WELD CALCULATIONS

Using Steel Structures, Design and Behavior, 3rd edition, the welds that attach the support arms to
the muon wall and then in-turn support the main T-beam were calculated and are attached in this section.
Also, copies of the textbook pages on this subject are enclosed.

Using the LRFD (Load Resistance Factor Design) the required weld size was calculated to be a 9/32
inch fillet weld. However, AISC, Manual of Steel Construction, 9th edition specifies a minimum fillet weld
of 5/16 inch. Therefore, an E70, full penetrating, fillet weld of size 5/16 inch will be used.
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It

where (| = coefficient for electrode = (Electrode used) /70
D = number of Ls of an inch in weld size
L = length of vertical weld (in.)

(e} Summary. Compare the values of the service Ioad P.

1. Strength analysis reducing P, after completing analysis: P = 57 kips

3. ASD Manual tables: P = 58 kips

Note that ASD Manual tables used slightly different equations for the
strength analysis than used in the LRFD Manual; however, the difference is
not significant. The safe service load using ASD is 58 kips compared with 63
kips using LRFD. The LRFD value depends on the ratio of live to dead load
whereas the ASD value is the same for all live t0 dead load ratios. The results

from both LRFD and ASD agree favorably. | B

5.18 ECCENTRIC SHEAR CONNECTIONS
—ELASTIC (VECTOR) ANALYSIS

The traditional elastic vector analysis is easier than the strength method to

carry out when the computer is not available, or when the AISC Manual tables
are not available. The elastic vector method is conservative, sometimes exces-
sively so. P

LA -
The elastic method has the following assumptions:

L. Each segment of weld, if of the same size, resists a concentrically
applied load with an equal force. This concept was used for welds on
tension members in Sec. 5.16.

2. The rotation caused by torsional moment is assumed to occur about the
centrotd of the weld configuration.

3. The load on a weld segment caused by the torsional moment is
assumed to be proportional to the distance from the centroid of the
weld configuration.

4. The direction of the force on a weld segment caused by torsion is
assumed to be perpendicular to the radial distance from the centroid of
the weld configuration.

5. The components of the forces due to direct load and due to torsion are
combined vectorially to obtain a resultant force.

It will be convenient to think of this analysis using the principles of
mechanics on a homogeneous material, combining direct shear with torsion.
Beginning with the stresses on a homogeneous section,

P

= - = stress due to direct shear (5.18.1)
Ir :

= 7 = stress due to torsional moment (5.18.2)
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5.18 / ECCENTRIC SHEAR CONNECTIONS — ELASTIC (VECTOR) ANALYSIS 273

where r = radial distance from the centroid to point of stress
I, = polar moment of inertia

For computing nominal stresses or forces on weld segments the focarions of
the lines of weld are defined by edges along which the fillets are placed, rather
than to the center of the effective throat. This makes little difference, since the
throat dimension is usuaily small.

For the general case shown in Fig. 5.18.1, the components of stress due to
direct shear are

[ = (5.18.3a)

RO,

(5.18.3b)

{a) Connection
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{b) Effective cross section

Figure 518.1 Eccentric bracket connection.




Ty Pe +Pe.)y
= = (Bee, * Prey) (5.18.4a)
P IP
. Tx Pe, +Pe )x-
== (Pey + Fyes) (5.18.4b)
14 IP
where =1, +1,= YL + Y45+ Y1, + A% (5.18.5)
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Figure 5.18.2 Treatment of weld configuration as lines having unit thickness,

The x- and v-components of f* resuiting from torsion are

In Eg. 5.18.5, X and j refer to distances from the center of gravity of the weld
group to the ceiiter-of gravity of the individual weld segments. I, and I,
refer to the moments of inertia of the individual segments with respect to their
own centroidal axes.

Thus, for the situation of Fig. 5.18.2, Eq. 5.18.5 becomes

Lw € ? 2 e w ?
1,=2 g) ]+2[Lw(ze)(y)] +2[’ (fz) ]
- %[Lw(:,,)2 + 2L (5) + L] (5.18.6)

For practical situations. the first term of Eq. 5.18.6 is neglected because, with
¢, small, the term is not significant compared to the other terms. Hence

le -
I= g[121_‘,.(3;)2 +L3] (3.18.7)

Note that I, equals the throat thickness 7, times the property of lines: ie.,
an element having length but having a width of unity. Actually, the area 4 in
Egs. 5.18.3 equals the thickness 7, times the total length of the weld configura-
tion; and in Eq. 5.18.5 the polar moment of inertia equals the thickness 7,
times the polar moment of inertia of the configuration as lines. When the -
stress f is multiplied by z, it becomes a force' R per unit length, say, kips/in.

