Antiquated Structural Systems Series
Structural Steel Composite Stub-Girder Construction — Part 6
By D. Matthew Stuart, PE., S.E., E ASCE, SECB N~
or this series of articles, “antiquat- | " 1 = : "
Fed” has been defined as meaning _]
outmoded or discarded for reasons
of age. In reality, however, most if not all CORE i 1 i ! i ),
of the systems that have been and will FLOOR PLAN
be discussed are no longer in use simply I i ! I t DU:CWTOV_ = f
because they have been replaced by more 1 W BEAMS . cacan e
innovative or more economical methods i Q Mﬁ
of construction. AT W14 STUB GIRDER ]
Most of the antiquated systems discussed ' ' FILOOE oo ' o
so far have been out of popular use for a . L0 O SECTION 2 h
considerable number of years, with some - . — STUB CQPER STSTEM
dating back to the first part of the last cen- | © &)
tury. However, the subject of this article | <| + &+ %CT =G
deals with a system that was still in use less !
than 20 years ago. | . B X CcELNG Testi ng
The purpose of this series is to Complle CONVENTIONAL FLOGR FRAMING SYSTEM Pri fth bedird
and disseminate a resource of information ) [107 T0 USCONnAQIUDElrder system,
to structural engineers f0F projects that Lume—mm— g lolai tejt wasterforme'd aSt GIrJan(.:o
involve the repair, restoration, 0 adaptive teuse of'older Figure 1: Floor th;e auds Orr'lpaln}cll 1; %{/12288.
buildings feffwhich no drawings exist. It is hoped that this Framing Systems. c test sp Eamen ll)nc u ;(/ 1216 %6 X b
will enable struictural engincersito, share their knowledge of Courtesy AISC. COZ%HUOUS ottom deam,f x.d Stli s
&Xisting structural systems that mayiho longer be in use, but anc foor be.ams, anca 5-foot-wide, 3%-
are capable of being adapted ot teanalyzed for safe reuse in 1nch.— deep, lightweight concrete s!ab over
the marketplace oday and th¥uture. systef fwent on  a 2-inch metal decl? flange, which was
to.-be¢” used in a attached to stubs via shear connectors

large number of  (Figure 2, page 54).
The Stub-Girder high-rise buildings in North America ~ The test specimen was loaded beyond
Composite System up through the 1980s. However, the calculated design load, with initial
system was eventually abandoned because  failure occurring at the exterior end
A stub-girder is a composite system  of increased labor cost associated with  of the outermost stub at one end of
constructed with a continuous structural  both fabrication and the need for shoring  the stub-girder. The method of failure
steel beam and a reinforced concrete slab  until the field-cast concrete slab attained  included web crippling and delamina-
separated by a series of short, typically  sufficient strength. tion of the web from the flange. Ap-
wide, flange sections called stubs. Stubs ~ Advantages of the stub-girder system  plication of additional load resulted in
are welded to the top of a continuous  that led to its use during the time period  crushing of the slab at the inside edge

beam and attached to the concrete slab  in which it was popular included: of the same stub. However, separation
by shear connectors. Spaces between 1) Reduction in steel tonnage by as between the bottom of the slab and the
ends of stubs are used for installation much as 25% over conventional top of the stubs did not occur, which
of mechanical ducts and other udility composite floor framing due to: indicated that composite behavior was
systems and for placement of transverse a) Improved structural efficiency =~ maintained up to the point of local-
floor beams that span between stub- as a result of the greater depth  ized crushing of the concrete slab.
girders. Ideally, the depth of stubs and of the stub-girder compared to ~ Web stiffeners added to the failed stub
floor beams are identical to allow for a conventional system; and allowed the system to achieve a final
transverse framing to support a concrete b) Improved structural efficiency ~ failure load that was 2.2 times greater
slab deck, which spans parallel to the due to the ability of transverse ~ than the calculated design load.
stub-girder, and to facilitate composite floor framing members to act The methods of design used to deter-
action between the floor beam and slab as continuous beams through mine capacity of the section included
(Figure I). openings between stubs. a non-prismatic beam analysis, a
Stub-girder construction was first used 2) Reduction of overall depth of the Vierendeel girder/truss analysis, and a
in 1971 at the 34-story One Allen Cen- structural floor framing system by finite element analysis. For the Vierendeel
ter office building in Houston, Texas. as much as 6 to 10 inches over a analysis, stubs and transverse floor beams
The system was developed by Joseph I conventionally framed composite ~ act as verticals and the concrete slab and
Colaco, Ellisor Engineers, Inc., to fa- floor system, which allowed for a continuous beam act as chords. See
cilitate integration of mechanical ducts reduced floor-to-floor height and Figure 3 (page 55) for a comparison of a
into steel floor framing of repetitive, overall height of the building and ~ typical Vierendeel truss and stub-girder
multistory high-rise construction. This associated cladding. components. All three of these methods
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of analysis provided a close representation of
actual behavior of the stub-girder; however,
the Vierendeel and finite element methods
more closely identified secondary moment
effects on each side of the openings. The
Vierendeel method of analysis also provided
a more accurate representation of actual
steel stress, while the finite element method
provided a more accurate representation of
stress in the concrete slab, including high
stresses that resulted in crushing of concrete
at the inside edge of the first exterior stub as
observed in the test specimen.

