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RVs. O Distribution Frequency

2 1(R)
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Probability

of failure
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Test # R (kips) Record # | Pw (kips) LJLLO u
1 23.5 1 14.8
2 28.1 2 14.1
3 24 3 18.4
4 26.5 4 16.3
p 5 25.3 5 169
Py 6 22.2 o 19.8
7 25.3 7 21.2
R” —254 ﬁff;U.S 8 26.2 8 18.4
0 24.9 9 14.8
10 22.3 10 19.1
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R Vs. Q@ Distribution
0.25, : 7

Rm = 2483 kips
C—R o ISH kipg 02
I.R — 0075
= 0.15 -
)
Q, =17.38 kips 4
‘ 01
g, =2.30 kips
V, =0.136 .

D

=
T AT/

22 26 2%
R.Q
Lttt Oat - LHaApITL &

14 16 10 30 i

p =247 POF =0.67%
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R _oss .
g.f?:R—m > - @=0.83

“Tnverse of cumulative normal
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2 AISC Reliability index ([3)
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Loading Conditions

D + (L or S) D+L+W D+L+E
Members 3.0 2.5 1.75
Connections 4.5 4.5 4.5

3 Where

Dead loads (D)
Live loads (L)
Wind Loads (W)
Earthguakes (E)
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> 70, f

Q For garages, load facter for L in load combinations 3,4 and 5 shall be 1.0 and not 0.5 ( L = 100 psf;

¢ R,

\

1- 14D
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) oY 9 b ol I(\

Ao (w9 98 oL

A,

AISC P hx..ojlmog)l.) \—X)I)u)o

Z; i Q (ﬁl'RH

2- 12D+1.6 L+0.5(L, or S or R)

3— 12D+1.6(L or SorR)+0.5Lor (0.87)

4— 12D+1.6W +05L+0.5(L, or SorR)

5- 12D+10E+05L+028

6— 09D+(1.3Wor1.0E)

¢ =0.75-1.00

for vield §= 0.9 and for bolt shear ¢=0.75

O Dead loads (D)
d Live loads (LL)

|

1

1

1
Occupancy load (L) :
Roofload (L)) |
1

Snow load (S) [
Rain loads (R) :
1

1

I

|

|

1

1

1

1

|

O Wind Loads (W)

d Earthquake load (E)

Q Lateral earth pressure (H)
3 Fluid pressures (F)

Q Self-restraining force (T)
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l_ ¥ L}
:I_:ISC considers the following load combinations in design R < & ] ]
( I- D =5 QS b9 dgue e
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< 4— D+075L+0.75(L. or SorR) AISC
5—- Di(Wor0.7E) ‘J. .b LJLw =
6— D+0.75(W or0.7E )+0.75L+0.75(L, or S or R) ) Jlxe woglio (ybo)
| 7= 06Dx(Wor07E) DS by ikl
_ 3)5 e
13 _
P) (=— for yield £=1.67 and for bolt shear 2= 2.0
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R
From ASD: 6:D+L=D+3D=4D
R, = 4D{)
From LRFD: ¢$R, = 12D + 1.6L = 12D + 1.6 X 3D = 6D
6D
R,=—
]
6D... 1 1.5
Equating and solving for () )= ? X TR Tﬁ.
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. 1.
net length of ABCD = length of ABCD —2(hole dia. + Em)

net length of ABCD =11-2,

. 1.
net length of 4BCEF = length of 4ABCEF —3(hole dia. + gm) +—

12 JUo axlol
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g q
P Y 3 2 1 |
net length of ABCEF =1 1—3‘ “—+l |—(—} =9.1251n (controls) k3 l‘ 9B
L4 8/ 4(3) iy Ca'\
3m J :\ ‘: E
1 5 =1 ] D ?F
net length of ABEF = length of ABEF —2(hole dia.+ gin) +— |"i
net length of ABEF =11 —2‘ —+— | (J(;} 9.625in
Therefore.
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The neat area 4 = 9.125| 5 | =4.561n°"
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(A) sperg =30%.6 — 3*2.8%.6+ .6(5.52/24+ 4.52/40)=14.02cm?
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x=(23*1.7*1.7/2+12*1*6)/53= 1.99 cm

U=1- x/L=1- 1.99/20=0.9

A =U. A =0.9%89.68=80.71 cm?
P,=min(0.9F,.A,, 0.75 F, A,)

P =0.9%2.4%106= 228 . 96 t

P =0.75*3.7%80.71= 223.97 t
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P, /2=min(0.9F,.A,, 0.75 F,A,)
P,/2=0.9*2.4*30=64.8 t P, =129.6t
P,/2=0.75*3.7*25.2=69.93t P,=139.86t
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These cross-hatched
Parts may tear out.
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L150><100><12\J 7 A, =28.74- 2.4*1.2=25.86 cm?
M0 100  X=(13.8*%1.2*1.2/2+10*1.2*5)/28.74= 2.43
U=1- x/L=1- 2.43/20=0.88<0.9

B 100 A =U. A,=0.88%25.86=22.71 cm?
gl
4 ; T,=min(0.9F, A, , 0.75 F, A,)

/ T,=0.9%2.4%28.74= 62.1t

Tension plane T,=0.75*3.7*80.71= 63.01t
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100 0.6F A, +U, F A, =.6%3.7%22.8+1*3.7%6.96=76.36 t
/ +U, F A =.6%2.4%30+ 1*3.7%6.96 = 76.96t
Shear plane

/ T,=0.75*.76.96=57.72 t
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VB U ghadio Fhow J3 huinS

@T,=0.9(A/F,)
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150 kg/m?
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~ el moofing

e
. - <4 /
= -fq ™ /
~ i ~J7
e e

1
|
O 11

Ao (w9 98 oL

L a0V oi)ls a5 | S

F,=3000, F,=5000
S=150.c0s(25)=136 kg/m?
D=50 kg/m?
T=(1.5*136+1.25*50)(2.4*7.5
).c0s(25)=4347 kg

T=4347 kg
T,=0.75T,=0.75*0.75*5000A,
_ 2812.5A, kg/m?
A,=4347/2812.5=1.55 cm?
Use d=16 A=2cm?

Yo uJ.\J'l.o)S&
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P, = 22kips —— — 3

=

_

=

— clevis (typ.)
s

B clevis coanection detail
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Py

F,
F,

(22k)(1.10) ) . 1
= m;—. 15 = 34.3 kips (factored load on tension rod and connectors )
5 ]

From the AISCM, Table 2-5,

= 36 ksi
= 58 ksi to B0 ksi (use F; = 58 ksi)

From AISCM Table 15-3, a No. 3 clevis is required (&R, = 37.5 kips > 34.3 kips). The maximum threaded
rod diameter allowed is 1-3/8 in. and the maximum pin diameter is p = 1%-in.

From AISCM Table 154, a No. 3 clevis can be used with a pin that varies in diameter from 1 in. to 1% in.
From AfSCM Table 15-5, a turnbuckle with a rod diameter of 1%-in. is required (&8, = 38 kips >
34.3 kips).

Recall that the pin diameter must be at least 125% of the threaded rod diameter.

D (required) = 1.25D_, = (1.25)(1.25) = 1.57 in. (use a 1%-in. pin}

Check the 1%-in. threaded rod:

1.23 in.2 (AISCM Table 7-2)
B0.T5F, A,
= (0.75)(0.75)(58)(1.23) = 40.1 kips > 343 kips

Ay
&R,

Use a I%-in. threaded rod with a No. 2 clevis and a turnbuckie.

. Check tensile rupture on the net effective area:

f | "-I
(3+3)—(|L75 + —|
16 )
b = = 2.00 in.

2

by = 2 + 063 in. < b
= (2)(7/16) + 0.63 = 1.5in. < b = 200 in. (use by = 1.5in.)
&P, = &b F,
= (0.75)(2)(7/16){1.5)(58) = S7.1kips > 34.3 kips OK

D

A,

\n'

oMle)s &
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Check shear rupture on the effective area:

( d\
Ay = le a+=|
\ ~ )

ey SRR B e

= (2)(7/16)( 3.09 + —=| = 3461’

bP, = G0.6F,A,
= (0.75)(0.6)(58)(3.46) = 00.5 kips > 34.3 kips OK

Check bearing on the projected area of the pin:

P, = &18F Ay

Check dimensional requirements:
a= 1.33by
309in. = 133(15) = 2in. OK

W=20y + d
(3+3)=6in.=(2)(15) + L75 = 475in. OK

¢ = a, not applicable

The %e-in. gussel plate is adequate.

