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ABSTRACT

The design of eccentrically-loaded single angle struts is
a tedious and lengthy procedure. A computer program
was developed to perform these time consuming calcula-
tions and generate design tables for 36 ksi and 50 ksi equal
and unequal leg angles. The program uses the less conser-
vative approach permitted by the AISC Specification for
Load and Resistance Factor Design of Single-Angle Mem-
bers (AISC, 1993). This approach involves applying the
interaction equation separately at the corner and the two leg
tips of the angle, with the proper signs for compression and
tension. Two step-by-step numerical examples are pre-
sented in this paper to outline the procedure implemented to
generate load tables for equal and unequal leg angles.

INTRODUCTION

Single angles are the most basic shape of hot rolled steel
sections. They are typically attached by one leg at their
ends to gusset plates or other structural elements. In spite
of the simplicity of their cross-section, single-angle com-
pression members are among the most difficult structural
elements to analyze and design.

The AISC Manual of Steel Construction, Load and
Resistance Factor Design (AISC, 1994) requires that such
members be designed as beam-columns. The design is gov-
erned by the AISC Specification for Load and Resistance
Factor Design of Single-Angle Members (AISC, 1993),
which is reproduced in Part 6 of the AISC Manual of Steel
Construction.

A numerical example is given in that Manual to outline
this procedure. The load is assumed to act at the mid-plane
of the gusset plate and at the center of the attached leg as
shown in Figure 1. The example as presented did not illus-
trate the less conservative and more correct approach
allowed by the AISC Specification for Load and Resistance
Factor Design of Single-Angle Members. No numerical
examples were provided to illustrate the application of the
interaction equation to unequal-leg single-angle struts. The
evaluation of the axial capacity of equal-leg single angle
struts with due consideration of the sign of the stress was
later addressed by Lutz (1996). It was shown that consid-
eration of the sign of the stress at a location when evaluat-
ing the interaction expression leads to a significant increase
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in axial capacity. In addition, practicing engineers find the
AISC LRFD procedure for the design of single angle struts
connected by one leg tedious and lengthy for what appears
to be a simple structural element. Tables for the allowable
axial load of equal-leg single angles in compression were
presented by Walker (1991). No design tables, based on the
LRFD approach, are available for single angle compression
members connected by one leg. The lack of design tables
and the amount of effort involved in hand calculations make
practicing engineers tend to use very conservative approxi-
mate methods for the design of such structural elements.

DESIGN TABLES

The purpose of this paper is to provide tables (see Table 1)
for the design strength of equal and unequal leg single-
angles connected by one leg to gusset plates. Two steel
strengths are included in the design tables, 36 ksi and 50
ksi. The basis for the design method is contained in the
AISC LRFD Manual (AISC, 1994) and is illustrated in this
paper by two step-by-step examples. The following
assumptions were made:
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Fig. 1. Angle plan view.
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1. The eccentric axial load is applied at the center of the

gusset plate and at the center of the connected leg.

2. The maximum slenderness ratio with respect to the

minor principal axis, the z-axis, is 200.
3. The effective length factors about the principal axes,
K. and K, are equal.

4. The gusset plate thickness is 1.5 times the angle thick-

ness.

For common structures, the practical range of the gusset
plate thickness may vary from 1.0 to 2.0 times the angle
thickness. Increasing the gusset plate thickness increases
the eccentricity about the x-axis which, in turn, decreases
the load carrying capacity. For a 4x4x'» angle with a slen-
derness ratio of 200 and yield stress of 50 ksi, changing the
gusset plate thickness from 1.0 to 2.0 times the angle thick-
ness changes the design strength from 16.6 to 15.6 kips (i.e.
the design strength decreases by about 6 percent). For the
same angle with a slenderness ratio of 60, changing the gus-
set plate thickness from 1.0 to 2.0 times the angle thickness
changes the design strength from 70.0 to 60.4 kips (i.e.
about 14 percent decrease in the design strength). This jus-
tifies the use of a gusset plate thickness of 1.5 times the
angle thickness in producing the design tables. The tabu-
lated values are conservative if the gusset plate thickness is
less than 1.5 times the angle thickness and it is not common
to have a gusset plate thickness greater than 1.5 times the
angle thickness.

The following examples illustrate the procedure used by
the program for the case of unequal-leg single angles.
Example I shows the case of an angle attached by the short
leg while example II illustrates the case of an angle attached
by the long leg.

NUMERICAL EXAMPLE I

Given:

An angle 8x4x': is attached by the short leg to a gusset
plate. The gusset plate thickness is 0.75 in. as shown in Fig-
ure 2. The effective length KL is 100.0 in. Calculate the
maximum factored compressive load which may be applied
through the center of the gusset plate.

Angle Properties:
A= 575in.
I.= 38.5in.* I, =6.74in*
r,= 2.59 in. r, = 1.08 in.
y = 2.86 in. x =0.859 in.
r,= 0.865 in.
o= 14.95°
Fy= 50 ksi E = 29,000 ksi
Solution:

Determine the angle properties with respect to the princi-
pal w and z axis.
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L= Ar2=5.75 (0.865)> = 4.30 in.*
I,=1,+1I,—I,=3850 +6.74 — 4.30 = 40.94 in *

7, =1/17f“ =2.67 in.

The distances between Points A, B, and C and the angle
principal axes are shown in Figure 2.

At the angle tip of the connected leg (Point A)
S, =4.30/2.36 = 1.82 in.}

S, =40.94/3.33 = 12.29 in.?

At the angle corner (Point B)
S.=4.30/1.57 =2.74 in.?

S, =40.94/2.54 = 16.12 in.?

At the angle tip of the outstanding leg (Point C)
S, =4.30/0.74 = 5.81 in.}

S, =40.94/5.12 = 8.00 in.?

The angle concentric design compressive strength
0P, = 84.7 kips (from AISC LRFD Manual Single Angle
Columns Table for L8x4x's with KL = 8.33 ft).

The interaction of flexure and axial compression shall be
evaluated for the principal bending axes at the angle corner
and tips using LRFD Single Angle Spec. Equations 6-1a
and 6-1b. The flexural terms are either added to or sub-
tracted from the axial load term depending on the sense of
flexural stresses at the considered point.

For a tiny load applied at Point D, stresses at the angle
tips and corner could be calculated as follows:

P Pe, Pe,
o=—+ +
4 S, S,
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Fig. 2. Angle configuration for Example I.



P P(0.268) P(3.42)
o,= + +
575 1.82 12.29
__P__P0268) P(342)
575 274 16.12
__P_ P0268) P(342)_
575 581 8.0

The interaction of flexure and axial compression shall be
evaluated at Points A and B where the resultant stress is
compression. However, the interaction equation need not
be checked at Point C as the resultant stress at that point is
tension. The load carrying capacity of the angle will not be
governed by evaluating the interaction equation at Point C.

=0.60 P (compression)

Op =0.29 P (compression)

Cc —0.21 P (tension)

Evaluation of P, at Point A (angle tip in compression)

M, = 4.9EZI—5CI, [\/va +0.052(t /1)’ +Bw}

4.3
1.0
- )(1.0)

X [\/5.482 +0.052(100%0.5/0.865)> + 5.48}

= 4.9(29,000)(

=1207 kip—in.

According to Section 5.3.2 of the AISC Load and Resist-
ance Factor Design Specification for Single Angle Mem-

bers,
M, =F,S, =50(12.29) = 614.5 kip-in.

Since M,;, > M, (Section 5.1.3),

M,, =[1.58-0.831/806.0/1207 | M,
=0.902M, <1.25M,

As per Section 5.1.1, for the limit state of local buckling
when the tip of an angle leg is in compression

b/t=4/05=8<0392,/E/F, =94

which permits an M, = 1.25M,
~M,,, = 0.988M, = 0.988 (614.5) = 607 kip-in.

Regarding minor axis buckling, Single Angle Specifica-
tion Section 5.1.1 should be used as the angle tip (Point A)
is in compression.

As the limit state of local buckling of the attached leg
permits an M, = 1.25M,

~M,. = 1.25M, = 1.25 (50)(1.82) = 113.8 kip-in.

The elastic buckling loads about the major and minor
principal axes are calculated as follows:

P,,= mEL /P = 1¥(29000)(40.94)/(100)> = 1172 kips
P, = ELIP = 12(29000)(4.30)/(100)* = 123 kips

As both of the flexural terms are producing compression
at Point A, the corresponding M, should be multiplied by B;.

G, 1 C, 1
"Blw:1 P = P and Blz—1 P —1 P
P, 1172 P, 123

The C,, factor is taken as 1 for all values of B; and should
also have been one in Example 3-8 as reported by Lutz
(1996).

Applying Equation 6-1a at Point A in Figure 1 yields:

P8 0.268P, .\ 3.42P, 0
847 9 ooanzs)f1- | o.907)[1-- 1t
123 1172

In the above equation, P, = 47.0 kips. It can be readily
seen that Point A will govern the load carrying capacity of
the angle. However, Point B will be checked to illustrate
the problem.

Evaluation of P, at Point B (angle corner)

M., = 1207 kip-in. (as calculated for point A)

M, =F,S, =50(16.12) = 806.0 kip-in.

Since M,;, > M, (Section 5.1.3),

M,, =[1.58-0.831806.0/1207 | M,

=0.902M, <125M,

As per Section 5.1.1, for the limit state of local buckling
when the tip of an angle leg is in compression

b/t=4/05=8<0392/E/F, =9.4

which permits an M, = 1.25M,,.
~.M,,, = 0.902M, = 0.902(806.0) = 727.0 kip-in.

