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Chapter 3.1 - Introduction

» Tension members are structural elements that are subjected
to axial tensile forces.

» They are used in various types of structures and include truss
members, bracing for buildings and bridges, cables in
suspended roof systems, and cables in suspension and cable-
stayed bridges.
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Chapter 3.1 - Introduction
» Tension members are structural elements that are subjected
to axial tensile forces.
Hunter Harrison Bridge
Kings Crossing Brid,
3

Chapter 3.1 - Introduction

» Any cross-sectional configuration may be used, because the
primary determinant of the strength of a tension member is
the cross-sectional area.

» Circular rods and rolled angle @?@
shapes are frequently used. L&

» Built-up shapes, either from "
plates, rolled shapes, or a @
combination of plates and
rolled shapes, are sometimes eeton

used when large loads must
be resisted.

@

mBars 0 Plates

Chapter 3.1 - Introduction

» The most common built-up configuration is probably the
double-angle section.

» Tables of properties of various combinations
of angles are included in the AISC Steel
Construction Manual.

Chapter 3.1 - Introduction

» The stress in an axially loaded tension member is given by

where P is the magnitude of the load, and A is the cross-
sectional area (the area normal to the load

» The stress as given by this equation is exact, provided that
the cross section under consideration is not adjacent to the
point of application of the load, where the distribution of
stress is not uniform.
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Chapter 3.1 — Introduction

» The stress in an axially loaded tension member is given by
P
=

where P is the magnitude of the load, and A is the cross-
sectional area (the area normal to the load

» If the cross-sectional area varies along its length, the stress
is a function of the section under consideration.

» The presence of holes in a member will influence the stress
at a cross-section through the hole or holes.

Chapter 3.1 - Introduction

» Tension members are frequently connected at their ends
with bolts.

——
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Section a-a

T"-diameter
holes

Section b-b

» The area of the plate at section a—a is (% in.)(8 in.) =4 in.2

» The area at section b—b is 4 in.2—(2)(% in.)(%in.) = 3.13in.?

Chapter 3.1 - Introduction

» The typical design problem is to select a member with sufficient
cross-sectional area to resist the loads.

» A closely related problem is that of the analysis of a given
member, wherein the strength is computed and compared with
the load.

» In general, analysis is a direct procedure, but design is an
iterative process and may require some trial and error.

» Tension members are covered in Chapter D of the Specification
(16.1-32).

» Requirements that are common with other types of members
are covered in Chapter B (16.1-15).
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Chapter 3.1 - Introduction

» Tension members are frequently connected at their ends
with bolts.

|
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Section b-b

7"-diameter
holes

» The 8 x ¥ plate is connected to a gusset plate, which is a
connection element whose purpose is to transfer the load
from the member to a support or to another member.

Chapter 3.1 - Introduction

» Tension members are frequently connected at their ends
with bolts.

——
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Section a-a

Ti"-diameter
holes

Section b-b

» This reduced area at b-b is referred to as the net area,
or net section.

» The unreduced area at a-a is the gross area.
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Chapter 3.2 - Tensile Strength

» Atension member can fail by reaching one of two limit states:
excessive deformation or rupture (fracture).

» To prevent excessive deformation, initiated by yielding, the
load must be small enough that the stress on the gross section
is less than the yield stress F,.

> To prevent rupture, the stress on the net section must be less
than the tensile strength, F,.

» In each case, the stress P/A must be less than a limiting stress F
P

Z<F P<FA
A

12
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P, <FA,

Pn < FUAE

area.

Chapter 3.2 — Tensile Strength

» The nominal strength in yielding is:

» The nominal strength in rupture is:

where A, is the effective net area, which may be equal to
either the calculated net area or, in some cases, a smaller

Chapter 3.2 — Tensile Strength

» Yielding will first occur on the net cross-section.

» The deformation within the length of the connection will
generally be less than the deformation in the remainder of the
tension member.

» The reason is that the net section exists over a relatively small
length of the member, and the total elongation is a product of
the length and the strain (a function of the stress).
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Chapter 3.2 — Tensile Strength

» Yielding will first occur on the net cross-section.

., lin
] e—
e © =y P,
' =) Peak Load at 0.15 in.
© © @,
f A,=0.15(1in.) = 0.15 in.
Ultimate Stress \
Yield Stress  __L.....__

8,,=0.02(1in.) = 0.02 in.

