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FOREWORD

Steel/concrete composite box-girder bridges
are no longer rarities; the number, success-
fully designed and built, has grown signifi-
cantly. At this time, many more are being
designed and will, quite soon, be bid for
construction. In the United States, this in-
creasing popularity is due, in large measure,
to a growing emphasis on aesthetics, as well
as to the box girder’s potential for structural
and economic advantages.

The torsional stiffness of box girders is many
times greater than that of i-section beams
and girders. Consequently, box girders have
superior transverse load distribution charac-
teristics, and this in turn leads to more ef-
ficient designs. Itis well known that torsion
has particular significancein bridges that are
curved in plan; hence, box girders have a
special advantage for curved bridges be-
cause of their ability to resist torsion without
extensive use of diaphragms between the
girders. The result is an uncluttered, exposed
surface that helps make box girders more

corrosion resistant, and easier to maintain
since there are fewer nooks and cranniesin
which debris and water can accumulate.

Itis safe to assume that the next decade will
see a substantial growth in the use of steel/
concrete composite box girders for the su-
perstructures of urban and rural highway
structures.

United States Steel wishes to express its grat-
itude to the various fabricator/erector orga-
nizations who generously provided much of
the material on which this book is based.

For their kindness in making available the ex-
tensive data needed for the three case his-
tories, particular thanks are due: Mt Thomas
Alberdi, Jr, Deputy Design Engineer-Struc-
tures, Florida Department of Transportation;
Mr William A. Kline, Chief Bridge Engineer,
Wisconsin Department of Transportation;
and Mr. Carl E. Thunman, Jr, Engineer of
Bridge and Traffic Structures, lllinois Depart-
ment of Transportation.
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INTRODUCTION

With the emergence of the steel/concrete,
composite box girder as arelatively new type
of structural member for intermediate-span
highway bridges, many designers and con-
tractors have become aware of their lack of
sufficient experience in this kind of construc-
tion. This shortcoming has, at times, led
contractors to submit unit bid prices or con-
struction costs higher than necessary. With
this in mind, United States Steel offers this
manual to provide engineers, fabricators and
erectors with a fuller understanding of box
girder construction, and to present guide-
lines that can assist them in the development
of designs that will help realize the full econ-
omies of box girders.

Insimplest terms, the steel box girder may
be defined asa longitudinal bending mem-
ber with four steel plates (two webs and two
flanges) arranged to form a closed box-like
cross section (Fig. 1). Many early box girders
were built exactly this way.
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Figure1

However, in modern highway structures, a
more common arrangement is the “trough”-
or “tub”-type girder (Fig. 2). In this case, two
steel webs with narrow top flanges similar to
I-girder flanges are joined at their bottoms by
a full-width bottom flange. At fabrication

TOP FLANGES
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TROUGH-TYPE STEEL BOX GIRDER
Figure2

and erection stages, the section may be
completely open at the top or it may be
“quasi-closed” by a top lateral bracing sys-
tem. To close the top opening and complete
the box, a reinforced concrete deck slab is
addedvihich acts composilely with the sieel
section by means of shear connectors at-

tached to the top flanges. In its final form,
this girder is referred to as a steel/concrete,
composite box girder (Fig. 3).
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This manual deals primarily with steel/con-
crete composite box girders of moderate
length (up to 350"-0”) whose design is gov-
erned by the Standard Specifications for
Highway Bridges' of the American Associ-
ation of State Highway and Transportation
Officials, hereinafter referred to as the Speci-
fications. For general information, however,
the list of references given on page 27 in-
cludes a wider range of box girder types.



The main body of the text consists of five
parts or sections.

Part | pertains to fabrication and erection,
and explains why the preparation of shop
detail drawings for curved box girders may
be beyond the scope of normal drafting
room practice and thus may require special
procedures. Part | also discusses the impor-
tance of shop assembly, shop handling, and
shipping practices. Consideration is given to
the lifting of large box girder sections, taking
into account over-all stability of horizontally
curved pieces and local stability of the thin,
wide plate elements that make up girder sec-
tions. Typical construction loads are dis-
cussed, with emphasis on how these loads
may affect the profile geometry of the steel-
work. The concrete placing sequence for
casting the deck slab is also discussed.

