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Shear in Beam
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Web resists most of
the shear force.
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g bl Approximated Shear Stress
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A, = Gross web area



Allowable Shear Stress: F,

For beam with h/t < 3,179/1/Fy (most sections)

F, = 040 F,

v

For beam with i/t > 3,179/ ‘/Fy (composite beams)

F
F =——C <040F
2.89 ’

C, “Critical” Shear Stress of the Web

3,165,000k A :

C, = ————* o C,10sn11 0.8
F,(hlt,)

C, = 1385 Ik, e C, 110N 0.8
hit, \| F,

For beam without transverse stiffener: k,= 5.34

For beam with transverse stiffener:

ko= 400+ 2% ife a/mataunh 1.0
(a/h)

L =534+ 4'002 liio a/h AN 1.0
(a/h)

Transverse
stiffener

——



Block shear failure from beam coping

Coping
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Deflection
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The maximum deflection of the designed beam is checked at the service-
level loads. The deflection due to service-level loads must be less than

the specified values.

W

<
<

L

Deflection
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WUADUNTATIU 10 HY. umumﬁ@ﬂ,m 60 NN./ATY. HIHUNUVIINNIT 200 NN./ATU.

A5
| — FMIENAS = 0.1x2,400 = 240 NN/ATY.
(SP) 3m  thwindagyds = 60 NN./AT4.
B2 | B ¥ ﬁ?%ﬁﬂﬂiinﬂﬂi = 200 nN./e34.
S 3m TIAIREN AU = 500 NN./ATY.
=+T L Fminasam B1 = 3x500 = 1,500 Nn./u.
k 6m " Uszanoimiinens B1 = 80 nn./al.
lutudan M = 1.58x6%8 = 7.11 t-m

G130 A.1: {HANWINEA W250x64.4 (L =3.21 m, L, =6.36 m, M__ = 10.8 t-m)

M3HBUAIIAN | WiIAA W250x64.4 (S, = 720 cm®)

luluuaaa M = 1.5644x6%/8 = 7.04 t-m
winoussaangan 1w F, = 0.6 F, = 1,500 kg/cm’

WIBUIINA f, = 7.04x10%720 = 978 kglem® < F OK

A379FaUNISLRAU | ®iaa W250x64.4 (d=244cm,t =7 mm,t =11 mm)

LI9L28% V = 1.5644x6/2 = 4.69 ton

U

Auersunisiien A, = (24.4 — 2x1.1)x0.7 = 15.54 cm?

wiousadonnanl F,= 0.4x2,500 = 1,000 kg/cm®

WNBWIIRaY f, = 4,690/15.54 = 302 kglcm® < F, OK

A3IVFBUNISHBUAT | 16 W250x64.4 (I, = 8,790 cm*)

_ 5wL* _ 5x(1564.4/100)x 600"
384El 384 x2.1x10°%x8,790

=1.43 cm < [L/360 = 600/360 = 1.67 cm] OK



AW B2 Span=6m,L,=3m

| go | wssdf)iTenann Bl = 1.5644x6/2 = 4.69 ton
l 1 B1 l Uszanmininaw B2 = 80 N.N./4.
s ! ml Tuwauden M = 4.69x6/4 + 0.08x6%/8 = 7.40 t-m

m 3m

1319 A.1: LRANWHNAR W250x64.4 (L= 321 m, L, = 6.36 m, M__ = 10.8 t-m)

MSIAFAUNISAR | LUINWGAa M = 4.69x6/4 + 0.0644x6%8 = 7.33 t-m

wioussaangan 1w F, = 0.66 F, = 1,650 kg/cm’

WIUUTIAA f, = 7.33x10%720 = 1,018 kglem” < F, OK

ASAAHBUNTISERAU | WIILROU V = 4.69/2 + 0.0644x6/2 = 2.54 ton

wiousadounanl F,= 0.4x2,500 = 1,000 kg/cm?

wilousadan f, = 2,540/15.54 = 163 kglem®* < F,  OK

A3IITBUAITHAURT | 160 W250x64.4 (I = 8,790 cm?)