= (0.75)(1.8)(36)(1.75)(7/16) = 37.2 kips > 34.3 kips OK

D

Gl

YA

oMle)s &
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20t éb-o-nwmhxwh_glb.odu °

o b o3y Hlis i)l sl o —uwlio

> L 100x10 A=19.15cm? r_. =1.95
x=2.84 U=1-2.84/20=0.86
. -~ A,=0.86*19.15=16.5>10.8
am L/r. . =500/1.95=256<300
_ _ 2L 70x7 A=18.79cm? r,=2.12
?;?20’92’052;?(7030: by =086 U=1-86/15=94>09
u=t- A,=0.9*18.79=16.9>10.8

— — 2
Ty 0 O L =500/2.12=236<300
Ae=307. 15k, =10 Use 2L707
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W Column Pipe or round
HSS tubing
Single angle  Double angle Tee
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Square HSS
tubing

Channel
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Rectangular
HSS tubing

W with
Cover Plats

1
L

Four angle Box section
box section

T _|||_

_,

W and Built-up
channels
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Box section

_I|I_

L

Built-up

B
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m Critical Buckling Load r"
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y(x) = A sinkx 4+ B coskx k =

y(0)=0 - B=0

y(L) =0 - AsinkL =0

sinkL =0 — kL =nnm -
P (nm)? EI (nm)?
T A

| oY s ol
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m Critical Buckling Load, P_, == oistesob

The critical buckling load (Euler Buckling)
for a long column Is given by

2
P‘=TE El (9)

c7 2
where L

E = modulus of elasticity of the material 4wl Jss-
7= moment of inertia of the cross section w*xl vlee
L = length of column Jsb
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m Critical Buckling Stress == sleS (i

The critical buckling normal stress Is given
by

n’E
F = :
& ( L ,r .]I-" );.

Where T -
r = radius of gyration = \'ll_él Vsl ) Elas

Y

(11)

(L/r) = slenderness ratio of column S eV
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Before 1 1
F
During J—
NG Al G Jstss P>P, P>P, P>P,

Before During After
F Ja F )
After - Before
F Stable Equilibrium F Possible
buckle
. EF—s or
S Jalss P=p, P=p, P=P,Dum R collpss
Betcne During After
Before F F
F After Small
F disturbance v Unstable Equilibrium

During F
F =@

Before During After
F F F
After . Precarious Equilibrium
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(Mpa) v '

\ _— Plastic yield defined

5 A/‘/C by o= f,
.T A ,

Elastic buckling (o)
/ (’f{?ﬁﬂ{?d f)-t f'f;E/ ;L.?

-

‘A
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m Residual Stresses in Rolled Sections

Compression (-)

T

|

,-1'|"' Maximum compressive

(i I Stress, say 12 ksi average

}

Tension (+)

(83 Mpa)

Figure 1. Typical residual stress

pattern on rolled shapes
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Colimns with residual stress

Elastic critical buckling

AEf)" A=\

Oa

r’ﬂ{z; a)
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A Stub column vields

when o, = f,
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(Mpa) Data from collapse tests
Iy /

Theoretical elastic buckling

Lower bound curve
>

7 (E/f)"” M

v\ oMl 5 g 92-91 Jsl Jlwwoss




Sybd slast - pyle Jad ) so¥h slo os f’(\

(W Igo DS 1S

Syl slas! wileS cwoglio i wgd 9 olsisls [ SumH

Aol U'”T SOl adosl)

2
E
FCI’ = (0'658Fy“:e )Fy Fe B Fcr B (I<7Z-L/ r)2

F_=0.877F,

B

inelastic elastic 200

A =4.TL N E/F,

Yy
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L=1L, L |
T |
‘ = L,=2L

Pinned ends
K=1

Fixed and free ends

K=2

Fixed ends

i) kJQLT auss .b.:').m ).)'
—

Pinned and fixed ends
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m [he Effective Length Concept uistes 50 Jsb

Based on the effective length concept, the
Euler buckling load and stress formulas
become, respectively

2
p =12 )
(KL)
or
2
F=— (3)
(KL /r)

KL =L =L"=effective length
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Theoretical Effective length factors
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'| Buckled shape 1 : ! . ! '
of column ! ' : vl ] '
shown by ! \ ] AR ‘

8 (] L ] [ ] 't 1 '
dashed line 1 ' P - b !
|1 [ ] [ ] M 1] -
\ ' 1 ’ '
' ) - ’
1 |1 ' i
L _;.i
IR | s SRR R s
el T s [ SSSECIRER [ ARSERRANER
Theoretical K
i 7 1.0 1.0 2. 2.0
value 0.5 0 0
Recommended
0.65 0.80 1.2 1.0 2.10 2.0

KVH 3 9 olKiatd —
39 Gl

| oY s ol \
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owleS g0 Job o puo

design value K

End condition
key

S

Rotation fixed and translation fixed

NN Rﬂltatlon free ar‘ld traI"IS|EIli0n flxed

Rotation fixed and translation free
? Rotation free and translation free
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Effective lengths in frame columns

]
[ |
G A [ D
A " i
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KL| L
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JJ-.IJ.-‘-_-.-FB I
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(a) Braced frame, hinged base

i
Q_,O’_“‘O
\
\
\
\

(¢) Braced frame, fixed base

e R

4&_

T
Ll

KL
2

|

P r
4 0.5L < KL <0.7L

L

J_ /
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(d) Unbraced frame, fixed base

D

A,

A

ol S g

92-91 Jsl Jluoss




Sl slast — p e Jad ) oY slo o3l

(W Igo DS 1S

6}'&5 &Sw‘ gfuu Cﬁbgﬁo Ao (w9 98 oIRLI1S

100,0 10,0 - 100.0
500 3 50,0
300 4 50 - 30,0
200 4 40 L 20.0
10.0 . 30 L 10.0

9.0 + -9.0
8.0 =80
7.0 4 - 7.0
6.0 6.0
3.0 4 5.0
40 4 20 4.0
3.0 4 -3.0
4 L
2.0 2.0
S 13 !
10 -1.0
] L
0J V0 -0

SIDESWAY UNINHIBITED

Gy
0.0 - 1.0 50.0
1003 ? F 10.0
5.0 3 E 5.0
301 ) F 3.0
20+ ! 2.0

+ 08

1.0 4 - 1.0
08 4 - 0.8
0.7 4 = 0.7
0.6 + 407 0.6
051 - 0.5

4 L
] 1 FO.‘ G z“(Etl /L)col [ ]

4 A L =E— = -\T
0.3 - L o3 inelastic Z(EI/L)beam elasticL” a
- + 06 s
0.1 - - 0.1 _ Et _ |:cr,inelastic

T, =—=
E F, ..
0- Los Lo Cr,elastic
SIDESWAY INHIBITED

vy
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PU _<¢CPI1 = ¢C(AgFCI')
¢.=0.9
P u= Z%P i

F, =(0658""")F,  A<4.71VE/F,

F. =0.877F, 2>4.71V E/F,
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IPB300: A=149 cm?
r=12.98cm r,=7.58 cm
K=0.8

Min=Ty=7.98 CM

Amax= 0.8* 500/7.58=52.7
A= 4.71N E/Fy =4.71N2e6/2400
A.=136>52.7

F.=m°E/A*=7107 kg/cm2
F,/F.=2400/7107=0.34

P =149%(0.6580-34)*2.4=310 t
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Effective lengths in different

A,

directions
P
t
8.40 ft
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x—x axis buckling y—y axis buckling
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IPB360: A=181 cm?

—
r=15.45cm r,=7.48 cm

3m L,=96m L=3m,3.6m

\ % k=08 k~=1,08

General support
“ | xv direction < 3m 0.6m: A= KkL,/r,=8%960/ 15.45=49.7

+/, o 3m,

<
/

ol | 3m A A, = k,L,/r,=1* 300/ 7.48=40.1
at A — F.=n?E/)2= n2*2e6/49.7=7991
R - 3.6m F_ =(0.658)24007991)*2400=2116

- N3 6m / | P,=2116*181/1000=383 t
' 77

N 1PB360 |
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R=0.42h=21 cm A=kL/r=900/21=42.8 Fcr=2.19 t/cm2 A=287.5/.9/2.19=146
Use L150x15 A=4*43=172 cm?

A1=43 cm?

r=r=457cm e=4.25cm |=1=898 cm*

|=4*(898+ 43*(25-4.25)%)=77649 cm* A=4*43=172cm? r=21.2cm
A=kL/r=900/21.2=42.4 F.,=2.19 t/cm? P=0.9*2.19*172=339>P
V,=0.02P=0.02*287.5=5.75 t

f,=0.5*5.75/sin 60=3.32t |=(50-2*4.25)/sin 60=47.9 cm

o 8f,=1700 kg/cm? A =3.32/.9/1.7=2.16 cm?

use L35x4 A=2.67 cm? r....=0.68 cm
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kl/r=1*47.9/.68=70.4<140 f.=1.87 t/cm? F=0.9*1,87%3.32%2.67=4.5>3.32

me A 1

e a=1.39 A =57

= |1
’ ¥ (L)g Ay cosOsin?0
r

ﬁ " b &gt
Y Y .
L. =B Ly M=T o =20. =
he =y A +7 \/‘Ad By, ~206 A =47
kL/r=42>40  a=(1+300/422)5= 1.08 =46
A= akL/r=1.39*1%*900/21.2=57 F,=2.04 kg/cm?  F=0.9%2.04*172=315> P,
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A=150/0.9/1.8=92 cm? (=3~~~ "~ T=
Use 2UPE240 A=2x42.3 5m
r=9.22cm A=k/L/r, —_