Part Il shows how elementary principles of
solid mechanics apply to the design and
construction of steel box girders. Cross-sec-
tional, torsional and flexural stiffnesses are
considered, as well as local and lateral tor-
sional stability.

Part 11l compares temporary with permanent
bracing material taking into account factors
such as cost, aesthetics and structural
behavior.

Part IV examines the responsibilities of the
various parties involved in the construction
of a steel box girder bridge. American and
foreign practices are outlined. Also consid-
ered are the Specifications and the way they
have influenced American practice.

PartV presents guidelines for good construc-
tion practices for steel box-girder bridges.

The balance of the text includes a reference
listing, and an appendix containing 1) several
analytical examples, and 2) case histories of
box-girder bridges where certain difficulties
were encountered and overcome. Study of
these experiences should help the reader
avoid similar situations.

Aswas noted earlier, USS presents this pub-
lication with the hope that it will not only
lead to increased understanding of box
girder performance, but that it will also help
impart a higher degree of confidence to en-
gineers and contractors involved in this type
of construction.

It should, however, be noted that this man-
ual is not intended to serve asa handbook, in
the sense of offering hard and fast solutions,
nor is it an attempt to give fabricators and
erectors explicit directions as to equipment
and technique. The intent is, rather, to give
bridge building professionals—contractors,
fabricators, and engineers—generalized con-
cepts and a broader understanding of box
girder construction. It might also be added
that only by reading the text completely, can
maximum benefits be derived; extracting in-
formation in piecemeal fashion may lead to
erroneous conclusions.



PART I

CONSTRUCTION
CONSIDERATIONS

Fabrication

Detailing: Developing Pattern for Cutting
Web Plates

Composite box girders are built with two
webs both of which are either vertical or in-
clined or sometimes in a combination of ver-
ticaland inclined (Fig. 4). Inclined webs not
only offer pleasing aesthetics, but also

allow the bottom flange plate to be narrower
and thicker, thereby creating more efficient
bottom flanges.
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Figure4

When the bridge cross section is superele-
vated, customary geometry for the steelwork
isobtained by rotating the entire flat cross
section into its superelevated position

(Fig.5).

SUPERELEVATED CROSS SECTION
Figure 5

This procedure simplifies design and fabri-
cation by maintaining the symmetry of the
girder sections and keeping the webs ata
constant depth. Occasionally this practice is
violated in order to achieve certain archi-
tecturaleffects. For examiple, the sofiit of the
boxes shown in Figure 6, has been kept level
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Figure 6

in the superelevated cross section, resulting
in a different depth for each of the four
webs. Furthermore, if this arrangement is
used in areas of superelevation transition,
the depth of each web will vary contin-
uously. Such geometric complication ob-
viously adds to the effort expended for
design and fabrication.

If a girder were on tangent alignment both
horizontally and vertically, the detailing and
cutting of an inclined, constant-depth web
plate would pose no special fabrication
problem. The plate pattern would be rec-
tangular and its dimensions easily com-
puted. But this case is unrealistic since
gravity is ignored. In actual construction, all
girders will have some vertical deflection
due to dead load which, in effect, introduces
avertical curve. When a vertical curve must
be built-in because of camber or because of
roadway profile and camber, it becomes
more difficult to establish the developed
shape of the plate, that is, the shape of the
flat plate pattern from which the web will be
cut. {Figure 7 illustrates a plate pattern with a
vertical curve.)

Q

CURVED PLATE PATTERN

Figure7




Another, apparently simple case is

that of aninclined web on level grade,

but on curved horizontal alignment.

