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Singly Symmetric Combination Section
Crane Girder Design Aids

PATRICK C. JOHNSON and JEFFREY A. LAMAN

ABSTRACT

Crane runway girders are distinguished by long, unbraced lengths and biaxial bending. Combination sections consisting of a W-shape with a
channel cap are typically efficient for these conditions, but time consuming to design due to the iterative process required due to biaxial bend-
ing and the complex stability equations provided in the 2005 AISC Specification. This paper presents developed Z, tables and flexural strength
graphs and introduces a trial section selection method. Included herein are updated design charts to allow for fast and efficient analysis of the
typical combination sections provided in Table 1-19 of the 13th edition AISC Steel Construction Manual. Also presented is an overview of crane

girder design procedures and an abbreviated design example.

Keywords: biaxial bending, crane runway girders, design, unbraced length.

_I_he design or evaluation procedure for combination sec-
tions—a wide flange with a channel cap—is specified
in Section F4 of the AISC Specification for Structural Steel
Buildings (AISC, 2005a), which covers singly symmetric
I-shaped members bent about their major axis. Reversal of
the specified AISC evaluation process for direct design is
not feasible; therefore, design becomes a matter of trial and
error. The situation is compounded for a combination sec-
tion that supports x- and y-axis moments as in the case of a
crane girder, where Chapter H of the 2005 AISC Specifica-
tion must be applied. As a result, design aids are needed to
streamline the design process that facilitates rapid selection
of the most economical combination section. This paper up-
dates a previously published paper by Laman (1996), pre-
senting new design aids, formatted in the style of familiar
AISC tables and figures, including the basis by which the
aids are developed and a supporting example. Also presented
is a method to determine the equivalent x-axis moment re-
quired for beams subjected to biaxial moments.

There are many texts and design aids available that ad-
dress the design of industrial buildings with cranes, such
as the design guide by Fisher (2004). While these sources
explain the loading and evaluation required for crane run-
way girders, they do not offer any systematic approach to
the selection of trial sections. The problems of a trial-and-
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error approach are further compounded by the lack of design
aids for quickly determining the capacity of the combination
sections.

CRANE GIRDER DESIGN BASIS

Crane girders are distinguished by long, unbraced lengths
and combined bending about the x- and y-axis as well as
torsion. For typical loading and spans, a wide flange sec-
tion with a channel cap normally provides an efficient cross-
section for the design. Historically, the assumption has been
made that the channel and the wide flange top flange resist
the horizontal loads and the combination section resists the
vertical load. This simplifies the analysis of the actual con-
dition and eliminates the need for an analysis of torsional
effects on the combination section (Laman, 1996). Given the
complexity of the 2005 AISC Specification design equations
due to lateral torsional buckling strength determination,
design tables and graphs are needed to speed the process.
Currently the 13th edition AISC Steel Construction Manual
(AISC, 2005b) contains design tables and graphs to assist
with wide flange and channel design under lateral torsional
buckling and serve as a model for the aids presented herein.
Based on 2005 AISC Specification Section F.4 and the flow
chart of Figure 1, design aids presented in Tables 2 and 3 and
Figures 2 and 3 have been developed. With the availability of
these new design aids, a trial section selection methodology
is now possible and is presented here.

M,,, METHOD

Defining the ratio of M,, to M, as a plastic section modulus
ratio, ZR:

M— X
ZR=—"=——="" (M
M
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Table 1. b and m Values for Typical Combination Sections