4,=0.0017(1in.) = 0.0017 in.
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Chapter 3.2 — Tensile Strength

» Most of the members will have an unreduced cross-section, so
attainment of the yield stress on the gross area will result in
larger total elongation.

» Let’s assume a length of 100 in. instead of 1 in. for the bolts.

f A,=0.15(100 in.) = 15 in.

Ultimate Stress \

Yield Stress ...

B, =0.02(100in.) = 2 in.

Peak Load at 15 in. 4,=0.0017(100in.) = 0.17 in.

15

larger total elongation.

» This larger deformation,
the limit state.

Chapter 3.2 - Tensile Strength

» Most of the members will have an unreduced cross-section, so
attainment of the yield stress on the gross area will result in

rather than the first yield, constitutes

A,=0.15(100 in.) = 15 in.

Ultimate Stress

Yield Stress

Peak Load at 15 in.

~

Ay, =0.02(100in.) = 2 in.

A,=0.0017(100 in.) = 0.17 in.
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Chapter 3.2 - Tensile Strength

» Consider rupture on the net cross-section of a 6-bolt connection

il -
Pn
N

® ®
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Chapter 3.2 — Tensile Strength
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» Consider rupture on the net cross-section of a 6-bolt connection
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Chapter 3.2 — Tensile Strength

» Consider rupture on the net cross-section of a 6-bolt connection
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Chapter 3.2 - Tensile Strength

» LRFD: Because there are two limit states, both of the following
conditions must be satisfied:
P, <0.90F A, P,<0.75F,A,

» The smaller of these is the design strength of the member.
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Chapter 3.2 — Tensile Strength

» Consider rupture on the net cross-section of a 6-bolt connection
P, P,
56

P

=

Pn
D=

=
iR
EONOS
B ®.

P" Pn
6 6

®®
® ®
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Chapter 3.2 — Tensile Strength

» LRFD: the factored tensile load is compared to the design
strength.

» The design strength is the resistance factor times the nominal
strength.
Pll S ¢Pn
where P, is the governing combination of factored loads, and

P, is the nominal tensile strength.

» The resistance factor ¢, is smaller for rupture than for yielding,
reflecting the more serious nature of rupture.

¢, =0.90 for yielding @, =0.75 for rupture

22
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Chapter 3.2 - Tensile Strength

» ASD: In allowable strength design, the total service load is
compared to the allowable strength (allowable load):

p <t
“TQ

t

where P, is the required strength (applied load), and P, /Q, is
the allowable strength.

» For yielding of the gross section, the safety factor €, is 1.67,
and the allowable load is

FA
B _FA oera
Q  1.67 v

t

24
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Chapter 3.2 — Tensile Strength

» ASD: In allowable strength design, the total service load is
compared to the allowable strength (allowable load):
P
Ps
Q
where P, is the required strength (applied load), and P,/Q, is
the allowable strength.

t

» For rupture of the net section, the safety factor is 2.00 and the
allowable load is

K _BA _osea
Q. 2.00

t
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Chapter 3.2 — Tensile Strength

» ASD: Alternatively, the service load stress can be compared to
the allowable stress. This can be expressed as:

fi<k

where f, is the applied stress and F, is the allowable stress.

» For the yielding of the gross section,
P P /Q 0.6F A
fi=—=% Ft:_”/ t -V 9 =0.6F,
Aa Ag .
» For the rupture of the net section,

P P /Q, OS5FA
fi=-2 5:—"/ L -t —Q5F,
A A A,

e e
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Chapter 3.2 — Tensile Strength

> You can find values of F,and F, for various structural steel
shapes in Table 2-4 (2-56) in the Manual.

Table 2.4
Applicable ASTM Specifications
for Various Structural Shapes

» All of the steels that are available for
various hot-rolled shapes are
indicated by shaded areas.

» The black areas correspond to

preferred materials, and the gray

areas represent other steels that are
available.
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Chapter 3.2 - Tensile Strength

> Values of F,and F, for plates are given in Table 2-5 (2-58)
for fasteners in Table 2-6 (2-60)

Table 26
Applicable ASTM Specifications for
Various Types of Structural Fasteners

Tablo 2.5
Applicable ASTM Specifications
lates and B:

29
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Chapter 3.2 — Tensile Strength

> You can find values of F,and F, for various structural steel
shapes in Table 2-4 (2-56) in the Manual.

Table 2.4
Applicable ASTM Specifications
for Various Structural Shapes

» Under the W heading, A992 is the
preferred material.