Inthis case, the web is a sector of a right cir-
cular cone with constant inclination, but the
radius of curvature varies over the height of
the web (Fig.8). A cone is an easily calcu-
lated developable surface and the web plate
pattern for this case again would seem to
present no particular detailing or fabrication
problem. But, here again, the concept of the
example is false since dead load deflections
would require that bridge girders be cam-
bered to a non-level profile even if the final
grade of the bridge were level.

This leads to the prevailing general case of an
inclined web plate that is curved both hori-
zontally and vertically. Mathematically, such
aweb isa warped or non-developable sur-
face which, theoretically, cannot be built by
conventional bridge fabricating procedures.
Itis possible, however, to model the surface
approximately as a large number of small de-
velopable surfaces (Fig.8a). The degree of
accuracy of the approximation depends on
the number of increments or small devel-
opable surfaces into which the plate is
broken. With a reasonable number of in-
crements this approach gives results that are
acceptably accurate and within normal fab-
rication tolerances. Since the required com-
putations are beyond the scope of ordinary
bridge detailing practice, they are usually
performed with a digital computer

Some agencies, design consultants, and fab-
ricators have developed their own computer
programs for calculating or checking this
complicated web geometry. A sample print-
out from such a program appears in Appen-
dix A. The program that produced this
printout may be obtained by fabricators
from USS Engineers and Consultants, Inc.,

a subsidiary of United States Steel Corpo-
ration. The use of this or similar programs
can help simplify the complex problem of
providing a developed plate pattern for cut-
ting the webs.

In all previous reference to horizontal curva-
ture, circular curvature was implied; solu-
tions are unobtainable for webs on spiral
alignment. Bridges on spirals can be accom-
maodated, however by using a series of com-
pound curves for the structural geometry to
approximate the spiral geometry of the
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roadway. Any small discrepancies that may
occur between the roadway alignment and
the structure can be taken up in the canti-
lever overhang in the deck slab.

a
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Figure 8




Shopwork: Fit-up, Work Sequence, Shop
Assembly, Handling

In many respects, actual fabrication of steel
box girders will involve the same operations
that are required for I-girders. Cutting and
welding of main elements are performed
principally by automatic processes. Some
shops have installed numerically-controlled
cutting machines capable of cutting flange
and web plates to shapes defined by
coordinates.

Since good fabrication procedure demands
carefullayout, fitting-up and welding, a
number of shops have, for reasons of effi-
clency, constructed jigs (Fig. 9). Such jigs can
be built with adjustments to accommodate
changesin depth, width, web plate slope,
and radius of curvature as they not only vary
ona particular project but also from project
1o project.

Proper welding sequence helps minimize
welding distortion. Many box girders are left
with some residual twist or other geometric
discrepancy because of a lack of symmetry
orcompensation in placing welds. With high
residual stresses, handling of girders in the
shop and field can cause additional dis-
tortions. These effects will be of more con-
cernin some box girders than in others.

. B

Figure 10

Figure 12

With an [-girder or an open-section box
girder the torsional stiffness* of the section is
so low that the erected girder will easily ac-
commodate itself to the geometry of the
bearings and diaphragm connections in the
field. A box girder that is even “quasi-closed”
with lateral bracing at the top is high in tor-
stonal stiffness. Such a girder may not ac-
commodate itself to the bearings and
connections easily. For this reason, it may be
advisable to shop assemble a box girder
structure, reaming the connection holes at
this stage and determining the bearing fit. In
shop assembly, the girder is blocked up in
the exact, orrelative, position it will occupy
inthe field. Long, continuous girders are
often shop assembled in three contiguous
shipping pieces. Although shop assembly
does add to fabrication cost, in the long run,
over-all costs may be reduced significantly.

Torsonal stittness s covered m detail m Part 11°BOXN GIRIDER
BEHAVIOR CHARANCTERISTICS ANDINFILUENCE OF BRACING

Figure 13

Figure 14

Figure 10 shows a typical box girder shop
assembly.

