% ANNAMACHARYA INSTITUTE OF TECHNOLOGY & SCIENCES

(AUTONOMOUS)
UTUKUR (P), C. K. DINNE (V&M), KADAPA, YSR DIST.

Approved by AICTE, New Delhi & Affiliated to JNTUA, Anantapuramu,
Accredited by NAAC with 'A' Grade, Bangalore,

Design of Steel

Structures

(23HPC0117)
Lecture Notes

By
J V Sai Sumanth
Assistant Professor
Dept. Of Civil Engg.
Aits, Kadapa




B.Tech.— Civil Engineering

HM 23 Regulations | AITS

CIVIL ENGINEERING

111 B.Tech — II Semester

Course Code

23HPCO0117

DESIGN OF STEEL STRUCTURES

ol=

S|

Course Objectives:

The objectives of this course are to make the student to:
1. Understand the properties, types, and applications of structural steel in construction.

2. Analyze the behavior and design of bolted and welded connections for steel structures.

3. Design tension and compression members, including built-up members and
column bases.

4. Develop steel structural elements such as beams, plate girders, roof trusses, and

gantry girders.
5. Apply plastic analysis concepts to the design of continuous beams and portal frames.

Course Outcomes:
Upon successful completion of this course, students will be able to:

1. Explain the properties of structural steel, types of sections, and the concept of
limit state design.
2. Analyze and design bolted and welded connections for structural steel members.

3. Design tension and compression members, including built-up sections and
column bases.

4. Develop design solutions for beams, plate girders, roof trusses, and gantry girders.
5. Perform plastic analysis and design of continuous beams and portal frames.

CO - PO Articulation Matrix

Course | PO | PO (PO | PO | PO | PO (PO [PO PO |P [P | P |PS PS
Outco 1 2 3 4 5 6 7 8 9 O | 0| 0|01 02
mes 10 |11 | 12

CO-1 3 2 2 2 1 1 - 1 - 2 |2 |2 2
CO -2 3 2 2 2 1 1 1 - 1 - 2 |2 |1 1
CO-3 3 2 2 2 1 - - - 1 - 2 12 |2 1
CO -4 3 2 2 2 1 - - - 1 - 2 |12 |1 1
CO-5 3 2 2 2 1 - - - 1 - 2 12 |2 2
UNIT -1

INTRODUCTION to STRUCTURAL STEEL and DESIGN of CONNECTIONS
General -Types of Steel -Properties of Structural Steel - I.S. Rolled Sections, Section
classification — Concept of Limit State Design — Design of Simple and Eccentric Bolted and

Welded Connections — Types of Failure and Efficiency of Joint — Prying Action —

Introduction to HSFG bolts

UNIT - 1I

DESIGN of TENSION and COMPRESSION MEMBERS
Behavior and Design of Simple and Built-Up Members Subjected to Tension — Shear Lag

Effect Design of Lug Angles — Tension Splice — Behavior of Short and Long Columns —

Euler’s Column Theory Design of Simple and Built-Up Compression Members With Lacings
and Battens — Design of Column Bases — Slab Base and Gusseted Base
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UNIT - 111

DESIGN of BEAMS

Design of Laterally Supported and Unsupported Beams — Design of Built-Up Beams —
Design of Plate Girders

UNIT - IV

INDUSTRIAL STRUCTURES

Design of Roof Trusses — Loads On Trusses — Purlin Design Using Angle and Channel Sections
— Truss Design, Design of Joints and End Bearings—Design of Gantry Girder — Introduction to
Pre-Engineered Buildings

UNIT -V

PLASTIC ANALYSIS and DESIGN

Introduction to Plastic Analysis — Theory of Plastic Analysis — Design of Continuous Beams
and Portal Frames Using Plastic Design Approach.

