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‘L . INTRODUCTION (GISGI THIEU)

vector

3+ U:horizontal displace-
ment

v: vertical displace-
ment

p: curve radius of
deflection curve
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i . INTRODUCTION (GICI THIEU) (i)

= Why must we study the deflection of
beams? (Tqi sao chiing ta can nghién
clu chuyén vj cGa ddm?)
v The deflections help to verify the
rigidity of structures (buildings, shafts......)

v The calculation of deflections is
essential 2 the analysis of statically
indeterminate beams
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i . INTRODUCTION (GICI THIEU) (i)

» Basic assumptions (Gid thiét co bdn):

v Only deflections caused by Bending
Moments are considered (B.d. do udn)

v The axis of bending is one of the
Principal Axes of a beam cross-section

v Plane sections remain plane duting
deformation (M/c ngang ludén phdng)

v Small deflections w/r the beam-span
length (Chuyén vi bé)
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I/ DIFFERENTIAL EQUATIONS OF THE
DEFLECTION CURVE (P/T Vi PHAN
‘_L CUA DUSNG DAN HOI
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I/ DIFFERENTIAL EQUATIONS OF THE
DEFLECTION CURVE (P/T VI PHAN
i CUA BUSNG BDAN HOND(continued)

= From previous chapter , we have the
moment-curvature relationship:

1 M

) El

= In analytic geometry, the curvature of
the deflection curve can be written:

-I ‘VN‘



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

I/ DIFFERENTIAL EQUATIONS OF THE
DEFLECTION CURVE (P/T VI PHAN
i CcUA BUSNG DAN HOI) (CONTINUED)

= With the sigh convention of M and Q, it

follows:
~dYv M (x)
v" = ~ = - - Elv' = -M (x)
d X E |
1 dM Q(x)
vi= - ——= - — neo_
El dx E | Elv™ = Q(X)
] dQ v
VIV=— =_CI(X)_) EIV =—q(X)
El dx El
| d’M dQ
since = = —qgq(x)

dx’ d X
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i ll/ METHOD OF DIRECT INTEGRATION

2

; d v M(z)
V = 5 = -
dz E |

. dv o M(@2))
v—dz— L - sz+C

V = I(J‘(—ME(IZ)sz}dz+Cz+D

C & D are determined by boundary
conditions
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lll/ METHOD OF DIRECT INTEGRATION -
i Example 1: Cantiliver beam

= Example 1: Determine the equation of
the deflection curve for a cantiliver
beam with a uniform load
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I/ METHOD OF DIRECT INTEGRATION -
i Example 1 (continued)

= Bending moment at distance z from A:
(Momen udn tai khdang cdch z ta A)

Mx=—q(L_Z) (Q)
2
= The differential equation of deflec’rlon
curve (p/t vi phdn dudng dan hoi)

Elv" = (b)
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I/ METHOD OF DIRECT INTEGRATION -
i Example 1 (continued)

= The consecutive integration of (b) gives:

a(L-z)
Elv' = - + C, (c)
6

4
q(L -z
Elv = ( ) + C.z+ C, (d)
24

= Boundary conditions: v'(0) =v(0) =0
9

C,=ql’/6; C,=0

2
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I/ METHOD OF DIRECT INTEGRATION -
Example 1 (continued)

= The slope of the curve (b6 déc cla

DOH) v' = q_z(3L2 — 3Lz + 22)
6E|
= The deflection equation (P/t DPH)
qz’

24E |

vV = (6L2—-4Lz+-22)

= [The angle of rotation, 6; and the deflect-

3 4

ion, d L L
5 eB=V'(L)= - .
6E| 8E |
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IV/ METHOD OF CONJUGATE BEAM
i (PHUCONG PHAP DAM GIA TAQO)

= Differential relations (Cac lién hé vi phdn)

dM dv
d— = —=0=V
? and 9z
dQ de M
S q - V" - o —
dz dz El
s |f we imagine a fictitious beam subjected
1-0: M [Qg’r = Vfrhu,‘c

Qe = -, = )
’ El [Mg*r:thu,rc
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IV/ METHOD OF CONJUGATE BEAM
‘L (PHUGONG PHAP DAM GIA TAO) (1)

= Conjugate beams (Dam gid tqo):

Dam thuc DAm gid tqo
AN A\
v=0; v=0; Mgt =0; Mgt =0
v'#0 v'#0 Q= 0 Q= 0
. L ‘ | L
v=_0; V30, My =0 IVIg;Le 0;
v'=0 V%0 Q= 0 Q% 0


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

IV/ METHOD OF CONJUGATE BEAM
i (PHUONG PHAP DAM GIA TAQO) (1)