+ =
48El 384El  48x2.1x10%x8,790 384x2.1x10°x8,790

PL® 5wt 4,690 x 600° N 5x(64.4/100)x 600%

=1.14 + 0.06 cm

=1.20cm < [L/360 = 600/360 = 1.67 cm] OK

f3Un1saanuuy B1 AUIA 0 W250x64.4

B2 AU1G A W250x64.4




Full Lateral Support of Beams
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dudszansnisam C,

| o [% 12'5Mmax
A1 C, Anileanaunts | C, =
25M__ +3M, + 4M, + 3M,
dl 1 U 961 U
il My, = Arduysaivestundinniigaludeilafiedu
My = fnduysaivadluiug fiszer 1/4 wihvesnadiludissy
Mg = Aduy mmaﬂmuummwz 1/2 W99 197 ludA g
Mc = @duy mmaﬂmmummvav 3/4 Winveaeiilaiandu
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C, = 1.11 for two center

sections and 1.67 for
end ones
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Cp=2.38

C, varies
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Cp,=2.38

Midsection Cp, = 1.0
End sections C, = 1.67
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589930 A F, = 2,500 AN./%.2

20 ton 130 ton 130 ton

Y

X X

<—2.5m—7ﬁ>7<—2.5m—~‘72.5m—~‘72.5m—7%

% %

A auyRg vinA 200 nn./al.
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20 ton 30 ton 30 ton
200 kg/m
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A
<—2.5m—$72.5m—><— 25m —«—25m —

58 ton 24 ton
7 6.5
Vv [T 11
-20
-20.5 -23.5 24
59.4

g

-50.6

NANTSATIZN Viax = 37.5ton

M = 59.4 t-m

max



ponuLUUATLD ed
adld Fy = 0.5x2,500 = 1,250 kg/cm?

5
Reqd S, = M _ 894107 _ 255 oy
F~ 1250 —_——

@onuingdin W700x166 A1 S, = 4,980 cmd > 4,752 cm3

158 Al (C,=1.0) : W700x166 (L,=3.82m, L,=4.86 m)
L,=75m>L, > F, < 06x2500 = 1,500 kg/cm?

[
=

milgusenadigaulv F, 5 30 cm

. s (2cm
A L oA A d=69.2 cm | ! l
RITUINUNFUFINT UL IR I |
: 1 32.6/3
A +-A,6 = 30x2+10.9x1.3 (69.2-2x2)/2 -10.9 cm
6 =32.6 cm 1.3 cm
= 7417 cm? IR S 1 B N.A.
l; = 0.5Iy = 0.5x9,020 = 4,510 cm*
M Mumax M
= JI/A 4,510 = 7.80 cm M 51?1 59.4 44°7

7417 M
L_ 70 _ 9615 C
r 7.80 V
ZuuseBnsnisen C,

1.875 1.875 1.875 1.875
125M__

25M__ +3M, + 4M; + 3M,

12.5x59.4
2.5x59.4+ 3x19.3+ 4x51.1+ 3x44.7

3 3
. \/7,173x10 C, _ \/7,173><10 x1.36 _ ¢y 47

C, =

F 2,500

y

= 139.65

. _ [3585x10°C, _\/3,585><104><1.36
? F 2,500

y

L o 1 %4 dl 1 a a a
c, < —<c, . AMunmigusmanganlinuaunisinanzdudangnn
T



2 F(Lr)
dUN15INwANZBUDANERN: F, = {3_10;60 ;O“C }Fy < 0.60F,
’ X b

£ |2 2,500(96.15)°
13 10,760x10%(1.36)

843,600C,
Ld/A,
_843,600(1.36)
* 750x69.2/(30%2)

}2,500 = 1,272 kg/cm? < 1,500 kg/cm? OK

dun1sn1sin: F, = < 0.60F,

= 1,326 kg/cm?® < 1,500 kg/cm? OK

. dnausstafigauls F, = 1,326 nn./@u.?
Tuawddaieedld M, = F, S, = 1.326x4,980/100
- 66.05u > [M

TR LENENLRL f o= Ve _ 37500 445y kg/cm?