TEXT BOOKS:

1. Duggal S.K., Design of Steel Structures, Tata McGraw Hill, Publishing Co. Ltd.,
New Delhi, 2010
2. Bhavikatti S.S, Design of Steel Structures, Ik International Publishing House,
New Delhi, 2017.
REFRENCE BOOKS:

1. Gambhir M L, Fundamentals of Structural Steel Design, McGraw Hill
Education India Pvt Limited, 2013

2. Jack C. McCormac& Stephen F. Csernak — Structural Steel Design, Pearson,
7™ Edition, 2023.

3. William T. Segui&FaridSoleimani — Steel Design, Cengage, 7" Edition, 2023.

4. SarwarAlamRaz, Structural Design in Steel, New Age International Publishers, 2014

5. Subramanian N, Design of Steel Structures, Oxford University Press, New
Delhi, 2016

Online Learning Resources:
https://nptel.ac.in/courses/105105162
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o] S tuTy

A plastic hinge should

The spacing of restraims to member lengths not contan “T { heams Where the
-~ " ] (4] . L
satisfy the recommendations for Tateral buckling strengin hecks are 7
. - Tt & 3 \ 1
restraints are placed at the limit distance [ mo Purther ¢ |

Collapse Toad of

candard cases

b Concentrated Lood at €

Simply Supported Beam

w

y . 1
8 i

ke U2 —sle— 12 —

BM.D. al cmlsif;sé
Je

\(w

Beam Mechanism

Fig. 3.17
Static method
W,L
4 P
aM
P
e
or W, = I

Kinematic method

w"{%] 6 = M6+ 6)

r
or W =—

Fived Ream
w
1 T
1
b 2 —e—— 12—
Mf»-- ‘
p i ‘ w

__ﬁ— . ) J

B M. D a'l CoHaD'-’-E
‘1o 4 )
- Y

. k/ : g
Beam Mechanism
Fig. 3.18

Static method

W,L

or W =—

Kinematic method

L
W,|%)6 = M,0+ M0+ 0) + M9

8M,,

Eccentric Load

Simply Supported Beam

Fixed Beam

|
T- a——+%+b—>l

B.M.D. at Collapse

Beam Mechanism
Fig. 3.19

Beam Mechanism
Fig. 3.20
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‘ T — ——
Sratic method
W ab
W W, ab
L =M —= =M,
Kinematic method ab & ""b
¥ Kinematic mc’!,".'r:rf
Hal'n M,(0 + 0,) W,al = .'n'ﬁﬂ + MF(E" +6)+ Mﬂgl
- a a a
=M, (G ¥ ;0) or Wal=M0+ MF(B + 33) + M, bB
or Wa0 =M, 01+ 2 3 (ﬂ,i_.’l)
(1+7) - 2m,0( %
b+a L
=M, 0 ) _ o ok
b = ZMJ.,H p
Wab =M (_} ;)
“ » 0 b oo W, = o M,
- L 2M{,L
” W = M, ab o W= a
Uniformly Load Distributed
Simply Supported Beam Fixed Beam
W W
i
z ,
! r
p——— L ——
!"— L ——_’I \
Ty

o ,////‘// *"__'-é.
Nf‘;ﬁ %"L‘}_Z ‘ls

B.M.D. at collapse

Beam mechanism i
|

Beam mechanism

Fig. 3.21 Fig. 3.22
Static method Static method

WL

WL u
Bk —=2M
g - M'., 8 P
oM

W = % W, = —2
u 3 L

Kinematic method Kinematic method
w1 (: 0) M0+ 0) wﬁ%(%o]: M0+ M0+ 0) + M0

Or P o el
W, = — or W,=—
. L ) _ L o
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| T ) A.M.D. al collapse
" BM.D. at collapse LU,
=Jo o\ ’ Jo 0y
g
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Beam mechanism Beam mechanism

