CHAPTER 5 (CHUONG 5)

!'_ PLANAR FLEXURE (UON PHANG)

PGS. TS. Bui Céng Thanh
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‘L |/ INTRODUCTION (GISI THIEU)

s Notion (Khai ni€m):
v Pure bending when only one internal

bending moment (chi cé 1 1/p momen
udn ndi luc)

e
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‘L |/ INTRODUCTION (GISI THIEU)

v Planar Flexure (USn phdng): when all
infernal forces are in the same plane
containing the beam axis

i iy 9 iq
____________________ T 4 ;(
7/&7 | ¢ ;!Y \Z
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i |/ INTRODUCTION (GISI THIEU)

» Hypotheses (Gid thi€t)

v The section has at least one symmetric
-al axis (Tiét dién cé it nhat 1 truc doi
xang)

v The external moments are acting in
the symmetrical plane containing the
bar axis (Momen ngoaqi tdc dung trong
mdt phdng dsdi xiing chiia truc thanh)
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II/ PURE BENDING (UON THUAN
TUY) (cont.)

s Test (Thi nghlem)

MO / \\\\\ 0
( ) ( [FEEEE

Ludi 6 vudng

v’ After deformation, the bar axis is bent (Sau
bi€n dang, truc thanh bj uén cong)

v’ Right angles are conserved (G6c¢ yudng van
boo todn) = no angular strain (0 biEn dang
géc

v Td th& chiu kéo - nén: thd frung hoa
(neutral axis)

uongThanCong.com https://fb.com/tailieudientucntt
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I/ PURE BENDING (UON THUAN TUY)
i HYPOTHESES (GIA THIET TINH TOAN ):

v' Bernoullii hypothesis: cross-sections are
plane and orthogonal to axis

v Hypothesis on longitudinal fibers:
v Hypothesis on materials: linearly elastic
-2 Only normal stress along its axis

<= == _>GZ
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I/ PURE BENDING (U6N THUAN TOVY)
(cont.) — Normal Stress (U/s phap)

x FORMULATION OF NORMAL STRESS
v Normal Strain (Bi€n dang doc truc)

O © ~do
M N “Neutral axis
dz ‘
) é} - Lz _
MN'-MN
e, = -2 (@)
MN p

ongThanCong.com https://fb.com/tailieudientucntt
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I/ PURE BENDING (U6N THUAN TUVY)
(cont.) — Normal Stress (u/s phdp) (cont.)

v Stress-Strain Relation (Quan hé dng
sudt- bién dang):

oc=E¢ (b)
v’ Stress - Intfernal Forces Relations:

N, =[ o, dA = J'AEydA =0 [ ydA =0

— truc tfrung hoa gua trgng tdm

\Ty \
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M, = GszA=_I xydA =0
N A p A
N = gy, = _"AxydA =0
E El
~ M, =[ o,ydA = —| y’dA = —=
.\10 i pr p
- \ 1 M
l 5> - (c)
P EIGX

p — neutral fiber radius (bk thé trung hoaq)
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http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt
http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

I/ PURE BENDING (U6N THUAN TUVY)
(cont.) — Normal Stress (u/s phdp) (cont.)

= Ung sudt phdp (Normal Stress)

o = My )
IGX
o —+|MX|
m - Wk
I M
m Wxn y
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I/ PURE BENDING (U6N THUAN TUVY)
(cont.) — Normal Stress (u/s phdp) (cont.)

v Tiét dién cé 2 tryc déi

xdng (Biaxial

Omin

M,

A
I
.‘V _______ -

symmetry section):
W' =W'=W = Lo
h/2 X
|\/IX
o-mox - _Gm -
WX

e

, m

czd1\\€

W, - elastic section modul
dién dan hdi hay momen chéng udn)

cyl’T\(]X

Y

us (sudt tiét

https://fb.com/tailieudientucntt
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I/ PURE BENDING (U6N THUAN TUVY)
(cont.) — Normal Stress (u/s phdp) (cont.)