. v
A=1*%500/9.22=54.2 [ L B~ A
F..=2.07 t/cm? T
P=0.9*2.07*84.6=158>150

DY oMl 5 g 92-91 Jsl Jlwwoss




Syl slast — pyle> Jad | ¥ 5o oL

(W Igo DS 1S

Sabd slast o1k Aguino (w99 8 OLKG1S

b<20r,=20*2.42=48.4cm  use b=30-2%2.23=25.5cm
,=14292 cm? r=13cm A=k L/r =1.2%500/13=46.2
d=b/2=13cm  t=b/40=25.5/40=0.63 cm use PI1140x10
L,>2.5d=35cm  L,/r,<40,.75L/r,  L,/r,<40,.75*500/13=29
L,<29*2.42=70 cm use L,=50 cm

”_, (A _ab f) a=1.12  A_=1.12*46.2=51.7
12(7)

Ay 1y
Ao=(\24A,2)0%  A;=L,/r;=50/2.42=20.7 A.=(46.22+20.72)5=50.6

o= |1+

kL/r=46.2>40  a=(1+300/46.222)5=1.07  A,=49.5
A=k L/r,=1.12*1.2%500/13=51.7<\,=54.2
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- » V,=0.02P=0.02*150=3 t

Gl

Y~ 11 *—‘{— 0.5T b=2(0.5V,*0.5L,) T,=2.94t
} { M=0.5T,*0.5b=0.375 t.m
1 T =1 |L f,=M/s,=.375%*100/0.9/(1*142/6)=1.28<2.4 t/cm?

N use PL140x6

f,.=M/s,=.375*100/0.9/(0.6*142/6)=2.13<2.4 t/cm?
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{ﬁr” "i < ) ( free edge 5
\
(a) (b) (c) (d) e)
Load Condition Support Condition Buckling Coefficient, k
Uniaxial Compressive Hinged-hinged 4.00
Stress (oy) Fixed-fixed 6.97
Hinged-free 1.27
Fixed free 0.43
Shear Stress (7,) Hinged-hinged 5.35
Fixed-fixed 8.99
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e
. s Agad (s g3 39 oldfd

) ments to Reach Yield Stress in
ial Ompression
AISC-B4
Fksi)
Structural elements 36 42 50 60 65 100
Unstiffened:
(a) Single angles 12.8 11.8 10.8 9.9 9.5 7-;
(b) Flanges 15.9 14.7 13.5 12.3 11.8 9-8
(¢) Stems of tees 213 197 18.1 16.5 15.8 12.
Stiffened:
(a) Uniform thickness
flanges, as for hollow 3.8
structural sections 39.7 36.8 33.7 30.8 29.6 23.
(b) Webs of W sections and 25.4
other stiffened elements 423 392 35.9 32.8 315 .
Unstiffened: 75
(a) Single angles 12.6 11.5 10.7 10.0 9.4 %,
(b) Flanges 15.8 14.4 13.4 12.5 11.8 iy
(b) Stems of tees 21.1 19.2 17.8 16.7 15.7 3
Stiffened:
(2) Uniform thickness
flanges, as for
tubular sections
395 361 BSkmArIaEBa . BB e
(b) Perforated plates 52.6 48.0 44.5 41.6 39.§ 25“
(c) Others 42.0 38.3 355 33.2 31 :
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TABLE 6.17.1 Width/Thickness Ratio A, Limits for Plate Elements
to Accommodate Plastic Strain in Axial Compression

Unstiffened elements  Stiffened elements
F, 3 AISC-B4.1 AlISC-B4.2

v y
(ksi) (MPa) (Eqg. 6.17.3) (Eq. 6.17.6)
36 250 10.8 31.8
42 290 10.0 29.4
45 310 9.7 28.4
50 340 9.2 27.0
55 380 8.8 25.7
60 410 8.4 24.6
65 450 8.0 23.7
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(W Igo DS 1S
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(SO GO g L2
: = 5o L | . JUo
p =750t PP EebAbE Ja
u (03 pibd yue) SJgone glado :
V% F,=2.1t/cm?  A=750/.9/2.1=397 cm?

b/t<2000/\/Fy=2000//\/2400=40.8
b=40.8t A=4*40.8t2=163.2t2=397 t=1.6cm
|2 b= 40.§*1.6=65 cm useBox650x16
10 m L A=405'8 cm?  r=0.42d=0.42*65=27.3 cm
A=0.8*%1000/27.3=29.3 F..=2.31 t/cm?
P=0.9*2.31*405.8=843>750
03 )ukd gloiie :
7 b/t<1590/\/Fy=1590//\/2400=32.4
7 b=32.4t A=4*32.48t%=129.6t?=397 t=1.8 cm
— b=32.4*1.8=58 cm useBox580x18
P,=5001 A=404.6 cm?  r=0.42d=24.3 cm

A=0.8*1000/24.3=32.9  F_=2.27 t/cm?
P=0.9%2.27*404.6=828>750

Yd oMl e S e 92-91 Jsl Jluwess
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(0 g0 gwiloS

F.=2.1t/cm? A=750/0.9/2.1=397 cm?
h o/t <2155/VF,=2155//vV2400=44
b /2t<795/VF,=795//v2400=16.2 b= 32.4t,
t=2.4 t,=12 bs=75 h,=75
r ,=0.4d=0.4*75=30 cm

A=0.8*1000/15.75=50.8

P=0.9*2.1*444=842>750

F.=2.1t/cm?

h,/t,<1590/VF =1590//v2400=32.4  h,=3
b /2t<545/VF 545//v2400=11.1 b= 22.2t;
t=3.0 t,=1.5 b=60 h,=60
r =0.4d=0.4*60=24 cm
A=0.8*1000/12.6=63.5
P=0.9*1.96*441=779>750

F..=1.96 t/cm?

r,=0.21b=0.21*75=

r,=0.21b=0.21*60=

| oY s ol \
(W Igo DS 1S ”
- . = & =
Ao (w99 99 ol R

e Jb ghie b Ak
(03 uid yut) Jsono glaio : il

h,= 44t =22t

A=2*32.4t2+11t2=75.8t2=397

A=2%2.4*75+70.2*%1.2=444

15.75

o.)).d'.ué éb.o.o )
2.4t =16.2t,
A=2%22.4t2+8.1t,2=52.9t =397

A=2*3*60+54.0*%1.5=441

12.6

\ts RRUPS S

92-91 Jsl Jluoss




5,&9 GW'—f)lg’“M \._56‘9?9‘5u?u ﬂ(\
(W Igo DS 1S

. & - s g
R0 90 wloS Ao w99 59 oKL N
Potential buckled (kL) , : dLuo

shageit et el D = * *

ol P_=40t u=1.25*40+1.5*160
i P, =160t P,=290t
B9 eaa \I?I???(_) ,-L _IPB320 __ IPB320 1
rm l‘\\ “\ Column A “‘ o “\\

L—~~ 2m ——<— 121 __Al.-—-_ 12m —l

T g

F.,=1.6 A=290/.9/1.6=201 cm? USEIPB450 A=218 cm? |,=3551 cm*r =19.1

\,=700/7.3=96  F,=1.51 P=0.9*1.51*218=297>290
Gyop=(3551/700)/(2*1926/1200)=1.58 G,,=10

b/2t=30/2/2.6=5.8<11.1  h,/t,=45/1.4=32.1<32.4

ry=7.3

ke=2.0 A\ =2*700/19.1=73.3<A,

YV RRUPS S
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ELEVATION LINE (1) ELEVATION LINE (&) LJLU’
IPE360 ab 1 wlab slas
design this -—ﬂfissign 3o ¢ olab &Lo.) I
e = kg/m? vy 103 0 )b
%1 kg/m?2 vy :035) )b

P,=10*6*4.5(1.25*330+1.5*%270)/1000=221 t

B
@_ 12'm _C.T.?_ 12m__ F.=2  A=221/.9/2=123 cm?

- -

(& [T

tributary area
of deslgn column

Tributary area calculation:

TT USEIPB300  A=149 r=13 r=7.6cm
A,=1*400/7.6=52.6 F =2.09

~ P=.9%2.09*149=280>221

- lip30p=25170 lipe36o=16270

1 G,,,=2(25170/400)/(16270/1200=9.28 Gy,=1

mHD K=1.9 A=1.9%400/13=58.5 F =2.02>2 t/cm?

b,/2t=30/2/1.9=7.9<11.1

H,/t,=30/1.1=27.3<32.4
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d?¢ , 0.0, —GJ (S psleS )3 ) g=xo 93
~ EC, |

_+p2_:0 p

@ = A, sinpz+ A, cospz + A3z + A,
AE =A3 :A4 =0

m2EC,

0

Jz critical ~— — ’

m?  o,l, —G]

L EC,,

n?E  mw?EC, GJ ”
2 * e = \} + 0. 04]—
p Ip
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IPB180 : _all

J=(2*14*1.43+15.2*0.853)/3=36 cm?
C,=h?l,/4=16.6**1363/4=93879 cm®
|,=1,+1,=3831+1363=5194 cm*
re=V(C,/1,+0.041L2/1 )=V(93879/5194+0.04*3612/5194)= V18.08+0.000277L2
L<100cm > re<r,  and L=0 —5r:=0.97r,
Sub Aalgn r:fl;u.x.u.zuquoS oligS Sld sldsb s kas (il ol
S glodie 1 o
J=(18*1.83+19.2*13)/3=41.39 cm*
C,=(183*1.83+20.13*13)/36=462 cm®
=1+, +Ay*=1926+876+51.6*3/91°=3591 cm*
R=4.12  y=3.91 r =Vl /A=V3591/51.6=8.34 cm
r-=v461/3591+0.04*41.39kL?/3591=v0.128+0.00056L2

=400 cm r;=8.59cm > r=40cm 1 1 1 \j( 1 1 )2+( Yo )2

2 2
21‘E ZrY

27 92 2
r, 2rg 2r rglyT,

y

AY
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J=(2*14.25*1.53/3=32.1 cm?