» Example : Cantiliver beam subjected to
uniform load g. Find 65 , v . El = constant

q
M ] QL2 QL3
| L 9B:QZ*ngzEl>< " GE|
[« qLZ =|
— (1 ql® Y 3L gL
B
‘ | VB=M9T=|_X x L | x =
= | 5 | L3 2EI ) 4 8E |
qlL
q —
" 2E]
13 — Conjugate-

beam
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V/ MOMENT AREA METHOD

‘L (PP DIEN TICH MOMEN)
First momen’r-creo theorem
N 2 ok e IB ez’rane=d—v=v'
A,
: IS rge o m m
&dz d X E I E I
E| ol M) _

AB,, =6, -0, = IL EIde = -A,,

"The angle 6., between the tangents to the
deflection curve at 2 points A and B is equal to
the negative of the area of the M/EI diagram
between theses two points”
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(PP DIEN TICH MOMEN) (1}

i V/ MOMENT AREA METHOD

The offset tz, of point B from the tfangent at A is
equal to the negative of the first moment of the

area of M/El diagram between A and B, taken
with respect to B
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V/ MOMENT AREA METHOD
(PP DIEN TICH MOMEN) (1)

= The deflection of B ( Chuyén vi cla B)

Vg =V, + 9AIAB + TBA TV acch eAIAB - XCAAB

= The deflection of A ( Chuyén vj cla A)

Va =V~ 6BIAB + TBA =V, - eBIAB - XCAAB
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i APPLICATION (AP DUNG)

Determine 6, and v, by the moment-area
method. Given@EI=c’re

\/
Wo
/
. _A___‘V_'l _____ ;\_ﬁ
//\_ \ A
% § AWl | 5w L
NN 72F| 72E|
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i APPLICATION (AP DUNG) (it)

= Using symmetry and Moment-Area
Theorem | between point A (x=0) and
point 1 (x=L/2Z

91_9A=_AA1=_A1_A2_A3
inWhiCh 91=0
0, = ;1+;2+;3

2 2
:WOL L +W0L L WOL

: L+
18El 2x3 18EIl 6 72EI
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APPLICATION (AP DUNG) (it)

= Applying the Moment-Area Theorem |l
L

V,=V, +0A——>?CA_\A]
2
-0+ ]3W0L ;(1); B ;(2);\ B ;‘3);\
]296E| C 1 C 2 C 3
13w L (L LYy wol” L owglw  3L wgl’
1296EI Lé J]OSEI 12 108EI1 8 6 648E/|

77w L
11664E|
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VI/ STATICALLY INDETERMINATE
‘L BEAMS (DAM SIEU TINH)

s Statically Indeterminate Beams: have a
larger number of reactions than can be
found from equilibrium equations (D&Gm
si@u finh cé nhiéu hon sé phdn luc cé
thé fim thdy td p/t can bdng finh hoc)

A B lAl :
vf.%

P By ff
I o
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VI/ STATICALLY INDETERMINATE
i BEAMS (DAM SIEU TINH) (continued)

s Released structure or Primary Structure
(Hé cd bdn): can be deduced from the
redl structure by releasing all redundant
supports and replacing their reactions

» Example:

a/
gz A B
M, W VBI

Real structure (K/c that) Primary structure(Hé
CB)
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VI/ STATICALLY INDETERMINATE
i BEAMS (DAM SIEU TINH) (confinued)

s Example 1: A propped canfi
with a uniform load of intens
Determine the reactions R,,

>
L =i

|<
l\/

iver beam

ty a.

Rg and M,
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VI/ STATICALLY INDETERMINATE
i BEAMS (DAM SIEU TINH) (confinued)

a/ Primary Z
structure R
l’ L 1B
b/ M
diagram R | /



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

VI/ STATICALLY INDETERMINATE
i BEAMS (DAM SIEU TINH) (continued)

» Moment-Area Method:

v Considering the reaction Rz as the
redundant and removed - the primary
structure is a cantiliver beam, Fig.a (Xem
Rg 1& @n Iyc thda, HCB Iad ddm céng xon)

v Bendlng moment dlogrom - Fig.b
(bi€éu dd momen udn > Fig. b)

v’ The tangent to the elastic curve at A
passes through pointB > A, =0
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VI/ STATICALLY INDETERMINATE
i BEAMS (DAM SIEU TINH) (confinued)

v From the theorem 2, the first moment
of the area of M/El between A & B,
taken w/r to point B must be equal zero

L (RyLY)( 2L L gL®\( 3L)

2LEIJL3J_3|\ 2 Jk?fo
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VI/ STATICALLY INDETERMINATE
i BEAMS (DAM SIEU TINH) (confinued)
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