» Other materials are available, but
usually at a higher cost.
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Chapter 3.2 - Tensile Strength

» The diameter of a bolt hole or the width of a slotted bolt hole
must be made slightly larger than the bolt diameter.

» For bolts less than 1-in.-diameter, the additional amount for
standard holes (i.e., not oversized) is 1/;¢ inch.

» For bolts greater than 1 inch in diameter, the additional amount
for standard holes (i.e., not oversized) is % inch.

TABLE J3.3
Nominal Hole Dimensions, in.
Hole Dimensions
Bolt Standard Oversize Short-Slot Long-Slot dn

Diameter (Dia,) (Dia,) (Width x Length) (Width x Length)
o x 1

a3 e %
% e e
% o o
?/s o 1o
1 1% 1 1% x 1%s
2% d+h d+%s @+ ) x(d+ %)

30
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Chapter 3.2 — Tensile Strength

» Details related to standard, oversized, and slotted holes can be
found in Section J3.3 of the AISC Specification “Size and Use of
Holes” in Chapter J “Design of Connections.”

> AISC Section B4.3.3b requires an additional 1/ inch to account
for possible roughness around the edge of the hole.

» The effective hole diameter is therefore

1 1 .
Ahoie = Dy + 16 + 16 =0y + 3 for dyy, <1in.

101 3 .
Ghoie =y + 3 + 16 =y +E for dyy, 21in.
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Chapter 3.2 — Tensile Strength

CHAPTER D
DESIGN OF MEMBERS FOR TENSION

31

Chapter 3.2 — Tensile Strength

TABLE D3.1 (continued)
Shear Lag Factors for Connections

TA X
Shear Lag Factors for Connections
ision Members

e -y
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Chapter 3.2 — Tensile Strength

33

Chapter 3.2 - Tensile Strength

» Example 3-1: A% x 6 plate of A36 steel is used in tension.
» Itis connected to a gusset plate with four %-inch bolts.

» Assume that the effective net area A, equals the actual net A
area (we cover the computation of effective in section 3.3).

n

PLY%x6
Yin,

d,=d,, +—

@ |-

bolt

31 7.
==+ =—in.
4 8 8

» What is the design strength for LRFD?

34

Chapter 3.2 - Tensile Strength

» Example 3-1: A% x 6 plate of A36 steel is used in tension.

Applicable ASTM Specifications
for Various Structural Shapes

For A36 steel, F,=36 ksi

F,=58ksi

35
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Chapter 3.2 — Tensile Strength
» Example 3-1: A% x 6 plate of A36 steel is used in tension.
1
For the yielding of the gross section: A = 6in(5in] =3in’
The nominal strength is: P, =F,A, :(36ksi)(3in2): 108k
For rupture of the net section: A =A —A,
=3in’-(%in)(Zin) x 2 holes
=2.125in"
For this example, A, = A,

The nominal strength for rupture is P, = FUAE:(58ksi)(2.125inz)

Steel Design - Tension Members 3.1-2

Chapter 3.2 — Tensile Strength

» Example 3-1: A % x 6 plate of A36 steel is used in tension.

The design strength based on yielding is ¢,P, =0.90(108k)

(78]

The design strength based on rupture is ¢,P, =0.75(123.3k)

=|92.44 k
The design strength for LRFD is the smaller value:| 4,P, =92.44k

= 123.25k
37
Chapter 3.2 — Tensile Strength
» Example 3-1: A % x 6 plate of A36 steel is used in tension.
Solution using ASD:
The design strength based on yielding is F _108k = |64.67 k
Q, 167 :
P 123.25k
The design strength based on rupture is—- = =|61.63k
gn streng ptureis == 0
The allowable service load is the smaller value: =61.63k
39

Chapter 3.2 - Tensile Strength

» The effects of stress concentrations at holes appear to have
been overlooked.

» Stresses at holes can be as high as three times the average
stress on the net section, and at fillets of rolled shapes, they can
be more than twice the average.

» Because of the ductile nature of structural steel, the usual
design practice is to neglect such localized overstress.

41
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Chapter 3.2 — Tensile Strength

» Example 3-1: A% x 6 plate of A36 steel is used in tension.

Alternative solution using allowable stress:

For yielding, F, =0.6F, =0.6(36ksi) =
The allowable load is: FA, :21.6ksi(3in2) =

For rupture, F, =0.5F, =0.5(58ksi) =
The allowable load is: F,A, :29ksi(2.125in2):

The allowable service load is the smaller value: F,A, =| 61.63k
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Chapter 3.2 - Tensile Strength

» After yielding begins at a point of stress concentration,
additional stress is transferred to adjacent areas of the cross-
section.