C,=0

| =14 +Ay*=2*898+43*4.95°=3903 cm*
re=v(C,/1,+0.04JL%/1 )=v(0.04*32.1L?/3905)= 0.018L
=150 cm r.=2.72 cm

r,=5.76

Y,=(4.25-0.75) v2=4.95 cm

1 1 1 1 1Y) vo \
S 52toot (527 52) T
rg 2rg  2ry 2rg  2ry rglyT,

r.=2.76 cm<r,;=2.93
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(c) Overhanging (d) continuous
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m Shape Factor
— Definition
“The shape factor of a member cross
section can be defined as the ratio of
the plastic moment M, to yield moment
M,”.
— The shape factor equals 1.50 for

rectangular cross sections and varies from
about 1.10 to 1.20 for standard rolled-
beam sections

\
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Plastic hinge

Area of yielding
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Mc M, M

I Ile S

M =FS

SHL_ 1 | Sl ghaiie ol
C

I =moment of mnertia

¢ = distance from N.A . to outer fiber of cross sectioneyp 5,956 Sia OB alols
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I bd /12 _ bd :

C

«—h —

F

M p = Force x lever arm =

— = 4

d/2

6
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M,=F,Z=F (—]
- 4
bd’
Z = 4 m Shape Factor
The shape factor Z can be computed from
the followi jons:
ipﬂp B FJ 7 B 7 e fo owm?l expressstMP ﬁ
L{ = F S — ? Shape Factor—Mrr (3)
Y v ‘ Or from
bd ? Shape Factor:% (4)
JSb s p =2 =215
bd’
6
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m Example 1

Determine the yield moment M, the plastic
or nominal moment M,, (M), and the plastic
modulus Z for the simply supported beam
having the cross section shown in Fig. 4b.
Also calculate the shape factor ana
nominal load P, acting transversely
through the midspan of the beam. Assume
that Fy, = 30 ksi.
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m Example 1 (cont'd)

_ . 1 1n.
Figure 4 l(— — 4)! J #
.

n
lin— f— 17 .

LS
Fute g

1 1n.

(a) ®)
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m Example 1 (cont'd)
Elastic Calculations:

I|<— 15 in —>1I\L_1 lﬂA

=15(1)+15(1)+8(1)=381in"

15(1)16.5)+15(1)(8.5)+8(1)(0.5)

) oY ed s ojlw
(W Igo DS 1S
g (w99 o8 oSS

Ve

Gl

= 9,974 1n from lower base

38
1 in—s] b
T 17 in. I = 8(9.974) ~ 7(8.974) . 15(7.026) _]4{6.I{]26}
0.974 in. 15 in. 3 3 3 3
—1.672.641n"
J/ — _IJIL\ 1.672.641n
k 8 in. 1\—1 in.
I 1.672.64 . 50(167.7 .
_L_  —167.7in° M. :ﬁ-S:[‘—j}:ﬁQS.?ﬁft-klp

c 9974 ‘ 2

92-91 Jsl Jbuoss




) oY ed s ojlw

o> SLas! — poey Juod 9 b o;
(W Igo DS 1S

oW )lg.o ‘Slbx; ! w& : )l:é, Agwo (s 99 o olRiStS

m Example 1 (cont'd)

Plastic Calculations:
« The areas above and below the neutral axis

= must be equal for plastic analysis
15— [110
I L 7 4, =4,
b T 15(1)+ (15— 3, 1) = 8(1)+ 3, (1)
A R IR 15+15— yy =8+,
A n 2y, =15+15-8=22

— ' T vy =111n
4, |esm.9| 1in. =

Gl

14 ol o5 €
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m Example 1 (cont'd)
Plastic Calculations (cont'd):

Z=8(1N11.5)+11(1)5.5)+15(1)4.5)=4(1)2)=228in"

A,
s —H{ [1in 50(228 —
%vl S VG VAP L ):9501'[-1{1}) |
d : | 12
 in—» ‘» T
] na - M 5
T L Shape Factor = M, _ 90 -=1.36
1lm. 15 in. M, 698.75
— ] T Note. the shape factor can also be calculated from
A, |<_ 8in ‘>| lin 7 228

=1.36

Shape Factor=—=
S 167.7
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a=% 111mn. 151in.
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D=1000 L=500 kg/ m

q,=1.25*1+1.5*.5=2 t/m?

M, _=q,.L2/8=2%4.52/8=5.0625 t.m
Zf)y>Mu/0.9Fy=5.0625*100/0.9/2.4=Z34 cm?3
IPB14 Z=245 cm3 w=33.7 kg/m

IPE22 Z=285 cm3® w=26.2 kg/m use IPE22

b,/2t=11/(2%0.92)=5.98<11
d/t,=22/0.59=37.3<110

YA ol o5 €
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PL200x10

PL300x6

PL200x10

F,=3600 kg/cm?
h/t,=30/0.6=50 K.=4/vh/t,=4/V50=0.57 F=0.7F =2520

\,=9<b,/2t=20/2=10<\ =0.76VK E/ F,=16.3
h/t,=30/0.6=50<89.7
7=2(20*1*15.5+15%0.6%7.5)=775 cm3
Sx=2*20*1*15.52/16+0.6%303/12/16=685 cm3
M =F Z=3.6*775/100=27.9 tm
M,=0.75,F,=0.7*685*3.6/100=17.26 tm

A—A
M, =M, —(M,-M,) =& |<M,
: A -2,

10-9
16.3-9

M =27.9- (27.9—17.26)( ): 26.3tm
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Ve maximum f,

=
|
o
&
g
f / . s g

. ﬁ Z neutral axis arca of shear )
g stress g
- ;
2 /
,
| P
=

§ 4 1
I fo’im ‘
a. actual shear stress b. approximated shear stress
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IPE450  V=30000 kg
b=190 mm t=14.6 t,=9.4 d=450 mm 1=3374 cm*

Q=19*1.46%(22.5-0.73)=603.9 cm3
f,=30000*603.9/(33740*19)=28.3 kg/cm? # ros Jb s>
f,=30000*603.9/(33740%0.94)=571.2 kg/cm? # ras olays
Q=19*1.46%(22.5-0.73)+0/94%(22.5-1.46)2/2=849 cm3

f =30000*849/(33740%0.94)=803 kg/cm? i Lb »s

V ,=2*(19*1.46)*28.3/2=785 kg
V_,=30000-785=29215=0.97V

f =V/(dt,)=30000/(45*0.94)=709 kg/cm?

92-91 Jsl Jluwoss




o> slas! — oy Jad ) 53¥99 s o3l
- (W Igo DS 1S

Ao (w9 98 oL

2 0 )l s

_F}'_ 5
Ty—Tg—U. BF},
Vn=§0Vp

d
V, = 0.6F,dt, and ¢ =1 For a < 2.24

E

ky

d E
V, <0.6F,dt, and ¢ =09 For P > 2.24 F_
w y
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D=15 L=8t/m

q,=1.25*15+1.5*8=30.75 t/m
M, . =q,.L2/8=30750*1.52/8=8648

umax_

V,=30750%1.5/2=23062 kg

kg.m

Zf).y>Mu/0.9Fy=8648*100/0.9/2400=400 cm3®  use IPE27 Z=484 cm?

IPE27  Z=484 cm® t,=6.6 mm

V,-=90.6F dt, =1%0.6*2400(27*0.66)=25660>V =23063

d/t,=27/0.66=40.9<2.24VE/Fy=65

ok.

vy
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A= 384" 0 )uS )L ool yud jud
WIL3
A= B? RS L JRCIV I EGPAY
L2
B, = 25HT Mg — 0.1(M, + My)] o pwSy Sl 3 )
N wL? M_wL2 c_Mc . _d
max = 384" EI 8 )
A = 10fL2 Amax _ 10f L f L
max — 48Ed L  48E°d  1008e5'd
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L/d

F=0.6F,=1440 - 23

M,=M,-0.1(M,+M,)

-

10f, L M,
Amax=7ep-q T
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f, =2862000/1930=1483 kg/cm?

f, =1483*1/1.5=988.6 kg/cm?
(L/d)<(1008e5/f)*(A/L)=1008e5/988.6)*(1/360)=28.3
d=50>L/28.3=42.4 ok.