For downhand welding positions and gen-
cral ease of fabrication, shop handling be-
comesan important factor in the efficient
production of box girders. Special handling
jigs have proven worthwhile in many shops.
Figure Il shows a curved box girder section
in a rotated position for a particular shop op-
eration. The collar supporting the girder can
be rotated about the pin located midway be-
tween the two vertical posts, allowing the
girder to be shifted off the vertical in either
direction. The collar surrounding the girder
also serves as a lifting harness (Figs. 12a and
12b). Set screws clamp the girder into the
harness which is adjustable in the width di-
rection of the girder and has lifting holes at
all four corners, permitting lifting in any di-
rection. Spreader beams are used for lifting
with a single crane. Figure 13 illustrates this
type of liftand also shows that slings, with
cushioning material at the flange edges, may
be used in lieu of more elaborate collars or
harnesses. Light sections have even been
handled with slings without flange edge
cushioning (Fig. 14). (Additional information
regarding the lifting of box girder sections
will be found under the heading “STEEL
ERECTION AND DECK PLACEMENT)




Shipping: By Barge, Rail, Truck

A good design will also take into account
shipping feasibility. At the design stage, con-
sideration should be given to length and
weight of shipping pieces, location of field
splices, and over-all dimensions of the cross
section. A length of approximately 120'-0”
and a weight of approximately 90 tons are
two maximums for pieces that can usually
be handled efficiently either in the shop or
field. Lower limits may be imposed by other
circumstances.

Box girders may be shipped by barge, rail or
truck, or in any combination of these means.
Obviously, barge transit is very efficient if
both fabricating plant and construction site
are located on the same waterway. Under
such circumstances, there is virtually no limit
eitherto the size or weight of shipping
pieces that can be handled on a water route.

Inrail transit, the standard railroad flat car is
53'-6" long, 10’-8” wide and 3'-6" aboverail,
with an average capacity of about 140,000 Ib.
The maximum permissible height of load
aboverail for unrestricted movement varies
with the width. While allowable heights
must be checked for each project, following
isan approximate guideline for allowable
heights at different widths:

Width Height

70" 156"
10°-0" 14-8”
10-8” 147-2"

Narrower loads may be shipped in standard
gondola cars which are 65’-0" long and 8’-6”
toY-0" wide.

Forrestricted rail movements, widths of up
to approximately 13 ft can be handled, de-
pending on the route, the configuration of
the load, and the mid-ordinate and end-of-
caroverhang on curved alignment. Long
pieces may be shipped supported on bol-
sters on two flat cars at opposite ends of the
load, connected by idler cars. Such bolsters
run as much as 1-6” in height above the car
floor, reducing the net height available for
the load by that amount. In recent years,
truck-train “piggyback” cars have been used
for shipping long loads. These cars are up to
85'-0” long and can therefore handle loads
over 100-0” long if overhang beyond the
end of the car is accommodated by means of
end idler cars. High blocking is required to
provide clearance above the idler car, but
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the blocking need not accommodate move-
ment as in the case of a bolster. Once again,
itmust be emphasized that each project’s
particular requirements for rail movement
must be individually investigated.

The sequence in Figure 15 shows (a) a truck-
train flat car preparatory to loading; (b) a
shorter-than-car-length box section being
lowered onto the car; (c) the box section at
rest on the car; and (d) the details of the end
brackets which restrain the load longitudi-
nally.

Figure 16 shows alongbox section that
overhangs the end of the car,and which
therefore requires high blocking foridler car
clearance. This illustration also shows a typi-
cal hold-down device.

Figure 17 shows a girder loaded for shipment
in the upside-down position.

Figure 15b

Shipment by truck provides access to sites
that may not be served by water or rail trans-
portation. Few specific guidelines can be
stated, however, due to the variety of regu-
lations and conditions that exist in states and
municipalities. An approximate measure of
the width that can be shipped unrestrictedly
is8 ft, and loads up to about 12-ft wide can
generally be hauled with permit and special
escort. Truck economics will depend on to-
pography, distance and route.