Based on the position of the load, it is clear that the
moment about the minor axis, M,,, should be assigned a
negative value since it produces tension at Point B. Single
Angles Specification Section 5.1.1 should be used to calcu-
late M,,, (angle tips in compression).

~M,, = 1.25M, = 1.25(50)(2.74) = 171.3 kip-in.

As the moment about the minor principal axis, M,,., pro-
duces tension at point B, the flexural strength M, shall not
be multiplied by B,.
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.'.Blwz1 P = P and Blz =1
P, 1172

Applying Equation 6-1a at Point A in Figure 1 yields:

P, 8| 02685 3.42F, -1
847 9] 0.9(171.3) 0.9(727'0)(1_ P, ]
1172

In the above interaction expression, P, = 65.8 kips.

Therefore, P, = 47.3 kips based on the application of the
interaction equation at Point A (the angle tip of the con-
nected leg).

NUMERICAL EXAMPLE II

Given:
Rework Example I if the long leg is attached to the gus-
set plate.

Solution:

All angle properties are the same as calculated in Exam-
ple I. The distances between Points A, B, and C and the
angle principal axes are shown in Figure 3.

At the angle tip (Point A)
S.=4.30/0.74 =581 in.?
S, =40.94/5.12 = 8.00 in.?

At the angle corner (Point B)
S.=4.30/1.57=2.74 in?
S, =40.94/2.54 = 16.12 in.>

At the angle tip (Point C)
S.=4.30/2.36 = 1.82 in.?
S, =40.94/3.33 = 12.29 in.?

6580
vee'L

Fig. 3. Angle configuration for Example II.

130 / ENGINEERING JOURNAL / THIRD QUARTER / 2001

For a tiny load applied at Point D, stresses at the angle
tips and corner could be calculated as follows:

P Pe, Pe,
c=—+ +
4 S, S,
c,= P __ 2050 + ) =0.20 P (compression)
575 5.8l 8.00
P P(0.90) P(1.42 :
Oy = + (O20) £ (hB)_ 0.41 P (compression)
575 274 16.12
P P(0. P(1.42 :
oc 2020 FOAY —0.44 P (tension)

T575 182 1229

As explained in Example I, the interaction of flexure and
axial compression need to be evaluated at Points A and B
where the resultant stress is compression. The interaction
equation need not be checked at Point C as the resultant
stress at that point is tension.

The angle concentric design compressive strength ¢P, =
84.7 kips (the same as in Example I).

Evaluation of P, at Point A (angle tip in compression)
According to Single Angle Specification Section 5.3.2,

IZ
M,y =49E G, [\/va +0.052(It/7,)% + Bw}

- 4.9(29,000)(%} (1.0)

2
x (—5.48)2+0.052[M) ~5.48
0.865

=537 kip—in.

B,, is assigned a negative sign as the angle long leg is in
compression.

M, = F,S,, = 50(8.00) = 400.0 kip-in.
Since M,;, > M, (Section 5.1.3),

M, =[1.58-0.83/400.0/537.0 | M,
=0.863M, <1.25M,

As per Section 5.1.1, for the limit state of local buckling
when the tip of an angle leg is in compression

0.446,/E/F, =10.7<b/t=8/0.5=16<091,/E/F, =219

From Equation 4-3b

b [F
=134-0.761=,|-—~
Q tVE
=1.34—0.761i >0
0.5 29,000

=0.834




which permits an M, = OM, = 0.834M,. This is less than
the lateral-torsional buckling limit of 0.863M,.

.M, = 0.834M, = 0.834(400.0) = 333.6 kip-in.

Regarding minor axis buckling, Single Angle Specifica-
tion Section 5.1.2 should be used as the angle tip (Point A)
is in tension.

=M, = 1.25M, = 1.25(50)(5.82) = 363.8 kip-in.
As the moment about the minor principal axis, M,,., pro-
duces tension at point A, the flexural strength M, shall not
be multiplied by B,.

C 1

.'.Blwzl_’"Bl = 7, and B, =1
P 1172

ew

Applying Equation 6-1a at Point A in Figure 1 yields:

P

u

~0.90P, 1.42P,
+
84.7

+
0.9(363.8) ) 9333.6)[ 1- L
1172

8 =]
9

In the above equation, P, = 72.2 kips.

Evaluation of P, at Point B (angle corner)
M., = 537 kip-in. (as calculated for point A)
M, =F,S, =50(16.12) = 806.0 kip-in.
Since M,;, < M, (Section 5.1.3),

M,,, =10.92-0.17(537/806)]M
=0.807M,, =0.807 x 537
=433 kip-in.

Section 5.1.1 shall not be checked as the major axis bend-
ing moment produces tension in the angle corner (Point B).

As can be shown in Figure 3, the minor axis, M,,, pro-
duces compression at Point B. Single Angle Specification
Section 5.1.2 should be used to calculate M, (angle tips in
tension).

M, = 1.25M, = 1.25(50)(2.74) = 171.3 kip-in.

As the moments about the major principal axis, M,,,, pro-
duce tension at point B, then, the flexural strength M,,, shall
not be multiplied by By,

- B, =1and B, = Cn___1
1- L 1- L
P 123

ew

Applying Single Angle Specification Equation 6-1a at
Point B in Figure 1 yields:

P8
+ —
847 9

090Pu +—142f;‘ _
0.9171.3)[ 1= Tu| 0-9(433)
123

In the above interaction expression, P, = 55.5 kips.

Therefore, P, = 55.5 kips based on the application of the
interaction equation at Point B (the angle corner).

As concluded from the results of the computer program,
the critical point on the cross-section is either the tip of the
connected leg, Point A, or the angle corner, Point B. Apply-
ing the interaction equation at the tip of the outstanding leg,
Point C, did not govern the load carrying capacity of any
case shown in the tables.
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Table 1. Equal Leg Angles