Eeeccccccccockongg, TS
q,~(1.25q,+1.5q,)

@i et sttt » q,=(1.25%1+1.5*.5)=2t/m
M,...,=q,.L2/8=(2+0.09)*122/8=37.62 t.m B ax<L/360

umax_

ZIO»,>Mu/0.9Fy=3762000/0.9/2400=1742 cm3 use IPE5S0 S$=1930 Z=2194 cm3

A=L/360=1200/360=3.33 cm 1=48200>(5qL*/384EA)=38570 cm* ok. P9 UMY
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critical
section

k

2=

N = bearing length

k = distance from outer face of flange to web

toe of fillet (property given AISC Manual
with dimensions of rolled sections)

R = concentrated load to be transmitted to girder

IR, 2R,

Forx = d.

where

bunRy = byn(5k + N)Fyt,,

... = 1.0 (resistance factor for

Forx = d,

bR, = byy(2.5k + N)F .

) oY o sl o lw \
(W Igo DS 1S ”
=

Ao (w9 98 oL

Gl

TS "G T-TVRGR VI RTS1 TN

web yvielding),
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where

.. = 0.75 (resistance factor for web crippling).

) oY ed s ojlw
(W Igo DS 1S
g (w99 o8 oSS

i ' s
Forx = % Ub L’:w
-\.|: 1(;\{) -'lrh )I..‘-:| |IIE'F'|I__I'
bRy = 6,087 1+ 3( (r— are
: d N _ a
Forx = Eund 7 = 0.2,
i ‘N § 3157 fE.F,I,-
by R, = b,04 [| + 3(—) —“)
Wt ke W I ﬁr [- f.r | \: lr.h
Jlxll
For x = gund — = 0.2,
2 d T -
] AN t 1.57 .'I E}‘Jr
o - —_— f:r — | .
by R, m.d.,ﬂ.ir“.[l + [ ; 1:1._)[r ) Narss

€\ ol o5 €
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3 3

AT [1+o.4[ hit, H for (h/t,)/(L,/b) <2.3

L, /b,
R =nolimit for (ht,)/(L,/b) > 2.3

C,=6.62x10" kg/cm2 M <M,
C,=3.31x10" kglcm2 M,=>M,

C.t3t

3
h/t
R=—"""04 W
= { [Lb ’b” for (h/t,)/(L,/b,) <1.7

R,=no limit  for (h/t,)/(L,/by) >1.7

u'.ll.I!.l I_.ll-\.l.l‘lul.l'
il il Jliil

ey ol o5 €
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) . :JUwo
f.=300 kg/cm? oS 453 (i Caaslaa
N Ry 2.5k 50009 2.5%22 =134
= —_ = _ k =
Ft, 0 2400%066 o CfT Eem
em— A, > al 50990 181 cm? check PL15 * 20
= = ES
P~ 90.85f .65+ .85 %300 e chec o
- ¢_.1 Sl J s
N N ¢ 1.5 ¢
_ _ 2 MY [ iw Wil
R,=30 R = 0.4t} 143 ( d) <tf> BF ¢

0.75 % 0.4 % 0.66% |1+ 3 (15> (0'66)1'5 2400 2¢6 » 1.3
=0.75*% 0.4 % 0. — || — —t
27)\1.02 0.66
= 21019 kg < 30000
s T
I,
L i J N=30 - R=30783> 30000 ok. USE PL30 x 20
Y BESE S
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My - My Ly - M, I, — M1,
L, — I, L, — I3,
M, M,
O'=I—y+I—X kol ) 9= yied
x y
[, tany — I
y Xy . .
tana = LA OB Al
I, — I, tany S )b al)
tany = &
any = M,
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,=29210 cm4  ly=1160 cm* y=85

tag(«)=tag(y)1,/1,=1160.tag(85)/29210=0.4539

a=24.41

cr

o932 39 3L @l a0
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WS> (0908 & ol Ao (s g9 99 oK1 =

e Y ] 1
A-skgf/m T p ‘1r ] T\--n _
P b3 i i 3 4 L FE § "*_x ST Hed : all
H r".m *{ = )b . A . :u
» [‘-‘5[3 -

ka1 4

,=552cm4 ly=198 cm* ST ined : sl

|, =[15(-2.34+0.5)(7.5-4.8)+(10-1)(5.5-2.34)(-4.8+0.5)]=-196.8 cm*

M,=500*3%/8=562.5 kg.m  M,=0
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) oY ed s ojlw \
(W Igo DS 1S ﬂ

WS> (0908 & ol Ao (s g9 99 oK1 =
M, (I,y—ILyx) 562.5[198(15 —4.8) + 196.8(-2.34)] 1‘;:‘; “elsl
AT L, -13, 522 x 198 — (196.8)? B
562.5[198(15 — 4.8) + 196.8(—2.34 + 1)] kg
fo = — S = 1400 —
522 % 198 — (196.8) cm
_ 562.5[198(—4.8) + 196.8(—2.34)] _ 125 kg
Je = 522 * 198 — (196.8)2 - cm?
562.5(15 - 4‘.8) kg ).) m ]";|°'= )
Ja=1s= 522 = 1040 oz L8 e
562.5(—4.8) kg
Je = 522 1) G2
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:0) ) Lo aJoLn.o ) 0)9%0 99 ).u.o; -

D

A,

M, M, M, M,
oc=——Y+—X o=—+— ulm|6&)9mom
L7 1, S, S,
M M, M M (S
T N s - ][:l M — F S , M — F S ux uy X
M, bpM, nx 4 ™ 7Y SX i’ ¢ F " ¢ F S
' by b*y y

INP8-INP14 IPE10-IPE14 IPB10-1PB32
INP16-INP26 8 IPE16-1PE22 6.5 IPB34-1PB36 3.5
INP28-INP32 IPE24-IPE36 7 IPB40-1PB45 4
INP34-INP40 9.5 IPE40-1PE45 8
INP42-INP55 10 IPE50-1PES5
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M;=600 kg.m M, =250 kg.m
S,>(M,/OF,)+(M,,/DF)(S,/S,) S, /S,=71 = 2
S,>(60000/0.9/2400)+(25000/0.9/2400)*7=109 cm?3

USEIPE16  S,=109  S,=16.7  S,/S,=109/16.7=6.5

M/ @ S,+M,,/ @ S,=60000/0.9/109+25000/0.9/16.7=2275<2400 OK.
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S

als s B’ =8 -

P_=P,cos(y)=4500 cos(30)=3897 kg y
P, =P.sin(v)=4500 sin(30)=2250 kg /7 1PB

M, =P, L/4=2250*6/4=3375 kg.m /

M, =P L/4=3897*6/4=5845 kg.m

S,>(M,/ @Fp)+(M, JOF)(S,/S,)=(584500/.9/2400)+(337500/.9/2400)*3=739 cm3
USEIPB22 S,=736  S,=258 cm?

M, /0.9S,=584500/.9/736=882 M, /.9S,=375000/.9/258=1454 kglcm?
(Mg J0.95,)+(M,,,/.9S,)=(882)+(1454)=2336<2400
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< oil b 359
Load w/metre
MIWW‘\AV‘\ N

Parabolic
variation

BM Diagram
Theoretical

M. /Pomr of cutoff jﬂ{

Rolled beam
BV |

Cover plate

Y \\ Anchorage length

....................... N

Actual cutoff

(W Igo DS 1S
Ao (w g 9 LK =
wwyd e a0

) oY ed s ojlw

2985 99
Zbeam+PL:Mumax/(D|:y

Zbeam+PL:Zbeam+APLd

Ap =(Zpeam+pLLpeam)/d

M= @ Zye,n*F,
.JUd]

M, =30tm IPE36

Zpeom=1019 cm3

Z, cam+p. =2500000/.9/2400=1389

Ap =(1389-1019)/36=10 cm?

USE 2PL100*10

oY ol o5 €
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0 litile b waagds 99
Ap = 1-2-(Sbeam+PL'Sbeam)/(d'2-4Sbeam/Abeam) I ole Jb gblie )s

M,=30t,m IPE36
Speam=904 cm?

Syem o =3000000/2400=1250 l#
A, =1.2*(1250-904)/(36-2.4*904/72.7)=67 cm?

USEPL300*20 1 '''''''
e=(30*2*19)/(60+72.7)=8.6 cm

1=16270+72.7*8.62+60*(19-8.6)2=28136 cm?