" ht, 652x1.3

- 59.4 ¢u] OK

max

n
Il

0.4F, = 1,000 kg/lem®* > f,  OK
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- aslnamzeniziivasdnign (Local flange buckling)

- N9ATINLANIENVBUB2ATU (Local web yielding)

- N13LUVDWBIATU (Web crippling)

- NSIAAIZAIUT19VR 2R (Sidesway web buckling)



Local flange and web buckling

nslasazianiziivasdnany (Local flange buckling)

Stiffener

Column

——
Beam

|

Stiffener area:

A

_ Ry —Fyt

yctwe

(t, +5k)

st

F yst

By
t; Require Stiffener if, | 7, < 1.02 F_

yc

F,, = MigusansInvead (n.n./asu.’)
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Web yielding & Web crippling

.

é\ Localized deformation

at toe of fillet

Web deformation

(a) Web yielding (b) Web crippling

N13ATINLANIZNVB9LD2ATU (Local web yielding)

R < o66F
t (N +5k) Y

[ e

e —

25k N 25k

k = Fillet toe distance

R T I I N = Bearing length

N 25k

K < 0.66F
t (N +2.5k) g




Welded I Beam Loaded in 3-Point Bending

N13L8UVDLIAU (Web crippling)

L g

1. Concentrated load at distance > d/2 from end of member:

1.5
F ot
R - 564 tf{HS(gj(t’[‘”] } P (ton)
f w

2. Concentrated load at distance < d/2 from end of member:

1.5
F ot
R = 282 tf{ﬂS(le[tt‘”] } ™ (ton)
f w
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uerealugy) salsanszezuunmu 15 sy, Jauieanense 12

25 ton 25 ton
2 tym_(includg beam weight) 391 mida W800X191 (t = 14 .41,
IHHHH HHHHHHHH w ’
Q t=221.1,
T I k=2t =44 %W,
F 3m T 3m T 3m =| _
34 ton 34 ton d=79.2 %4,

v Y v
A3299OUNTATINVBUBINTUN YA Y ﬁuﬂﬂlliﬂ’ﬂﬂﬂuﬁuﬁ?ﬂﬂﬁﬁﬂuﬂ1ﬂ‘]J
R _34(1,000)

= = 934.1 kg/cm®
t,(N+25k) 1.4(15+2.5x4.4)

wmmmmmﬁsJ'enflﬁ’mmgmmuﬁa 0.66F, = 0.66(2,500) = 1,650 N/

934.1 nn./%u.> < 1,650 nn./ay.> OK



A3ABVUNSIEUVDUBINIUNUAY ANLTIDANINNEA

R = 2821 1+3(ﬁj(t—w
d\1,

R = 282(1.4)*|1+3 15
79.2

44,636 N.0. = 44.6 &

A

o

L5
F1,
tW
1417 [2,500(2.2)
2.2 1.4
W > 346U OK

uHumansasldmiu (Beam Bearing Plates)

R
Bearing pressure: =
gp Iy Bx N L
Allowable bearing: T
’ strip
F, =035/,
F, =035f % < 0.7 f! fon
n
! Bending moment: M = p2
P M c (fpn2/2)(tp/2) B 3fpn2
‘ Critical section b lxt; /12 t;
P—T—TT i T ------ A WigusIaanInga f, = F, = 0.75F,
" ; 3f,7 f
n
< = > Required ¢ = E— =2n |-&
g 0.75F, F



@70871910 9-5 MUNTIIAA WA50X 106 (d = 43.4 ¥, b, =29.9 . t =10 Y. t=15 1.
@ o =) < {
u. 1ag k= 3.9 ¥1.) gnsesfulasmisneunsaasumanidaiel £_= 210 n.n./au.