Fy = 36 ksi Fy = 36 ksi )
Eccentrically Loaded Columns Eccentrically Loaded Columns
Fy =50 ksi Single Angles Attached to Gusset Plates Fy =50 ksi Single Angles Attached to Gusset Plates
Design Strength in kips (tg = 1.5t) Design Strength in kips (tg = 1.5t)
Size 8x8 Size 5x5
Thick. 11/8 1 718 314 518 916 112 Thick. 718 314 5/8 112 7116 318 5116
We./ft 56.9 51.0 45.0 38.9 327 296 26.4 Wit 27.2 236 20.0 16.2 14.3 12.3 10.3
F, 36 | 50 | 3 | 50 | 3 | 50 | 36 [ 50 | 36 [ 50 | 36 | 50 | 36 | 50 Fy 36 | 50 | 36 | 50 | 36 | 50 | 36 [ 50 | 36 [ 50 | 36 | 50 | 36 | 50
1| 245 | 339 | 235 | 324 | 222 | 305 | 205 | 248 | 144 | 182 | 121 | 151 | 99 | 122 1101 | 139 [ 97 | 134 | 91 [ 125 | 82 | 111 [ 71 | 84 | 51 | 64 | 38 | 46
2 | 242 | 333 | 232 | 317 | 218 | 296 | 199 | 240 | 139 | 174 | 117 | 144 | 95 | 115 2| 99 137 | 95 [ 131 | 89 | 121 | 80 | 107 | 69 | 82 | 50 | 62 | 36 | 44
3| 240 | 327 | 229 | 312 | 215 | 291 | 196 | 237 | 137 | 171 | 115 | 141 | 93 | 113 3| 96 |[130 | 93 [ 125 | 87 | 117 | 78 | 104 | 69 | 80 | 49 | 61 | 36 | 43
4 | 236 | 322 | 226 | 306 | 212 | 285 | 193 | 234 | 136 | 169 | 114 | 140 | 92 | 111 4| 92 | 122 | 88 | 117 | 83 | 110 | 75 | 99 | 67 | 79 | 49 | 60 | 35 | 43
5 | 231 | 312 | 222 | 299 | 208 | 279 | 190 | 232 | 135 | 168 | 113 | 138 | 92 | 110 2| 5| & [ 113 8 | 107 | 77 | 100 | 70 | 91 | 66 | 76 | 48 | 59 | 35 | 42
6 | 224 | 209 | 215 | 287 | 204 | 272 | 187 | 229 | 134 | 166 | 112 | 137 | 91 | 109 B |6 | 8 |102| 77 | o7 | 71 | 90 | 65 | 81 | 60 | 70 | 46 | 57 | 34 | 41
7 | 216 | 284 | 207 | 272 | 196 | 257 | 182 | 226 | 133 | 164 | 111 | 136 | 90 | 108 S| 7| 74| 92 | 70 | 87 | 65 | 80 | 59 | 72 | 55 | 64 | 44 | 52 | 34 | 40
8 | 207 | 268 | 198 | 256 | 187 | 242 | 175 | 216 | 131 | 162 | 110 | 134 | 90 | 107 = |8 | 68 | 8 |64 | 77 | 59 | 71 | 53 | 63 | 49 | 58 | 40 | 47 | 32 | 37
9 | 197 | 252 | 189 | 240 | 178 | 226 | 166 | 206 | 129 | 158 | 109 | 132 | 89 | 106 S| 9| 62| 72| 58 | 67 |55 | 62 | 47 | 54 | 44 | 50 | 37 | 42 | 29 | 33
2| 10| 188 | 236 | 179 | 224 | 169 | 211 | 157 | 195 | 124 | 151 | 107 | 129 | 88 | 105 G |10| 56 | 63 | 52 | 59 | 48 | 53 | 42 | 47 | 39 | 43 | 34 | 37 | 27 | 30
°
T | 11| 178 | 219 | 169 | 208 | 159 | 195 | 148 | 180 | 119 | 143 | 103 | 123 | 87 | 103 Z 11| 50 | 56 | 46 | 51 | 42 | 46 | 37 | 40 | 34 | 37 | 30 | 32 | 24 | 26
< | 12| 168 | 204 | 159 | 193 | 150 | 180 | 138 | 166 | 114 | 134 | 98 | 116 | 83 | 98 2|12 45 | 49 | 41 | 45 | 37 | 41 | 33 | 35 [ 30 | 32 | 27 | 20 | 22 | 23
= | 13| 158 | 188 | 150 | 178 | 140 | 166 | 129 | 152 | 108 | 126 | 94 | 109 | 80 | 93 W13 | 40 | 44 | 37 | 40 | 33 | 36 | 20 | 31 | 27 | 28 | 24 | 25 | 19 | 21
S| 14| 148 | 173 | 140 | 163 | 131 | 152 | 121 | 139 | 102 | 117 | 89 | 102 | 76 | 87 14| 36 | 40 | 33 | 36 | 30 | 32 | 26 [ 28 | 24 | 25 [ 21 | 22 | 17 | 18
S | 15| 138 | 159 | 131 | 149 | 122 | 138 | 112 | 126 | 97 | 109 | 84 | 95 | 72 | 82 15| 33 | 36 | 30 | 32 | 27 | 20 | 23 [ 25 | 21 | 22 [ 19 | 20 | 16 | 16
°
2 (16| 129 | 145 | 122 | 136 | 113 | 126 | 104 [ 115 | 91 | 100 | 80 | 88 | 69 | 76 16| 30 | 32 |27 | 29 | 24 | 26 | 21 [ 22 | 19 | 20 | 17 | 18 | 14 | 14
@ |17 | 120 | 133 | 113 | 125 | 105 | 115 | 96 | 105 | 85 | o1 | 75 | 81 | 65 | 70
W18 | 111 | 123 [ 105 | 115 | 97 | 106 | 89 | 96 | 79 | 84 | 70 | 75 | 61 | 65 Size x4
19 | 103 | 114 | 97 | 106 | 90 | o7 | 82 | 88 | 73 | 78 | 65 | 69 | 57 | 60 -
20| 96 | 105 | 90 | 98 | 83 | 90 | 76 | 81 | 67 | 71 | 60 | 64 | 53 | 56 Thick. 314 58 12 e 318 5116 4
Wit 18.5 15.7 12.8 1.3 9.8 8.2 6.6
21| 90 | 98 | 84 | 91 | 77 | 83 | 70 | 75 | 62 | 66 | 56 | 59 | 49 | 52
22| 84 | o1 | 78 | 84 | 72 | 77 | 65 | 70 | 58 | 61 | 52 | 54 | 46 | 48 Fy % | 50 | 3 | 50 | 35 | 50 | 36 | 50 | 36 | 50 | 36 | 50 | 36 | 0
23| 79 | 85 | 73 | 79 | 67 | 72 | 61 | 65 | 54 | 56 | 49 | 50 | 43 | 44
24| 74 | 79 | 69 | 73 | 63 | 67 | 57 | 60 | 50 | 52 | 45 | 47 | 40 | 41 1165 | 0 | 63| 8 | 58 | 79 | 54 | 74 | 50 | 60 | 35 | 44 ) 24 | 29
25| 69 | 74 | 64 | 69 | 59 | 63 | 53 | 56 | 47 | 49 | 42 | 44 | 37 | 39 2 | 64 (Wergyl ©1 (WSSl 50 [RUCH| 53 (RN 48 |ooly| 34 (A2 23 (26
2| 3|60 | 8 | 58 | 77 | 54 | 72 | 51 | 68 | 47 | 57 | 34 | 42 | 23 | 27
4| 56 | 73 | 54 | 70 | 50 | 64 | 47 | 61 | 44 | 54 | 33 | 41 | 22 | 27
26 | 65 0 | e o