S.=28136/(20-8.6)=2468  S,=28136/(18+8.6)=1058 Z=1318
Mp=1318*2400/1e5=31.6 tm M, =1058*2400/1e5=25.4 tm R =31.6/25.4=1.24
OM,= ® R M, =.9*01.24%25.4=28.4<30 N,G.
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= plastic when L, <L, and M,=M,
« inelastic when L, <L, =L and M, >M, =M,
=« elastic when L >L and M <M
M,
M, C, =1.0
€ : )L- : >
plastic I elastic
M, ]
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C, = Moment gradient factor )-f"“-| unl}'&’ O

12.5M ...
— - R, = 3.0,
25M,,, + 3M, + 4My + 3M,

M_... = Absolute value of the maximum moment in the unbraced segment,

M, = Absolute value of the moment at the ' point of the unbraced segment,
My = Absolute value of the moment at the centerline of the unbraced segment,
M~ = Absolute value of the moment at the % point of the unbraced segment,
R,, = Section symmetry factor

= 1.0 for doubly symmetric members (I-shapes)

= 1.0 for singly symmeftric sections in single-curvature bending

[ \2
- ye \© .. . .
= 05 + Z(T) for singly symmetric shapes subjected to reverse curvature

v
bending, and

[,. = Moment of inertia of the compression flange about the y-axis.
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M,
Cp = 1.75+1.05( =) +0.3

Case |

Case 2

Case 3

Case 4

Case 5

Laterally braced at ends; points
1 and 5 only; M,,,, at 3
Laterally braced at ends and

midspan; points 1,3, and 5 only; -

M. at3

Laterally braced at end and 1st
quarter point; bracing at points
1 and 2; M, at 2

Laterally braced at 1st and 2nd
quarter points; bracing at points
2and 3, M, at 3

Laterally braced at 1st and 3rd
quarter points; bracing at points
2and 4; M, at 3

C, = 1.52(1

1.03

(W Igo DS 1S

g0 (o g9 99 ol RO

SUTRE NN

C, = 1.14 (1.00)

Cp, = 1.30(1.75)

'i
C, = 106 (1.13)

1
75) / Cy = 1.03 (1.00)

— [ T~

0 0.25 0.5 075

| S
a3
i

oMl )S e
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Table 6-3 Values of C, for simple-span beams

Load Description Lateral Bracing Cy
Concentrated load None ]
at midspan .
132 a. concentrated load at midspan,
+ ' * no lateral bracing
At load point ]
167 b. concentrated load at midspan,
{ ' * lateral brace at midspan
Concentrated load None \ ]
at ¥ points
+ 1.14 * c. concentrated load at /s points,
no lateral bracing
At all load points \ l

+ 167 1.0 167 * d. concentrated load at %3 points,
lateral bracing at %3 points
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Concentrated load
at ¥ points

Uniformly loaded

None

At all load points

None

At midspan

At ¥ points

At % points
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f

*

+ 1.67

1.11

1.6?*

HERERR

+I.4S

1.01

]

!
4

5

|
$

NERRRE

+ 1.52

1.06

1

I
3

2

|
$

D

e. concentrated load at % points,
no lateral bracing

f- concentrated load at % points,
lateral bracing at ¥ points

g. uniformly loaded, no lateral
bracing

h. uniformly loaded, lateral
brace at midspan

i. uniformly loaded, lateral
bracing at ¥ points

j. uniformly loaded, lateral
bracing at Y points

7y

A,

oMl )S e
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<« 06 o 6 > C,=1,h?/4=3048300 cm®
B A B y

G=E/2.6=2100000/2.6=807692
/m A2=GJ/EC,=2.3e-4 1=0.0046
T2 T 2
C,=m 1+(/1_L) =1 1+(0.OO45*600) — 476

2

C —175+105(M1)+03(M1) = 1.75
b — 4 . M2 . Mz = 1.

 CyCu[ELG] 175 % 4.76,/(2.1€6)?3380 * 166.2/2.6

E, = 4241 > 0.5F
CT SyL 3070 = 600 Y
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F,
F. =F [1--—2 ( ) —2400[1 —69 ]—2061
a7y [ AT2E \ 1, ] 471122, 166( )
E., 2061 kg
Fy, = = = 1237 —
"7 F.S. 167 cm?

Mg = 1400 * 7.5 * 6 — 0.5 * 1400 * 62 = 37800 kg.m

Mp 37800
S, 3070

fb == = 1231 < Fb

2 2
C,=m 1+(;L) =nj1+(0_004§*300) = 7.62

GGy \JEL,G]  1%7.62/(2.1e6)?3380 * 166.2/2.6

o S.L B 3070 * 300

uslg,ocu.b.é

Cb=1

= 78921 > 0.5F,
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. m2E KL n2E n2*2136_506
o (ﬁ) E., 7892 '
re
F, (KL 2400 ,
Fcr = Fy 1- 47T2E <Z> = 2400 [1 - m(506) ] = 2218
F, 2218 kg
F = 1328 —
b=FS 167 cm?
152

M, = 1400 = i 3937500 kg.m

Mz 3937500
S, 3070

fb - == 1283 < Fb
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M,=F,5 =M,
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M_for C =1
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-_'Eailure Mode

The compression flange
of a beam can buckle
locally when the
bending stress in the
flange exceeds the
critical stress.
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= plastic when bit, =4, and M,=M,
= inelastic when A, <blt, <4, and M, -M,>M,
= elastic when blte> A and M,<M,
M,
M, ,
compact I noncompact slender
M.} |
I |
I |
I |
I | po e
A A, f;

P
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= Flexure Strength
M,=M,-(M,-07F,s,) z J o0 s
o = Ay
OFEL.S
A/ :{J..Efrﬂ:c |
n e 2V Jb
k. =— 4
Vi,
(kc shall not be less than 0.35 and not greater than 0.76)
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Eg
= Failure Mode

The web of a beam can
also buckle locally
when the bending
stress in the web
exceeds the critical
stress.

= Nominal Flexural Strength, M_=min (compression
flange vyielding, LTB, compression FLB, tension
flange vyielding)
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O3 St b
= Nominal Flexural Strength M,
= plastic when L, and M,=M,
= inelastic when by <hZR, and M, >M, =M,
=« elastic when A>1, and M <M
M,
M, \
> | :
compact noncompact slender
M, | —
I
I
I
I b
. A, Tt
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103 )uS yut vl
s Compression Flange Yielding
= Flexural Strength
*'Mn - Rpe*’wv]-'f - RPCFLJSH For Sxc > Sxt

where R,.= web plasticification factor
F,= section yield stress

s Limits
| E
"[’I:' < L}’ = llff IIF

| ¥y
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= LTB (Inelastic). <L <L 103 )5 uf Yl
= Flexure Strength

L,—L
T

h M
(a)a < /1pw Rpc =_P

My
h
(D)= > Ay
- [Mp _(Mp _1>< A= Ao > _ M,
Myc Myc Arw - pr Myc

X207  F,=07F
SXC

<07 F=F2>05E,

SJCC XxXC

Yy
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= LTB (Elastic) 1,>1 03 puid e Yy
» Flexure Strength
M,=F, S <R, M,
| ~—
F=0"TE £ 1400782 ‘i S T
| J[b I ‘\l ‘S.‘fhﬂ ‘I: d ; h h h,
I —_t b —H——-NA
I )
J=0if % < 0.23 1 al b ;
s Limit y_
—_— I
|
L =1.9<r;£ Ili 1+ |l+6 76| FL S,
FEAShY J
Jabiso JU sl bre o bre _ hetu
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= Compression FLB (Noncompact Flange)
» Flexure Strength

f /&- - /q»- N
M,=|R,M, -R M, -FsS ) —2||<M,
\ ’;tf:f Apf /

s Compression FLB (Slender Flange)
» Flexure Strength

0.9Ek_S,
M, =—"""cx

(kc shall not be less than 0.35 and not greater than 0.76)

D

A,
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= Tension Flange Yielding s_<s_
« Flexure Strength

*'Mn = Rpr*'wyr = Rpr‘F_'var

R,; = web plastification factor to the tension flange yielding limit

P
(a) hjt,<i R =M/M,,
(b) h/t,> fn g
‘ ) M »
, M

. f A4
R - M p M P
Pt ﬂ’f}.r \ "I-I"’f}'.l‘ vt

i,

A—Aw

Am' o ;" W
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BT awds 0aub 031y Ylis w3 sle ) C oo Jle

P
/— lateral brace point
<

5
i

ZN
L.'? Lﬁ
unbraced span unbraced span

12.5M oy
C, = ' R, =30
25M,,. + 3M, + 4M, + 3M,

- - 12.5(1.0) _.
"~ 2.5(1.0) + 3(0.25) + 4(0.5) + 3(0.75) (10) =30

= 1.67
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= 1761, | = 176 +3.55 |2 = 1
Lp = .76Ty E = 1.76 * 3. m = 180 cm

M, = ZF, = 804*2400/1e5=19.3 tm

[ | 5
| Je |I (0.7F, S h, |

o L 76 —L—=
L,_—I.Q:v: 07F, 1|Sh7t“|1+\'1+6 6| E  Jc
e =T

SI

|,=788 C,=214533 S, =713 J=28.1h,=33-1.15=31.85 C=1 r,=4.27
L, =607 M, =0.7F,S, /1e5=11.98 tm
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Cym’E Je (L )
Fy = ’I—[m?b (_?
’ (Lb \'} S f’.‘
.

% % 2
R, = 236\/1 +0.078 22 (22 = 3L6i7J1 +5.29¢ — 6L,
b

(Lb ) 713+31.85 \4.
4.27 )
36e7 M. =19.3
FC‘I" ~ 2 p "
Lp
M.=11.98
2566800
My = SyFer = ——5—
: L.

