CH . Bendfné ok

St u‘@lf\t Beams

11, Rundameptels
4. C@m‘l'k‘ofda«i1 Coordinate A 23

i

~plane of |oad : plane +hat 1o perpendicular +o benelmJ momerd;

2. Shear Load & Shear Conter

. Shear cemter ;| Wwhen the shear foree passes -through
+the shaar conter, po torgue will be

89nem+ed.

-berding axis | passes through the shear center
" Cross—ectisn hao symmetry axis or  gnti-symmetiy

axis, shear cemter |ocates on that axis

3. Sfmmetric Bending _

‘Every aoss—sechon has principal
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X-axis : newtral oxis ) X
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- Yeouxrs | heutrad oxis
* Symmetric bemdtng__—— bar\din& occurs aboud o heutral

oxis that coincides with the principul oxis,

'Rec+am8uﬂar\ Cross —Section.
- shear cemter = cewtmicl = bevxdwd XIS

_ Mx
Lz = “:ff
. Mox stess osccurs of T=3W2 | Iy=bW/12
_ &My 1M
Orox = —pp= = T

| elostic  section moduwluq .
Conog = mox (121, 1-21)

. Tiax B,
Groed 1o d%l\an a cross-section thad has large Sx.
4 Non~ Symmetric Bending.
- axis of bondilg Lo difPered flom principal axis:
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5. Plane oP Laods \ﬁi’
D

Plame oP symme-H**d.

A < orinet oXTS
/ N\ (I pel

Hx Plame P loads

_§7/MW\-€H rc bendi

|
vy \\"’Sheah ot comod

L
L/ ~ plane ol? loads

> principf axis < bondin
(Py\ (FIOM€ o-P Symmeh'a\ Wmm‘em &

/v
? \/\Ce“*mfd, shear cenlon
Exampﬁo 1.2. T—section Beam
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o Mox. Stress at  bettom surface (i) 99

Ty = Hint

Mox. Comp. stress  af Top surface €c,)

Mz (—C
Uzz = I;:)

T.2. Non- §7lmme’rh‘c B@ndina Stress

4. Eguilibrium

3 Hg
2. Depcrmaﬁon
~ plame section remains Pla'ne. a-@{-er depay-ma'h‘m.
Cz = a”+ bx + Y edonsion ( linear n x % 94)

G o LW 4+ E
Cez™ 2z Sr=U=d

[ 4
/ [4Y /
[ 0'=52 b=
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3. Stres - Strain Relations @
O3z =E &=z = EA’+ EbX + EC’Y
\ —( a=Ea’ b=Eb c=Ec’

4. Load- Siress Relation .
(GredA = afdA + b{xdA + c[yda =
(4TzdA =afydh + bf;gdA it cfgld)q =~
JaTada = af;colA + bjasz + ij‘adA‘:

Sdi =53<JA =6
=) (aA = o.

bIzy +cIx = Mo
bla + CI)(& :—Hg

=) aA=0.

==
| [‘Ia Ty | Y

- M Ty +MyTx = ~Ha Ty ~MyTry
I;d- Ix Ty 1318 —TxJy

-
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5. Neutrall Axis
~ ongle ¢ with psitive x-z plane. = plime of load
( Mx = Mam @ _g_;&{ - cot g
Hy =-M ot

— MNeutrdl axis = Qzz =0.

= Y= MxTay +My Ix X f-'?Cjamo(‘

Mx Iy + My Ty

Example 13, Channel Section Beom

B

p=12 kO od 3m |on8 begm - = N

A= 0% mm* | Y4o= 82 mm he“b’{(goi\ 92
Ix "37/‘7/“0( mm*% X m S
Ty = 36.13x105 mm* , Iay=o Igu \/k;

Max tewsile siress af A. HMox. comp. stress ad B

M:.'
Mx = Ma-_.

- Le!
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o2

Ae A, (X.4)= (-10,-118)
a = - (MeTcttdy) o, (HTattedy) 334 40
’ TeTy-Ty ) % (ma T, )9 “
Ae B, @.Y) = (70, 382)
= - (M I;foIg) Ha Ty +My T _
- | X 3 =
Jp (I;Ia-'l}é 8 * (LIS"L}& J8 ~j05.4 MfA
Exarpl 1.4, Argle Beam ;
A = [900 mm> , I '—'-L'IYBA’)D‘mm“’ \""' 3

Ao~ [934mm , Ty =~ 10031105 P

s
Yo = 7974 mm, Ty =-0.473410 mt o

P
e
T lﬁ,.
ZMs= Px3- Rx&5 =0

Mmay =
Mx =
My =

(An, 4y) = (=66.24, 39.14)
(Xg, Yg) = (19.14 ,~20,25)

