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C - Compression S
T - Tension ;i 59

R;, R, - Radius of curvature Ui 0090

t - Beam thickness

T
C
¥l7\ Convex \ | o Sl it
Rz . |
Neutral axis

(a2lg Goe 1) 7 (339 3 (b 00 s L,
g = pgt = Yt (N) g, per unit width

Y = unit weight of the beam
t = beam thickness
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C - Compression S
T - Tension ;i 59

R;, R, - Radius of curvature Ui 0090

t - Beam thickness

T
C
¥l7\ Convex \ | o Sl it
Rz . |
Neutral axis

}25 3 Y . =' )_:5 w J';J..‘ OLo.o
bending stiffness or flexural rigidity b

1 (’"4)

b = beam width (usually taken to be unit width )

[
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| C - Compression

R, R, - Radius of curvature

| t - Beam thickness
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R, R, - Radius of curvature
t - Beam thickness
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F, -Resultant

Force & * .0 .
Distribution "driving force" which LS)““S)L.’ T g >
acts through centroid
Proﬂle S liao! Jols -
Y l/l\v\
.‘rz
Ry R,

[ For Equilibrium]
2F=0 .. R+R,-F,=0
IM=0 .. R+R,p-Ffi=0

Solve for R4, R,
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q - Uniformly Distributed Load o&f.i.wf ‘5)‘35)'.3 Sy g >
V - Shear
d - Deflection

() - Internal Moment Couple (L51s g yi) Aolo Joloy Y

2.3 B

Average shear stress

=

Txz ave — Z

Ty: ave = average stress

acting in z direction on the yz plane
V = transverse

shear force acting on the yz plane

-

99 2 L5 lp (S r S9p sloges
i Shear Force, V  — St RS 5 L

X
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q - Uniformly Distributed Load o&fi.«.«f 6)‘35)'4 Sy g >
V - Shear ’ i
0 - Deflection
C) - Internal Moment Couple (L51s g yi) Aolo Joloy Y
S 5 N
Shear Stress Distribution
Txzmax = %X Txz ave = %

—— X

Neutral axis < — - -—
\ y Qs
2 o g
VA =X S _
q_2$ Shear Force, V aaiio 43 by T &2 398
X s Jlite il VD adadte 45 iy i 25T
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q - Uniformly Distributed Load

V - Shear QP 9 X.‘ GS)"A
d - Deflection — . = 2l B >
C) Internal Moment Couple 00 yinS (5,105 )b Cxd g
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Neutral axis

108 g0 Sl 1 1) (G yame i it U 5l abali b 40 ke lee

fibre stress, of Cr=—
I/

M = bending moment at point p
z =the normal distance from the neutral axis to

point p
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q - Uniformly Distributed Load

Symbol | Parameter

V - Shear A a—
d - Deflection p point of interes

/ > - Internal Moment Couple S span of beam (m)

s X longitudinal distance from end of beam to

point p (m)
thickness of beam (m)

normal (transverse) distance from neutral axis
to point p (m)

load per unit width acting on beam (N)

unit weight of beam (N/m?)

deflection of beam at a distance of ‘x’ from the
beam end (m)

elastic modulus of beam (N/m?)

moment of inertia (m4)

Neutral axis : :

M, bending moment at a distance of ‘x’ from the
beam end (N m)

Gy bending stress at a distance of ‘x’ from the
beam end (N/mz)

Vi shear force at a distance of ‘x’ from the beam
end (N)

Tis shear stress generated by shear force V, (N/m?)
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Table A3.2 Formulations and maximum values for deformation parameters associated with a uniformly loaded,
clamped beam of rectangular cross-section and unit width