7 0 | 64| 85 | 59| 50 | 53| 44 | 46| 40 | 41| 35 | 36 |5 | 52 | 65 | 49 | 61 | 45 | 56 | 42 | 53 | 39 | 49 | 31 | 38 | 22 | 26
S 16| 47 | 57 | 44 | 53 | 40 | 48 | a7 | 45 | 35 | 41 | 28 | 34 | 21 | 25
S| 7| 42 | 4 | 39 | 46 | 35 | 41 | 33 | 38 | 30 | 3 [ 26 | 29 | 19 | 22
|8 |37 | 4 |34 | 38 | 30 34| 28 |32 |26 | 20| 238 |25 |17 |19
@ | 9| 32 | 3 |20 |3 | 26 |20 | 24 |26 | 22| 24|20 | 21| 15 | 16
10| 28 | 31 [ 25 | 28 | 23 [ 24 | 21 | 22 [ 19 | 20 | 17 | 18 | 13 | 14
3
2
Wil | 25 | 27 [ 22 | 24 | 20 [ 21 | 18 | 19 [ 16 | 17 | 14 | 15 | 11 | 12
12| 22 | 24 | 20 | 21 [ 17 | 18 | 16 [ 17 | 14 | 15 [ 12 | 13 | 10 | 10
B — | = | — | |15 16| 14|15 12|13 |11 ]| 1 9 9
Fy = 36 ksi . Fy = 36 ksi .
Eccentrically Loaded Columns Eccentrically Loaded Columns
Fy = 50 ksi Single Angles Attached to Gusset Plates Fy = 50 ksi Single Angles Attached to Gusset Plates
Design Strength in kips (tg = 1.5t) Design Strength in kips (tg = 1.5t)
Size 6x6 Size 3%x3%
Thick. 718 314 5/8 916 12 7116 318 5/16 Thick. 112 7116 38 5116 Ya
Wit 37.4 33.1 28.7 24.2 21.9 19.6 17.2 14.9 12.4 Wt./ft 1.1 9.8 8.5 7.2 5.8
Fy 36 | 50 | 36 | 50 | 36 | 50 | 36 | 50 | 36 | 50 |36 | 50 |36 |50 |36 | 50 | 36 | 50 Fy 36 50 36 50 36 50 36 50 36 50
1 [ 144 | 199 | 139 | 191 | 131 | 181 | 121 | 165 | 114 [ 138 | 92 | 112 | 71 | 89 | 55 | 67 | 39 | 46 1| 465 63.8 442 60.4 410 55.7 36.0 419 2238 282
2 | 142 | 196 | 137 | 188 | 129 | 176 | 118 | 160 | 111 | 134 [ 90 | 109 | 69 | 85 | 53 | 64 | 37 | 44 o | 2| 450 61.1 4238 57.8 39.7 533 352 408 223 27.4
3 | 140 | 191 | 135 | 183 | 127 | 172 | 116 | 156 | 109 | 132 [ 89 | 107 | 68 | 84 | 52 | 63 | 37 | 43 <3| 418 55.1 39.9 525 37.4 492 34.0 397 219 268
4 | 135|182 | 130 | 175 | 124 | 166 | 113 | 151 | 106 | 130 | 88 | 105 | 68 | 83 | 51 | 62 | 36 | 42 g | 4| 377 48.1 35.9 456 336 425 30.7 36.4 214 26.0
5 | 129 | 171 | 124 | 165 | 118 | 156 | 110 | 144 | 103 | 127 | 87 | 104 | 67 | 82 | 51 | 61 | 36 | 42 | 5| 334 41.0 316 386 20.4 358 26.8 31.9 19.8 235
=
2 | 6 123|160 | 118 | 153 | 111 | 144 | 103 | 133 | 98 | 122 | 85 | 102 | 66 | 81 | 50 | 60 | 36 | 41 % |6 | 200 342 27.4 32,0 253 295 22,9 265 17.7 20.4
g | 7 [ 116|148 | 111|141 | 104 [ 132 | 96 | 122 | 92 | 114 [ 81| 96 |65 |79 |50 | 59 | 35 | 41 S| 7| 249 28.0 233 26.1 215 23.9 19.4 213 15.6 17.2
o | 8 [108 135|103 | 128 | 97 120 | 89 | 110 | 85 | 104 | 77 | 89 |62 |74 | 49 | 58 | 35 | 40 o | 8| 211 232 19.6 215 18.0 19.5 16.1 17.4 13.3 14.2
S| 9 [101|123| 96 | 116 | 90 |108 | 82 | 99 | 78 | 93 | 72| 82 |58 |69 | 47 | 55 | 35 | 40 g 9| 179 19.5 16.6 18.0 15.1 16.3 13.4 14.4 1.3 11.9
£ |10 93 | 111 |88 |105| 82 | 97 | 75 | 88 | 71 | 83 67 | 75 |55 |63 |44 | 51|34 |39 g [10] 183 16.6 14.2 152 128 137 11.4 121 96 10.0
2
2 | 11| 8 |100| 81 | 94 | 75 | 87 | 69 | 78 | 65 | 73 |60 | 68 | 51 |58 |41 |47 [ 32|36 1| 133 14.3 122 13.0 11.0 1.7 9.8 10.3 8.2 8.4
Z 12|79 |8 | 74 |83 |69 |77 | 62|69 |58 |65|54|60 |47 5239433034
S [13| 72|80 |67 7562|6856 | 61|53 |57 |49 5343|4636 392831 Size 3x3
5|14 |65 | 72|61 |67 |56 |61 |50 | 55|47 |51 44| 47 |39|42|33|35|26 |28 .
15| 59 | 65 | 55 | 60 | 51 | 55 | 45 | 49 | 43 | 46 |39 | 42 | 35|37 |30 | 31|24 |25 Thick. 112 718 38 516 114 3ne
Wt./ft 9.4 8.3 7.2 6.1 4.9 3.71
16 | 54 | 59 | 50 | 55 | 46 | 50 | 41 | 44 | 39 | 41 | 36| 38 32|34 |27 |28| 22|23 F
17 | 50 | 54 | 46 | 50 | 42 | 45 | 38 | 40 | 35 | 37 | 32| 34 |29 |30|25| 262021 : 3% 0 3 50 36 50 % 0 3 50 36 50
18 | 46 | 50 | 42 | 46 | 39 | 41 | 34 | 36 | 32 | 34 |29 | 31 [27 |27 (23|23 |18 19 2
10| a2 | a6 | 30 | 42 | 35 | 38 | 31 | 33 | 20 | 31 |27 | 28 | 24 | 25 | 21 |21 | 17 | 17 S | 1| 356 | 489 | 342 | 469 | 323 | 441 | 295 | 400 | 225 | 272 | 132 | 159
% | 2| 338 | 455 | 326 | 438 | 31.0 | 416 | 284 | 378 | 220 | 264 | 129 | 155
& | 3| 307 | 400 | 294 | 382 | 27.9 | 361 | 258 | 333 | 214 | 255 | 126 | 151
S| 4| 270 | 338 | 258 | 321 | 243 | 30.0 | 224 | 275 | 192 | 224 | 123 | 146
£ |5 | 233 | 278 | 221 | 262 | 206 | 243 | 188 | 220 | 166 | 188 | 11.1 | 1238
2
g
o | 6| 196 | 223 | 185 | 208 | 172 | 192 | 156 | 17.2 | 136 | 150 | 96 | 108
Z | 7| 163 | 181 | 152 | 168 | 140 | 153 | 126 | 137 | 110 | 118 | 82 8.7
2| 8| 136 | 149 | 126 | 137 | 116 | 125 | 103 | 111 | 89 95 6.8 7.1
| 9| 115 | 124 | 106 | 114 | 96 | 104 | 86 9.1 7.4 7.8 56 58
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Table 1. Equal Leg Angles