s Elastic section modulus of some sections
(Suat tiét dién cia mot s m/c ngang)

v’ Rectangular cross section (M/c chu
nhat)

3 2

bh bh

G x .|2 X 6

v’ Circular cross section (M/c ngang
hinh Trén) | nd* | nd”’

GXx

64 " 32
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I/ PLANAR FLEXURE OF BEAM (UON

‘L PHANG)
Notions (Khdi niém)

v Internal forces (NGi luc): M, , Q
v Sign convention (Quy udc doy)
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I/ PLANAR FLEXURE OF BEAM (UGN
‘L PHANG) — SHEAR STRESSES (U/S TIEP)

Shear Stresses associated with the
shear force (U/s ti€p trong dam)
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I/ PLANAR FLEXURE OF BEAM (UGN
‘L PHANG) — SHEAR STRESSES (U/S TIEP)

v Hypotheses (Gid thiét):
The shear stresses t // shear force Q,,
(U/s ti€p t// luc cdt Q)

The distribution of shear stresses is
uniform across the width of the beam

(U/s ti€p phdn bé déu trén bé rdong)
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I/ PLANAR FLEXURE OF BEAM (UGN
* PHANG) — SHEAR STRESSES (U/S TIEP)

Tmcx
/
dA Yy
(a) Side view of beam (b) Cross section (c) Shear stresses

(Nhin mdat bén cGa dédm) (M&t cétngang)  (U/s ti€p)

Fig. Shear stresses in a beam of rectangular
Cross section

DuongThanCong.com https://fb.com/tailieudientucntt
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I/ PLANAR FLEXURE OF BEAM (UGN
‘L PHANG) — SHEAR STRESSES (U/S TIEP)

» Formulation (Thiét Idp céng thdc)

Consider the equilibrium of an element
pp-n;n Xét can bang phan t pp1n n)

On face pn: =, e dA= ] —ydA

On face pinyir, - [, oaa - [ S yan

G x

On the top face ppy: f, - «bdz
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I/ PLANAR FLEXURE OF BEAM (UGN
‘L PHANG) — SHEAR STRESSES (U/S TIEP)

Equilibrium equation in z direction:
(P/t can b&ng theo phuong z)

F3 — F2 - F'|

tbdz = [ M, + dM, ydA - | |

IGx G x

dM_ (1 )
T= — | | frarY 9
dz \I b)

MX
ydA

SX=IACydA - T =
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I/ PLANAR FLEXURE OF BEAM -
‘L SHEAR STRESSES (U/S TIEP) (th)

v’ Beams of rectangular cross section

SR B
h b(h’ 2
S =b(_—Y}|y+2 | = | —-Y:|
2 | 2 | 2\4 )

\ )

Q, (h* )

- T = | - Yy |

2IGX\4

oS 39, with A=

g
3
2
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ll/ PLANAR FLEXURE OF BEAM -

‘L SHEAR STRESSES (U/S TIEP) (1)

v Beams of circular cross section

& 4 — 4— — — <«

The largest shear stresses
occur at the neutral axis

Tmox

https://fb.com/tailieudientucntt
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I/ PLANAR FLEXURE OF BEAM -
‘L SHEAR STRESSES (U/S TIEP) (th)

v Beams of hollow circular cross section

It's assumed that the shear stresses

along the neutral axis — // y-axis
% and uniformly distributed
*I

. 2
Sx = mcx = ;(rZ - r13)
T, 4 4
2(r2_r1) lex = Z(rz _r1)
Q.S 4Q 1P +rr+r’
Tige = = y2+22‘j1 with A=n(r2-rf)

3A .+


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt
http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

ll/ PLANAR FLEXURE OF BEAM -

‘L SHEAR STRESSES (U/S TIEP) ()

v' Shear stresses in the webs of beams with
flanges (U/s ti€p & than cdc ddm cb

cdanh)

. b
; Flange
= (Ccmh)
\
P |h,/2
—Ymox —
We LY
tham. ] ni/2 v
\ LA 77T Trmin
=

https://fb.com/tailieudientucntt
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I/ PLANAR FLEXURE OF BEAM -
‘L SHEAR STRESSES (U/S TIEP) (th)

