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Comparative Study of Steel Angles as Tension
Members Designed by Working Stress Method
and Limit State Method

Prof. Ravindra Bhimarao Kulkarni, Rohan Shrikant Jirage

Abstract- The latest version of the Code of Practice for general construction in steel IS 800:2007 is based on Limit State Method of design. The design
concept is totally changed in comparison to earlier IS 800:1984 which is based on elastic method. In the present work, the detailed study of structural
components as tension members by designing using Limit State Method and Working Stress Method has been carried out and submitted the
comparative study of the same in the form of graphs and charts, which highlights the actual economy achieved by Limit State Method over Working
Stress Method for different structural sections. The observations made based on this study are very much useful to the practicing structural engineers.
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1 INTRODUCTION

Structural steel has several advantages over other
competing materials such as concrete and wood, such as
high strength to weight ratio, high ductility, uniformity, and
its ability to be fully recyclable. Ductility and toughness are
very important when steel is subjected to earthquake loads
or impact loads. It offers much better compressive and
tensile strength than concrete.

A civil engineering designer has to ensure following
requirements that govern the structural design:

e It should have adequate strength

e It should have adequate stability and rigidity

e It should be durable

e It should not interfere with the functional
requirements

e It should be economical

e It should be readily adaptable to future extension
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Thus safety is one of the paramount responsibilities of
the designer. However, it is difficult to assess at the design
stage how safe a proposed design will actually be
consistent with economy.

The codes published by the Bureau of Indian Standards
for design of steel structures are 15800:1984 and 15800:2007.
Earlier for designing steel structures Working Stress
Method is used (IS800:1984). Now designing is done using
Limit State Method (IS800:2007).

In view of this an effort has been made to high light the
actual economy may be achieved by adopting Limit state
method in the design of tension members based on
15800:2007.

2 DESIGN OF TENSION MEMBER BY LIMIT
STATE METHOD (IS 800:2007)

Tension members are linear members in which
axial forces act to cause elongation (stretch). Such members
can sustain loads upto the ultimate load, at which stage
they may fail by rupture at a critical section.

The design strength of the tension member shall be
minimum of Tag, Tanand Tav.

2.1 Strength Due To Yielding Of Gross Section

The design strength in the member under axial
tension is given by
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ng = fy Ag/ Ymo (1)

where
Ymo = the partial safety factor for failure in tension
by yielding. The value of ymo according to
15800:2007 is 1.10.

2.2 Design Strength Due To Rupture Of Critical Section
Tension rupture of the plate at the net cross-section
is given by

Tan = nguAn / le (2)
where

Ym = the partial safety factor against ultimate
tension failure by rupture (ym = 1.25)

Single Angle Tension Member
The strength of an angle connected by one leg as
governed by tearing at the net section is given by

Tan= 0.9fu Anc / Yml + B Ago fy /'YmO (3)
where

 accounts for the end fastener restraint effect and
is given by

B=1.4-0.076 (w/t) (fu/fy) (bs /L) [=1.4-0.52(bs /L)] (4)
= (fu ymo / £y ym1) 2 0.7

2.3 Design Strength Due To Block Shear

A tension member may fail along end connection
due to block shear. The corresponding design strength can
be evaluated using the following equations. The block shear
strength Tav, at an end connection is taken as the smaller of

Tar = (Avg fy /(N3 ym0) + 0.9fu Am fym1) (5)
Or
Tav2 = (09 fu Awn /(\/3 'le) + fy Atg /'YmO ) (6)

3 DESIGN OF TENSION MEMBER BY
WORKING STRESS METHOD (IS 800:1984)

3.1Axial Stress:
The permissible stress in axial tension, oat (MPa) on
the net effective area of the sections shall not exceed:
gat=0.6 fy 7)

3.2 Design Details:
Net Effective Areas for Angles and Tees in Tension

In the case of single angle connected through one leg the

net effective sectional area shall be taken as:
Anet = A1+ Ack (8)
where
k=3A1/(BA1+ Av) 9)

4 DESIGN CHARTS

4.1 Design Charts For Tension Member By Limit State
Method

The Charts have been prepared based on IS: 800-
2007 for Tension member. The procedure adopted is
demonstrated with the design examples given below.

4.1.1 Design Example

Tensile Strength of Single Angle ISA 200 X 200 X 12
(As per IS 800:2007) with single row bolted connection
(27nos 8mm dia.)