4

|x0

. R|= OéP

of the lood appl. peint.,
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% Conveniewt ~Pov~m oP bendng stness

_ _ MyTttaly Hx Ty 1My Tuy
Gzz I;:Ia—'lxg A+ —IxIa"j)% 3

Hom o/ =

= MyTx +MxTay = (MaTy+tMyTny) dow o¢

_ MX-Ig'*‘HQI"d
=) Ozz = T Ty - Ty (%“9‘;&”’&)

A I | |
— |

—
Lnd

X: argle bw X-ax's & newbral axis,
Max. Hin. stresses occur at the furthest
dstmce fram LA, Pt [x,Y) wto Tez oxpresin
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7.3, Deflection of Non=Symmetric Beam

Eoow &/

Al
i
RN ( N M
e
£
J

Ty 7\#—3

a-—/'\/-\
~
LY
R

4
Ry : mdius of curwature (negotive)
__!___ A dZV . Y
Ry © ~d= : smal deRrmation Ry
\ L o2
. Elonaorh‘om ot locatien Y " !
‘ WE%Z
similarity oP triongle
o b= B dY
Ry 4 ~— dz*,
Cez
J
Mx

G
Symmetnc = I;cazo = &z -~ EIx.
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~Totwl deblection & o narmal to +the neutral axis

-

ExamP_)_g 7.6,  Chamnel section in Ex. 7.3
P=35kD, &= -'qzn E=72GP

o X =
M= %‘- = 24 268 klb'm

Mx = M,ulnyé = 28 & k'm

Mox. Hensile siress ot BE10,t82) 17 -
X< — i
Max. compressive stress at A fﬁ/
. (16,-113) 6
Gzz = MPa 3
I
USTna Mx = Mang =
V=
u=
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1.5, Fully _Plastic Load Br Monsymmetric Load M

~ Plane of load L specifred.
. Location & direction of (0.A. must be determined by

trial and error
* Assumed & does not necessarily pass through

+ M.A. must divide the cross-section into HWo epual area,
Plne of load

_______/ Y .

- Resulomt ensile frre
locwted ot C
) Pr""'Pc.

+ Resultomt Compressive @rce
~Ar=Ac = 32A

locatka ot Ce.
‘ Fully  plastic  momewt
.IP line C& does not coincide with the plmeop
lond, new o o pssumed awd RPexts
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7.3. The cross section of a modified I-section beam is

Figure P7.3. A positive bending moment causes a maximum
compressive flexural stress in the beam of magnitude 50 MPa.
Determine the magnitude of M, and the maximum tensile flex-
ural stress for the cross section.

[«-—50 mm——»’ y

10 mm
10 mm
X
40 mm
y
10 mm

30 mm

- FIGURE P7.3 =

7.11. For the overhang beam shown in Figure P7.11, determine
the maximum tensile flexural stress on sections just to the left
and to the right of the section on which the 16.0 kN « m couple
acts and their locations in the cross section. The flanges and the
web of the cross section are all 20 mm thick.

4.0k OaN 16.0 kN _1»;)0 mrT_
Y Y Yy vy Y —F
140 mm
FaE — o —t
‘«2.0 M 2.0 M-t 2.0 m—-<2.0 m—

FIGURE P7.11
7.20. In Figure P7.20 let b = 300 mm, & = 300 mm, ¢ =
25.0 mm, L =2.50 m, and P = 16.0 kN. Calculate the maximum

tensile and compressive stresses in the beam and determine the
orientation of the neutral axis.

FIGURE P7.20

_HRwWA. Selve problems 7.3 , 1,120, 7,33, 140

shown in

|7,
7.33. The beam shown in Fgu;e P7.33 has a cross segtion of
depth 60 mm and width 30 mm. The load P 7ar71d7 reactions Ry

andwﬁznafﬁ lie in ';pliaheithatwfc;n;s an angle of 20° counter-
clockwise from the y axis. Determine the point in the beam at
which the maximum tensile flexural stress acts and the magni-

tude of that stress.

P
P =3.00kN 20%¢ _
x ]
ﬂ: —_— ~—>L——— 1
800 mm 700 mm——> y
R R,

FIGURE P7.33

7.40. A Wbod beam of rectangular cross section 200 mm by
100 mm is simply supported at its ends (Figure P7.40). Deter-
mine the location and magnitude of the maximum flexural

stress in the beam.

FIGURE P7.40






