ENGINEER’S NOTEBOOK

Flexure Design of Built-up Box Beams

By Roger LaBoube, Ph.D., PE.

box beam configuration may be

used at openings in a floor or wall

framing assembly. The American

Iron and Steel Institute’s AISI
S100 contains design provisions for built-up
flexural members consisting of two C-sections
oriented back-to-back to form an I-shaped
section, i.e. Section D1.1, but does not con-
tain design guidance for a box-section formed
by orienting two C-sections lip-to-lip. For
built-up members to act as a single composite
unit, the members must be connected with
sufficient fasteners at the maximum spacing
as calculated below. This article illustrates the
extrapolation of S100 Section D1.1 provisions
to a box beam configuration.

The AISI S100 provisions are based on sta-
bilizing the shear flow in the flanges. The
same shear flow exists in a box-shaped sectioff;
therefore, the S100 provisions could apply
to form a box-shaped section with\the two
C-sections oriented lips£o-lip.

The AISI S100 provisions for Flexural
Members Composed of Two Back-to~-Back
C-Sections (D1.1) are as follows:

The maximum longitudinal spacing of connec-
tions (one or more welds or other connectors),
Smax> joining two C-sections to form an I-section

shall be:

Smax = L / 6 or 28T,

—2_* whichever is smaller
(Eq. D1.1-1)

where

L = Span of beam

g = Vertical distance between two rows of
connections nearest to top and bottom
flanges

T, = Available strength [factored resistance]
of connection in tension (Chapter E)

m = Distance from shear center of one
C-section to mid-plane of web

q = Design load [factored load] on beam for
determining the longitudinal spacing of
connections.

The D1.1 provisions, Eq. D1.1-1, define

the fastener spacing along the length of the

member (Figure I).

Because the current D1.1 provisions are
intended to stabilize the C-section and achieve
equilibrium of the cross section for the single
C-section (Figure 2), the D1.1 provisions may
be adapted to box-shaped sections by recog-
nizing that “g” is the vertical distance between
the two rows of welds that interconnect the
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Figure 1. Figure C-D1.1-2 (AISI $100C).

two C-sections. Toevaluate “T¢, the available
strength of thé'welded corinegtion, the'provi-
sions of AISI S100 Section E2.6, Equation
E2.6-1, for flare groove welds applies. Using
ASDgthe safety factor is 2.55, and the nomi-
nal strength is as follows:

P,=0.833¢LF, (Eq E2.5-1)

Where, t issthe thickness 6f the C-section, L
is the length of the'weldand F, is the tensile
strength of ghe C-section.

Additional Timit states that must be con-
sideted in the design of a flexural member
are further defined in the AISI S100 provi-
sions and include Bending, Shear, Combined
Bending and Shear, Web Crippling, and
Combined Bending and Web Crippling.

The following example illustrates the design
steps for a built-up box beam.

Check Bending Alone
(Section C3.1.2.2):

The two interconnected C-sections are
assumed to behave as a closed box member.
Because for a closed box member in bend-
ing, lateral buckling is unlikely, the AISI
Specification first requires the evaluation
of the critical unbraced length for which
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Figure 2. Figure C-D1.1-1
(AISI $100-07C).
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overall buckling is not a limit state. This
design check is achieved by evaluation of
the following equation:

0.36Cyn [~y
L= Fs. VEG]L,
If the span length is less than L, no interme-
diate braces are required to achieve the yield
moment as computed by Section C3.1.1 of

the AISI spe€ification, M, = S, F, / Q
Check Shear Alone (Section C3.2):

For cold-formed steel members, shear alone
is ‘typically not"a controlling limit state.
Howeverpthe available shear capacity per web
may be computed based on the limit states
of shear yielding, shear inelastic buckling or
shear elastic buckling. Because of the thin
wel material, buckling is the controlling shear
limit state.

Combined Bending and Shear
(Section C3.3):

For continuous span members, the combina-
tion of high shear and bending stresses may
occur at intermediate supports. Thus, this limit
state is an important design check for continu-
ous span beams.

Web Crippling Alone (Section C3.4):

If the box beam is uniformly loaded, web
crippling need only be considered at the end
support. Web crippling must be considered
if the box beam is supported on its bottom
flange, and no web stiffener or clip is provided
at the support location.

When checking web crippling, AISI Eq.
C3.4.1-1 is applicable. The appropriate coef-
ficients and safety factor are provided in Table
C3.4.1-2. The coefhicients and safety factor
tabulated in Table C3.4.1-1 are not appro-
priate because these coeflicients, although
indicated to be valid for “built-up sections,”
were experimentally developed for only
I-shaped sections.

Combined Bending and Web Crippling
(Section C3.5):

For continuous span members, the combina-
tion of high compression stresses resulting
from concentrated loads and bending stresses
may occur at intermediate supports. Thus,
this limit state is an important design check
for continuous span beams.
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Figure 3. Typical box-

shaped cross section.

Check the Interconnection of the Two
C-sections (Section D1.1):

To interconnect the two C-sections forming a
box beam configuration, flare groove welds are
commonly used to interconnect the flanges
(Figures 3 and 4).

The available strength of a flare groove weld
can be computed using AISI Section E2.6.

The maximum longitudinal spacing for the
welds, sp., as defined by AISI Section D1.1

is the lesser of

_ 2T,
Smax = L / 6 Or mq (Eq. D1.1-1)

Although not required by Section D1.1, it is
suggested that the maximum unbraced length,
L,, to achieve the yield moment, M,,,, for the
single C-section be considered. The author
suggests that L, is considered to ensure that
the weld spacing is less than the unbraced
length to preclude overall buckling of the
single C-section betweengthe welds. The AISI
S100 Commentary proyvides an equation for
L, (Eq. C-C3.1.2.1-11)¥The, evaluated L,
should be greater than s,

For a numerical example preblem illustrat-
ing the design of a welded box beam, refer
to Cold-Formed Steel Engineers Institute TN
G104-14, www.cfsei.org. For a numerical
example problem illustrating the application
of Section D1.1 for a back-to-back configura-
tion, see page 303 of Cold-Formed Steel Design
(Yu and LaBoube, 2010).=

This article was originally published in
CFSEI Tech Note, July 2014, Welded Box
Beam Flexure Design, and is reprinted
with permission.
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Figure 4. Typical groove weld.
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