Channel Cap| L, (f)| 10 | 20 | 30 | 40 | 50 | 60 | 70 | 80 | 90 | 100
b 15 | 14 | 13 | 11 | 11 | 075 | 06 | 05 | 04 | 04
MC18x427 1 'm | 49 | 19 | 19 | 19 | 16 | 17 | 17 | 17 | 17 | 16
(x109)
3 b 71 | 10 | 09 | 09 | 08 | 06 | 05 | 04 | 04
gl C193838 | m | 56 | 30 | 30 | 28 | 26 | 25 | 25 | 25 | 23
i (x10°)
2 b | 07 | 07 | 06 | 07 | 05 | 04 | 04 | 04
C12x207 1 'm | 65 | 60 | 60 | 51 | 50 | 50 | 46 | 42
(x109)
b | 02 | 02 | 02 | 01 | 02 | 01
C10x153 | m
ooy | 18| 12 | 1z | 11 11
Channel Cap| L, (f)| 10 | 20 | 30 | 40 | 50 | 60 | 70 | 80 | 90 | 100
b 14 | 15 | 14 | 13 | 13 | 11 | 085 | 07 | 06 | 05
MC18x42.7
C18x (X%S) 27 | 26 | 26 | 26 | 25 | 23 | 23 | 23 | 23 | 24
- b 71 | 10 | 10 | 09 | 09 | 09 | 07 | 06 | 06 | 06
2| Cc15x339 [ m
% ooy | 41 | 41 | 41 | a1 | 39 | 35 | 34 | 34 | 31 | 30
2 b | 07 | 07 | 07 | 07 | 07 | 05 | 05 | 05
12x20.7
C12x20 m | g4 | 84 | 80 | 80 | 73 | 73 | 67 | 62
(x10°)
b | 02 | 02 | 02 | 02 | 02 | 02
C10x153 | m
ooy | 17 [ 17 [ 17 | 17 | 16 | 16

and observing that a nearly linear relationship between ZR
and OM,,, exists for each channel section used as a cap, Equa-
tion HI-1b can be rearranged into an explicit function for
oM,

M ux M uy
—4+——x1
oM, oM, ()
Now substituting ZR for the moment ratio into Equation 2,
M M,
ux ") S 1
OM,. oM, /ZR 3)
Rearranging Equation 3:
ZR)(M,
M ux + ( )( y ) <
OM,,, OM,,, “)
Rearranging Equation 4:
M, +(ZR)(M,,) < OM,, )

Equation 5 is an approximation based on the near-linear re-
lationship (0.98 correlation) between ZR and M, for com-
bination sections of this study. Because 0M,, is not initially
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known, an equivalent moment, M,,,, is substituted for oM, in

Equation 5 to form Equation 6:

eq>

M, 2 M, +(ZR)(M,,) (6)

For a trial channel cap selection, ZR is replaced with a linear
function of M,,, and solved for M,,,:

M, 2 M, +(mM,, +b)M, (7)

where the coefficients m ([kip-ft]"') and b (unitless) represent
the straight-line slope and intercept for the near-linear rela-
tionship. Distributing terms gives the following:

M z2M, +mM, M, +bM,,

ueq =

®)
Collecting the terms of Equation 8 results in the following:

(1-mM,, )M, =M, +bM,, )

Solving for M,,, results in Equation 10 for load and resis-
tance factor design (LRFD):

M, +bM,,
1—-mM

M (10)

ueq =

uy



Table 2. Z, Design Selection Table for Typical Combination Sections (F, = 36 ksi)

