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Bolted Connection from the catwalk hanger (W8 x 18) to the stringer (W18 x 97)

P, := 28kip Minimum Required bolt tension
dy, := 0.875in
Tt-d . o
Ay = = 0.601-in
4
Fupi= 120ksi

Use a 4 Bolt Pattern one bolt in each quadrant

Rp := 5.108kip (From DJG/SJL calcs on 9/16/11)

4

P, - = 1.277-kip

Prying Action (A. 6.13.2.10.4)

a:= 1.25in
t:= 0.33in
5.25in—t
L SR
3-b t3 .
Q.= 8_ - -P, = 0.461-kip
& 20in

Ry =Py + Q, = 1.738:kip
Allowable Tension (A. 6.13.2.10.2)

¢y =08

T, = 0y 0.76-Ay - Fyy = 43.872-kip

Checkengion = if (R < Ty, "OK" ,"NG") = "OK"

gyt o-20-t
DI tof20f1(



Check Flexure of hanger top flange about the toe of the fillet (assume b = 11 in = W18x97
flange width).

My := 2-Rpb = 4.207-in-kip

11in-(0.33in)”

4
[p:= —————— =0.033-in
f 12
0.33in
=
2
My.-c
O = = =21.07ksi << Fy = 50 ksi, OK
f

Check the Net Section Fracture at the Mid Point of the Stringer

F,, = 65ksi
, . 2
A, = 11.1in-0.87in = 9.657-in
t=]

Ap = Ag — 2:(dp, + 0.0625in)-0.87in = 8.026:in”

(bﬁ- = 0.8
An

Ffracture = Pr0-84 - -F, = 36.302-ksi (A. 6.10.1.8)

g

Max Tensile Stress from Stringer Design:

Fdesign = 34.5ksi

Checknjetsection == if(Fdesign < Feractures "OK" 2"NG") ="OK"



Check force to overcome sliding friction on opposite side from connection
b= 0.3 Steel on Steel max coefficient of sliding friction

Ibf Ibf 2.5ft
Ry = | 0:5-150618=—+ | | 6lbF2 + 224— 41671 |-—— | 1125 =019 lap
ft ft 151t

Fy:= pgR,, = 0.057-kip

Myolts = Fgr 15ft = 10.298-in-kip

2 2 2
Tyolis = 4-[(2.75m) + (1.375in) ] =37.812-in

My 1 1.375in
bolt
R, := ——————— = 0.374-kip
1
bolts

Mbo]tq-2.75in

R, = ———— =0.749-kip
b4
Wolts
B
R, = =0.014-ki
viT Ty P
\/L R, + R J = 0.85-kip
Ng:=1 ¢, = 0.8
R, = dp-0.48-Ap-F N, = 27.709-kip > R =0.85 kips, OK
R
— =0.031 Less than 0.33 use A. 6.13.2.11-1
R

T, = p-0.76-ApF p = 43.872kip >Ry =1.738 kips OK



Bearing Resistance at Bolt Holes for end distance less than 2d. A 6.13.2.9-2

L.= 0.067ft t:= 0.33in F,= 65ksi

R, = &y 1.2 L otF, = 16.556-kip > 0.85kips, OK
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Table 6.13.2.8-1—Minimum Required Bolt Tension

Bolt Required Tension-P; (kip)
Diameter,

in. M 164 (A325) M 253 (A450)
5/8 19 24
3/4 28 35
7/8 39 49

1 51 64
1-1/8 56 80
1-1/4 71 102
1-3/8 85 121
1-1/2 103 148

Table 6.13.2.8-2—Values of K,

For standard holes 1.00
For oversize and short-slotted holes 0.85
For long-slotted holes with the slot | 0.70
perpendicular to the direction of the force
For long-slotted holes with the slot parallel | 0.60
to the direction of the force

Table 6.13.2.8-3—Values of X;

For Class A surface conditions 0.33
For Class B surface conditions 0.50
For Class C surface conditions 0.33

The following descriptions of surface condition shall
apply to Table 6.13.2.8-3:

e Class A Surface: unpainted clean mill scale, and blast-
cleaned surfaces with Class A coatings,

e (lass B Surface: unpainted blast-cleaned surfaces and
blast-cleaned surfaces with Class B coatings, and

e Class C Surface: hot-dip galvanized surfaces
roughened by wire brushing after galvanizing.