Fig. 3.23 Iig. 3.24
Static method Statie method
WL L2 Wab »
A = M’P + M'p —r L
6Iw ] _ L + !’
or W = ——L—I or W, = - p
Kinemaric method Kinematic methoc
W, 20 = M6+ M, (8 + 0) W,a6 = M,0 + M0 + 0,)
oM 3
P B a
or W, =—= or =M,0+ M, (9 + be)
b+@+b
‘ or = ——(-——l M
\

b ”9
or W_L+b

DT < :

- an /

| /
Solved Examples =

/{/-/Example 3.1 Find the sh

d

apé factors for the following sections:
(a) Square of side a with its diagon

al parallel to the zz-axis.
(b) A diamond section with unequal di

agonals, the shorter being b and
Jonger h; the shorter diagonal pl

aced parallel (o the Zz-axis.
(c) Hollow tube section of external diameter D and internal diameter d.
(d) Triangular section of base b and height h.

(e) Tee-section as shown in Fig. Ex. 3.1 (€).
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Flastic Analysis and De

{.2 d /
1(' Ni1© 4 a \,’H

RD AC V2u i
Rl ~ A 3
, 2 2

.

sfoment of mertia about zz-axis,

3 4
2\2 ( a ]3 a
{

l.= o
S | V2 12
Elastic section modulus,
4 3
all2 a
Z. = =

a2 62
Plastic section modulus,

A =
Z’,,: = Y l')| o _\3]

(JZ a [y

=—X|—+ =
2 (Nﬁ 345)
Zp: - (33/3\'5 ”
Zr: (33.{6\@
(b) (Ref. Fig. Ex. 3.1(b))
Moment of inertia about zz-axis,
] 11]3 b’
=2 x—b|=] =—
=2 (2 48

12
Elastic section modulus,
e |

S, _ bi’as _ bi?

<~ "pn 24
Plastic section modulus,

2

Shape factor § =

7 B o |
-= =1y ) = — —_—
=g R 2"(2 6

. 2

Shape factor § = 22 4
) bh*124
) Refer Fig. Ex. 3.1(c)

Y ; . .

foment of nertia about zz-axis,
[ = _]E. ;)4 _

Lo " - )

astic secqion modulus,

(Dq—(ﬂ)_ T

Z, =T
- 64 DR 3 D

; Hr’“t sectj o 1 -
On modulus, /,'p: = > @, + ¥)

A= :”)2 B H‘])

b;;Jx(Lﬁ):fo

Bt d’

St @ 97

B4 ¢
| _
/, s
3 f;’ 9 /Nl
lA// '.:‘/ l..;
2 =K £ /€
4
N # S
s
D
(@)

k)

a

32

-
z-h

|

e—b—

(b)
Fig. Ex. 3.1

~{3 f—
%

6 12

(c)
Fig. Ex. 3.1

|
i
|




P . . \
Plastse Analysic and Dis ([’{)

olution
g .} Refer Fig. Ex. 3.1(a).
(i

AC=Va® + a® = Va {3)4 ;1-
BD _AC _V2a —(3”2] //" all?

= e— =

2 2 2__\5 l >}Z
. .

Moment of inertia abouy /©

.= 22 a [ :ﬂi \\ i /
b |“) ﬁ

2 1 N
Elastic section modulus. o

Bl =

zz-axis, E:

7 -4 f|2 a" (a)
“T a2 6n Fig. Ex. 3.1
Plastic section modulus,

Z, . 4
Shape factor § = T = =2

(b) (Ref. Fig. Ex. 3.1(b))

Moment of inertia about Zz-axis, z-

: ki
;';:'lx—l—b(fl—] bh \
' ¥

12.7 \2 48
Elastic section modulus, ‘;_b‘.{
5 _ b4 pp?
“ w2 T 24 2
| Fig. Ex. 3.1
Plastic section modulus,

7 A : 1 bh X;—!+I—!]=E '
‘:"E'J|+}1}—§ # 6. 6 12 ' il

2
Shape factor § = N2 _ 5

bh*124 -

9 Refer Fig By 3¢

1 .
Oment of ; Inertia about zz-axis,

[ = 4
1= - d"

lastie section modulus, ke o 4
] D e
b o (D4 ~ ([4 T D4 - ﬂA

e;‘“‘é‘i = i S

o TwmTD ©

S€Ction modulus, Z,. = % G+ )