. W-Shapes with Cap Channels F, = 36 ksi
z. Mo lQ | OM,, | M, IQ | OM BF L, L, I M, IQ| ®M,,
Shape kip-ft | kip-ft | kip-ft | kip-ft | Kkips kips kip-ft | kip-ft
in.3 LRFD LRFD ft ft in.4 LRFD
W36x150 + MC18x42.7 738 1490 14.4 122 | 47.0 | 12000 294
W36x150 + C15x33.9 716 1440 15.9 11.2 | 421 | 11500 229
W33x141 + MC18x42.7 652 1320 12.2 12.2 | 48.1 | 10000 288
W33x141 + C15x33.9 635 1300 13.2 11.2 | 425 | 9580 223
W33x118 + MC18x42.7 544 1080 10.4 126 | 49.8 | 8280 269
W33x118 + C15x33.9 529 1070 1.2 11.6 43.8 7900 203
W30x116 + MC18x42.7 492 986 8.95 124 | 50.7 | 6900 266
W30x116 + C15x33.9 480 972 9.81 11.3 | 444 | 6590 200
W30x99 + MC18x42.7 412 821 7.32 12.7 | 526 | 5830 253
W30x99 + C15x33.9 408 810 8.5 11.7 | 46.0 | 5550 187
W27x94 + C15x33.9 357 724 6.75 11.6 | 47.2 | 4530 187
W27x84 + C15x33.9 316 640 5.81 11.8 | 48.6 | 4050 180
W24x84 + C15x33.9 286 586 4.88 116 | 49.7 | 3340 179
W24x84 + C12x20.7 275 570 6.60 9.09 | 353 | 3030 111
W24x68 + C15x33.9 232 467 3.94 12.1 525 | 2710 169
W24x68 + C12x20.7 224 454 559 | 9.42 | 36.5 | 2440 101
W21x68 + C15x33.9 207 421 3.24 11.9 | 544 | 2180 169
W21x68 + C12x20.7 200 410 459 | 923 | 374 | 1970 101
W21x62 + C15x33.9 189 383 2.92 12.1 55.6 | 2000 165
W21x62 + C12x20.7 183 373 425 | 9.38 | 38.0 [ 1800 97.3
W18x50 + C15x33.9 133 285 1.55 124 | 60.1 1250 159
W18x50 + C12x20.7 127 263 253 | 955 | 412 | 1120 90.8
W16x36 + C15x33.9 86.8 216 0.367 | 129 | 62.9 748 151
W16x36 + C12x20.7 83.2 170 1.52 10.0 | 46.2 670 83.3
W14x30 + C12x20.7 62.0 132 0.900 | 10.2 | 49.0 447 80.9
W14x30 + C10x15.3 60.3 124 133 | 836 | 375 420 54.7
W12x26 + C12x20.7 48.2 111 0.472 | 103 | 51.2 318 79.9
W12x26 + C10x15.3 47.0 98.0 0.909 | 844 | 40.2 299 53.7
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Table 3. Z, Design Selection Table for Typical Combination Sections (F, = 50 ksi)

3:?;23 W-Shapes with Cap Channels Fy = 50ksi

z. M Q| OM,, | M, IQ | OM BF L, L, I M, Q| ®M,,

Shape kip-ft | kip-ft | kip-ft | kip-ft [ kips kips kip-ft | kip-ft

in.3 LRFD LRFD ft ft in4 LRFD

W36x150 + MC18x42.7 738 2070 24.4 104 | 38.9 | 12000 409
W36x150 + C15x33.9 716 2010 269 | 953 | 34.8 | 11500 317
W33x141 + MC18x42.7 652 1840 20.8 104 | 39.6 | 10000 401
W33x141 + C15x33.9 635 1810 224 | 9.50 35.0 | 9580 310
W33x118 + MC18x42.7 544 1500 17.6 10.7 41.3 8280 373
W33x118 + C15x33.9 529 1480 18.9 | 9.80 36.4 | 7900 282
W30x116 + MC18x42.7 492 1370 15.3 10.5 | 41.7 | 6900 369
W30x116 + C15x33.9 480 1350 16.7 | 9.61 36.5 | 6590 278
W30x99 + MC18x42.7 412 1140 12.4 10.8 | 43.6 | 5830 351
W30x99 + C15x33.9 408 1130 144 | 9.91 38.1 | 5550 260
W27x94 + C15x33.9 357 1010 115 | 9.84 | 38.8 | 4530 260
W27x84 + C15x33.9 316 889 9.85 10.0 | 40.1 | 4050 251
W24x84 + C15x33.9 286 814 8.42 | 9.85 | 40.6 | 3340 249
W24x84 + C12x20.7 275 791 1.3 | 7.71 28.9 | 3030 155
W24x68 + C15x33.9 232 649 6.72 10.2 43.2 2710 235
W24x68 + C12x20.7 224 630 946 | 7.99 | 30.2 | 2440 140
W21x68 + C15x33.9 207 585 5.62 10.1 441 2180 234
W21x68 + C12x20.7 200 570 7.91 7.83 30.6 1970 140
W21x62 + C15x33.9 189 533 5.04 10.3 | 452 | 2000 230
W21x62 + C12x20.7 183 518 726 | 796 | 31.2 | 1800 135
W18x50 + C15x33.9 133 396 2.71 105 | 485 | 1250 221
W18x50 + C12x20.7 127 365 4.37 | 8.11 336 | 1120 126
W16x36 + C15x33.9 86.8 300 0.641 | 109 | 507 748 210
W16x36 + C12x20.7 83.2 236 262 | 849 | 377 670 116
W14x30 + C12x20.7 62.0 184 1.56 8.66 39.7 447 112
W14x30 + C10x15.3 60.3 173 229 | 710 | 30.6 420 76.0
W12x26 + C12x20.7 48.2 154 0.829 | 8.74 411 318 111
W12x26 + C10x15.3 47.0 136 1.58 7.16 32.5 299 74.6
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The derivation for allowable stress design (ASD) is similar
and results in the following equation:

M, +bM,,

w7 (11)
1-1.5mM,,

aeq

The coefficients m and b have been determined based on a
regression analysis of all values for applicable channel caps
for spans in 10 ft increments up to 100 ft and are provided in
Table 1. The resulting equivalent moment determined from
Equation 10 (LRFD) or Equation 11 (ASD) is then used
to select a trial section from Z, tables presented in Table 2
(Fy= 36 ksi) or Table 3 (F, = 50 ksi) or from design graphs
presented in Figures 1 and 2 to select a trial section. For
unbraced lengths greater than the limiting length for yield-
ing (L, > L,), the strong axis moment, M, or M,,, should be
divided by the C, for a more accurate selection.
M, /C,+bM,,

g = (12)
T 1-1.5mM,,
M, /C,+bM,,

My =—-———" 13
S (13)

Select Trial
Combination Section

M, is then used in the design graphs presented in Figure 2 (F)
=36 ksi) or Figure 3 (F, = 50 ksi) to select a trial section. The
use of these graphs is identical to the widely used and familiar
beam design moment graphs already provided in Part 3 of the
13th edition AISC Steel Construction Manual (AISC, 2005b).

SINGLY SYMMETRIC CRANE
GIRDER DESIGN PROCEDURE

1. Determine deflection limits and stiffness requirements.
Vertical deflection is typically limited to L/600 for light
and medium cranes and L/1000 for heavy cranes. Hori-
zontal deflection is typically limited to L/400 for all
cranes. In addition, I, is based on the full combination
section, while /, is based only on the channel and the top
flange of the W-shape.

2. Determine the applied loads, including crane manufactur-
er specified maximum wheel loads, rail weight and run-
way girder weight. Maximum wheel loads are increased
by 25% for cab or remotely operated bridge cranes and
10% for pendant operated bridge cranes.

v

Lby Cbx er; M, ry

v

Y

Mn = Rpc M’c = Rpc Ev ch (F4'1)

A 4

0=09, Q=167

E
L,=11r F} (F4-7)

7, : radius of gyration of flange
components and 1/3 web

Ly<L,? YES

NO

2
i 14676 £ Sihe | (Fag)
FL erho E J

L, =195;L

Fp: (F4-6a or F4-6b)

Sy elastic section modulus w/r/t top flange
h,: distance between flange centriods

J=J WF + JC

YES

Y

A 4

L1,

M,: Cb Rp(‘%c_ (Rpchc - E,ch) I—1L < Rp(‘Myc
r— Lp

F4-2

0=09. Q=167 (F4-2)

M, = F; S < Rye M,

2 2
g =0rE \/1+0.078J L (F4-5)
L, r
r

0=0.9,Q=1.67

(F4-3)

Y

who

M=R, M,  (F4-14)
$=09,Q=167

Fig. 1. Flow chart of the 2005 AISC Specification Chapter F.4 evaluation process.
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3. Calculate the x- and y-axis bending moments and shear
forces, applying suitable load combinations and deter-
mine the equivalent moment from Equation 10 (LRFD) or
Equation 11 (ASD), or Equations 12 or 13 if C,, is applied.

4. Using the equivalent moment, select a trial section using ei-
ther or Figure 2 or 3 or Table 2 or 3. Long spans supporting
light cranes are normally controlled by deflection; therefore,
trial section selection may be based on moment of inertia.