The no of bolts considered for the design of tension
members for end connections is based on minimum no. of
bolts required for the full strength of the angle for Block
shear.

Solution:
1. Design strength due to yielding of gross section

Tag = fy A/ ymo
A ={(200 -12/2) + (200-12/2)} x 12 = 4656mm.
ymo =1.1
Tag =250 x 4656 / 1.1 = 1058.182kN.
2. Design strength due to rupture of critical section
e =40mm
p=60mm
Tan=0.9 fu Anc / ym1 +B Ago fy /ymo
Anc = (200 -12/2-12) x 12 = 2184mm?
Ago = (200 -12/2) x 12 = 2328mm?
B=1.4-0.076 (w/t) (fu/ty) (bs/L)
= (fu ymo / fyym1) 2 0.7
where
w=200
bs=200+g-t = 200+115- 12 = 303mm
(g =115mm if 200 mm leg is connected)
L=40 + (60 x 26) — (10 x 22) = 1380mm
B =1.4-0.076 (150/10) (410/250) (303/1380) = 1.23
= (410/250)x(1.1/1.25) =1.4432 > 0.7
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Therefore, B =1.23
Tan = (0.9x410 x 2184 /1.25) +(1.23 x 2328 x 250 /1.1)
=1295.50 kN
3. Design strength due to block shear
The block shear strength Ta, at an end connection
is taken as the smaller of
Tao1 = (Avg fy /(N3 ymo) + fu A fym1 )
or
Tar2 = (fu Avn /(N3 ym1) + fy Asg fymo )
Do=D+2=8+2=10mm.
Tearing length in tension = 200 -115=85mm

Fig.4.1 Shear plane and tension plane
Avg =[(27-1) 60+40] 12 = 19200 mm?
Awn = [(27-1) 60+40-(27-(1/2))22] = 16020 mm?
A =[85x 12] =1020 mm?
Awn =[85-(0.5)10]12 = 960 mm?
Taw = [{19200x250/(¥3 x 1.1)}+{ 0.9 x 410 x 960 /1.25}]/1000

=2802.81kN or
Tar2 = [{0.9x 410 x 16020/ (V3x 1.25)} + { 250 x1020 /1.1 }]/1000
=2962.25kN

The block shear strength is Ta» = 2802.81kN
Strength of Single Angle is least of above three values,
1058.18KN.

4.2 Design Charts For Tension Member By Working
Stress Method

The Charts have been prepared based on IS: 800-
1984 for Tension member. The procedure adopted is
demonstrated with the design examples given below.

4.2.1 Design Example

Tensile Strength of single angle ISA 200 X 200 X 12
(As per IS 800:1984) with single row bolted connection
(27nos 8mm dia.)
Solution:
1. Axial Stress

fy = 250 N/mm?2 (Mild steel)
0at = 0.6 fy= 0.6 x 250 = 150 N/mm?

2. Design Details

A1 ={(200 - 12/2 - 9.5} x 12 = 2214mm?

A> ={(200-12/2} x 12 = 2328mm?

k  =3Ai/(BA+ A2)=3x2070/ (3 x 2214 +2328) = 0.74
Anet = A+ A> k=2214 + 2328 x 0.72 = 3937.81 mm?

P = 0at Aret = 150 x 3937.81 = 590.67 kN

Strength of Single Angle is, 590.67 kN

Table no.4.1 Working loads for Equal Angle (ISA200x200)
as Tension member for varying thicknesses designed by
Limit State Method and Working Stress Method.

P P P
Thickness LSM LSM/1.5 | WSM
a(mm) (mm) No. | Dia. (kN) (kN) (kN)
200 12 27 8 1058.18 705.45 590.67
200 15 27 8 1312.50 875.00 732.43
200 18 27 8 1562.73 | 1041.82 871.83
200 25 27 8 2130.68 | 1420.45 | 1187.90
TENSION MEMBER EQUAL ANGLE
(ISA200X200)
1600.00
~ISA200 X
1400.00 ey
o 120000 / ISA200 X
g / / 200 WSM
= 1000.00 7
<
2 500,00 //
g 705.45 //
2 600.00 v
g 590/67
> 400,00 ——fLSM
e \\/SM
200.00
0.00
0 10 20 30
THICKNESS (mm)

Graph no.1Graph is plotted Working load Vs Thickness.