Fy = 36 ksi

Eccentrically Loaded Columns
Fy =50 ksi Single Angles Attached to Gusset Plates

Design Strength in kips (tg = 1.5t)

Size 2%x2%
Thick. 112 318 5116 14 3116
Wit 7.7 5.9 5.0 441 3.07
Fy 36 50 36 50 36 50 36 50 36 50
% [ 1| 258 35.1 239 326 223 304 19.9 268 125 155
& | 2] 236 315 22,0 202 207 27.4 18.8 24.8 12.2 15.0
£ | 3] 209 267 19.2 243 17.9 226 16.2 203 116 14.2
g | 4] 178 216 16.0 19.2 14.8 17.6 13.3 15.7 10.1 11.8
£l 5| 147 16.9 13.0 14.7 11.9 133 106 1.7 8.4 93
®
z 6] 119 133 10.3 11.4 9.4 10.2 8.2 8.8 6.7 7.2
s [7| o7 10.7 83 2.0 7.4 8.0 6.5 6.9 53 56
G [8] 80 838 6.8 7.3 6.1 6.5 52 56 43 4.4
Size 2x2
Thick. 318 5116 14 3116 118
Wit 47 3.92 319 2.44 1.65
Fy 36 50 36 50 36 50 36 50 36 50
£ | 1] 159 2138 15.3 209 14.1 19.1 12.1 14.6 58 7.0
£ [2] 141 18.4 134 17.4 124 16.0 10.9 136 56 6.7
Sl 3| 116 14.3 10.9 13.3 10.0 121 87 10.4 52 6.2
o 4| 92 10.5 85 96 76 85 6.5 7.2 43 48
285 70 7.8 6.4 7.0 56 6.1 48 51 33 35
H
G |6| 54 6.0 4.9 53 43 46 36 38 25 26
Table 1. Unequal Leg Angles with Short Leg Attached
Fy = 36 ksi Fy = 36 ksi .
Eccentrically Loaded Columns -  Eccentrically Loaded Columns
Fy = 50 ksi Single Angles Attached to Gusset Plates w Fy =50 ksi Single Angles Attached to Gusset Plates
by the Short Leg by the Short Leg
Design Strength in kips (tg = 1.5t) Design Strength in kips (tg = 1.5t)
2/
Size 8x6 Size 7x4
Thick. 1 718 314 518 916 112 7116 Thick. 314 58 12 716 318
W/t 44.2 39.1 338 28.5 25.7 23.0 20.2 W/t 26.2 221 17.9 157 136
Fy 36 | 50 | 3 | 50 | 36 | 50 | 36 | 50 | 36 | 50 | 36 | 50 | 36 | 50 Fy 36 50 36 50 36 50 36 50 36 50
1| 202 | 278 | 191 | 263 | 158 | 217 | 126 | 162 | 109 | 128 | 86 | o7 | 62 | 76 1 107 148 86 "7 65 85 54 70 43 50
2 | 199 | 272 | 188 | 256 | 155 | 211 | 123 | 157 | 106 | 123 | 83 | 93 | 60 | 72 2 106 144 84 114 63 82 52 67 41 a7
3| 196 | 267 | 185 | 252 | 154 | 208 | 122 | 154 | 104 | 121 | 82 | 92 | 59 | 71 o3 103 140 82 110 62 80 51 65 40 46
4 | 192 | 258 | 182 | 243 | 152 | 205 | 120 | 152 | 103 | 120 | 81 | 91 | 58 | 70 < |4 100 133 80 105 60 ” 49 63 39 45
5 | 185 | 244 | 175 | 230 | 149 | 199 | 119 | 150 | 102 | 118 | 80 | 89 | 58 | 69 H 5 95 123 76 97 57 7 a7 58 38 43
6 | 176 | 229 | 167 | 216 | 145 | 192 | 116 | 146 | 100 | 116 | 79 | 88 | 57 | 69 £168 89 110 70 87 53 64 44 53 35 40
o | 7 | 167 | 213 | 158 | 200 | 140 | 180 | 113 | 140 | 98 | 112 | 78 | 86 | 57 | 67 g7 81 97 64 7 48 57 41 48 33 37
< | 8| 157 | 197 | 148 | 185 | 134 | 167 | 107 | 132 | 93 | 108 | 76 | 84 | 56 | 66 S |8 73 84 58 67 44 50 37 43 30 34
@ | 9 | 147 | 181 | 139 | 169 | 126 | 154 | 101 | 122 | 88 | 102 | 73 | 80 | 54 | 64 o |8 65 72 52 57 39 44 33 37 27 30
C |10| 137 | 165 | 129 | 153 | 118 | 140 | 95 | 113 | 83 | 96 | 70 | 76 | 53 | 61 g |10 o7 61 45 49 35 38 30 32 25 26
= Q
%5 11| 127 | 149 | 119 | 138 | 109 | 126 | 89 | 103 | 78 | 89 | 67 | 72 | 51 | 58 g 50 53 40 43 31 33 26 28 22 23
® |12 118 | 134 | 110 | 124 | 101 | 112 | 82 | 93 | 73 | 82 | 63 | 67 | 48 | 55 12| 44 46 35 38 27 29 23 25 20 21
2 [13| 108 | 120 | 101 | 110 | 92 | 99 | 76 | 84 | 67 | 74 | 58 | 62 | 46 | 51 131 39 41 3 33 24 26 21 22 17 18
S |14 99 | 108 | 92 | 99 | 84 | 88 | 70 | 75 | 62 | 67 | 54 | 57 | 43 | 48 14 34 36 28 29 22 23 19 20 16 16
@ |15| 90 | o7 | 8 | 8 | 75 | 79 | 63 | 68 | 56 | 60 | 49 | 52 | 40 | 44
w Size 6x4
R I I O -G < O = A I Thick. 718 314 5/8 /16 112 716 318 5116
18| 69 | 73 | 63 | 66 | 56 | 59 | 48 | 50 | 43 | a5 | 38 | 40 | 32 | 34 Wi/t 27.2 236 20.0 18.1 16.2 14.3 12.3 10.3
19| 63 | 67 | 58 | 60 | 52 | 53 | 44 | 46 | 40 | 42 | 35 | 37 | 30 | 32 Fy 36 | 50 | 36 | 50 | 36 | 50 | 36 | 50 | 36 | 50 | 36 | 50 | 36 | 50 | 36 | 50
20| 58 | 61 | 53 | 55 | 47 | 49 | 41 | 42 | 37 | 38 | 32 | 34 | 28 | 29
1| 112|154 | 106 | 146 | 89 122 | 78 [ 107 | 68 | 91 | 57 | 74 | 45 | 53 | 28 | 34
21 54 | 86 | 49 | 51 | 44 | 45 | 38 | 39 | 34 | 35 ) 30 | 3 | 26| 2 2 | 109 | 150 | 104 | 142 | 88 | 119 | 77 | 104 | 66 | 88 | 55 | 72 | 44 | 51 | 27 | 32
3 [106 [ 143 [ 101 | 136 | 86 | 116 | 75 | 101 | 65 | 86 | 54 | 71 | 43 | 50 | 27 | 32
Size 8x4 2| 4 |101|132| 9 |125| 82 | 100 | 73 | 97 | 63 | 82 | 53 | 68 | 42 | 49 | 26 | 31
Thick. 1 78 34 58 o6 72 7116 g | 5|94 |120] 89 | 113| 78 | 100 | 60 | 88 | 60 | 76 | 51 | 63 | 41 | 47 | 25 | 30
We./ft 314 33.1 28.7 24.2 21.9 196 172 = |6 |8 |107| 81 |100| 72 | 89 |64 |79 | 56 | 68 | 47 | 57 | 38 | a4 | 25 | 29
Fy 36 | 50 | 36 | 50 | 36 [ 50 | 36 | 50 | 3 | 50 | 36 | 50 | 36 | 50 £ |7 |78 |9 |73 |8 |66 |78 |58 |70 |51 604351 |35]|40 23|27
2|8 |70 |81 |65 75|59 |67 |52 60|46 |5 |39]|45|32|36 |22]2
1| 148 | 204 | 126 | 173 | 105 | 143 | 84 | 112 | 73 | 97 | €2 | 8 | 51 | 67 9 | 9|62 |69 58 ) 63| 52| 57 | 46 | 51| 41 | 45| 35 ) 38 | 20 | 31 | 20 | 23
2 | 146 | 200 | 124 | 169 | 102 | 139 | 82 | 108 | 71 | 93 | 60 | 78 | 49 | 63 g (10| 54 [ReOB| S0 [REdpl 45 [RASH| 40 [RASH| 36 [RSSE| 31 |RSSE| 25 (Rl 19 (20
3| 142 | 193 | 120 | 163 | 100 | 134 | 79 | 104 | 69 | 90 | 58 | 75 | 48 | 61 8
< |4 | 137 | 183 | 116 | 154 | 96 | 127 | 77 | 99 | 67 | 8 | 57 | 72 | 47 | 58 |11 47 | 51| 44 | 47 | 39 | 41 | 35 | 38 | 31 | 33| 27 | 29 | 22 | 24 | 17 | 18
|5 | 130|170 | 110 | 142 | o1 | 117 | 73 | 91 | 63 | 79 | 54 | 67 | 45 | 55 12| 42 | 45 | 38 | 41 | 34 | 36 | 31 | 33 |27 [ 29 | 24 | 25 | 20 | 21 | 15 | 16
2 13| 37 | 40 | 34 | 36 | 30 | 31 | 27 | 20 | 24 [ 25 | 21 | 22 | 17 | 18 | 14 | 14
= | 6| 122|153 | 103 | 128 | 85 | 105 | 67 | 82 | 59 | 72 | 50 | 61 | 42 | 50 14133 | 36 | 30 | 32|27 |28 | 24| 2522|2219 |19 |16 | 16 | 12 | 13
£ 7 |12 135 | 94 | 113 | 77 | 93 | 62 | 73 | 54 | 64 | 46 | 55 | 39 | 46
2| 8| 101|116 | 8 | 97 | 70 | 80 | 56 | 64 | 48 | 56 | 42 | 49 | 35 | 41
o | 9| 9 | 9 | 75 | 8 | 62 | 69 | 50 | 56 | 44 | 49 | 38 | 43 | 32 | 36
2 |10| 78 | 85 | 66 | 72 | 55 | 60 | 44 | 48 | 39 | 43 | 34 | 37 | 20 | 32
5
H
H|11] 68 | 73 | 58 | 62 | 48 | 52 | 39 | 42 | 34 | 38 | 30 | 33 | 26 | 28
12| 60 | 64 | 51 | 55 | 43 | 46 | 35 | 37 | 31 | 33 [ 27 [ 29 | 23 | 25
13| 53 | 56 | 45 | 48 | 38 | 41 | 31 | 33 | 27 | 30 | 24 [ 26 | 21 | 22
14| 47 | 50 | 40 | 43 | 34 | 36 | 28 | 30 | 25 | 26 | 22 [ 23 | 19 | 20
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Table 1. Unequal Leg Angles with Short Leg Attached
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Fy = 36 ksi Fy = 36 ksi )
Eccentrically Loaded Columns Eccentrically Loaded Columns
Fy = 50 ksi Single Angles Attached to Gusset Plates w Fy =50 ksi Single Angles Attached to Gusset Plates
by the Short Leg by the Short Leg
Design Strength in kips (tg = 1.5t) Design Strength in kips (tg = 1.5t)
z
Size 6x31/2 Size 4x3
Thick. 112 38 5/16 Thick. 5/8 112 7116 38 5116 114
Wt./fft 15.3 1.7 9.8 Wt./ft 13.6 1.1 9.8 8.5 7.2 5.8
F, 3% 50 3 50 36 50 Fy 36 50 36 50 36 50 36 50 36 50 36 50
1 50 79 40 52 30 29 o | 1| 533 | 734 | 497 | 681 | 47.0 | 641 | 388 | 528 | 308 | 392 | 207 | 233