Plag;

h

T )
=20 _
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08 - }./‘ A Limit State [ dsign of Steel Structuires
.I' 'J |
- I [xD*(2 D\ =nd’ (3 )
4 - — _ izhadl e VL. .
— I (zxn) i _1xﬂ') 2 (D -
T =k
-w|®m_n (D* - g%
2 [4 o~ }J I
; 2 (D' -d
Zp::lXE(D-—U'Z]zX—-— ( 3 1 :1”)1—;,"1
2 4 ST S Y
g d’i u"
z, - “‘('-ﬁ) (I"“:
. p: 6 3 D 32 D
Shape factor = — = ==X R 3 e
e: 118 t{)"l - dd 6“ ] (fl 6‘&— : ;’J
i i i Plr-2 [l -
217D D' v
_d
Let k= D

Shape faclor:iz- b (I—LQ = 1. w
6T (1 -k (1 -k
when D=d k=3
Shape factor = 1.27
As a special case, when d = 0, ie., for a circular plate, k = | shape factor = 17
(d) Refer Fig. Ex. 3.1(d).

B
3 / =X T
Moment of inertia, <9I / \
N 36 g \\
; / X
Section modulus, Z,. ol 136 2ol B NE]
= (2!3)11 M""};"i“""""" — ‘:‘:-‘ N
b A " P
Y ———
Plastic section modulus, Z = A Y+ ¥ oy
=501 ) Fig. Ex. 3.1
Let MN be the equal area axis; then
I 1 (b )
3 by =1 (i,)l) = byl x (@) (
hl h W g " B(‘FH
e (2)  (From similar A BMN and BCE
|
From Eqs. (1) and (2),
hl = l{_
2
and b, = b3
b

A=

2
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[zt /.Fnr;f,:r and s ln // ¥

~/

li, Iy
[} 'i 1 Iy:“
[h )':I {)’J, i b
. J/
) by + b

h ' /
h-=\ 2+ | '
2 ( J Y 2 Wil -1y (2 +1)
= - I—— / e ——

’? - - .- - ps -
) 2. (-] +
b b vl 2+1)
_ 046434 w2l
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Fig. Ex. 3.]
Lt the distance of the neutral axis from the top be 3.
_ 100 %30 7 1072 + 150 2 10 # (75 + 10)
. 100 7 10 + 150 7 10

=33 mm

[}
A - " ;
ment of inertia about zz-axis,

00 4 11 ; } : & e
= 'Ii”*éiri +00 7 10 7 (53 - 5)* + E—/l—;—’S(—J + 10 # 150 % (85 - 53)°

= 0060833 % 10° mm’

Sligy, modulys 7 = /. _ 0660833 2 107 _ 5 950) » 107 mm’
" Yenan (160 - 53)
]/:'l x

¥, he ¢ i )
"1 be the equal area axis at a distance y, from top.

lh'[;ll rey

of section, A = 100 % 10 + 150 % 10 = 2500 mm”
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OO 104 (v, - 1) = 10 SO0
= vy 15 mm
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Vo= the distanee of CG ol the ared ahove the equ L
. (18 m!
0y x (48| 6.5

100 % 10 % (35 - 1072) + 10 % (8
T 0+ 10 x (4 10

Ielow the cqual i 1R

vy = the distanee of CG ol the ared
150 4 10y - 35
= e ‘,#_.. = (2.5 mm
2
15 - 7 '
Plastic section modulus, 7.!‘._ - .‘:_:.}ﬂ % (20,5 + (2.5) = (11250 mm

W20 _ 0
(62,250 x 10

Shape factor =

seetion modulus Z,. and Z, for ISMI

Example 3.2 Dctermine the plastic _
value given In Appendix [X.

