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Tension members are found in trusses, towers, bracing members, hangers,
tie rods and sag rods. Tension members can be structural steel sections,
plates, built-up members, eyebars, pin-connected members, rods, bars, wire
rope and steel cables. Tension members are one of the simplest to design.
Tension members are now connected by bolts or welds. There a few limit
states for tension members. Section D of the specifications covers Design of
Members for Tension.

e D1. Slenderness Limitations
e D2. Tensile Strength

e D3. Area Determination

e D4. Built-up Members

e DS5. Pin-connected Members
e D6 Eyebars

We will look at the first three, since they apply to most tension members.
D1. SLENDERNESS LIMITATIONS

There is no required slenderness limit but it is suggested the L/r should be
less than 300. Rods and hangers in tension are exempt.

Example 1

Let’s say we have an angle, L4X4X1/2 that is under tension and 26 feet
long, what is it’s L/r ratio?
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469 L4X4X3/4 185 544 400 000 000 000 113 000 000 762 502 279 118 762 501 279 118 0774 10
470 L4X4X5/8 157 461 400 000 000 000 100 000 000 662 428 238 120 662 428 238 120 0774 061
471 L4X4X1/2 128 375 400 000 000 000 0875 000 000 642 3A0 196 121 652 360 196 121 0776 032
472 L4X4X7116 113 331 400 000 000 000 0813 000 000 493 310 173 122 493 310 173 122 0777 0224
473 L4X4X3/8 980 286 400 000 000 000 0750 000 000 432 269 150 123 432 268 150 123 0779 014
474 L4X4XE16 820 240 400 000 000 000 0688 000 000 367 226 127 124 367 226 127 124 0781 008
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L/r, =(26 ft X 12 in/ft)/0.776 in=402 > 300 This would be no good.

Be sure to watch your units so they cancel.



D2. TENSILE STRENGTH

The design tensile strength, ¢, Py, and the allowable tensile sirength, Pp/Sl, of
tension members, shall be the lower value obtained according to the limir states
of tensile yielding in the gross section and tensile rupture in the net section.

(a) For tensile yielding in the gross section:
P, = F\"qg (D2-1)
i, = 0.90 (LE.FD) 0, = 1.67 (ASD)

(b) For tensile rupture in the net section:
P,rg = Fu;‘qf {DE-E}
by = 0.75 (LRFD) £2; = 2.00 (ASD)

where

A, = effective net area, in.” (mm?)
A, = gross area of member, in? (mm?)
F, = specified minimwm yield stress of the type of steel being used, ksi (MPa)

F,, = specified minimum tensile strength of the type of steel being used, ksi

(MPa)

Steel tension member selection tables are in part 5 of the Steel Construction
Manual. The tables list the available strength for different sections. The
tensile rupture strength is based on Ac = 0.75Ay.

e Table 5-1. W-Shapes

e Table 5-2. Single Angles

e Table 5-3. WT-Shapes

e Table 5-4. Rectangular HSS
e Table 5-5. Square HSS

e Table 5-6. Round HSS

e Table 5-7. Steel Pipe

e Table 5-8. Double Angles

These tables can be easily produced in Excel. Table 5-1



D3. AREA DETERMINATION

(iross Area

The gross area, A @ of a member is the total cross-sectional area.

Net Area
The net area, A,, of a member is the sum of the products of the thickness and the

net width of each element computed as follows:

In computing net area for tension and shear, the width of a bolt hole shall be taken
as /16 in. (2 mm) greater than the nominal dimension of the hole.

For a chain of holes extending across a part in any diagonal or zigzag line, the net
width of the part shall be obtained by deducting from the gross width the sum of
the diameters or slot dimensions as provided in Section J3.2, of all holes in the
chain, and adding, for each gage space in the chain, the quantity s*/4g

where

s = longitudinal center-to-center spacing ( pifch) of any two consecutive holes.
in. (mm)

£ = transverse center-to-center spacing (gage) between fastener gage lines, in.
{ i)

Effective Net Area

The effective area of tension members shall be determined as follows:
A, = AU (D3-1)

where U, the shear lag factor, is determined as shown in Table D3.1.

Note: The nominal dimension of the hole for a standard hole is the bolt
diameter plus 1/16 inch so the bolt hole shall be taken as this plus 1/16 inch
or the bolt diameter plus 1/8 inch. That is (dnole+*/16) Or (dpoit+/3s).

Example 2

Select an 8 inch W-shape, ASTM A992, to carry a dead load of 40 kips and a
live load of 100 Kips in tension. The member is 26 feet long. There are four
lines of 3/4 in diameter bolts in the flanges.
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Since the material is ASTM A992 then Fy=50 ksi and F,=65 ksi.

LRFD

P.=(1.2 X 40 kips)+(1.6 X 100 kips)

P,=208 Kips

ASD

Pa=40 kips + 100 kips

Pa=140 Kips

Try a W8 X 21
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Ibsift _in> _in___in___in in in in* __in® in® in in* __in® i  in_ in
W8X35 350 103 812 802 0310 0495 0889 810 205 127 347 312 351 426 161 106 203 000
Wax31 310 912 B00 800 0285 0435 0829 919 223 110 304 2756 347 371 141 927 202 000
WaX28 280 824 806 654 0285 0465 0859 7.03 223 980 272 243 345 217 101 663 162 000
Wax24 240 708 793 650 0245 0400 0794 812 259 827 231 209 342 183 857 563 161 000
Wax21 210 616 828 527 0250 0400 0700 659 275 753 204 182 349 977 569 371 126 000
WaX18 180 526 814 525 0230 0330 0630 795 299 619 170 152 343 797 466 304 123 000
Wax15 150 444 811 401 0245 0315 0615 637 281 480 136 118 329 341 267 170 0876 0.00
W8X13 130 384 799 400 0230 0285 0556 784 299 396 114 991 321 273 215 137 0843 000
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¥y =0.831in (for WT4 X 10.5)

LRFD

¢P, = 0.90F,Ag = 0.90(50 ksi)(6.16 in?) = 277 kips

ASD

P, FEAg (50 ksi)(6.16 in?)

0 167

1.67

= 184 kips



These are the yielding limit states. These are the same values found in my
version of Table 5-1 of the Steel Manual.

Table 5-1
F,= 50 ksi
F,= 65  ksi
Yielding Rupture
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