4 ghear siress at a point ar a distance y

> Flange

5 — (cdnh) A _b(h h\l A =t (h__y\
 Zong2 (277
I'l\’r h,/2
n | ST = b(h - h, )+l(hf-4y2)
wek [+, ° °
tham. /2 1
' | —(bh’ - bh; + th]
7T ox = )
Y%

Y X

Q. s° 3Q (bh®-bh?+th? - 4ty?)
|

sz =

ot 2t(bh” - bh + th})
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EXAMPLE 1: Calculate stresses

dlculate the maximum fensile and compres-
sive stresses (Tinh U/s kéo va nén I&n nhat)?

g =3.0kN/m

c b = 300mm
AM’ E 1 1 R1%
A B t &) NA ] e
] 30m 77715m | gk
I 0 g T =12mm by

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt
http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

EXAMPLE 1: Calculate stresses (cont.)

1,125m

4 ]19 kN-
M. 898 m

DuongThanCong.com https://fb.com/tailieudientucntt
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i EXAMPLE 1: Calculate stresses (cont.)

= The bending moment diagram gives (Bi€u d6
momen udn cho):

M. =1,898kN.m; M, =-3,375kN.m

s Position of neutral axis (Vj tri tfruc frung hoa)
C,=1848mm; c;=61,52mm

= Moment of inertia of the entire cross gec’rionol
area (Momen qudn tinh cda tdan tiét dién)

IGX —_ IGX(]) + IGX(Z) + IGX(3) —_ 2,469 X 106 mm4

https://fb.com/tailieudientucntt
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i EXAMPLE 1: Calculate stresses (cont.)

= The section moduli for the botfom and top of
the beam (Sudt tiét dién d/v ddy va dinh cuda

dam)_ ey .
W, = === =40100 mm*; W, =—=133600 mm

1 2

C, C,

47,3MPa; i
W W

1 2

= At theicross section of I\{‘Immanx(:TcgliI\’rI/mCJXCo_I\(Iar!%)/I o

ma

= ATTheeross section of M = 3,375 KN.M .

mox m i

W W

2 1

https://fb.com/tailieudientucntt
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Example 2:

g =28 kN/m

Calculate the normal and shear stresses at point
C in the steel beam AB.

26.9MPG
3.8MP

—»3.8MPa

-T 26.9MPa

DuongThanCong.com https://fb.com/tailieudientucntt
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Example 3: Design of beams (Thiét ké
i ddm) — Choice of section(chon m/c)

q =60 KkN/m q =60 KkN/m
A ,: /\B
’4 4m Jm 1. 2m %;}

Determine the require section modulus, W, ,
and then select the |-section in the table
(Xac dinh sudt tiét dién hay momen chéng
udn yéu cau va chon tiét dién chd | trong
bdng). [6] =110 MPa
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— Choice of section(chon m/c) (i)

i Ex 3: Design of beams (Thiét k& dam)

q =60 KkN/m q =60 KkN/m
A B
4m LIm | 2m ,
R, = 188,6 kN Rg=171.4 kN
188.6

(!|I )

N
L X= 3,143m =|

| Q -171.4

Miax = 296.3 KN.m

https://fb.com/tailieudientucntt
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— Choice of section(chon m/c) (i)

i Ex 3: Design of beams (Thiét k& dam)

= The max. moment 2 at x= 3.143m
M o = 296,3 KN.m

= The required section modulus, W,,
(disregarding the weight of the beam):

e M__ 296,3x10°(N.mm) , ,
W =~ = — =2694x10 " mm
[o] 110(MPa)

= In the table, we can select a Universal Beam
having a section modulus greater then
2694cm?

