’Wﬁ'ﬂUii‘ﬂﬂﬁ\ﬁ@’]ﬂ'fﬂB]'Hﬁﬂﬁ'l 15
RNEERTH ﬁpﬂﬁﬁﬂlﬁiﬂn"ﬁ 30 nn./me.a1. uaztiinannussan 8 nn . nezinlufFdeniumdsanied
Aty 1:2 Widnatle F,= 2450 nn/ma.ou. Weanuwuuawaul Tﬁﬂ'l%mngﬂmimuﬁ'\ﬁmgﬂiwﬁw

FneRs ASD

ﬁﬂﬁ 4.28 uilvnaamn
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