Similarly, working loads for tension member for all
equal angles of all thicknesses for 8mm diameter bolts are
calculated. Related all design tables and graphs plotted for
working load Vs thickness are given below.
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2A TENSION MEMBER UNEQUAL ANGLE
1A TENSION MEMBER EQUAL ANGLE (LONG LEG CONNECTED WITH SINLGE ROW BOLTED
1600.00 CONNECTION)
1000
140000 2 200X200L
900 200X150 L
/
V4
1200.00 /5 200X200 W 800 7/ _#200X150 W
—_ y 4 '/ 700 4
4 y 4 y 4
/
2£,1000.00 y 4 = 0X100
g > 600 - 200X100-W-
a
V4 150X1151
g 90000 /7 1POXIS0L S 500 e
E w ’ LIUALLIO V
~ 150X150 W Z 2
© 600.00 —1 %400 T50X75W
3 AIPUL g —/ /7 125X95 W
400,00 ¢ 110X1101 =300 125X75W
: Y 4 1 TOXIID LSM = L00XGS W s | SM
200 -4 90X60 ‘AI I I I
200.00 WSM . Opxs W el WSM
100 0X60L
0.00 0
0 20 30 0 5 10 15 20
THICKNESS (mm) THICKNESS (mm)
Graph no.1A Graph is plotted Working load Vs Thickness. Graph no.2A Graph is plotted Working load Vs Thickness.
2B TENSION MEMBER UNEQUAL ANGLE
1B TENSION MEMBER EQUAL ANGLE (LONG LEG CONNECTTED SINGLE ROW BOLTED
250 CONNECTION)
200 peyriaay
OUAOU
75X75 1
/ 180
200 / /7 75X501
d X70L // 70X45 L
65X65 1 160 2/ 7 80X50
- / yd 60X60 1 &/ 75X50 W
Z / 2
< e L/ 4 L i 7/ ) 70x45W
n l, JNL;\‘J ¥ 6 5
= g 5X65W, =120
= y ~ 60X60W = K40 L
o =) SSXAS W
= 2/ , Pa 55X55 W 5100 -
] 777/, > /, 60X40W
& 100 ,‘é‘ 7 S /
(=} / ” X 30 /4
3 ?ﬁa g # 50X30]
X45L = 5X301
P 40X40L LSM 60 OX30W LSM
/ o SUAS0 L 4 5X30°W
50 A 40 b % = WSM
4 366x35 1 WSM 7 025
50 4543 EVOTZ R
g SUAZU YV
5 —— 25X25 W 20 30
20X20 W
0 0
0 2 4 6 8 10 12 0 5 10 15
THICKNESS (mm) THICKNESS (mm)
Graph no.1B Graph is plotted Working load Vs Thickness. Graph no.2B Graph is plotted Working load Vs Thickness.
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3A TENSION MEMBER UNEQUAL ANGLE 4A TENSION MEMBER UNEQUAL ANGLE
Q (LONG LEG CONNECTED DOUBLE ROW BOLTED
(SHORT LEG CONNECTED SINGLE ROW BOLTED CONNECTION
CONNECTION) )
1000 1000 ;
200X150 L l]iXISOL
900
900 > /
200X150 W
800 - 800 7/
4
= 700 A00%10038—— 5700 / 0XI00L
g 5600 jZ00KI00N
Et 600 y 4 ACOTAET 3: / 150X115
150X115 1 =
2 500 3500 T T150XT1I5 W
g 200X100W = -
=] =] X75 L
1 150X115W ~ 400 3'CLER
g 400 > c g lll / 150X75W
= " = 300 —r
300 TZ oKX ;L '\-J /— 'v‘ LSM %Lh LSM
FY v s A 200 y .‘!”‘f&:"
200 1 7/ WS 5 BOXGEW e WSM
100 B
100 FUA M 100 =
90X60 hl
0 - 0
0 5 10 15 20 0 5 10 15 20
Graph no.3A Graph is plotted Working load Vs Thickness. Graph no.4A Graph is plotted Working load Vs Thickness.
3B TENSION MEMBER UNEOUAL ANGLE 4B TENSION MEMBER UNEQUAL ANGLE
Q (LONG LEG CONNECTED DOUBLE ROW BOLTED
(SHORT LEG CONNECTED SINGLE ROW BOLTED CONNECTION
CONNECTION) )
200 200
80X50 1 180 XSO
180 o) Ul
. Ul
70X45 1 160 7 roxsi,
160 0X50 W
o) LVAI'A
= 140 o140 777 [70x45W
QN OIA g
o) o) ou U vy =2 L
o 120 120
< 0 75X5( < X40 L
S 100 7 2 70X45W 2 100 55X45 W\
T ¥ 2 OX40W
E 80 ll 5 7 A \'v 7 E 80
g j OUAGU W = o’ 3011
60 60 - =
0X25 A iin
40 45 L 45%30 W L.SM 40 ; LT LSM
Eolod ok 10X25 W
4 0V m—— W SM
b b - 40X25V WSM = é' o Al
20 OUX ::mk T 20 20 UKz \4
I I I I
0 1 1 1 0 T
0 2 4 6 8 10 12 0 2 4 6 8 10 12
THICKNESS (mm) THICKNESS (mm)
Graph no.3B Graph is plotted Working load Vs Thickness. Graph no.4B Graph is plotted Working load Vs Thickness.
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5A TENSION MEMBER UNEQUAL ANGLE 5 DESIGN USING CHARTS
(SHORT LEG CONNECTED DOUBLE ROW BOLTED
CONNECTION) A beam carries working Load of 1000 kN, design the
1000 suitable angle section.
-~ 200X150 L.
900 / Select the suitable sections for the above load are
800
Using Limit state method ISA 200X200X18
200X150 W
E 700 nyo oL or
;5 600 e Using Working stress method ISA 200X200X25
S
g 500 200X100 W This shows that the Limit state method is economical.
Z
S .0 150X115 W
~ L
S 51 6 OBSERVATIONS
300 (75 W
\\AA/, The observation made from the design graphs are as under:
200 ;N LSM
100 =——WSM 1. Tension member for equal and unequal angles: The Limit
0 State Method (LSM) gives higher values than Working
0 5 10 15 20 Stress Method (WSM)
THICKNESS (mm)
a) Equal angle: It varies from 16% to 47% for higher sections