2 58 77 39 49 29 28 < | 2| 513 | 696 | 480 | 645 | 455 | 606 | 380 | 512 | 301 | 381 | 202 | 226
2|3 56 74 38 48 28 27 S | 3| 476 | 623 | 441 | 573 | 417 | 540 | 363 | 480 | 291 | 364 | 198 | 220
=4 53 69 36 45 27 2 S| 4| 428 | 540 | 394 | 493 | 371 | 462 | 334 | 418 | 268 | 329 | 190 | 209
815 50 61 34 41 2% 25 = | 5| 377 | 457 | 344 | 412 | 322 | 384 | 294 | 350 | 238 | 282 | 176 | 191
c 5
s |6 45 54 31 a7 24 23 G| 6| 326 | 376 | 204 | 335 | 275 | 31.0 | 252 | 281 | 206 | 233 | 157 | 1638
5| 7 40 46 28 2 2 21 o | 7 | 276 | 306 | 247 | 269 | 229 | 247 | 209 | 221 | 17.4 | 188 | 135 | 142
S | g 35 39 25 27 19 19 £ |8 | 232 | 252 | 205 | 220 | 189 | 200 | 171 | 17.8 | 144 | 153 | 113 | 11.9
2l g 30 33 21 23 17 17 2| 9| 196 | 212 | 1772 | 182 | 158 | 165 | 141 | 146 | 121 | 126 | 95 | 10.0
E 10 2 28 19 20 15 15 Wl1o| 168 | 180 | 146 | 153 | 133 | 138 | 119 | 122 | 102 | 105 | 81 8.4
w
11 23 24 16 17 13 13 Size 3%x3
12 20 2 14 15 12 12 Thick. % 7116 318 516 14
Sie FER Wit 10.2 9.1 7.9 6.6 5.4
Thick. 314 5/8 112 7116 318 5/16 114 Fy 36 50 36 50 38 50 36 50 36 50
Wt 198 16.8 136 12.0 104 87 7.0 g | 1] a7 586 | 407 55.6 37.9 514 318 | #13 216 250
Fy 36 | 50 | 3 | 50 | 36 | 50 | 36 | 50 | 36 | 50 | 36 | 50 | 36 | 50 <1 2| 405 543 386 516 36.0 47.7 312 40.1 212 243
g | 3| 368 47.8 35.0 452 32.7 420 29.6 37.4 20.6 236
11 8 | 110| 75 | 104 | 62 | 84 | 52 | 70 | 43 | 58 | 32 | 35 | 19 | 22 T |4 %27 40.8 30.9 382 2856 35.1 2538 31.0 19.4 22,0
2| 78 | 106 | 74 | 100 | 0 | 82 | 51 | es | 42 | 54 | 31 | 34 | 18 | 21 = |5 | 284 33.8 26.6 313 245 285 21.8 25.0 17.6 19.4
23| 74| 99 | 70 | 93 | 59 | 79 | 50 | 66 | 41 | 52 | 31 | 33 | 18 | 21 3
= | 4 69 89 65 83 56 72 48 61 39 49 30 32 17 20 s | 6 242 27.2 225 251 20.5 227 18.1 19.8 15.2 16.4
8|5 |63 | 78 | 58| 73 | 51 | 64 | a0 | 54 | 36 | a4 | 28 | 30 | 17 | 20 2| 7| 202 21.9 18.6 20.1 16.9 18.0 14.8 15.7 12.4 13.0
c g |8 | 167 18.0 15.4 16.4 13.8 14.6 121 127 10.1 10.5
|6 | 56 | 68 | 52| 62| a6 | 55 | 30 | 47 | 33 | 30 | 26 | 28 | 16 | 19 2| 9| 141 15.0 12,9 13.6 1.6 12.2 10.0 10.5 8.4 8.6
27|50 |57 |4 | 52|41 | a6 |35 |40 |20 3 |25 25|15 |17 w10 120 127 10.9 1.5 9.8 10.2 8.5 8.8 7.0 72
o | 8|43 | 48 | 30 | 43 | 35 | 38 | 30 [ 33 | 26 | 28 | 20 | 21 14 | 15
Z| 9|37 | 4 |34 | 3 | 30 |31 | 26 | 28 |22 | 23 | 18 | 19 | 12 | 13 Size 3%x2%
g 10| 32 | 34 | 20 | 31 | 25 | 26 | 22 | 23 | 19 | 20 [ 15 | 16 | 11 12 Thick 2 7116 308 5116 v
11| 28 | 30 | 25 | 26 | 22 | 22 | 19 [ 20 | 16 | 17 | 13 | 14 | 10 | 10 Wit 9.4 8.3 7.2 6.1 4.9
12 | 24 26 22 23 19 19 17 17 14 15 12 12 9 9 Fy 36 50 36 50 36 50 36 50 36 50
2|1 387 53.1 37.0 50.6 334 455 265 357 19.7 242
| 2| 366 49.0 35.1 46.6 32.1 432 25.7 342 19.2 234
o | 3| 329 42,0 313 39.8 292 37.1 24.0 306 18.1 22,0
| 4| 284 346 26.9 3256 25.0 30.1 21.0 254 16.0 19.2
€15 | 238 27.4 224 256 208 235 17.8 202 13.7 15.6
2
o | 6| 104 213 182 19.7 167 17.9 145 156 1.3 12.2
z| 7| 157 17.0 14.6 15.6 13.3 14.0 1.6 12.2 9.1 9.7
S| 8| 129 138 11.9 126 108 1.2 9.4 9.7 7.4 7.8
519 - = - = - = 7.7 7.9 6.2 6.4
Fy = 36 ksi ) Fy = 36 ksi
;  Eccentrically Loaded Columns Eccentrically Loaded Columns
Fy =50 ksi Single Angles Attached to Gusset Plates w Fy =50 ksi Single Angles Attached to Gusset Plates
by the Short Leg by the Short Leg
Design Strength in kips (tg = 1.5t) Design Strength in kips (tq = 1.5t)
2/
Size 5x3 Size 3x212
Thick. 58 112 7116 38 5116 14 Thick. 12 7116 3/8 516 114 3116
Wit 15.7 12.8 1.3 9.8 8.2 6.6 Wit 8.5 7.6 6.6 5.6 4.5 3.39
Fy 36 50 36 50 36 50 36 50 36 50 36 50 Fy 36 50 36 50 36 50 36 50 36 50 36 50
| 1] 693 | 952 | 526 | 720 | 446 | 602 | 366 | 482 | 283 | 357 | 189 | 19.0 g | 1| 320 | 440 | 309 | 424 | 293 | 400 | 27.0 | 364 | 207 | 256 | 114 | 14.0
X | 2| 674 | 916 | 514 | 696 | 435 | 582 | 356 | 465 | 274 | 343 | 182 | 183 & |2 208 | 397 | 287 | 380 | 27.2 | 359 | 250 | 328 | 202 | 247 | 112 | 136
T | 3| 640 | 844 | 492 | 654 | 417 | 549 | 342 | 441 | 265 | 328 | 17.7 | 178 S |3| 265 | 338 | 253 | 322 | 238 | 3041 | 21.8 | 274 | 187 | 226 | 10.8 | 13.1
T | 4| 584 | 736 | 459 | 583 | 39.0 | 489 | 319 | 394 | 248 | 302 | 17.0 | 169 £ |4| 228 | 277 | 216 | 264 | 202 | 242 | 184 | 216 | 160 | 184 | 100 | 11.8
= | 5| 516 | 622 | 412 | 500 | 348 | 420 | 286 | 342 | 224 | 266 | 159 | 158 S2| 5| 190 | 219 | 179 | 204 | 166 | 186 | 149 | 165 | 128 | 140 | 88 | 10.0
5 B
S | 6| 446 | 509 | 360 | 413 | 305 | 350 | 251 | 288 | 19.8 | 227 | 144 | 143 z |6 155 | 172 | 145 | 158 | 133 | 143 | 118 | 126 | 100 | 105 | 75 8.1
© | 7| 376 | 408 | 307 | 334 | 260 | 284 | 215 | 236 | 17.2 | 189 | 127 | 126 & |7 126 | 137 | 117 | 125 | 106 | 113 | 94 9.8 7.9 8.2 6.1 6.3
S| 8| 311 | 334 | 256 | 274 | 218 | 234 | 181 | 196 | 146 | 158 | 11.0 | 11.0 i |8| 104 | 112 | 96 | 102 | 86 9.1 7.6 7.9 6.4 6.6 5.0 5.0
£ |9 | 261|276 | 215 | 228 | 184 | 196 | 154 | 164 | 124 | 133 | 95 96
W10 | 221 | 232 | 183 | 192 | 157 | 166 | 132 | 139 | 107 | 113 | 82 83 Size 3x2
T s Thick. 112 7116 318 5116 114 3116
ize X 2
Wit 7.7 6.8 5.9 5.0 4.1 3.07
Thick 58 2 me 8 sne V‘ F, 36 50 36 50 36 50 36 50 36 50 36 50
Wit 14.7 1.9 106 9.1 7.7 6.2 Y
Fy 36 50 36 50 36 50 36 50 36 50 36 50 K 1| 282 | 388 | 274 | 375 | 261 | 356 | 219 | 298 | 166 | 220 | 11.0 | 12.8
S | 2| 260 | 345 | 252 | 331 | 240 | 313 | 206 | 274 | 158 | 206 | 106 | 122
1| 580 | 79.9 | 539 | 737 | 50.8 | 69.0 | 454 | 60.8 | 349 | 39.0 | 21.3 | 26.1 S [3| 225 | 280 | 215 | 266 | 203 | 250 | 181 | 224 | 140 | 17.0 | 95 | 110
2 | 559 | 756 | 518 | 69.6 | 486 | 650 | 444 | 588 | 342 | 380 | 208 | 254 S, 4| 184 | 214 | 175 | 202 | 164 | 187 | 148 | 168 | 115 | 131 | 8.0 9.0
2|3 | 521 | 687 | 482 | 631 | 454 | 592 | 418 | 541 | 334 | 371 | 205 | 249 8X| 5| 144 | 159 | 135 | 148 | 125 | 135 | 114 | 121 | 89 96 6.4 6.8
5 | 4| 476 | 608 | 436 | 553 | 410 | 514 | 377 | 468 | 320 | 353 | 201 | 242 ]
o | 5| 427 | 527 | 388 | 471 | 362 | 435 | 330 | 39.3 | 201 | 321 | 192 | 23.0 B |6 112 | 122 | 104 | 112 | 96 | 102 | 86 9.0 6.8 7.2 4.9 52
< £ |7| 90 9.6 8.3 8.8 75 7.9 6.7 6.9 5.4 56 3.9 4.1
£ 6| 377 | 447 | 339 | 394 | 314 | 363 | 284 | 326 | 250 | 281 | 17.8 | 208 u
2| 7 | 329 | 372 | 202 | 326 | 269 | 208 | 243 | 266 | 21.2 | 230 | 161 | 182 Size 2 ix2
S| 8| 283 | 310 | 248 | 269 | 228 | 245 | 205 | 218 | 178 | 188 | 143 | 154 -
29| 241 | 262 | 210 | 225 | 192 | 204 | 172 | 181 | 149 | 156 | 123 | 127 Thick. 318 516 14 316
8| 10] 208 | 224 | 180 | 192 | 164 | 173 | 146 | 153 | 126 | 131 | 104 | 107 Wit 5.3 4.5 3.62 2.75
i F, 36 50 36 50 36 50 36 50
11| 181 | 193 | 156 | 164 | 141 | 148 | 126 | 131 | 108 | 112 | 89 9.1 Y
2| - - 136 | 143 | 123 | 129 | 109 | 114 | 94 97 7.7 7.8 7 |4 210 . 198 e 174 50 e e
T |2 18.8 24.4 17.6 228 15.8 204 1.4 131
s |3 157 19.3 14.6 17.8 13.0 15.7 9.9 1.4
= 126 14.4 1.5 131 102 1.3 8.0 9.0
8¥|5 97 10.6 8.8 9.4 7.6 8.0 6.1 6.4
°
2
3 |6 7.5 8.0 6.7 7.1 57 6.0 46 4.7
5 7 6.0 6.3 5.2 55 4.4 46 35 36