» This stress redistribution is responsible for the “forgiving”
nature of structural steel.

> Its ductility permits the initially yielded zone to deform without
rupture as the stress on the remainder of the cross section
continues to increase.

M408

s s

42
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Chapter 3.2 — Tensile Strength

» Example 3-2: A single-angle is a tension member and is
connected to a gusset plate with %-inch bolts.

» A572, Grade 50 steel is used.

» The service loads are 35 k dead load and 15 k live load.

/
L4x4x%

\r
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Chapter 3.2 — Tensile Strength

» Example 3-2: A single-angle is a tension member and is
connected to a gusset plate with %-inch bolts.

ablo 24
Applicable ASTM Specifications
for Various Structural SI

For A572 steel, F,=50 ksi
F, =65 ksi
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Chapter 3.2 - Tensile Strength

» Example 3-2: Use LRFD and compute the nominal strengths

Table 1-7 (continued)

Angles
Properties
Axis X-X Flexural-Torsional
K| we |Area Properties
Shape alai|s| ¥z =
z ¥ N = %
in | wh | inF [ [in® [ n | in |0 | m | it | mf |
5@t | (128 | 375 |943 [289 | 158 | 174 | 512 [125 | naee |oaas | 238
e | w3 |am |sar |25 150 [172 |45 (122 [ 0220 |oz0s [ 220
L e | 980 (286 | 735 222 (160 | 189 | 393 119 04 0196 24
e | % | 820 | 241 | B24 [187 | 161 | 167 | 332 [114 00832 | 0.116 242
B s | 660 | 194 | 508 [1.51 162 | 184 | 268 [1.12 0.0438 | 0.0606 | 2.43
Laseds®s | 1% 185 | 544 [782 |279 | 118 127 | 502 |0680 | 102 112 210
= 1 157 | 461 | 662 |238 [120 | 122 | 478 | 0576 | 0610 | 0680 213
= T |128 |375 | 552 |196 | 121 [118 | 350 |0469 | 0322 | 0366 216
xTe | Whe (113 (330 | 493 [173 [122 | 115 | 310 (0113 | 0220 | 0.252 218
x| % 980 | 286 [432 |150 123 [113 | 269 |0358 | 0141 0162 219
He | e | 820 | 240 | 367 [127T (124 | 111 226 |0300 | 00832 | 0.0963 | 221
*% | % | 660|193 |300 [103 |125 |1.08 | 182 |0241 | 0.0438 | 0.0505 | 2.22

47

Steel Design - Tension Members 3.1-2

8/10

Chapter 3.2 — Tensile Strength

» Example 3-2: A single-angle is a tension member and is
connected to a gusset plate with %-inch bolts.

» Investigate this member for compliance with the AISC
Specification.

» Assume that the effective net area is 90% of the computed
net area.

/
L4ax4axV

\r
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Chapter 3.2 — Tensile Strength

» Example 3-2: Use LRFD and compute the nominal strengths

Table 1-7 (continued)

The gross section for anis in o)
Table 1-7 of the Manual -
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Chapter 3.2 - Tensile Strength

» Example 3-2: Use LRFD and compute the nominal strengths

Za
Nl Table 1-7 (continued)
i Angles
.2 7| i ]
A =3.75in Iz Properties
9 B X
PNA
Axis X-X Fexural-Torsional
k| w Ao Properties
Shape ale|s| | 7|2 —
P ¥ ¥ ] o %
in. | bt | in2 | int | ind [ in. in. in? in. int in¥ in.
LSx3xle | 'S4 |128 | 375 | 943 |289 | 158 [174 | 512 |125 | 0322 | 0444 238
e | o |13 |21 |aar |28 | 159 [172 |43 |122 [ 0220 |00« [ 220
E) e | 980 | 286 | 735 (222 | 160 | 169 | 393 |1.19 014 0.19% 241
e | Y 820 | 241 | 624 |187 [161 | 167 | 332 [114 0.0832 | 0.118 242
e The | 660 | 194 | 509 [1.51 162 | 184 | 288 |112 0.0438 | 00606 | 243
Ld<d¥s | 1% (185 | 544 | 782 (279 |18 [ 127 | 502 [0680 | 1.02 112 210
1 15, G.6 120 1122 | 428 10576 | 0610 (630 i}
[ X 7 [128 @375 W557 (196 | 121 | 118 | 350 | 0460 | 0322 0.368 216
xhe | e [11.3 493 [1.73 122 1115 310 10413 [ 0.220 0252 218
| 980 | 286 | 432 [150 (123 | 113 | 269 |0358 [ 0141 0162 219
e | e | 820 | 240 | 367 |127 (124 |1 226 |0300 | 0.0832 | 00963 | 221
xY% | % 660 | 193 | 300 [1.03 [1.25 | 1.08 | 1.82 |0241 | 0.0438 | 006505 | 2.22
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Chapter 3.2 — Tensile Strength