Additional tests of stub-girders were per-
formed in the late 1970s in Canada. The
primary purpose of these tests was to deter-
mine effects of changes in spacing and depth
of stubs, and to establish failure modes of a
stub-girder. Results confirmed that behavior
of a stub-girder was similar to a Vierendeel
girder/truss. Supplementary conclusions of
these tests included:

1) The stiffness of the girder increases as
the length of the open panel between
the stubs decreases.

2) Shear distortions at open\panelsi(as a
result of thefVierendeel action) were an
important parameter in detéfmining
elastic deflection of the stub-girdes, but
did not influeénce rotation ofiselid end
sections of the‘overall girder.

3). Lensile cracking'of the concrete slab
at theyends of open panels occurred at
relatively low loads, but did not haveia
significant impact on elastic stiffness

4) Further extensive cracking of the
concrete slab at the ends of open
panels occurred in the inelastic range
of the girder. It was further determined
that ultimate strength and ductility of
the girder could be improved through
use of internal reinforcement within
the slab that was placed to resist the
observed cracking.

5) Precision of the Vierendeel method
of analysis was dependent on accuracy
of distribution of shear forces between
the concrete slab and the continuous
lower beam across open panels and
assumptions made relative to location
of points of contraflexure within
open panels)

6) Failure of shear connectors ‘resulted
as a combinatiGn of shearingiand
prying efféets.

7). To preveng premature failure due
to web crippling at stubs, stiffeners
should be proyided.

8) Tive different failure mechanisms were
identified: buckling offthe stub web,
congrete failure in the vicinity of sheaf
connectors, diagonal tension failure
of.the concrete slab, sheafing off of
headed stud conneétors, and€ombined
yielding of tfe steelbeam and crushing
of theConcrete-sldb at the ends of open
panels dae to‘eurulative effects
of primary and secondary
(Vierendeel) moments.

Further research in Canada revealed ad-
ditional insights into behavior, design, and
economical construction of stub-girders. This
research indicated that only partial end plate
stiffeners, rather than traditional fitted stiff-
eners, were required to reinforce stub webs.
Furthermore, web stiffeners were not always
required at interior stubs. In addition, @ con-
tinuous perimeter weld between_#h€ base of
the stub and the top of the continuous beam
was not required. Tests also confirmed that
rolled wide flangéShapes were more conducive
to stub-girder construction than split T (WT)
or réetangular hollow tube (HSS) sections.

Additional conclusions of these later
Canadian tests revealed that:

1) Deflection computations using the
Vierendeel method of analysis were
typically conservative for service loads,
and/unconservative for
ultimate loading conditions.

2) The amount of internal slab
reinforgément, particularly in the
diféction.trarfsverse to the stub-
girder span, was established based on
Canadian Standard Association (CSA)
criteria available at the time of testing.

3) The conventional method of
calculating number of shear studs
required and application of standard
methods of composite design to
analysis of stub-girders appeared to
provide satisfactory results; however,
caution was recommended when
specifying closely spaced studs,

of'the girder. particularly at the end stub.
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Figure 2: Stub Girder Load Test. Courtesy of AISC.
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Design Guidelines

Further recommendations and guidelines
emerged throughout the 1980s for the stub-
girder system. In fact, the American Institute
of Steel Construction (AISC) had plans
to develop a design guide for stub-girder
construction; however, because deeper wide
flange sections became more readily available
and guidelines for design of reinforced and
unreinforced web openings became more
established (see AISC Steel Design Guide
Series 2; Steel and Composite Beams with Web
Openings; 1990), it was never published. In
order to document some of the final design
guidelines that were established for stub-
girder construction, the following list of
criteria is provided:

1) Economical spans for stub-girders
range from 30 to 50 feet, with the
ideal span range being 35 to 45 feet.