5. Evaluate the trial section for flexural and shear capacity

based on 2005 AISC Specification Chapter F.4 follow-
ing the flow chart in Figure 1, Chapter G, and Chapter
H. Flexural capacity can also be determined with the as-
sistance of Table 2 or 3. All singly symmetric, W and

C combination sections listed in Table 1-19 of the 13th
edition AISC Steel Construction Manual meet the com-
pact web criteria of Table B4.1; therefore, the web plas-
tification factors, R,. and R,,, are the ratio of the plastic
moment to the compression and tension flange yield mo-
ments, respectively. Thus, R, M,.= M, and R, M,, = M,
which can be substituted into Equation F4-2 of the 2005
AISC Specification:
L,—-L,
M, =C, lMpX -(M,. -F5S. )(TLP ]]

<M

)23

(14)

BEAM DESIGN MOMENTS

(@®=0.90 Q=1.67

C,=1.0 F, =36 ksi)

2100 po-m-m-e T po i R i T FTt T po 1400
: : : : : : : : :
La : : : ! : : :
PN : : : | | : :
: %! : : : : : : :
! : : : ! ! : : :
- : N, | : : : : : :
1800 4------- 4mmmmen R SR BEREEEE Amememee- emmenes Ammmemnes Fommnne- PRt T 1200
b, NG i i i i i i i
ANTA O N A A
! &y R4 : : : : : !
: e, o N\ : : : ! .
! D AN : ! : : :
L NK N
1500 +------- R b XN A N A ST S R A 1000
: : < . : : : : :
LY, g, N : : : : :
' ‘?+77 Il "?\9 ' ' ' ' ' '
DNy NN
0y, N, e, : ) : | : :
o | i e T i g i i i i
T 1200 RN h L 800
= : : Rj o : ! : ; : 5
< Lo, N N\ b O
= i i i i i =
= : : : : =
= : : : : 7
900 f-n-n--- i 3 i ; 600 =
: i i i
' \ : :
Z ) ; i
] \ : i
600 f======= : b v 400
{
300 ------- 1------o e e ST o 200
' W1ex ' 3x50:+
16x36 4 C15x33.9 |
i L Wiax30s Crorpg g C12 . . | ;
L [ 1 1 1
i | W12<26 +CoxTs 5 | . ' . ! !
L I W14 301+ C10 15.3 i i i ' !
1 1 W12 26+ G12 20.7' | 1 1 | 1
0 + 0
0 10 20 30 40 50 60 70 80 90 100
L, (ft)

Fig. 2. Combination section design moment diagram (F, = 36 ksi).
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BF is then defined as: 6. Check concentrated load criteria in 2005 AISC Specifi-

M. —FS. cation Section J10.
px LM xce
BF =0 L - 15) 7. Evaluate fatigue provisions of 2005 AISC Specification
T Appendix 3.

Substituting Equation 15 into Equation 14:

EXAMPLE USING LRFD
OM,.. =C,[OM,.~BF (L, ~L,)|<oM,.  (16)

Crane capacity = 20 tons

M, is calculated as the y-axis plastic bending strength of Bridge span =70 ft
the wide flange top flange and the channel for combina- Cab-operated
tion sections: Bridge weight = 57.2 kips
t,b; Trolley weight = 10.6 kips
M,, = (ZW top tange + Z chamnet )Fv = [T + 2. chamel ]F‘ 17 Max wheel load = 38.1 kips (no impact included)

BEAM DESIGN MOMENTS
(®@=0.90 Q=1.67 C,=1.0 F, =50 ksi)