325@ 306.07 N/m and verify the result [rom the

Solution  From IS Handbook No. 1 the propertic
Area of the section, A = 3972 mm’
Overall depth. d = 225 mm
Width of flange. b = 110 mum
Thickness of flange, ;= [1.§ mm
Thickness of web, ¢, = 0.5 mm

1}

From Appendix IX:
Plastic section modulus, Z,,. = 348,27 x 10" mm”*
Figure Ex. 3.2(b) shows the idealised cross section with rectangular plaes ol
J-section of Fig. Ex. 3.2(a). ‘
Cross sectional area =2 x (110 x 11.8) + (225 = 2 x 11.8) x 0.5 = 3905, 1 miv
(a) From Eq. (12); Reler to [Fig. Ex. 3.2(b)].

|
Z_n: = %{.\"l o .‘-'_1}

25 25 118 ,
[—,;-—n.s)xe.n[--. - )'Hi»ﬂxllnx(um_h”'*’)
i ol 2/ 2grHon

V=V = i
[% —lI.S)xh.ﬁ LS x 110

3905.1

e X (8774 + 874) = 342.64 x 10" mm”*

Alternatively, refer 10 Fio, Ex, 3.2(0);
¥, = 20144 = 5035 mm, ¥, =225/2 - 11.0/2 = 106.6 mm

g ol ISMB 225 @ 306,07 N/m are |

(Arca includes fillets) ‘
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/’f (d) From Eq. (18). & &
Nt 2 Xd - 2 L
by el % & 3
- - e - — wb
&y ® 5 4 _ ¥
' ‘ ; y (225 - 2x 11.8) _ 244 :
118 x 110 N 6.5 X (£ : 73.52 % 10 Miy?
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for the cantilever shoy, n

¢ collapse load

| Evample 3.3 Find out th
Fip. Ex. 33,
a non-uniform Cross sectio,

=y 33 is of -
Ex. - Janges. A plastic hinge \

Solution The beam shown in Fig. he section
. : : S

A plastic hinge can form at the point where the

can also form at the fixed support.

" : ross-section changes.

Case T Plastic hinge at the point. where the cross-secll

External work done = Load x Deflection
=W, x A

L
=2W, =6
Moment x Rotation

=M,0
By the principle of virtual work,
External work done = Internal work done

ke =M8
2

2w

I

Il

Internal work done

M},
W =
or i L

Case 11 Plastic hinge at the support.
External work done = Load x Deflection

=21'V;.‘XA=2H’1‘L9 . 4
Internal work done = 1,5Mp9 Fig. Ex. 3.

By the principle of virtual work,
External work done = Internal work done

2W, L6 = 1.5 M,0

M,
or W, =075 T
Therefore, the collapse Joad for the beam is 0.75 M, IL. /’

Note

In case 1. the plastic hinge forms at B, The value of the plastic moment M, will reach
prior to 1.5 M, and the hinge will form in the limb BC. Hence, in calculation the value

of plastic moment MF is considered.

xam;_}/e :3'.4 A fixed ended beam is subjected to load W at 1/3rd span 8
shown in Fig. Ex. 3.4. Estimate the collapse load.

Solution  To convert the beam into mechanism three plastic hinges are rcquifﬂd'
There can be two cases.
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Case 1 Two plastic hinges a1 .
g the Supports, and one plastic hinge at the point here

cross section changes. One plag
) tl.‘\“l_' ]'“n W ow 4 . jl"‘(u'
lhe plastic moment wil be i ge will form at B in the limh BC and h
"

External work dope = Load x Deflection

=W, o
Internal work done = Moment x Rotation w
_— ‘
= _M,,,H + M!,[ﬂ +0) + MFG L3
4

SMF,B ’
By the principle of virtual work. |
External work done = Internal work done '!
o2 '}*—'UQ’"’i