L,=180  L,=607
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1.25 t

2.3

mm@mq

My=M=Zf, 5,3
Z=M

umax

0.98=23.02 c=1

’

L,=1.76r,(E/Fy)5=1.76*2.7(2e6/2400°5=137< 230
J=13 S,=324 h=24- C,=I,h2/4= 284*242/2=40896

2= V1,C,/S,=\284*40896/324=10.5  r,=3.24
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M, =(1.25%.4+1.5%.6)*(200%9.22/8 + 1250*9.2/4)=6987 kg. m

/0.9f,=698700/.9/2400=323 cm*® USE IPE240 Z,=367  cuulos kb ghiss
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L= 444 >230

53 i S

.f; 3
L =1.9‘ﬁ3_;£ ||_”;|r I|]__|_ ||l+ﬁ_-l,r5!r£5r- e |
Vs \E J )
Lb —Lp Mu
M, = Cp |My (M, — 0.7E,S,) -2—2| =788 > % =775t.m  O.K.
Lr—L, 9
br 12 =6.1<11 OK
2t 2%0.98
h, 24-—2%x.98
= =36<40 OK
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D=%30 . lM
2 "
L=%70 0.2t/ m J
mm(s 6 IPE="?
4 >« >

M, =(1.25%*.3+1.5*.7)*(200*122/8)=5130 kg. m
Z,=513000/0.9/2400=237.50 cm?® IPE220 Z,=285 el 03 i aloiio
L,=1.76r,(E/Fy)5=1.76*2.48(2e6/2400°5=126< 600 NG O ol J s
C,=1,h%/4=205*222/4=24805 J=9.03 S,=252 h=22-0.92=21.08 C=1 Syl pui iileS Juis
2= VI,C,/S,=V205*24805/252=8.95  r,=2.99

E |;|' |
I =195;— 1+ 'l+ﬁ?5

| s\

[ Fy Sh,

L= 463 <600 NG
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2 2
Fop = C”L: E\/1 + 007851h0 <%>
(rst>
- 12.5M, ..
Cy = 2.5M 0 + 3M, + 4Mg + 3M,
12.5 % 5130
Cb = 5 5130 43+ 2244 + 4+ 3847 + 34800
1.372 x 2e6 9.03+1 [600)\°
E, = (@)2 1+0.078 5 <2_99> = 1615
2.99
M, = F,.Sy = 1615 * 252/100 = 4069.8 < = 51?;0 = 5700 NG
IPE240 ]=13 I, =284 C, = 40896 S =324 1, = 3.24
E.,=1780
My, = F,uSy = 1780 x o = 5769 > =% = 22 = 5700 0K
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M,,=2.89(1.25% 3+1.5%.7)=4.119
M, =3.0(L.25%.3+1.5%.7)=4.274
2.89 t. u
= Z =427400/.9/2400=198 cm?
USE IPE22 Z,=285 cm?

CD: M__=4.275tm C,=1.67

L,=1.76r, VE/F =1.76*2.48V2000000/2400)=126 < 600 N.G.

C,=24805 1=9.05 h,=21.08 S =252 c=1T,=2.99 L =463< 600

Fop = MJl +0.078 2222 (6"0)2 = 2074 M, = 2074252 = 5228 > *275 — 4750 0K
(ﬂ) 252%21.08 \2.99 100 9
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BC: M,=3 M,=2.89 C,=1.75+1.05*2.89/3+0.3(2.89/3)2=3.04>2.3  C,=2.3

2, . 2
F, = %\/1 +0.078 oo (520)" = 2054 M, = 2054 2o = 5176 > 22 = 4750 OK

AB: M=2.89 C(C,=1.75 L=7m

24 * 2
Fyp = 1'7(57’;0)?6\/1 +0.078 22 (20)" = 1814 M, = 1814 + 2o = 4571 < 22 = 4750 NG

USE IPE24 Z =367 cm® C,=40896 J=13 h,=23.02 S,=324 c=1 r,=3.24

1.7572 * 2e6 13x1  [700\° 324 4275
Fop = = o |14 00785 <3.24> = 2006 M, = 2006 * - = 6498 > — —
(323)
= 4750 OK

92-91 Jsl Jbuoss




o> slas! — oy Jad | 59¥ 9 b o3l N
- (W Igo DS 1S ”
o ylgo sl g Mg w99 o5 oK1 R.smr

DL=0.2t/ m PL400x15

M DLESOXE

A=159 1= 146421 SX:4244 Iy:16001 ry:10,03
J=94.7 C,=18497156 h,= 66.5 r,=113 Z,=4624 PLA0OX1S

L,=1.76r \/E/F =1.76*10. 03v2000000/2400) 510> 450 OK.
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M, =B;M+B,M=1*26+1.1*3.8=30.2 tm
P, =P.+B,P;=190+1.1*0.14=190.2 tm

P,  8M, _1902 8 302
= +———=040<1 0
oP ' 9oM. 832 ' 91586 <t ok

Sbs 5B OL - o

C,.=0.6-0.4(M, /M,)=0.6-0.4(9.5/18)=0.39<0.4  C_=0.4
P, =n?El J(KL)2=5328t P, =166+4.5*3.2=180.4 t
B,=C,/(1-P /P.,)=0.4/(1-180.4/5328)=0.41<1  B,=1
P.,=n?El /(K L)?=2189t 3 P,,= 2*2189=4378t

SP =2*166+9*3.2=360.8 t

B,=1/(1-XP,/ ¥ P.,)=1/(1-360.8/4378)=1.08

M,=B,M +B,M,=1*18+1.08*75=99 tm
P,=P.+B,P,=180.4+1.08%8.4=189.5 t

P,  8M, 1895 8 99
- = +—=0.78<1 OK.
oP " 9oM. 832 ' 91586 -
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(Direct Analysis method) euadiame Juxs (Y9,

035 Ao ) paitimne Judxi yhg) oL 4 (55 gy AISC2005 4ol ol
SI9%0 oglite dumwlxo ) irileS Jgb b jl odliml slxs YT A ol
23 9 o3ub o3ldiwml Hinod 9 (5I9%e AL YL (i I ojlw Juxi )3 « gibe
A lw glba (HIAT)HL Gy gl ) . dgub (50 033 YIS & K2=1 lade (Alb
ABL LB (5 90 (SiZtw HlIde .dgub (50 Jlosl (GHIAT)HL iluS )i ded HS
Il )iSa9S (33T, sl EI*=0.8T,El aidly yidls ued  sikw 9 EA*=0.8EA
SAle glod by )L Hldde L) S Gr9FRe S A AT Ll S
slba Sl YL HlIdEe dgub AXd,T Hdas S T=1 A Sirgo S .cawl 0.002y,
Jlsdio By &) 333w wog b dmwlxe )3 9 XSl yinl3310.003y; 4y cudlw

(.)9.;» dzal yo Aol u..uT Ay iy S o slye) g (50 03 3 YIS AuK2>1
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160 t

— ¥

4.5 m

il o O o Ly

IPB340

I

160t

160t

i I
!
[
[l
M
[
il
I
I
H
I
1
[
[
H

|

160t

8t.m
' F.,=2005 kg/cm?

"'—.'.1-'1_1 -

Tk

| Go¥ed s ol
e |

K VI SRR L] K RO

Amax=KL/r,=1x450/7.53=59.8
P,=(1.25%.25+1.5%.75)160=230 t

¢P_=0.9%2.005*170.9=308.3 t

P,/ ¢© P,=230/308.3=0.75>0.2

L,=50.8r,=50.8*0.0753=3.8<4.5 m
l,=9690 S, =2156 C,=2800410 r, = 8.74
=263 h,=31.85 L,=18.41>4.5
2,=2408 M =57.8 @M, =52

C,,=0.6-0.4(M/M,)=0.6
M, = =(1.25*.25+1.5*%.75)8=11.5 tm
A =KL/r,=1x450/14.6=30.8
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160 t 160 t
/1\ A j P.,=m?El/(KL)?>= m?El /(4.5)2=3573 t
8t.
S i i T MM B=C,=/(1- P/ P,y)
rIJ: / =0.6/(1-230/3573)=0.64<1 B,=1
S !I % M =B,M_=1*11.5=11.5 tm
4.5 m g ! /
- f P, (BM, _ . B85
— = L. — =0.9 1 OK.
i oP. " 9om 9 52 <t oK
T T
160 t
. 160 t
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P, 8 M, 8 P, ¥ u,.uw).uual)b
— 4+ = <1 P, +—M,6 <P, -
0P, | 99M, T
P +8F"”AM P +8F"”AM < @P
— — —_ (p
u 9Fny u u 9Fy5x u n
8 Fer
B+ EMuﬁx (E) < ¢h B., = bending factor = A,/S
FCT' Pu
Pr, = P M — ——>0.2
EQ u+9 uﬁx(Fy> QDPn_
E P
Pop =—+M = — < 0.2
EQ 2 ulgx(Fy> (Ppn
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A,
IPE & os abb 1) JUs

B=10 (=
P,=1.25*4+1.5%2=8
M, =1.25*3+1.5*2=6.75

- H‘Tl 3(D?f_2_(  Peq=P+BM,(F./F,)=8+10x6.75=75.5 ¢

1 — 5 F,=1500 kg/cm? = 3

i — = A=75500/0.9/1500=56 cm? USE IPE330
4m | o = AneKL/r,=1x400/3.55=112

g — ~ F,=1270 kg/cm? F_/F=1270/2400=0.53
P = 7 Peg=P +BM,(F,/F, )= 8+10x6.75x0.53=44 1

‘ o~ Primary Secondary A=Pu/(chr=44000/09/1270=39
momeni momen
P =gt M, Py USE IPE270 A=45.9 cm?2
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Ao=KL/T,=1x400/3.02=132
rF=let F_=1133 kg/cm?