Table 1. Unequal Leg Angles with Long Leg Attached

Fy = 36 ksi Fy =36 ksi )
Eccentrically Loaded Columns Eccentrically Loaded Columns
Fy = 50 ksi Single Angles Attached to Gusset Plates Fy =50 ksi Single Angles Attached to Gusset Plates
by the Long Leg by the Long Leg
Design Strength in kips (tg = 1.5t) Design Strength in kips (tg = 1.5t)
Size 8x6 Size 6x3%
Thick. 1 718 314 5/8 9/16 112 7116 Thick. 112 38 5116
Wit 44.2 39.1 33.8 28.5 25.7 23.0 20.2 Wit 153 1.7 9.8
Fy 36 | 50 | 36 | 50 | 36 | 50 | 36 [ 50 | 36 [ 50 | 36 | 50 | 36 | 50 Fy 36 50 36 50 36 50
1| 172 | 239 | 166 | 231 | 158 | 219 | 147 | 190 | 127 | 156 | 102 | 124 | 80 | 95 1 66 89 89 72 41 48
2 | 170 | 235 | 164 | 226 | 155 | 213 | 142 | 183 | 122 | 149 | 98 | 118 | 76 | 89 L2 63 84 84 68 40 46
3 | 168 | 230 | 161 | 221 | 152 | 208 | 139 | 180 | 120 | 147 | 97 | 116 | 75 | 87 2|3 60 78 78 64 38 44
4 | 164 | 222 | 158 | 214 | 149 | 202 | 137 | 176 | 119 | 144 | 96 | 114 | 74 | 86 5|4 55 70 70 59 37 42
5 | 158 | 212 | 152 | 204 | 144 | 193 | 133 | 172 | 117 | 142 | 94 | 112 | 73 | 85 & |5 49 61 61 52 35 40
c
6 | 151 | 199 | 145 | 191 | 138 | 181 | 127 | 165 | 115 | 138 | 93 | 110 | 72 | 83 g6 44 52 52 45 33 36
o | 7| 143 | 186 | 138 | 178 | 130 | 168 | 121 | 154 | 111 | 133 | 91 | 107 | 71 | 82 g7 38 44 44 38 29 32
< | 8| 135 | 172 | 129 | 164 | 122 | 155 | 113 | 143 | 107 | 127 | 88 | 103 | 69 | 80 > | 8 33 37 37 32 25 28
9| 9| 127 | 158 | 121 | 150 | 114 | 142 | 106 | 130 | 100 | 119 | 84 | 98 | 67 | 77 z|9 28 32 32 27 22 24
< | 10| 118 | 144 | 112 | 137 | 106 | 120 | 98 | 118 | 93 | 111 | 80 | 92 | 64 | 73 8| 24 27 27 23 19 20
< i}
§, 11| 110 | 131 | 104 | 124 | 97 | 116 | 90 | 107 | 85 | 101 [ 76 | 8 | 61 | 69 1 21 23 23 20 16 17
& |12 101 | 119 | 96 | 112 | 90 [ 105 | 83 | 96 | 78 | 91 | 71 | 79 | 58 | 64 12 19 20 20 17 14 15
2 |13| 94 | 107 | 88 | 101 | 82 | 94 | 76 | 85 | 72 | 81 | 66 | 72 | 55 | 59
AR AR A RA R AR A R AR -
b Thick. 314 5/8 112 7116 38 5/16 114
16| 72 | 81 | 68 | 75 | 63 | 69 | 57 | 62 | 54 | 59 | 50 | 53 | 43 | 45 Wit 19.8 16.8 13.6 12.0 104 8.7 7.0
17| 67 | 74 | 62 | 69 | 57 | 63 | 52 | 57 | 49 | 53 | 46 | 48 | 40 | 41 F 36 | 50 | 36 | 50 | 36 | 50 | 36 | 50 | 36 | 50 | 36 | 50 | 36 | 50
18| 61 | 68 | 57 | 63 | 53 | 58 | 48 | 52 | 45 | 48 | 42 | 44 | 36 | 37 -
20| 55 | G | i | 55 |45 | |40 | a5 | s | 41| %5 || 3| 3 1] e 8| e | e | s | s | s | 7| st e8| 3| a7 | 2 | 2
| 2| 62| 8 |60 | 8 |56 | 77 | 54 | 72| 49 | 65 | 38 | 46 | 24 | 28
2|3 |59 | 79 |57 |76 | 53 | 71|51 |67 |47 | 61| 37 | 44 | 24 | 27
21| 49 | 54 | 46 | 49 | 42 | 45 | 37 | 40 | 35 | 37 | 32 | 33 | 28 | 28 Slalss | 71| 52| e |40 | 63| a7 |60 |as |55 | a6 | a2 | 2|2
o | 5|5 | 63 | 47 | 60 | 44 | 55 | 42 | 52 | 39 | 48 | 34 | 39 | 22 | 25
Size 8x4 <
Thick. 1 718 34 5/8 9/16 112 7116 £ 6| 45 | 55 | 42 | 51 | 39 | 47 | 37 | 44 | 34 | 41 | 31 | 35 | 21 | 24
2| 7| 4 | 47 | 37 | 44 | 34 | 40 | 32 [ 37 | 30 | 34 | 27 | 31 | 20 | 21
Wit 37.4 33.1 28.7 24.2 217 19.6 17.2 2\ 5| ss | a0 |32 |37 |29 |33 |2 |31 | 25|20 | 25| 2 |78 1
Fy 36 50 36 50 36 50 36 50 36 50 36 50 36 50 z| 9| 30 34 28 31 25 28 24 26 22 24 20 22 16 16
S|10| 27 | 30 | 24 | 27 | 22 | 24 | 20 [ 22 | 19 | 20 [ 17 | 18 | 14 | 14
1| 108 | 150 | 106 | 147 | 104 | 143 | 99 | 133 | 94 | 126 | 88 | 116 | 80 | 102 b
2 | 105 | 145 | 103 | 142 | 100 | 137 | 95 [ 126 | 90 | 118 | 83 | 108 | 74 | 94 M| 24 | 26 | 21 | 24 | 19 [ 21 | 18 | 19 | 16 | 17 | 14 | 16 | 12 [ 12
3| 101 [ 137 | 99 | 134 | 96 | 129 | 91 | 118 | 86 [ 111 | 79 | 102 | 71 | 91 12 21 | 23 | 19 | 21 | 17 | 18 | 15 | 17 | 14 | 15 | 13 | 13 | 10 [ 10
2| 4| 96 | 127 | 94 | 124 | 90 | 119 | 85 | 109 | 80 | 102 | 75 | 94 | 67 | 85
| 5| 9 | 116 | 87 [ 112 | 8 | 107 | 78 | 98 | 74 | 93 | 69 | 8 | 63 | 78
8
= |6 | 8 | 104 | 8 |100| 76 | 95 | 71 | 87 | 67 | 82 | 63 | 77 | 57 | 70
£ |7 |76 | 93 | 73| & |69 | 8 | 64 | 76 | 60 | 72 | 56 | 67 | 52 | 61
2|8 | 68 | 81 | 65 | 77 | 62 | 72 | 5 | 66 | 54 | 62 | 50 | 58 | 46 | 53
e |96 | 71| 58 |67 | 55| 62 | 50 | 57 | 47 | 53 | 44 | 50 | 41 | 46
|10 55 [ 62 | 52 | 58 | 48 | 54 | 44 | 49 | 41 | 46 | 39 | 43 | 36 | 40
]
H 11| 49 | 55 | 46 | 51 | 43 | 47 | 39 | 43 | 36 | 40 | 34 | 38 | 31 | 34
12| 44 | 49 | 41 | 46 | 38 | 42 | 34 [ 38 | 32 | 35 [ 30 | 33 | 28 | 30
13| 40 | 44 | 37 | 41 | 34 | 37 | 31 [ 33 | 290 | 31 [ 27 | 29 | 25 | 27
14| 36 | 39 | 33 | 36 | 31 | 33 | 27 [ 30 | 26 | 28 [ 24 | 26 | 22 | 24
Fy =36 ksi R Fy =36 ksi .
- Eccentrically Loaded Columns Eccentrically Loaded Columns
Fy = 50 ksi Single Angles Attached to Gusset Plates Fy =50 ksi Single Angles Attached to Gusset Plates
by the Long Leg by the Long Leg
Design Strength in kips (tg = 1.5t) Design Strength in kips (tg = 1.5t)
Size 7x4 Size 5x3
Thick. 314 58 172 716 318 Thick. 5/8 112 7116 318 5116 114
Wt 2.2 221 179 157 136 Wt 157 1238 13 98 82 66
Fy 36 50 36 50 36 50 36 50 36 50 Fy 36 50 36 50 36 50 36 50 36 50 36 50
1 94 130 90 124 82 109 75 99 61 71 | 1| 517 | 714 | 493 | 680 | 47.4 | 646 | 443 | 59.0 | 39.0 | 489 | 259 | 2938
2 91 125 87 118 79 103 71 93 58 67 X | 2| 496 | 674 | 471 | 638 | 452 | 605 | 421 | 551 | 370 | 465 | 248 | 283
|3 88 118 83 11 75 98 68 88 56 65 C | 3| 460 | 60.9 | 436 | 574 | 417 | 544 | 39.0 | 499 | 345 | 440 | 241 | 272
2|4 83 109 78 102 71 90 65 82 55 63 T | 4| 416 | 533 | 390 | 496 | 37.2 | 469 | 348 | 432 | 31.0 | 388 | 23.0 | 258
w5 76 98 72 92 65 82 60 75 53 60 = | 5| 369 | 454 | 342 | 418 | 324 | 393 | 302 | 364 | 272 | 328 | 214 | 237
<& =)
|6 70 87 66 81 59 72 54 67 49 56 G| 6| 321|380 | 205 | 344 | 278 | 323 | 258 | 209 | 233 | 27.0 | 19.4 | 210
g7 63 77 59 71 53 63 49 59 44 51 © | 7| 276 | 314 | 250 | 282 | 235 | 264 | 217 | 243 | 196 | 21.9 | 171 | 17.9
g8 57 67 53 61 47 55 44 51 40 46 £ |8 | 235 | 264 | 211 | 235 | 197 | 218 | 181 | 200 | 164 | 180 | 143 | 14.8
° |9 50 57 46 52 41 47 38 43 35 39 2| 9| 202 | 224 | 180 | 198 | 167 | 184 | 153 | 168 | 138 | 150 | 120 | 123
z |10 44 50 41 45 36 40 34 37 31 34 W10 | 175 | 192 | 154 | 169 | 143 | 156 | 131 | 142 | 11.7 | 126 | 101 | 104
3
Hln 39 44 36 40 32 35 29 32 27 29 -
w
12| 35 39 32 35 28 31 26 28 24 26 Size 4x3172
13 31 34 28 31 25 27 23 25 21 2 Thick. 5/8 112 7116 318 5116 114