The contract documents shall specify that in uncoated
joints, paint, including any inadvertent overspray, be
excluded from areas closer than one bolt diameter but not
less than 1.0 in. from the edge of any hole and all areas
within the bolt pattern.

The criteria for slip resistance are for the case of
connections subject to a coaxial load. For cases in which
the load tends to rotate the connection in the plane of the
faying surface, a modified formula accounting for the
placement of bolts relative to the center of rotation should
be used (Kulak et al., 1987).

The required tension specified for AASHTO M 164
(ASTM A325) bolts larger than M24 reflects an update
from the ISO specification that lists identical material
properties for the size range from M16 to M36. This
update has not yet been applied to the customary U.S.
Specifications.

The minimum bolt tension values given in
Table 6.13.2.8-1 are equal to 70 percent of the minimum
tensile strength of the bolts. The same percentage of the
tensile strength has been traditionally used for the required
tension of the bolts.

The effect of ordinary paint coatings on limited
portions of the contact area within joints and the effect of
overspray over the total contact area have been
investigated experimentally (Polyzois and Frank, 1986).
The tests demonstrated that the effective area for transfer
of shear by friction between contact surfaces was
concentrated in an annular ring around and close to the
bolts. Paint on the contact surfaces approximately 1.0 in.,
but not less than the bolt diameter away from the edge of
the hole did not reduce the slip resistance. On the other
hand, bolt pretension might not be adequate to completely
flatten and pull thick material into tight contact around
every bolt. Therefore, these Specifications require that all
areas between bolts also be free of paint.

© 2010 by the American Association of State Highway and Transportation Officials,
All nghts reserved. Duplication 1s a violation of applicable law
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SECTION 6: STEEL STRUCTURES

R, =1.2LtF, (6.13.2.9-2)
For long-slotted holes perpendicular to the applied
bearing force:

e With bolts spaced at a clear distance between
holes not less than 2.0d and with a clear end distance
not less than 2.0d:

R, =2.0d(F, (6.13.2.9-3)

e [f either the clear distance between holes is less than
2.0d, or the clear end distance is less than 2.04"

R, =L F, (6.13.2.9-4)
where:
d = nominal diameter of the bolt (in.)
t = thickness of the connected material (in.)
F, = tensile strength of the connected material
specified in Table 6.4.1-1 (ksi)
L. = clear distance between holes or between the hole

and the end of the member in the direction of the
applied bearing force (in.)

6.13.2.10—Tensile Resistance

6.13.2.10.1—General

High-strength bolts subjected to axial tension shall be
tensioned to the force specified in Table 6.13.2.8-1. The
applied tensile force shall be taken as the force due to the
external factored loadings, plus any tension resulting from
prying action produced by deformation of the connected
parts, as specified in Article 6.13.2.10.4.

6.13.2.10.2—Nominal Tensile Resistance

The nominal tensile resistance of a bolt, T,
independent of any initial tightening force shall be taken
as:

T =0764,F, (6.13.2.10.2-1)
where:
Ap = area of bolt corresponding to the nominal

diameter (in.%)

F., = specified minimum tensile strength of the bolt
specified in Article 6.4.3 (ksi)

6-229
where:
¥, = nominal bearing pressure (ksi)
F, = specified minimum tensile strength of the

connected part (ksi)

In these Specifications, the nominal bearing resistance
of an interior hole is based on the clear distance between the
hole and the adjacent hole in the direction of the bearing
force. The nominal bearing resistance of an end hole is based
on the clear distance between the hole and the end of the
member. The nominal bearing resistance of the connected
member may be taken as the sum of the resistances of the
individual holes. The clear distance is used to simplify the
computations for oversize and slotted holes.