W !’18 = SMFG

“3 AT ]
M, “20 5 §i
oo W, =15— gt
L 040
Case II Two plastic hinges can develop at the
supports and one below the concentrated load. 9,* 'ﬁ_’;‘_;f"
{; 2 il /""
A==0,==L8 =
3 1 3 or BI 20 L% *(\219+91
External work done = Load x Deflection ‘.
L L 2
-Wwkg =w=20==W,LE
1:3 9I 3 3 " N Fig. Ex. 3.4
Internal work done = Moment x Rotation
= QMPG, + ZMP(Q +8,)+ M0
= 11M,0

= 2M, X 20+ 2M,(0 + 26) + M,0

By the principle of virtual work,
External work done = Internal work done

Zw,L6 = 14,0
M

P
or WH = 165-—:
(wo values of ultimate

The collapse Joad will be the minimum of the above .
.{l

) am is 15—
loads W,. Therefore, the value of the collapse load for the above beam is 15—
. /-"—

ilever subjected
i collapse load for a propped cantilever sub)
i 4 s : yown in Fig. EX. 3.5(a).

to a uniformly distributed Joad wjunit length, as s!

ey e—tfe— x—
wlunit length ‘4 %_ J_‘__ ;i‘ ——
t;:’:?a_ T 0\
oA “M\_‘.‘\ ,{,'1

e T WA /‘

rerh

|
g:.:nr

e L0+ 0
p===

(b)

] ]

(a)

Fig. Ex. 3.5 o
tilever subjected 10 aniformly distributed load the
he centre of span but lics off the centre und tawards
HeComes essential to first locate the position af the
al it forms at distance v from the propped end,

Solution  For a propped can
plastic hinge does not form at [
the propped end. Therefore, it |
plastic hinge. Let us assume th
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least of the thiee altimate loads. Henee, the ol
| "

The collapse o 18 the

S . ‘ T ETI O[T
load W T The plastic moment dingranyis shown in Fg lix. L10(e),
" o
'.”r' ’rl-ll M
;\\ L ] . '” " )
’.”J.i r L \ ’! \\I 3 i \

()
Fig. Lix. 3.10

sse load Tor a portal frame shown in Fig

Example 3.11  Vind out the colly .
ol same cross section. Also draw (he

2 Ex. 3.11(2). The beams and columus are
‘ plastic moment diagram.

Solution I the case of portal frames, the first
<tep is 1o find out the number ol independent
mechanisms and then 1o form all the possible
combined mechanisms.

Possible location for plastic hinges are A, B,
C and D.

Number of possible plastic hinges.

N=4
Degree of redundancy. re8-3=2
Number of possible independent mechanisms, n=N-1r
=4-2=2
The two independent mechanisms are
], Beam mechanism D
2. Sway mechanism
These two independent mechanisms can form
a combined mechanism also.
Bean mechanism  The ends B and D of the
beam BD are fixed joints. Therefore, the beam
BD act as a fixed ended beam. The possible loca- &
tion of plastic hinges are B, D and C (below the Fig, Ex. 3.11
concentrated load) as shown in Fig, Ex. 3.11(b).
External work done = Load x Deflection
:MX%H
Internal work done = MF() + “‘fp(ﬂ +0) + -‘H;.G
By principle of virtual work, =AM
_d
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gD are of the same length. These deflect o . B .
vy .
by the same amoumt A, hence the rotations |

a1 the ends are also same. je 9 ’ .

Iuvi\ih‘f locations of Ph"ﬂit‘ hinﬁ(‘ﬂ are o

A. B and D (E being a mechanical hinge.

a plastic hinge will not develop) as shown A E
in Fig. Ex. 3.11(c).
(c)
External work done = Load Fig. Ex. 3,11

» Deflection = W, x 0.5L.0
Internal work done = Moment x Rotation
= MPB + M’,G +MO=3M0
3 3 ; P P
By the principle of virtual work,
External work done = Internal work done
W, x035L8 = 3;\‘.‘1,9