The photo sequence in Figure 18 shows (a)
long-distance truck transit on an interstate
highway; (b) a truck on a secondary high-
way; (c) atruck on a haulroad; and (d) a
truck at a jobsite.
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Figure 18a

Figure 18b

Figure 17



Steel
Erection
and Deck
Placement

Shortly after delivery to the site, the steel box
girder shipping pieces must be lifted into po-
sition, spliced, and in some cases, braced or
shored in order to insure stability and
strength in the erected state—even before
placement of the concrete deck completes
the girder. Form work is then constructed,
imposing additional, although temporary,
loading on the partially completed girders.
Further loads result from deck concreting
equipment, and finally a large increment in
loading is produced by the weight of the
deck concrete itself. The ultimate success of
the construction depends on the mainte-
nance of adequate strength, stability and
stiffness all through these stages.

Lifting: Local Plate Stability and Over - all
Stability

Lifting, the first important step, has already
been discussed in connection with shop op-
erations in which common types of equip-
ment and procedures were mentioned.
Obviously, the relatively low lifting in the
shop with overhead cranes is not as critical
as field lifting with boom-type cranes, where
conditions are much harder to control. In
any case, local plate stability and over-all sta-
bility are important considerations in every
lifting operation.

As used here, the term local plate stability
means the ability of the plates—that make up
the girder—to resist buckling as individual
elements when subjected to compression
stress. Over-all stability concerns equilib-
rium of entire girder sections during lifting, a
particularly important consideration with
sections that are horizontally curved.

Local plate stability will, most likely, be
worth investigating for two box girder com-
ponents—the wide, thin bottom flanges and
the narrow top flanges.

Local Stability of Bottom Flanges

The stress conditions for which the bottom
flanges are designed should first be exam-
ined for the finished structure. In its final
condition, a simple span box girder’s bottom
flange will be in tension, with buckling,
therefore, not a problem. Similarly, in contin-
uous box girders, although the bottom
flange in the negative bending regions over
interior supports is designed for compression
and will usually have been furnished with
stiffeners to prevent buckling, the bottom
flange in the positive bending regions is de-
signed for tension just as in the case of the
bottom flange of a simple span. Since stiff-
eningis not required for tension flangesin
the finished bridge, it is probable in both
such cases that the original design will not
call for stiffening in these regions. This makes
such flanges—normally thinner than com-
pression flanges—vulnerable to buckling if
they are put into compression as a result of
erection loads. For example, if a box section

is lifted at the quarter points, the weight of
the girder will cause the bottom flange to be
in compression in the vicinity of the lifting
locations. While this flange may easily sus-
tain a stress of 20 ksi, or more, when working
in tension under service loads, its critical
buckling stress as a wide unstiffened com-
pression plate may be much lower Such a
case s illustrated in Appendix B.

For this reason, designers will sometimes
provide nominal stiffeners on tension bot-
tom flanges for handling and erection, par-
ticularly in the case of large girders. When
tension flange stiffening is not provided in
the design, the contractor must be aware of
the buckling potential and be prepared to
exercise additional care when handling and
lifting. Obviously, lifting girder sections near
the ends will eliminate most of the compres-
sive stress in bottom flanges. But this cannot
be done with curved sections since these
must be lifted along their longitudinal grav-
ity axis or they may overturn. Thisis dis-
cussed at greater length on page 29.

Local Stability of Top Flanges

A different kind of instability condition exists
with top flanges: lateral torsional buckling,
i.e., the tendency of narrow compression
flanges to twist and buckle sideways. This
same condition is a well-known design con-
sideration in the compression flanges of
I-girders. For composite girders, this type of
buckling is only a serious concern until the
slab has been placed and hardened, after this
the flange is braced by the slab.