3000 T------- qmmm - e Prmmm e remm———- e - pmmm - fmmm 2000
I i i H i i i ] i i
i i 1 i i ] ] i i
2700 fezzeas N b e e o {oeeees §-mnnnnod boeeeeee 1800
r i sl H i i i ] i i
&
L Ngs | i i i | |
2400 z=c--ooi0 N T T S ooomeee 1600
F h I, 1 H i i i i i
% 2. '
: &, ! | | | | | :
0, & '
[ | 3 ‘$+'U, | | | | | |
2100 H-----mmdommme- N 1400
L | 4 | 77)( . | | ' | | |
&, % . : . . .
: !
| h | |
~4s <, | i ] ] ] 1 i
~ i o AV RN L S S U SRR
& 0T ! Q%*.Vl;;’%»: . . . : : 1200 <
.E" E ‘}047 7+)( 2, I I EY
=< I N6 & I I =
~ VoD i i : | ; @
= 1500 F NS RN - \--ro-oee- S Pomnome- 3oememe- oo 1000
g L ! 4—99 H | I ' |8
] U 1440 1 1 1 c
7 i
'9' ?7*9 i 30*9 <9+,¢9> ; i ';
1 ® i 1 -’
[ ! s 7 :
1200 poz=--o- A2 ypsr o 3 R R Nk L U O S EanEEE SR ommme oo 800
[ : Dy 1 i : |
|W24*‘8<1 6*‘?39 H | |
W24 681+ C12 20.7

o I N < !
NS
600 :62+T;, . ' ——————— A—

— e NN NS

eSS S T
\\.\ 1 n |
' : : : . !

0
W:12X26 +C10 L
|

W12 26 +C12 20.7
} !

Fig. 3. Combination section design moment diagram (F, = 50 ksi).
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Wheel spacing = 12 ft
Runway girder span = L, = 30 ft, F,, = 50 ksi
1. Calculate the maximum factored moments and shears:

P, s per wheel = 55.2 kips (assuming A = 1.6
for lifted and trolley weight)

P, or- per wheel = 4.05 kips
w, (self weight of girder and rail)
= 0.19 kips/ft
M, =683 kip-ft, C, = 1.19

M,, =39 kip-ft
V.y = 119 Kkips
V=6.5 kips

Girder analysis details for this crane loading are provid-
ed in Fisher (2004).
2. Determine M,,.,:

Expect a C15x33.9 channel cap. From Table 1, with
L, =30 ft and F, = 50 ksi:

b=0.9
m=3.0x103
M, /C,+bM,,
“ 1-mM,,

(683 kip—ft)/1.19+0.9(39 kip-ft)
1-(3.0x107)(39 kip-ft)
=690 kip-ft
3. Select first trial section:
From Figure 3, with M,,, = 690 kip-ft and L, = 30 ft,

select a W24x68 + C15x33.9. For this trial section, the
following values are taken from Table 3:

OM,,, = 870 kip-ft

L,=102ft
L,=432ft
1,=2710in"
1,=385 in*

BF=6.72

4. Evaluate M, and M,,:
L,=1021ft<L,=30ft<L,=432ft

M. =M, =C,[oM, —BF(L,-L,)|<oM,,

OM,,, =1.19[ 870 kip-ft —6.72(30 ft—10.2 ft) |
=877 kip-ft

However, M., is limited by ¢M,,, = 870 kip-ft. Therefore,
M(.'x = q)Mnx = (I)M,,X = 870 klp-ft

;b7
¢Mny = ¢E T + Zx channel
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(0.9)50 ksi | 0.585 in.(8.97 in.)2 s
= - +50.8 in.
12 in./ft 4

=235 kip-ft

5. Evaluate Chapter H interaction (Equation H1-1b):
P M, M,
2k M, M,
683 kip-ft N
870 kip-ft
=0.785+0.166
=0.95<1.0

6. Calculate I, based on strategic location of the crane
P,.. and P,,,;. for maximum deflection:

39 kip-ft
235 kip-fit

Aoy < 2= 30000 6 iy,
600 600
therefore Ix > 3,372 in.*
horiz max — L = 360 . = 09 in
400 400

therefore 7, > 140 in.*

The W24x68 + C15x33.9 trial section efficiently meets
all 2005 AISC Specification strength requirements; how-
ever, the section does not meet generally accepted verti-
cal deflection requirements. A W27x84 + C15x33.9 does
meet both AISC strength and generally accepted deflection
requirements.

CONCLUSION

A simplified design procedure is discussed for the crane
girders listed as combination sections in Table 1-19 of the
13th edition AISC Steel Construction Manual. An equiva-
lent moment method is presented for accurate selection of
a combination section subjected to biaxial bending. Beam
design moment graphs are presented to allow rapid selection
of trial sections and tables are provided for efficient analysis
of typical combination sections.
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