1 9 9 3 a A ~ (% 9 Y
ma’emmmmmaﬂmmumamaﬂ A36 LLiQ‘iJQﬂiEJ"IV]ﬂﬁ"IEJﬂ"Iu 30 AU Glclfﬂ’J'HJﬂ’J'N
o 3
WUN(20 "]ﬁJ.)!,ﬂuﬂ’J'liJEJ'l’J!,ﬁJﬂﬂ"lu

A5 ASVABUANNENBNNNFANADINS:

N1TASINVDILDINIU: R 00,090 _ 0.66(2,500)
t,(N+2.5k)1.0(N +2.5%x3.9)
mmsmﬁﬁ'mmi N =8.43 %3. < 20 . OK
1.5
MIGUVDAUDIAU: R =30(1,000) =282(1.0)*| 1+3 N Lo ‘/w
43.4 )\ 1.5 1.0
ANNEINRE N3 N =19.1 5u. < 20 . OK
LADNYUIALKUTDN:
R 30(1,000
A= _304.000) _ yng o2
“0.35f 0.35(210)
B =A/N =408/20 = 20.4 % Tranuning 25 .
A, =(20)(25) =500 w3.> > 408 .’ OK

n=25/2-3.9=28.6%4.

J, =30(1,000)/500 = 60 .0/,

3f n? 2
o fn _ [3(60)8.6)° _ 5 66 om
F, 0.75(2,500)

Wunuiman PL3x20x25 @i, m




N15AALNUA (Biaxial Bending)

y Gravity load

Wind load \l

Roof
Purlin

Sag rod

i Purlin weight
; Roof truss
j
y
(a) Beam cross-section (b) Roof purlin
Crane tzlcor:gse
Sag rod Column rail
- Support
Wall girder
Wind
load Bracket
Weight of | — Column
wall material Girt
(c) Wall section showing girt (d) Crane rail support
4 [
y 4R UTZNOULTINIVUNUNRANUASUNUT O :
Fi o ,F .
Fy:Fcose, F. = Fsin 0
L o Y a 4 ' 1 o
| Fy mlvina Tuwue M uaz M TAgr U595 IUATEN1A
X === f———— X y
: PR A
; TUNUANITD9AD
|
i M M,
y fb — X i Y
(a) Beam cross-section Sx S y
o [ v G fbx <
AIMIUMSTAATPUUNU x:  f, < F, 439D s 1.0
bx
) o [ A fby
MNIUNMTANTOVUAU y:  f, < F, 30 7 < 1.0
by
o ' o ' 1 Aa fx fb
HASINVDIOATIAIUNITDINAT 1Y 1.0, 4 = < 1.0
Fbx Fby
Y I Y o 3 A o 9 9 fbx fby <
‘EHL‘]J“L!“IfiuW]ﬂﬂ’t)m!,‘l/\lﬂllﬂ1ii’tNi‘]Jﬂ1u"UN =

_.I_
0.66F, ~ 0.75F,



A10e199 9-6  AruaslusUSuluuudan 20 Au-luns I9eeniuuntida W350 iun

Ngnlagnisunnasfusenaulumudniusnuvdnuasiasandunisdawnug auyd

N155095UANUTIUAUN

5911 WANBIAUTENDUTLLLUAMINLAY X, Y
M = 20cos30° = 17.32 t-m
M = 20sin30° = 10.0 t-m

ANTUNTFAADULNATNISTISUATUT
fbx by
+ < 1.0
0.66F, = 0.75F,

apwidin W350x159 S, =2,670cm® S, =909 cm?
17.32x10°

f =M /S, = """ = 648.7 kg/cm®
2,670
10.0x10°
fby = My/Sy = W = 1,100 kg/Cm2
648'7+1’100 = 0.393 +0.587 = 0.980 < 1.00 OK
1,650 1,875

End of Lecture 09