Lateral torsional flange buckling is prevented
by using crossframes or diaphragms to limit
the unbraced length of the compression
flange, and/or by limiting the magnitude of
the compressive stress. For straight girders,
the Specifications give allowable flange
compressive stresses as a function of flange
width (b) and unbraced length (L) as follows
for steels having yield strengths of 36,000

and 50,000 psi:
F, Fi
L 2
36,000 F, = 20,000-75 <€>
L 2
50,000 F, = 27000—14.4 (T))

If there are lateral forces producing lateral
bending—in addition to the vertical loads—
the total flange stress is obtained by adding
the maximum compressive stresses that can
occursimultaneously at a point. In other
words, what is being dealt with is the flange
tip stress. For lateral torsional buckling com-
putations, it is conservative to require that
this total stress should not exceed the values
given by the formulas above. Note, also, that
in composite girders, lateral bending stress is
caused only by loads that exist prior to and
during the wet concrete stage of
construction.

If the girder flange is curved, lateral bending
moment? will be produced which can be
taken as
Md?
M =—
Lat. Cury 20Rh
where
M = Vertical bending moment in the
girder (ft-1b)
d = diaphragm spacing along flange
(ft)

R = radius of centerline of top flange

(1

h = depth of girder, center to center
of flanges (ft)

M[dl Cun

= lateral bending moment (ft-Ib)

The lateral bending stress for curved girders
having vertical webs is calculated by ap-
plying this moment transversely to the girder
flange and computing the stress by conven-
tional methods.

For curved girders having inclined webs, ad-
ditional lateral flange bending stresses exist
due to the horizontal component of the web
shear This additional lateral bending mo-
ment is expressed as3

2
Ml at Inclined Weh = %(Vh-n - Vnghl)
where
H =horizontal projection of
web (ft)
d =diaphragm spacing along
flange (ft)

D =vertical projection of web
(ft)
L =span length, between verti-
cal supports (ft)
Vit =vertical web shear at left
end of span (Ib)
Vkige =Vertical web shear at right
end of span (Ib)
MLt inclined wet, =additional lateral bending
moment (ft-1b)

Again the lateral bending stress is calculated
by applying this moment transversely to the
girder flange.

I-girders are sometimes fitted with a tempo-
rary lateral truss at the top flange to prevent
lateral torsional buckling prior to placement
of the permanent bracing in the field. Simi-
larly, box girders with internal bracing in-
stalled in the shop acquire the advantage of
having the top flanges automatically braced
when delivered.

Over-all Stability of Shipping Pieces

As stated previously, over-all lifting stability is
also important. For curved box girders, it is
essential that lifting locations be determined
for each curved section so that it will remain
leveland stable. This amounts to locating
the longitudinal gravity axis of the girder sec-
tion. The simplest approach is to consider
the curved box girder section an arc. The for-
mula for determining the offset distance be-
tween the center of gravity and a chord
joining the ends of an arc is easily derived or
can readily be found in handbooks (Fig. 19).
For convenience, the formula may be put in
graphical form, with the center of gravity lo-
cation plotted against arc length for varying
radii. Figure 20 is for radii from 100 to 400
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feet; Figure 21 for radii from 500 feet to 1,000
feet. A more accurate treatment of the prob-
lem is to consider the box girder section a
sector of an annulus. The center of gravity
for such a sector is given in Fig. 22. Again

the relationship may be put in graphic

form. Since the formula involves three inde-
pendentvariables (a,r and a), it is most
convenient to construct the graph in dimen-
sionless form, asin Figure 23, with the ratio
a/r plotted against the ratio X/r for varying
values of a. Obtaining the value of X/r from
the graph, itis then a simple matter to multi-
ply by rto get . It should be noted that
when the value of “a” approaches zero, X
converges to that for an arc.

Applying the sector of annulus method to
the girder section shown in Appendix B, a
value of 9.1 ft is obtained as the distance
from a line through the inside corners of the
sector to the longitudinal gravity axis. The
sector is taken as that area bounded by the
outside edges of the girder top flanges. A
more precise calculation, taking moments of
the weights of all components of the girder
section about the axis through the inside
corners of the sector and dividing by the
weight, yields a corresponding value of

9.30 ft.