"1“'* L T D P =8/(.9%1.133%45.9)=0.17<0.2

o “:TT — n  L,=50.8r,=50.8*3.02=153<400
| |, =420 S, =429 C,=76545 r, = 3.64
~7J=15.9 h,=25.98 L=5.36>4

Z,=484 M =11.6 @M,=8.8 tm
C,,=0.6-0.4(M;/M,)=0.6-0.4x(-1)=1

: =®! -
3 P',=T2EI/(KL)?=714.3 t
F , Primary Secondary

N
3
UL

moment moment B1=C_/(1-P,/P.)=1/(1-8/714.3)=1.01
_ A y
F=61 f Py M, =B,M_=1.01*6.75=6.81
P/2¢P_+(M /@M )=0.17/2+6.81/8.8=0.86<1
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P=30  P,=10 IPB & ross alpb ¥ JUio
Assume hinged supports in both directions, Pu=1-25*1O+1-5(3O+6)=66-5 t
top and botton. H =1.5%¥2=3 t
¢ u ’
pa0t l M, =1.5%4.2=6.3 tm
. | o §C i
30cm .. i am: :: 2.4tm .
| I AN
; Y
2t T '“TL ,':GE —
|
2.4m : |
_ _ : | 4.2tm
N
' I
P+ i
{a} Loading (b) Idealized primuary (C) Assumption
moment for &,
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Peq=P,+BM,=66.5+10x6.3=129.5 t

F,=1800 5,5 A=129500/.9/1800=80 cm? USE IPB200 A=78.1 cm?
\=(KL/r),=480/8.54=56 A\ =(KL/r)=240/5.07=47 M, =56 F,=2047 kg/cm?
L,=240<50.8r,=50.8x5.07=257  Z,=643 M_=15.5 @M, =@M =13.9

P./@ P = 66500/0.9/2047/78.1=0.46>0.2

P_,=m2EA/ A 2=r?*2e6*78.1/562=491591 kg=491.6t
C.=1-0.2P/P,,=1-.2x66.5/491.6=0.97
B1=C,/(1-P,/P,,)=0.97/(1-66.5/491.6)=1.12 M, =B M_, =1.12*6.3=7.1 tm

P/ @P +8 M,/ @M =0.47+8%7.1/9/13.9=0.92<1
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D=20%  L=80%  IPE270 g pep Jpus ¥ JUe
W=300 kg/m IPE270
_f;_,...{_[L.'_lllHl_T:_j-[; T . ——EL%
.,;;‘h_h"“"-*t—'-'?:';“__%J 20t |‘ I L
[‘. 3m - ! «  Axis of bending

P =(1.25%.2+1.5%0.8)20=29  w,_=(1.25*.2+1.5*0.8)300=435 kg/m
A,=(KL/r),=300/3.02=99.3 F,=1452 kg/cm? P =0.9*1.452*45.9=60 t
M,=M, =F Z,=2.33<1.6F 5 =2.39 @M,=2.1 tm M, =0.435x3%/8=0.4394 tm
P, /@P_=29/60=0.48>0.2

P.,=T2EA/ A 2=T2*2e6*45.9/99.32=91792 kg=91.8 t C =1
B1=C_/(1-P, /P.,)=1/(1-29/91.8)=1.46 M, =B1M_=1.46*.4394=0.641 tm
P,/ @ P_+8M /9¢M =0.48+8*.641/9/2.1=0.75<1
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£ =251
3| — 15tm
S === -— ) —
.f ; =
o I (1| -
i . 1 =
e — =
\V 7.5tm
L 75m
P
(a} Frame (b} End view (¢) Loading and moment
G,=1 Gg=(1/5)/(31/7.5)=0.5 K.=0.73 diagram

Peq=P,+BM,=25+10x15=175 t
F,=1500 =)  A=P_.o/®F,=175000/.9/1500=130 cm? USE IPB240
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A=(KL/r),=.73x500/10.3=35.4 A =(KL/r),=250/6.08=41 A =41 F,=2203 kg/cm?
L,=250<Lp=50.8r,=50.8*6.08=308

Z,=1053 M=7,F =253 tm M =@ M =22.7tm

P.=2.203*106=233.5 t P /¢ P,=25/,9/233.5=12<0.2

P., =TPEA/A 2=1i**2e6*106/35.42=1669663 C,_=0.6-0.4M,/M,=0.6-0.4*7.5/15=0.4
B1=C/(1-P,/ P.,)=0.4/(1-25/1669.7)=0.41<1  B1=1

P./2¢ P +M /@ M =0.06+15/22.7=0.72<1 OK.
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M, =10 tm Ldl 99 o L (sl S 0 3ui Yo =8 1o

G,=1 G,=(1/5)/(31/7.5)=0.5  K=1.22

P,=25t M, =15+10=25 tm
P.eq=P,+BM_=25+10x25=275 t

F,=2000 =%  A=P,.,/@F,=275000/.9/2000=153 cm? USE IPB300

A=149 r =13 r,=7.58 Z,=1869

X

A=(KL/r)=1.22x500/13=47 A =(KL/r),=250/7.58=33 A,,=47 F.,=2143 kg/cm?
L,=250<Lp=50.8r,=50.8*7.58=385 M =Z,F =44.86 tm M =@ M_=40.4 tm

P.=2.143*149=3193 t P /¢ P,=25/.9/319.3=0.09<0.2

P, =M?EA/A *=n?*2e6*149/(500/13)2=1988212

C..=0.6-0.4M,/M,=0.6-0.4*7.5/15=0.4
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B1=C,/(1-P,/ P.,)=0.4/(1-25/1988.2)=0.41<1 B1=1

£ JUo anlol
P, =M2EA/A ?=m?*2e6*149/(47)?=1331435 > P., =2662871

B2=1/(1->P,/ 3 P_,)=1/(1-50/2662.9)=1.02

M,=B1 M_+ B2M,=1*15+1.02*10=25.2

P./2@ P, +M /@ M =0.09/2+25.2/40.4=0.67<1 check IPB280

A=131 r,=12.1 r,=7.1  Z,=1534

A=(KL/r),=1.22x500/12.1=50 A =(KL/r),=250/7.1=35 A, =50 F.,=2113 kg/cm?
L,=250<Lp=50.8r,=50.8*7.1=360 M _=ZF =46.8 tm M, =@ M =33.1tm

P =2.113*131=276.8 t P /@ P.=25/.9/276.8=0.1<0.2

P_, =m?EA/A 2=r2*2e6*131/(50)2=1034334 Y P_, =2068669

B2=1/(1-YP,/ Y. P_,)=1/(1-50/2068.7)=1.03 M, =B1 M+ B2M,=1*15+1.03*10=25.3
P,/2¢ P +M /@ M =0.1/2+25.3/33.1=0.81<1  OK.
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75 t 75 ¢
< "i\ 3 tm ’j‘\ 1.4tm  Pua=P+BM+BM,
N o sc‘:TT:E 5, Pu=75+10x3+3x1.4=109.2 t

i%/ 2.25m 5; | F_,=1500 kg/cm? = 2

I = : §C Elj: :§ 38 1.4 tm A=Po/@F =81 cm?

295 m i: - USE IPB200 A=78.1 cm?

g : | A =(KL/r) = 450/8.54=52.7

T — | T \,=(KL/r),=225/5.06=44.4

/5t A.,=52.7 F_=2081 kg/cm?

P =2..08*78=162 kg/cm?
P,/ ® P, =75/.9/162=0.51>0.2
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0 JUs dxoldl
L,=220<50.8r,=50.8*5.06=257

M,=Z,F=15.43tm M,=¢ M =13.9tm M_ =Z F=7.34 tm M, =@ M =6.6tm
N=52.7 Po,=TPEA/A2=554t A =44.4 P, =mEA/A =781t
C..=0.6-0.4M,/M,=0.6 Cyny=0.6-0.4M,/M,=0.6 -0.4x0.3/1.4 =0.51

B, =C../(1- P,/ P, )=.6/(1-75/554)=.69<1 B, =1

B,,=Crn/(1- P/ Py, )=.51/(1-75/781)=.56 B, =1

M,=B,M,,=1*3=3 M, =B, M, =1*1.4=1.4

P./@P +8(M,/M,+M, /M, )/9=0.51+8(3/13.9+1.4/6.6)/9=0.89<1
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