» Example 3-2: Use LRFD and compute the nominal strengths
The gross section from Part 1 of the Manual, A, = 3.75in’

The nominal strengthis: P, =F,A, :(SOksi)(3.75inz): 187.5k

The net section: A =A —A, ..

=3.75in’-(%in)(2+1)in =3.313in’
The effective area: A, :0.90An=0.90(3.313 inz) =2.98in’

The nominal strength for rupture is: P, =F,A, =(65ksi)(2.98 inz)
=1193.81k

49

Chapter 3.2 — Tensile Strength

» Example 3-2: Use LRFD and compute the nominal strengths

Factored load: When only dead load and live load are present,
the only load combinations with a chance of controlling are
combinations 1 and 2.

The design strength based on yielding is:
1. 1.4D=1.4(35k)=49 k
2. 1.2D+1.6L+(0.5L, or 0.3S or 0.5R)
=1.2(35k) +1.6(15k) = [ 66 k
Since, P, <¢P, = 66k <145.36k the member is satisfactory.

O.K.

51

Chapter 3.2 - Tensile Strength

» Example 3-2: Use ASD and compute the nominal strengths.

When the only loads are dead load and live load, ASD load
combination 2 will always control:

2. D+L
=35k+15k= 50k

50k <96.91k the member is satisfactory.

. P
Since, P, <> =
Qt

0.K.

Steel Design - Tension Members 3.1-2
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Chapter 3.2 — Tensile Strength

» Example 3-2: Use LRFD and compute the nominal strengths

The design strength based on yielding is: #,P, = O.90(187.5k)

-([@30)

The design strength based on rupture is: $,P, =0.75(193.81k)

- (@0

The design strength for LRFD is the smaller value:

P, =145.36k

50

Chapter 3.2 — Tensile Strength

» Example 3-2: Use ASD and compute the nominal strengths.

For the gross area, the allowable strength is:

P 187.5k
A =(1123%
1123

. 167

For the net area, the allowable strength is:

P 19381k _
Q200 7

The allowable strength for ASD is the smaller value:

52
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Chapter 3.2 - Tensile Strength

» Example 3-2: Use ASD and compute the nominal strengths.

Alternative solution using allowable stress:

ft:i = 50{(2 = 13.3ksi
A, 3.75in

The allowable stress is: £, =0.6F, = 0.6(50k5i) = 30.0 ksi

For the limit state f, < F,: O.K.

54
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Chapter 3.2 — Tensile Strength

» Example 3-2: Use ASD and compute the nominal strengths.

Alternative solution using allowable stress:

P 50k

ion: =2 = = 16.78ksi
The net section: [, A 20800

The allowable stress is: F, =0.5F, = 0.5(65ksi) = 32.5ksi
For the limit state f, < F;: 0.K.

Since f, < F, for both limit states, the member is satisfactory.

O.K.

Chapter 3.2 — Tensile Strength

» What is the difference in computational effort for the two
different approaches?

be computed (if a stress approach is used with ASD, an
equivalent computation must be made).

» With LRFD, the nominal strengths are multiplied by resistance
factors.

» With ASD, the nominal strengths are divided by load factors.

» Up to this point, the number of steps is the same.

» Regardless of the method used, the two nominal strengths must

55

Chapter 3.2 — Tensile Strength

» What is the difference in computational effort for the two
different approaches?

» The difference in effort between the two methods involves the
load side of the relationships.

» In LRFD, the loads are factored before adding.
» In ASD, in most cases, the loads are added.

» Therefore, for tension members, LRFD requires slightly more
computation.
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Chapter 3.2 - Tensile Strength

Any questions?

59
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Chapter 3.2 — Tensile Strength
Let’s work on some problems
+=5]
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