Parameter Formula Maximum value
Deflection 8, s _ qx3(s — x)2 Eq. A3.1 s S Eq. A3.2
Y 24EFI 32E2 2
Cyx(s — x)*
- 2Ef
Bending Moment 6sx — 6x> — s2 Eq. A3.3 2 Eq. A3.4
M 8 M, = q(6sx 1 2X ) a —% atabutment q
Moment of Inertia [ bt Eq. A3.5 - —
12
{3
=1z forunit width
Bending Stress o, Mz 12Mz Eq. A3.6 : 2 Eq. A3.7
& Sx="7 T3 1 % = % at abutment .
Shear Force V, Vi=q(3— x) Eq. A3.8 % at abutment Eq. A3.9
Shear Stress Ty, Eq. A3.10 |3gs _ 3ys, Eq. A3.11

3V, [t — 47
Ty = 2 t3

= —— inneutral axis at abutments
4t 4
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Table A3.3 Formulations and maximum values for deformation parameters associated with a uniformly loaded,
simply supported beam of rectangular cross-section and unit width

Parameter Formula Maximum value
Deflection &, 5 _ qx(s’ —2sx> +s%) |Eq. A3.12 | 5ys* s Eq. A3.13
x = 24EI 32EC2 2
(s —2sx* +87)
B 2Et2
Bending Moment M M. — gx(s — x) Eq. A3.14 qs’ S Eq. A3.15
=T “g
Moment of Inertia - bt3 — — —
T 12
{3
=1z forunit width
Bending Stress o, o _ Mz 12Miz Eq. A3.16 |3qs®  3ys? s Eq. A3.17
L t e T
Shear Force V, V, = q(% — x) Eq. A3.18 |9 .\ butment Eq. A3.19
2
Shear Stress T,, 3V, [P — 477 Eq. A3.10 |3qgs _ 3ys Eq. A3.11
T % 4 4
inneutral axis atabutments
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a Oneendfixed, b Bothends ¢ One end fixed, d Bothends e Both ends
one end free. pinned. one end pinned. fixed. elastic.
P P

i‘h¢ﬁﬁ¢ﬂhi P

el [ e

Ny Ny
Le =0.7L
le=2L _ o
i hemL Le=0.5L ldessaag
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a Oneendfixed, b Bothends

¢ One end fixed,
one end free.

d Bothends e Both ends
pinned. one end pinned. fixed. elastic.
P P P .
¢‘ F i‘ Effective Length = L, = KL
T ) % where
I

| o

K = effective length coefficient
=1 for both ends pinned
Le=0.5L 0% . = 0.5 for both ends fixed (clamped)

= 2.0 for one end fixed and the other free to move
laterally
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Slenderness ratio = A= L/r

r = the least radius of gyration = \/I/A
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[___1 Compressive and bending Failure

77 Buckling failure owloS g 009 B b i hadd foligS i
Short columns - FURRWEC I VORI PRPP] I Y PR S| I FREREJA T
P Uniaxial compressive strength I Oy B S 5 oM R )
A exceeded .os_,:;) ‘50 gw . )l?:a OW" GM“" Y| >
A :
Intermediate columns -
(@) & o la . o 4 . . e
y Yielding and inelastic buckling owleS 9 B b cxd chwslo eiw
Long columns - 3 K Bl & e 1 -
VL) Ll g poS o8 D S S
Elastic buckling (w8l o0 3l s e wl )
D 2| (oo Bl (6 %05 sl (55970 5L
0 —

Slenderness ratio, A
Euler Buckling dawgio g wols sld (ygsw 50 (L5 51 S0 o) (gwileS 51 (il ConsCl
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1 n*m*El
Ccr (KL)2

NIFE — -

n = the number of possible elastic
Instability modes

Effective Length = L, = KL (2.42)

{
3
7?
3
7?
3
!

—— NI

where

K = effective length coefficient

= 1 for both ends pinned

= 0.5 for both ends fixed (clamped)

= 2.0 for one end fixed and the other free to move
laterally
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M =maximum bending moment

- 5 - due to the combined effect of
axial and transverse loads

' M= -& 8
y4 < {

2L M=-Pz=-Pd A

(0<x<3)
X
Z
P
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