Graph no.5A Graph is plotted Working load Vs Thickness. to smaller sections.

b) Unequal angle long leg connected with single row bolted
5B TENSION MEMBER UNEQUAL ANGLE .
(SHORT LEG CONNECTED DOUB‘%E ROW BOLTED and double row bolted: It varies from 12% to 31% for
CONNECTION) higher sections to smaller sections.
200
180 GORS0. a) Unequal angle short leg connected with single row
L .
/ 1Rt bolted and double row bolted: It varies from 22% to 54% for
160 // 70X45L higher sections to smaller sections.
_ 140 / 7
z
g //A 65X45 L] 80X50W 7 CoNCLUSION
= 120 W
< 60 . . .
S 100 4 70X45 The design of tension member using Angles by
E / Limit state method is economical over the working stress
= 80 // & 65X45V method which values for 12% to 54%.
S / b0y
60 - NOTATIONS
50X / 50X30.W .
40 L .
45 45X30°W M a connecting leg
- 40 40X25 W e WSM
30 J——
-— SIXZOW A section area
0
0 2 4 6 8 10 12 A effective cross-sectional area of the connected leg
THICKNESS (mm)
Az the gross cross-sectional area of the unconnected
Graph no.5B Graph is plotted Working load Vs Thickness. leg
Ac effective sectional area
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Ag
Ago
An

Anc

Amn

Avg

Avn

bs

Lc

Ymo

gross area of cross section

gross area of outstanding leg
net area of the total cross section

net area of connected leg of the member
minimum gross in tension from the hole to the toe
of the angle or next last row of bolt in plates,
perpendicular to the line of force

net area in tension from the hole to the toe of the
angle or next last row of bolt in plates,

perpendicular to the line of force

minimum gross area in shear along a line of
transmitted force

net area in shear along a line of transmitted force
shear lag width

modulus of elasticity

critical buckling stress

characteristic ultimate stress

characteristic yield strength

axial compressive stress

axial tensile stress

Length of the end connection, i.e. distance between
the outermost bolts in the joint along the length
direction or length of the weld along the length
direction

length of the end connection, i.e. the distance
between the outermost bolts in the end joint
measured along the load direction or length of the
weld along the load direction

thickness of the leg

outstand leg width

the partial safety factor for failure in tension by
yielding

Ym1 partial safety factor for failure at ultimate
stress
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