> UB 762 x 267 x 147 kg: A =187.,8 cm?, b = 265,3
mm, h = 753,9mm, |.,=168535cm4, W,=4471 cm?

uongThanCong.com https://fb.com/tailieudientucntt
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CONDITION (KIEM TRA PIEU KIEN BEN)

i IV/VERIFICATION OF STRENGTH

Elements to be verified (Cac loai phan t6
can kiém tfra)

v Elements at Uniaxial Stress State : A va B
v Elements at Pure Shear Stress State: C
v Elements at Plane Stress State : D

uongThanCong.com https://fb.com/tailieudientucntt
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IV/ VERIFICATION OF STRENGTH
i (KIEM TRA BIEU KIEN BEN) (i1)

» Ki€m tra phan t6 & TTUS don:
v’ For ductile materials (B/v vat liéu déo)

m aXx |G|S [o]

v’ For brittle materials (B/v vat liéu don)

cymc:ix S[Gk]’. Gmin‘S[Gn]
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IV/ VERIFICATION OF STRENGTH
(KIEM TRA PIEU KIEN BEN) (f)

= Element of pure shear stress (Phdn 16 &
TTUS trugt thuan tay)

v’ For ductile materials (B/v vat liéu déo)
[c]
2

[o]

T . S[r] = ﬁ — strength theory of

T <[r] =

m ax

— sfrength theory of

maximum shear stress

maximum strain energy
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IV/ VERIFICATION OF STRENGTH
i (KIEM TRA PIEU KIEN BEN) (1)

= Element of plane stress state (Phan t6 3
TTUS phang):

v’ For ductile materials (B/v vat liéu déo)

G, = \/cf + 41:fy < [oc] » Strength Theory3

13

c,, = \/Gj - 3’c§y < [o] > Strength Theory4

14
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V/ PRINCIPAL STRESSES IN BEAM (UNG
SUAT CHINH TRONG DAM)

s Stresses in beam of
rectangular cross
section: (Ung sudt trong
dam t/d chd nhat):

(a) points A,B, C,.D and E;
(b) normal and shear
stresses acting on
horizontal and vertical
planes; (c) principal
stresses, and (d)
maximum shear stresses

(b) (© (d)

uongThanCong.com https://fb.com/tailieudientucntt
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PRINCIPAL STRESS TRAJECTORIES
(QUY BAO UNG SUAT CHINH)

s Fig. Principal Stress
frajectories of beams

of rectangular cross i
section: (a) cantiliver

beam; (b) simple EETNEERERENEE
beam W T—0—F 1]

(b)

s Fig. Typical stress
contours (fensile
principal stresses only)
for a cantiliver beam

ongThanCong.com https://fb.com/tailieudientucntt
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VI/ COMPOSITE BEAM' (DAM HON
& HGP) — DEFINITION & HYPOTHESES

(@) ©) = Composite beams are
i | .
HHc I fabricated of more

© than 1 material

= The same hypotheses
of plane cross-sections

— g, vary linearly

Fig. Cross sections of composite beams: (Q)
bimetallic beam, (b) sandwich beam, and (¢)
reinforced concrete beam

DuongThanCong.com https://fb.com/tailieudientucntt
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VI/ COMPOSITE BEAM' (DAM HON
HGP) — STRESS FORMULATION

b

b
o, =E¢g | |
€, o, =E,g, .< nb =.|
(@ b) © (d)
Cross Strain Stress Transformed
section distribution distribution section

Composite of two materials

uongThanCong.com https://fb.com/tailieudientucntt
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VI/ COMPOSITE BEAM® (DAM HON
‘L HGP) — STRESS FORMULATION (cont.)

= Strain distribution for a beam made of
two materials —» Fig. (b) (Su phéan bo
bién dang cho ddm bdng 2 VL — H.b)

= The normal stresses o, are obtained from
Hooke’s law (U/s phdp o, cé 1 d/l Hac)
— Fig. (©) i 0, =-Exy o0, =-Exy

= The position of the neutral axis (Vi tri fruc
TH):

N =0-> I]cﬂdA + I2622dA =0

- E,[ ydA + E,[ ydA = 0

uongThanCong.com https://fb.com/tailieudientucntt
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VI/ COMPOSITE BEAM' (DAM HON
i HGP) — STRESS FORMULATION (cont.)