A third calculation, considering this same
girder section as simply an arc, producesa
value of 9.11 ft, identical to that obtained by
treating the girder section as a sector of an
annulus. For girder sections that are fairly
long and narrow, use of the arc analysis is
probably of sufficient accuracy; for girder
sections that have larger width-to-length
ratios the sector analysis would produce re-
sults that are different from the arc analysis
and more nearly correct.

14

1604
150+
1404
Wi
£ 1301 8
'S (8]
g 120 Ny
Z 104 CENTER OF GRAVITY ‘o
ut OF ARC I 5 f
£ 1001 S S| ®
< e + I
2 904 \ ﬁ / _4X A By
z P WS 4 a0 { p3
o b ,{ T i I
» 804 < c N ~—
N f ‘@™ NN
N/ =™
704 b i 4 A L'a "
v <
60
C5in% _roos%
504 < 2 2 CENTER OF GRAVITY OF
SECTOR OF ANNULUS
404
30 v T T \
¢} 2 3 4 5
CENTER OF GRAVITY LOCATION, X (FT)
ARC CENTER OF GRAVITY,RADIUS 500’ TO 1000’
Figure 21 Figure 22
Q.8 4
CIE
[«RE S
Q2=
0,10 4
-
0.084
0.06 f——h\f X
o
.04+
CENTER OF GRAVITY OF
gue SECTOR OF ANNULUS
o T T T T T T 1
<] 0.02 004 006 0.08 0.0 0.12 o4 0.16 0.18 0.20 0.22
X
r
SECTOR CENTER OF GRAVITY
Figure 23




Construction Loads

After steelwork erection, the next stage is
that at which considerable additional load is
applied to the steelwork in the form of con-
struction loads and the weight of the deck
itself.

Types of Loads

Construction loads® include the weight of
form work and equipment, as well as wind
effects. Of particularimportance is the effect
of eccentricities in construction loading,
which produce torsion on the steelwork at a
time when the steelwork may have very little
torsional resistance. Common sources of
such loads include 1) concrete finishing ma-
chines that are often mounted on rails sup-
ported outside of the steelwork, with
resulting eccentricity, 2) the form work for
the slab cantilever overhang is frequently ec-
centrically mounted, and 3) wind loads act-
ing on any equipment of significant height
above the structure will have eccentric ef-
fects. An unsymmetrical deck placement se-
quence may also produce torsional loading.

Trouble-free construction is, most often, the
result of the contractor’s awareness of the
significance of construction loading, and his
efforts to reduce or counter the effects of
eccentricity.

Over-all Stability of Erected Steelwork on
Substructure

Ateach increment of construction loading,
the steel structure should be checked for up-
lift and over-all stability as it rests upon the
substructure. A design with adequate
strength and stability for the finished bridge
will normally be framed and detailed in such
away that over-ali stability will notbe a
problem during construction. It is simply a
matter of the contractor recognizing a situa-
tion where uplift becomes a possibility and
then taking whatever preventive measures
may be necessary.

Meeting Profile Geometry Requirements

In box-girder bridge design, the most com-
mon difficulty arises from construction loads
and their eccentricities; this results in a fail-
ure to meet geometric requirements. Earlier,
it was stated that open-section girders offer
little resistance to torsion at the construction
stage. (A more detailed definition of tor-
sional resistances is given in Part Il “BOX
GIRDER BEHAVIOR CHARACTERISTICS
AND INFLUENCE OF BRACING!') Whena
steel structure is excessively flexible, it may
deflect and twist under construction loads to
such an extent that the required profile
geometry of the bridge cannot be met. Since
girders are cambered for vertical load but not
normally for twist, the twisting deformation
from eccentric loads is perhaps the most fre-
quent cause of geometric discrepancies.
Thus a box girder that lacks proper shoring or
bracing may have its flanges at the wrong el-
evations, making it difficult orimpossible to

set forms and screed points correctly. Part V
discusses these geometric problems and
ways to avoid them.

