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. The two distinct procedures employed by designers are,
= Allowable Strength Design (ASD) &
* Load & Resistance Factor Design (LRFD).
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\-/ Strength of Tension Members

Yielding of gross cross section

T,=F,A,

T, = Nominal tensile strength
F, = Yield stress
A, = Gross cross sectional area away from connection
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Strength of Tension Members

Strength of Tension Members
Fracture of effective net area

T, = Nominal tensile strength
F, = Specified minimum tensile strength
T =F A A, = Effective net area = UA,,

n u‘te
A, = netarea
U = Reduction coefficient (shear lag factor)

U\J ®



Effective hole diameter = Actual hole diameter + 1 / 16
= Bolt diameter + 1 /g
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\_/ Effective Net Area

The net area A4, gives the reduced section that resists tension but
still may not correctly reflect the strength. That is particularly
true when load does not pass through the centroid of the
connection. Thus comes the concept of effective net area A,.

Effective Net Area A, = UA,

where U is Shear Lag Factor (a reduction co-efficient).

U = 1.0 - X/L [except plates and HSS sections, AISC Table D3.1]

X = distance between loading line (c.g. of tension member section)
and connection plane.

L = Length of connection
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° Table 1-7
- Angles
-— - PNA
3 Properties
Axis X-X Flexural-Torsional
k | we |Area, e

in. b/t | in? | in® | in® | in. | in. | in® | in. | int | inf | in.
L6x6x1 172 [374 (110 (354 | 855 |1.79 (186 [154 [0918(368 |924 [3.18
xfs | 1% |331 | 975|319 | 761 [1.81 [181 (137 |0813|251 | 641 |3.21
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Table 1-7 (continued)

Angles

Properties
Axis X-X Flexural-Torsional

k | wy |Area, e

Shape A | s r y Z |y J G To
in. [W/At| in? | in' | in® | in. | in. | in? | in | in' | in® | in
L4x32x'fe s (119 | 350 | 530 | 192 |1.23 |1.24 346 | 04970301 | 0302 203
x¥ | % | 910 267 | 415 | 148 | 125 |120 | 266 | 0433]0.132 | 0134 206
$he | e | 770 225 | 353 | 125 125 |1.17 | 224 | 0401|0.0782 | 0.078 |2.08
s % | 620| 181 | 289 | 101 126 |1.14 181 | 0368 0.0412 | 0.0419 | 209
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Staggered Holes

Whenever there is more than one hole and the holes are not lined up
transverse to the loading direction, more than one potential failure line

may exist.
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For (b) (a)

Net length of A-B = length of (A-B) — (width of hole + ;‘3 in.)
Net length of A-C = length of (A-B) — 2(width of hole + %in.) + -}—

Length correction : s?/4g
s = spacing of bolt in the direction of load.
g = spacing of bolts in the direction perpendicular to load.
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| Staggered Holes: Example-1
\_/ — £

' o - )= ,
B Zﬁl' HE '{: i g 16O Plate is under
"/ =N \ - 1B iF K tension form
y & : : both sides. Failure line
~ e l 1 : : shall be investigated
- s 4% : 5 from both sides.
e £ y 4 \\\ : —_— Failure line shall be
T 1)= e Xy : such that intact bolts
: may not be present on
£ ! % &% both sides of the failure
i In line.
2 Path AD r12 - 2(1—5 - i)]o.zs = 2.50 sq in.
Given: 3 16 16
Bolt hole B 5 ﬂ(‘ls | ) (2.125)2  (2.125)%]] 2o g
dia; 15/16,, Path ABD _I.. N 16 { % f 4(2.5) t 4(8) d()._‘ = 2.43 5q in.
15 1 (2125)%  (1.875)%] .
PAILARE [’2 -+ 16) * Tas *ww 0% - 22
. Other possible paths: EBC and FC (do not control)
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Staggered Holes: Example-2

ol 2__‘_2_ }_ yy + 3,,_{ Plate is under tension form

} d a T I one side only. Failure line

o — B slts ' shall be investigated from
= i C QL i e loaded side only. Failure

3" b line shall be such that intact
_I”_ OO0 | R g ——p bolts may not be present on
_31_ O / : both sides of the failure

2 o T~ =75 /% line.

t g c

Valid failure lines/paths:

Path a-b-c: [10-(7/53+/g)1°/g =5.625 in?,
Path a-b-f-g: [10 - 2(7 /g + /) + 3%2/(4%3)] °/g = 5.469 in?, (also d-e-b-c)

Path d-e-b-f-g: [10 - 3(7/ + /) + 2x32/(4x3)] 5/, = 5.313 inZ. (Governs)

There is no other valid path since tension is from one side only.
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