Holes may be spaced at clear distances less than the
specified values, as long as the lower value specified by
Eq. 6.13.2.9-2 or Eq. 6.13.2.9-4, as applicable, is used for
the nominal bearing resistance.

C6.13.2.10.2

The recommended design strength is approximately
equal to the initial tightening force; thus, when loaded to
the service load, high-strength bolts will experience little,
if any, actual change in stress. For this reason, bolts in
connections, in which the applied loads subject the bolts to
axial tension, are required to be fully tensioned.

O 2010 by the American Association of State Highway and Transportation Officials,
Allrights reserved. Duplication is a violation of applicable law.
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6.13.2.10.3—Fatigue Resistance

Where high-strength bolts in axial tension are subject to
fatigue, the stress range, Af, in the bolt, due to the fatigue
design live load, plus the dynamic load allowance for
fatigue loading specified in Article 3.6.1.4, plus the
prying force resulting from cyclic application of the fatigue
load, shall satisfy Eq. 6.6.1.2.2-1.

The nominal diameter of the bolt shall be used in
calculating the bolt stress range. In no case shall the
calculated prying force exceed 30 percent of the externally
applied load.

Low carbon ASTM A307 bolts shall not be used in
connections subjected to fatigue.

6.13.2.10.4—Prying Action

The tensile force due to prying action shall be taken

as:
3b £
=|l— = 6.13.2.10.4-1

0.-|2-Llx ( )

where:

0, = prying tension per bolt due to the factored
loadings taken as 0 when negative (kip)

P, = direct tension per bolt due to the factored
loadings (kip)

a = distance from center of bolt to edge of plate (in.)

b = distance from center of bolt to the toe of fillet of
connected part (in.)

t = thickness of thinnest connected part (in.)

6.13.2.11—Combined Tension and Shear

The nominal tensile resistance of a bolt subjected to
combined shear and axial tension, T,, shall be taken as:

o If i < 0.33, then:
R

n

T, = 0.76 4,F, (6.13.2.11-1)

e  Otherwise:

2
T, =0.76A4,F, l_[ﬁj (6.13.2.11-2)

where:

arca of the bolt corresponding to the nominal
diameter (in.%)

rff, =

C6.13.2.10.3

Properly tightened A325 and A490 bolts are not
adversely affected by repeated application of the
recommended service load tensile stress, provided that the
fitting material is sufficiently stiff that the prying force is a
relatively small part of the applied tension. The provisions
covering bolt tensile fatigue are based upon study of test
reports of bolts that were subjected to repeated tensile load
to failure (Kulak et al., 1987).

C6.13.2.10.4

Eq. 6.13.2.10.4-1 for estimating the magnitude of the
force due to prying is a simplification given in ASCE
(1971) of a semiempirical expression (Douty and McGuire,
1965). This simplified formula tends to overestimate the

prying force and provides conservative design results (Nair
et al.,, 1974).

C6.13.2.11

The nominal tensile resistance of bolts subject to
combined axial tension and shear is provided by elliptical
interaction curves, which account for the connection length
effect on bolts loaded in shear, the ratio of shear strength
to tension strength of threaded bolts, and the ratios of root
area to nominal body area and tensile stress area to
nominal body area (Chesson etal., 1965). Egs. 6.13.2.11-1
and 6.13.2.11-2 are conservative simplifications of the set
of clliptical curves. The equations representing the set of
elliptical curves for various cases may be found in AISC
(1988). No reduction in the nominal tensile resistance is
required when the applied shear force on the bolt due to
the factored loads is less than or equal to 33 percent of the
nominal shear resistance of the bolt.

© 2010 by the American Association of State Highway and Transportation Officials
All nghts reserved. Duplication is a violation of applicable law.
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