6M, 1
or ‘Vu = ——L— :
Combined mechanism The possible locations of plastic hinges are at A, C and v

D. A plastic hinge does not develop at B because as the link BC of the beam
rotates clockwise, link BA also rotates clockwise by the same amount, therefore
there is no change of angle at joint B and the two links still make an angle of
90°. The moment at B, in the beam link BC, is hogging while that in column AB
is sagging. Therefore, the value of the moment never reaches the plastic moment
and the plastic hinge will not develop. On the other hand, at D the beam link
DC rotates anti-clockwise and the column DE rotates clockwise. The net change
in the angle between the two links is (6 + 6) and a plastic hinge may, therefore, i
develop at D. Refer Fig. Ex. 3.11(d). !

V‘i’u
8 v D
Wu — . QT" ?‘I
l e s
~— _‘_.--"' 9 !
':‘L? +0 /
/

(d)
Fig. Ex. 3.11
External work done = X(Load x Deflection)

=W, x 05LO+ W, x 20




L init State Desipn of Stecl Strietiies |
14 \‘?
1 | (ion) —
: s alo
h / Internal work done = ¥(Moment % Roti )
J/ =M,0+ M;,fﬂ +0)+ M, ) = SM,J()

By the principle of virtual work, |
- one
Exiernal work done = Internal work «

W.LO = 5M,0 \
M

Ir}
or v o= 5t
W, b

v kinematic theorem, it is (he
As the collapse load is bheing worked out by the kmuﬂn;:tft e ¢
least of (he three ultimate loads corresponding (o the various meehanisms.
5M,
”J
Plastic momeny diagram  The moment diagram is drawn on .lhc tension side (See
Fig. 3.11(c)). £ is a mechanical hinge so the moment value is zero. D and C are
the points where fully plastic moments are developed so ordinates, cqual to M, can
be drawn. At B, the value of momenl is: less , : M

1 i (]
than the plastic moment and is not known. 0.5 Mp : !Mp

To calculate the value of the moment at B, o5 M, \MDLI//,JH
the v ‘ /

W, =

alue of the elastic moment in terms
of the plastic moment at C is calculated. |/
The moment is assumed (o vary lincarly ' /
and by this the value of moment at 8 is }
found. The process is illustrated below. The M,
value of moment at A is also fully plastic
moment M, - )

For the beam BD, ’ Fig. Ex. 3.11
WL

M ===
il

=5

M
T)(

INTS

5
=M, =125 M,

Thus, the ordinate is plotted as measured from the bottom of the plastic moment
ordinate at C. From /) 1o C (its span) the fall in plastic moment is of 0.75M,.
For next half span, i.c. from C (o B, it falls fur(her by 0.75 M, Therefore, the nel
ordinate of the plastic moment for the heam BD is 05 M,. For equilibrium, the
plastic moment in column at B will also be 0.5 M, p 5

Z
Example 3.12  Compute the collapse load for (he portal frame as shown i
Fig, Ex. 3.12(a).

Solution  The possible locations of (he plastic hinges are at A, 1 ¢ D and E
Number of possible plastic hinges, N = 5




Introduction to p|

astic Analysis
Plastic analysis i 3
metho
enrclies b aren d of strucyyyy| aNalysis used 1o dete _
Clures by allowing the Matenal rmine the ultimate load carrying
collapse, A1ENalto yield ane red

stribute imternal forces befare
In traditional elasyic analysis, stresses
structures are allowed 1o e
increase in bendj NE Momer

arp
ach the plas

; Plastic stage, where sections can undergo large rotations withaut
] i

limited 1o the elastic range However in plastic analysis

This method i widely used jn the

design of stoe 50 sten| possesae e
and can sustain large p) BN of steel structures hecause steel possasses high ductility

astic deformations.
Objectives of Plastic Analysis

Determine the collapse load of 3 structure.

Utilize the fyl strength of materials.

Achieve economical design.

Allow moment redistribution in indeterminate structures.