= The relationships between M - stresses o
(Hé thic gitlaM -o)

M = IczydA = chlydA + chzydA
_ —KE1I]y2dA - KEzjzysz

= _K(E1I1 + E2|2)

l,. I, — inertia moments about the neutral axis of
cross sectional areasl and 2 (momen qudn tinh
cla cdc dién tich 1 va 2 d/v truc trung hda
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VI/ COMPOSITE BEAM® (DAM HON
‘L HGP) — STRESS FORMULATION (cont.)

= The curvature of the beam (6 cong
cla dam):

M
ElL+E_I

]
L
p
= Normal Stresses (U/s phdp):

MYE. | MYE,

T EL+EL 2 El +EL
11+ 2 2 11+ 2 2

GZ]

https://fb.com/tailieudientucntt
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VIl/ STRAIN ENERGY OF BENDING (THE
i NANG BIEN DANG BAN HOI KHI USN)

a Cdach 1:

v Density of Strain Energy (Thé ndng
riéng)

2 2 2 2
c,+06,+06,-2v(c,0,+ 0,0, + 5301)]

v In case of plcng stress as in beam
bending (TTUS phdng nhu dém chiju

u]on) | . \/(02\2 2
u=—[0 +0 —2v00 ]WITh G,, = ¢ —
2E 2

: l2) "

https://fb.com/tailieudientucntt
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VII/ STRAIN ENERGY OF BENDING (i)
i (THE NANG BIEN DANG DAN HOI KHI UON)

s After reducing, one has(Rut gon ta

dU(.jC) 2 2
0-z TZY
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2E 2G

= Replacing o, and t,,, (Thay thé o, va t,,)
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VII/ STRAIN ENERGY OF BENDING (i)
i (THE NANG BIEN DANG DAN HOI KHI UON)

= Strain energy on ad segment of length dz
(Thé ndng bién dang trén doan dz)
M * Q°

dz + n
2E | 2G A

= Strain energy on d beam of length L
(Th& nang bién dang trén todn dam )

dU =

dz

L|\/|2 L 2

U=j02E|dZ+I0nzGA

dz
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VII/ STRAIN ENERGY OF BENDING (i)
i (THE NANG BIEN DANG DAN HOI KHI UON)

= With beams having varying rigidity or
internal forces (M & Q) (le ddm cd db
cdng hay néi luc thay dséi):

2

LM, "L Q,
n
Jo 2E| - 2GA,

dz

= 11— hé s8 diéu chinh sy phdan bé knéng déu
cuda uy/s tiép:
v’ Rectangular section > n=1.,2
v’ Circular section 2 n= 10/9


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt
http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

VIII/ SHEAR STRESS IN BEAMS OF THIN-
WALLED OPEN CRQOSS SECTION (U/s tiép
cla dam thanh madng tiét dién hd)

= Infroduction
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VIII/ SHEAR STRESS IN BEAMS OF THIN-
WALLED OPEN CRQOSS SECTION (U/s tiép
i cla dam thdnh mdng tiét dién hd) (1T)

v Assumption:
1 Is assumed to be
uniformly distributed

along e
v Formula

Q.8

T =

| e

with §7 = | "v.e.ds
0


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt
http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

VIII/ SHEAR STRESS IN BEAMS OF THIN-
WALLED OPEN CRQOSS SECTION (U/s tiép
i cla dam thdnh mdng tiét dién hd) (1T)

» U section beam
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VIII/ SHEAR STRESS IN BEAMS OF THIN-

cla dam thdnh mdng tiét dién hd) (1T)

| WALLED OPEN CROSS SECTION (U/s ti€ép

v’ Shear in the flange
bhQ
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v’ Shear in the web
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VIII/ SHEAR STRESS IN BEAMS OF THIN-
WALLED OPEN CRQOSS SECTION (U/s tiép
i cla dam thdnh mdng tiét dién hd) (1T)

v Shear center Tadm cdt)
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