Treating the welds making up the effective cross-section in Fig. 5.18.2 as
line welds (i.e.. as in deriving Eq. 5.18.7 with 7, = 1) and using the general
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terms 6 and 4. as shown in Fig. 5.18.2, Eq. 5.18.7 becomes

! 11zbd2 b= 2[5 + b
=% (5)+ = ¢[3d% + b7 (5.18.8)

Table 5.18.1 gives /, values treated as properties of lines for other common
weld configurations.

® EXAMPLE 5.18.1

Compute the maximum load (kips/in.) on the weld configuration shown for
the bracket in Fig. 5.18.3 using the elastic (vector) method. Assume the plate
thickness does not affect the result.

SOLUTION
The maximum force R will occur at points 4 and B. The properties of
lines wilt be used.
. (a) Locate the centroid of the configuration. Taking moments about the
vertical weld,
2(6)3

2—(6)_+_§ = 1.8 m.

E:

{b) Compute the area (length) and the polar moment of inertia about the
centroid of the*configuration.

L=2(6) +8=20in.

(6)°
12

L= — +2[6(4)] + 2[ J+ 2[6(1.2)Y] + 8(1.8)* = 314in.}

/—aB—<E7o
/ P = 15Kk
— Rk
L] |
L Ry A :
[
R, I
Stress
B"J Ve::t:tgrs

a

Figure 518.3 Exampile 5.18.1.
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TABLE 5.18.1 PROPERTIES OF WELDS TREATED AS LINES
Section Section Modulus  Polar Momeni of Inertia, L
b = width: d = depth Lly about Center of Gravity
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(c¢) Compute the components of the force on the weld at points 4 and B.
From the direct shear,
P 15
R, = 7% " 0.75 kips/in. }
From the torsion I about the centroid of the configuration.

Ty 15(12.2)4

= = ————— = 2.33 kips/in.
R. I 314 ps/in. —
R Tx 15(12.2)4.2 3 45 kins /i
=T N4 = 2. ps/in. |

The vector sum gives the resuitant force R,

R = (2.33F + (2.45 + 0.75)> = 3.96 kips/in. =

'@ EXAMPLE 5.182

Determine the weld size required for the bracket of Fig. 5.18.3 when the
service load P is 15 kips (80% live load and 20% dead load). Compare the
results using (a) elastic (vector) analysis from Examplie 5.18.1 and (b) strength
analysis as described in Sec. 5.17, both with AISC Load and Resistance Factor
Design. Assume the plate thickness does not affect the resuit.

SOLUTION
(a) Elastic (vector) method. According to LRFD the factored load must
be computed,

P,=12D+16L = 1.2(0.2)15 + 1.6(0.8)15 = 22.8 kips

The maximum load (kips/in.} on the weld due to the factored P will be (using
the result from Example 5.18.1 for P = 15 kips).

R, = 3.96(22.8/15) = 6.02 kips/in.
Weld resistance ¢R,,,, = 0.752(0.707)(0.60 Feyx )
= 0.752(0.707)(0.60)70 = 22.3a
The weld size required is then
R, 6.02 5

Required a = d)_R" = — = (},27in., say 6 in.

Use %-in. E70 fillet welds.

(b) Strength analysis method. First, the strength analysis must be per-
formed. Divide the horizontal 6-in. weld into- 6 parts and the vertical 8-in.
length into 16 segments of % in. each, though it is considered adequate to
always use 1-in. segments. The modification of the strength method is used
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wherein R, is taken equal to 7.42 kips/in. whenever the computed R, would
exceed that value. The instantaneous center is found by trial to be at —0.115 :
in. from the vertical weld line; that is, negative means toward the location of Ak
the applied load P. The solution details are in Tables 5.18.2 and 5.18.3. ’%