Theory of Plastic Analysis

The theory of plastic analysis is based on the plastic behavior of materials and the formation of
plastic hinges in structural members.

When a beam is subjected to increasing load:
1. Initially, stresses are within elastic range.
2. When the stress reaches the yield stress, yielding begins.
3. Asthe load increases further, more portions of the section yield.
4. When the entire cross-section yields, the section reaches plastic moment capacity (Mp)-
5. At this stage, a plastic hinge forms,
A plastic hinge allows rotation without increase in bending moment.
Plastic Moment Capacity

Plastic moment is the maximum moment a section can resist when the entire cross-section has
yielded.

My, =fy %X Zp

Where;

+ M= Plastic moment

«  fy=Yield stress of material

+  Zp=Plastic section modulus
Plastic Hinge
A plastic hinge is formed when the bending moment at a section reaches the plastic moment.
Characteristics:

« Allows rotation

« Moment remains constant

« Notareal hinge but behaves like one

‘
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A r \ reintn a mf‘(h'\nlim
u collapars whivp sullictom niatie "I"f.'f"' lorm to convert the structu i

A Straucture oo A

Number of plasiie hinges required = » 4 )

Wherg

= degree of walle ndeterming ey

[ ample

Structure Indu!ermln.‘lc\f Hinges Required
Simply Supported beam 0 1

Fixed boam 2 3

Portal frame 3 a

Assumptiuns of Plastic Theory

The theory of plastic analysis is basod on the I’ollowing assumptions:
1. Material s homogeneoys and isotrople,

2. Materia| follows eIasﬁ&perfec:l',v plastic behavior.

3. Plane sections remain plane after bending.

4. Shear deformation js neglected,

5. Sections must be compact to Prevent local buckling.

6. Sufficient ductility exists 50 that plastic hinges can rotate,

7. Strain hardening is neglected,

Stress-Strain Behaviour of Structural Steel

STRESS STRAIN CURVE

ETnAIN HARD oMING NECKING
<% | <2 |
" | =

ULTIMATE
STRENGTH

YIiGLD
STnlzNGT]I

[
ETHAIN
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The stress—strain curve of steel consists of several stages:

1. Elastic Reglon

. Slresslsproporrional to strain.

Obeys Hooke's law:

2. Yield Point

. Stress remains constant while strain increases.

start of plastic deformation.

3, plastic Region

Large deformation oeeurs.

.

. Materlal can rotale without increase in stress.

4. Straln Hardenlng Reglon

Stress increases agaln after large strain,

.

. Usually ignared In plastic analysls.

For simplification, the curve is idealized as elastic-perfectly plastic.

peslgn of Continuous Beams Using Plastic Deslgn
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In continuous beams, plastic anal

ysis is used Lo determine the collapse
locations of plastic hinges,

load by Identifying the
Stepsin Plastic Deslgn
1. Determine degree of static indeterminacy,

2. Calculate number of plastic hinges required,

3. Assume possible hinge locations.




A4 Use virtual
work method or equilibrium method
UM methoc
5 Calculate collapse load
Typical hinge locations:
*  Midspan
’ *  Interior supports
*  Fixed supports
Desi '
esign of Portal Frames Using Plastic Design
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portal frames can fail through different collapse mechanisms.

Types of Mechanisms

1. Beamn Mechanism
Hinges form in the beam only,

2. Sway Mechanism




. Hinges form in the columns

*  Occurs under lateral loads like wind

3. Combined Mechanism

*  Hinges form in both beams and columns,
For a single bay portal frame:

*  Depree of indeterminacy = 3

*  Plastic hinges required = 4
Advantages of Plastic Design

* Economical design

*  Utilizes full strength of material

* Realistic prediction of collapse load

*  Allows redistribution of bendi ng moments
Limitations of Plastic Design

* Applicable mainly to ductile materials

* Large deflections occur before collapse

* Not suitable for brittle materials

* Requires careful detailing to prevent local buckling