2) Transverse floor beams should be
spaced at 8 to 12 feet on center.

3) Stubs do not necessarily have to
be placed symmetricallyabout the
centetline of the stub-girder span.

4) Use of 3 tog stubs per span is'the
mosgEdommon arrangement:

5) The stubiocated nearest theend of
the stub-girder (and the surrounding,
adjacent truss/girder elements) is the
most critical member, as it directly
controls behavior of the overall
stubsgirder. In addition, the end seub
may be placed at the very end of the
eontinuous bottom beam, directly
adjacent to the support point.

6) Performance of a stub-girder is
not particularly sensitive to
length of stubs, as long as length
of stubs are maintained within the
following limits:

a) Exterior stubs should

be 5 to 7 feet long.
b) Interior stubs should

be 3 to 5 feet long.
However, increasing the length of the
open panel between stubs will reduce
stiffness of the stub-girder.

7) Stub-girders must be constructed as
shored composite construction in
order to take full advantage of the
concrete slab top chord. Further,
because of the additional dead load
imposed by shoring from upper floors
in multi-story construction, the need
for shoring the non-composite section
becomes even more critical.

8) Stub-girders should be fabricated
or shored to provide a camber that
is equal to dead load deflection
of the member.
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9) Overall strength of a stub-girder is not

controlled by compressive strength
of the concrete slab, therefore use of

high-strength concrete mixes provides

no advantage.

10) It is typical for ribs of a metal floor
deck to run parallel to the span of a
stub-girder. This orientation of ribs
therefore increases the area of the top
chord slab and also makes it possible
to arrange a continuous rib or trough
directly above the stubs, which in

turn improves composite interaction of

the slab with the stub-girder.
11) Welds between the bottom of stubs

and the top of the continuous bottom

beam shietild be concentrated at the
ends of the stubs

16) Modeling of stubs as verticals of
the Vierendeel truss/girder involves
dividing the stubs up into vertical
elements equal to one-foot lengths
of the section, spaced at one foot on
center from one end of the stub to the
other. Vertical stub elements should
be modeled as fixed at the top@@nd
bottom, at the top chord (e@ncrete
slab) and bottom chord (continuous
beam) of the truss/girder, tespectively.

17) Transverse floor beams shouldsbe
modeledias single vertical web
members/elements of the truss/girder.
The top and bottom of the membet
should be modeled as pinned at'top
and bottom ‘chords.

where foreesibetween
these twio elements are

(CONTINUQUS CONCRETE SLAB)

TOP.CHORD
greatest, K
12) Internal\longitudinal L L
slab reinforcement to
add strengthy ductilicy
and stiffness toythe -<— VERTICAL WEB
stub-girder should (STUB&
be provided in two TRANSVERSE
ldyers, one just below, BEAMS)
and one just aboye the
heads of sHear studs.
13) Intethal transvérse a a
slab reinforéemeént BOTTOM CHORD R}
should be provided (CONTINUOUS BOTTOM BEAM)
to add shear strength
and ductility. TYPICAL WIDE FLANGE VIERENDEEL TRUSS

Placing transverse
reinforcement in a

(EQUIVALENT STUB GIRDER COMPONENTS)

herring bone pattern ~ Figure 3.

— i.e., diagonal to the

direction of the stub-girder span — will
also increase the effective width of the

concrete flange/top chord.

14) Flexural stiffness of the top chord slab
of a stub-girder should be based on the

conventional effective width allowed
by standard composite beam design

criteria, except that the transformed
section should include contribution

of both the metal deck and internal

longitudinal reinforcement.

15) It is not proper to include the top
flange of stubs in the calculation of
moment of inertia of the top chord
slab element.

In conclusion, the stub-girder method of
construction was and still is an innovative
solution to multi-story, framed steel floor
construction. However, as deeper wide
flange sections became more available in
the marketplace and design engineers be-
came more accustomed to analyzing web
holes in wide flange beams, the use of stub-
girder construction waned. In addition,
because of extra labor costs associated with
fabrication of stub-girders and the necessity
to construct stub-girders as shored composite
construction, the system priced itself out of
the industry.
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