TABLE 5.18.2 GEOMETRY AND R, ;. EXAMPLE 5.18.2

Seg LE"ngth X J’ "7 91 A.‘ max Ar Rr_uil
No. {in.} {in.) (in.) (in.} (deg) (in.) (in.} (kips)
1 1 039 400 402 55 00776 00208 11491
2 1 139 400 423 191 00525 0.0219 13.487
3 1 239 400 466 308  0.0436 0.0241  14.299
4 1 339 400 524 402  0.0391 00271 14712
5 1 439 400 594 476 00364 00307 14.952
6 1 539 400 671 53.4  0.0347 0.0347 15104
7 0.50 -012 375 375 —882 00278 00194  7.83%
R 0.50 -012 325 325 -88.0 00278 00168 7.8
9 0.50 -012 275 275 —876 0.0279 00142 7.832
10 0.50 -012 225 225 —§71 0.028 00116 78729
11 0.50 -012 175 175 —862 00281 0.0091 7.824
12 0.50, -012 125 126 —847 0.0283  0.0065 7.815
13 050~ 1012 075 076 —813  0.0288 0.0039  7.795
14 0.50 -012 025 028 -653 00318 00014 7676

TABLE 5.18.3 SOLUTION FOR EXAMPLE 5.18.2(b) (fy = —0.115in.)

Computed Used
Seg R[ Rl (Ra )y Rl’;
No. (kips) (kips) (kips) (kips-in.)
1 10.49 7.42 0.71 29.83
2 12.53 7.42 2.32 31.27
3 13.61 7.42 3.72 34.32
4 14.29 7.42 4.74 38.59
5 14.73 7.42 5.45 43.70
6 14.99 742 5.93 49.41
7 7.62 372 ‘ -011 13.93
8 7.47 3.72 -0.13 12.07
9 7.22 3.72 —-{0.16 10.22
10 6.80 372 - =019 8.36
11 6.10 3.72 -{.24 6.51
12 4,99 372 —-0.34 4.66
13 3.35 335 —0.50 2.54
14 1.46 146 —0.61 0.40

L =20.59 285.80




| [ VTP

5.19 / LOADS APPLIED ECCENTRIC TO THE PLANE OF WELDS 279

From Eq. 5.17.9. and multiplying by 2 because of syminetry, gives
ZR,r, 2(285.80}

P e T Te0-oims

P,=1(R,}), = 2(20.59) = 41.2 kips

The nominal strength P, = 41.2 kips. This is the strength using ;-in. weld
using E70 electrodes with the SMAW process. The design strength ¢P, is
0.75(41.2) = 30.9 kips. The weld size required is

= 41.2 kips

a
P, =228 kips = ¢P, = 30.9——

0.25
‘ 22.8(0.25) ,
Required weld size a = o9 " 0.18 in.

(¢) Use LRFD Manual [1.17] tables, p. 5-103. For i-in. weld using E70
electrodes,

a={e—xL)/L= (140 — 1.80)/8 = 1.525
k=kL/L =6.0/8 = 0.75
: k=107 0.75 0.8
a=14 0.983 1.11
1.525 0.893 0.952 1.011 C = 0952
1.6 - 0.874 - 0.99

Table value™= ¢P, = CC,DL = 0.952(1.0)(4)8 = 30.5 kips
As may be noted. the LRFD tables give essentially the same result as
obtained in part (b).
(d) Summary. The weld size a required using E70 electrodes and the
SMAW process is

Elastic (vector) method. required a = £ in.

Strength analysis, required ¢ = 3 in.
As will always be the case, the elastic vector method is conservative. "

5.19 LOADS APPLIED ECCENTRIC TO THE PLANE OF WELDS

When an applied load is eccentric to the plane of the weld configuration. as in
Fig. 5.19.1, the strength method of analysis may still be used as long as the
plane of the welds is rigid. The weld plane is rigid in Fig. 5.19.1 because the
welds are on each side of a plate; i.e., there is sufficient rigidity between
the two lines of weld such that there will be no bending of the material being
welded in the plane of the welds.

As discussed in Sec. 5.17. the strength of a segment of weld depends on
the angle 4. of the resisting force R; to the axis of the weld, It makes no
difference whether R ; acts at an angle to the plane of the welds (Fig. 5.19.1) or

whether it acts in the plane of the welds (eccentric shear as in Secs. 5.17 and
5.18). :