14 28 31 25 28 22 24 20 22 18 20 WeIft 147 1.9 10.6 9.1 7.7 6.2
Fy 36 50 36 50 36 50 36 50 36 50 36 50
Size 6x4
Thick. 718 314 5/8 9/16 112 7116 318 516 1| 538 | 744 | 506 | 69.9 | 482 | 664 | 450 | 616 | 356 | 443 | 240 | 29.0
THEAEHE T AP B
X 8 3 .. B . B
Fy 36 | 50 | 36 | 50 | 36 | 50 | 36 | 50 | 36 | 50 | 36 | 50 | 36 | 50 | 36 | 50 G| 4| 453 | 589 | 426 | 556 | 40.9 | 535 | 300 | 511 | 325 | 396 | 224 | 267
@ | 5| 408 | 514 | 382 | 481 | 366 | 460 | 347 | 436 | 298 | 355 | 214 | 251
1|87 |120| 84 (117 | 81 | 112 | 78 | 108 | 75 [ 102 | 70 | 93 | 58 | 70 | 41 | 47 15
2| 8 | 116 | 82 | 113 | 79 | 108 | 76 | 104 | 73 | 97 | 67 | 88 | 56 | 67 | 39 | 45 £ | 6| 362 | 441 | 336 | 407 | 321 | 386 | 302 | 362 | 268 | 309 | 196 | 226
| 3|81 |110] 79 | 107 | 76 | 102 | 73 | 98 | 70 | 92 | 65 | 84 | 55 | 65 | 38 | 44 2|7 | 318|371 | 292 | 338 | 277 | 319 | 259 | 297 | 235 | 261 | 176 | 196
2|4 |77 |102| 75 |99 | 71 | 94 | 69 | 90 | 66 | 85 | 61 | 78 | 53 | 63 | 37 | 43 < | 8| 275 | 312 | 251 | 281 | 236 | 263 | 220 | 243 | 201 | 215 | 154 | 165
5 | 5| 72| 93|69 |8 | 65| 8 | 63|81 |60 |76 |5 |71 |5 |60| 36 | 41 2| 9| 237 | 265 | 214 | 236 | 200 | 220 | 185 | 202 | 168 | 17.8 | 132 | 139
2 $ | 10| 205 | 227 | 184 | 202 | 171 | 187 | 158 | 171 | 142 | 149 | 113 | 117
= |6 |66 |8 |63 |79 |59 | 74|57 |71 |54 67|51 |63 47 |5 |35 39 5
£ | 7|60 | 73|57 |69 | 53| 64|51 |62 49 |58 | 45 | 54 | 42 | 50 | 33 | 36 11| 180 | 197 | 160 | 17.4 | 148 | 160 | 136 | 146 | 122 | 127 | 97 | 100
S| 8|54 |64 |51 |60 | 48|56 |45 | 53| 43 | 50 | 40 | 47 | 37 | 43 | 30 | 33 12| - - 14.0 | 151 | 129 | 13.9 | 118 | 126 | 106 | 109 | 84 8.5
o | 9|48 |56 |46 | 52 | 42 | 48 | 40 | 45 | 38 | 43 | 35 | 40 | 32 | 37 | 27 | 29
> | 10| 43 | 49 | 40 | 45 | 37 | 41 | 35 | 39 | 33 | 37 | 31 | 34 [ 28 | 31 | 25 | 26
g
3
H 11|38 | 43|36 |40 | 32|36 |31 |34 |20 |32|27 |20 [25|27|22] 22
12|34 | 38 [ 32 |35 | 29 | 32 |27 |30 |25 |28 |24 |26 (22|23 19| 19
1331 | 34 [ 28 | 31 | 26 | 28 | 24 | 26 | 23 | 25 | 21 | 23 [ 19 | 20 | 17 | 17
14 | 28 | 30 [ 25 | 28 | 23 | 25 | 22 | 23 | 20 | 22 | 19 | 20 [ 17 | 18 | 15 | 15
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Table 1. Unequal Leg Angles with Long Leg Attached
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Fy = 36 ksi Fy = 36 ksi )
Eccentrically Loaded Columns  Eccentrically Loaded Columns
Fy = 50 ksi Single Angles Attached to Gusset Plates Fy = 50 ksi Single Angles Attached to Gusset Plates
by the Long Leg by the Long Leg
Design Strength in kips (tq = 1.5t) Design Strength in kips (tq = 1.5t)
Size 4x3 Size 3x2%
Thick. 5/8 112 716 318 5116 14 Thick. 112 7118 318 sne 14 316
W/t 13.6 114 9.8 8.5 7.2 5.8 Wit 8.5 76 6.6 56 45 3.39
Fy 36 50 36 50 36 50 36 50 36 50 36 50 Fy 36 50 36 50 36 50 36 50 36 50 36 50
o | 1| 446 | 615 | 426 | 588 | 410 | 565 | 387 | 532 | 355 | 458 | 246 | 296 g | 1| 286 | 305 279 (385 | 268 | 369 | 261 | 344 | 226 | 280 | 134 | 162
S| 5| 427 | 582 | 409 | 556 | 394 | 535 | 372 | 504 | 341 | 441 | 239 | 285 £ | 2| 268 | 362 | 262 | 352 | 252 | 339 | 238 | 320 | 216 | 268 | 131 | 156
T | 3| 396 | 525 | 37.7 | 498 | 363 | 47.9 | 345 | 454 | 318 | 412 | 232 | 275 £ |3 240 [ 312 | 283 (1304 | 223 287 ( 21.0 f27.2 | 194 (1242 | 126 [ 149
€| 4| 358 | 459 | 338 | 429 | 323 | 410 | 306 | 388 | 284 | 356 | 220 | 258 5 4] 208 | 257 | 200 | 246 | 190 | 233 | 17.8 | 21.8 | 163 | 198 | 115 | 133
S| 5| 317 | 391 | 295 | 360 | 281 | 342 | 264 | 322 | 245 | 296 | 201 | 230 §x[ 5| 175 | 205 | 167 | 195 | 157 | 183 | 146 | 169 | 132 | 152 | 99 | 111
£ °
5| 6| 276 | 326 | 254 | 207 | 240 | 280 | 224 | 262 | 207 | 239 | 178 | 197 g | 6| 144 | 163 | 136 | 153 | 127 | 142 | 117 | 130 | 105 | 116 | 82 | 87
o | 7| 236 | 269 | 215 | 243 | 202 | 228 | 188 | 211 | 17.2 | 192 | 153 | 162 @ |7 1.8 (e 11.1 (28Rl 103 (TLEl 9.4 (RIOSH 83 (ROORY 6.6 (EN6:H
2|8 | 201 | 226 | 181 | 202 | 169 | 188 | 157 | 173 | 142 | 156 | 126 | 133 w | 8| 99 | 109 | 92 | 101 | 85 | 92 | 77 | 83 | 67 | 72 | 54 | 55
219|172 | 191 | 154 | 17.0 | 144 | 158 | 132 | 144 | 119 | 129 | 104 | 109
W 10| 149 | 164 | 132 | 145 | 123 | 134 | 113 | 122 | 101 | 109 | 88 | 9.1 Size 3x2
Thick. 12 716 318 5116 14 3116
Size 3%x3 Wit 7.7 6.8 5.9 5.0 41 3.07
; P
Thick. 12 716 318 516 % F, 36 50 | 36 | 50 | 36 | 50 36 50 | 36 | 50 | 36 50
W/t 10.2 9.1 7.9 6.6 5.4 -
Fy 36 50 36 50 36 50 36 50 36 50 8 | 1| 216 | 296 | 21.2 | 291 | 206 | 283 | 197 | 27.0 | 182 | 243 | 140 | 167
T | 2| 197 | 262 | 192 | 255 | 186 | 246 | 17.8 | 234 | 164 | 213 | 133 | 157
Sl se2 542 378 521 3528 49.1 08 3.1 233 286 S | 3] 170 | 216 | 165 | 208 | 158 | 198 | 149 | 185 | 136 | 168 | 116 | 138
2| a7 51.3 36.5 49.6 346 47.0 31.9 Mn7 228 27.8 2| 4| 142 uEEg 136 (o 128 [EA) 119 (SN 105 [ZCN) 92 (O
@ | 3| 347 | 458 | 335 | 442 | 319 | 423 | 209 | 392 | 221 268 e | B| V4| 180 | 108 | 122 | 104 | 113 ) 92 | 103 | 82 | 92 | 71 | 78
S 14| 310 39.3 29.7 37.8 282 36.0 26.6 338 207 24.7 2
S5 | 270 33.0 258 314 244 29.6 28 275 185 215 s [ 6] 91 102 | 86 9.5 7.9 8.8 72 7.9 6.4 7.0 5.4 5.8
£ £ |7| 74 | 82 | 70 | 76 | 64 | 70 | 58 | 63 | 50 | 55 | 42 | 46
5|6 | 231 26.9 21.9 255 206 238 19.0 21.9 16.1 17.9
© | 7| 194 21.9 18.4 206 171 19.1 157 17.4 136 145 Size 2%x2
£ 8| 163 182 15.3 16.9 142 15.6 12.9 14.1 112 1.7 Thick. 378 5116 1 316
29| 138 152 12.9 14.1 1.9 13.0 10.8 116 93 96
b0 | 119 13.0 11.0 12.0 10.1 10.9 9.1 9.8 7.8 8.0 Wit 53 45 3.62 275
Fy 36 50 36 50 36 50 36 50
Size 3%x2% —
Thick. 2 7116 308 5116 A N 18.4 25.2 176 24.2 16.3 223 13.0 16.0
T |2 16.6 21.9 15.8 20.9 14.8 195 12.4 15.0
We.Ift o4 83 7.2 61 49 = [3] 140 17.5 13.2 16.4 122 15.2 10.9 128
Fy 36 50 36 50 36 50 36 50 36 50 B 4 1.3 132 105 12.3 9.6 111 8.4 9.7
8% 5 8.8 9.9 8.1 9.1 73 8.1 6.3 6.9
21| 315 435 30.7 423 29.4 405 27.6 375 242 296 2
22| 208 39.9 288 388 277 372 26.0 346 229 283 s |6 6.9 7.6 6.3 6.9 56 6.1 4.8 5.2
8|3 266 345 257 333 246 31.7 23.0 205 206 26.1 5|7 5.6 6.1 5.0 5.4 4.4 4.8 37 4.0
s | 4| 231 28.6 222 27.4 21.0 258 195 23.9 176 214
£ 5| 196 23.1 186 21.8 17.4 20.4 16.1 18.8 14.4 16.8
2
o6 | 162 18.4 15.3 172 142 16.0 13.0 14.6 116 12.9
27| 133 14.9 125 13.9 116 12.8 105 116 93 102
S8 | 112 123 10.4 1.4 96 10.4 86 9.4 76 82
Hlo - - - - - - 72 7.8 6.3 6.7