Deck Placement Sequence

Common practice, in continuous |-girder
construction, is to cast the deck slab in posi-
tive bending regions first, and then in nega-
tive bending regions to minimize cracks at
the top of the slab (Fig. 24). The sameratio-
nale applies to box girders. A second consid-
eration is to keep the concrete placement as
symmetrical as possible both longitudinally
and laterally, but particularly laterally. This
minimizes unbalanced or eccentric loading,
and avoids differential deflection of various
parts of the structure. Furthermore, if there is
any possibility of uplift at the end bearings, it
may be an added advantage to cast contin-
uous units first in the positive bending re-
gionsin the end spans.
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PARTII

BOX GIRDER
BEHAVIOR
CHARACTERISTICS
AND INFLUENCE
OF BRACING

The structural mechanics of box girders is
dealt with in this section. Understanding
these characteristics should help make cer-
tain that appropriate design and construc-
tion measures are taken.

Box girders may undergo several ditferent
types of deformation or distortion during
construction. One may think of the resist-
ance of the girder to these deformations as
forms of “stiffness!’

Cross-Sectional
Stiffness—
Distortion of
Box Section

One form of stiffness is cross-sectional stiff-
ness or the ability of the girder to maintainiits
cross-sectional shape. A distorted cross sec-
tion (Fig. 25) arises primarily from torsion

DISTORTED CROSS SECTION

produced by eccentric loading, equivalent
to a couple acting on the girder about its lon-
gitudinal axis. The distortion is a local phe-
nomenon most pronounced at the point of
application of the eccentric load and dimin-
ishing with distance away from the load ap-
plication point. Similar distortion may also
be present in horizontally-curved girders as a
result of the eccentric center of gravity of the
girder

6

Preventing Distortion with Internal
Crossframes

During construction, cross-sectional dis-
tortion may cause discrepancies in the pro-
file geometry of the girder flanges. Such
distortion can be controlled by the use of in
ternal diaphragms or crossframes (Fig. 26).

The Specifications require that all steel box
girder designs must provide internal dia-
phragms, at least at the support locations.
Forordinary straight box girder bridges de-
signed in accordance with the Specifica-
tions, intermediate crossframes or
diaphragms, that may be needed for con-
struction, will not normally be required in
the finished structure, and may be installed
as temporary members, or if desired, internal
crossframes may be left as permanent mem-
bers with no adverse structural effect on the
girders other than a slight weight addition. In
any event, the details connecting the cross-
frames to the girder can have a significant ef-

fect on fatigue strength and should therefore
be reviewed by the engineer.

In practical design, the location and spacing
of crossframes for straight girders is a matter
of judgment. In addition to the internal
diaphragms over the supports, designs for
straight bridges often call for crossframes at
the middle of simple spans, or at the max-
imum positive moment sections and adja-
cent to field splices of continuous spans.
Proportioning the bracing members is usu-
ally done on the basis of L/ror minimum
material requirements. The maximum per-
missible L/r is 140 for secondary compres-
sion members and 240 for secondary tension
members. If angles are used, the Specifica-
tions require asize of at least 3 inchesx 2,
inches, and the width of outstanding legs
must not be more than 16 times the thick-
ness of the angle. At least two fasteners or
corresponding welds must be used for the
end connections.

Figure 26



Curved bridges differ from straight bridges in
that internal crossframes are required to pro-
vide necessary support for the curved top
flanges. This is in addition to the cross frames
functioning as distortion control. For this
reason crossframes are generally spaced at
regularintervals in curved bridges, and are
retained as permanent members.

For curved girders, then, crossframe spacing
may be influenced by the lateral support re-
quirements of the curved top flange? Simi-
larly, the force delivered from the curved
flange to the crossframe may also govern the
crossframe member sizes. Otherwise these
sizes may be dictated by the minimum L/r of
120 for main compression members and 200
for main tension members, and the limiting
angle leg width of 12 times the thickness.

Several analytical methods"™ are available to
calculate the out-of-plane stress due to
cross-sectional distortion as a function of
diaphragm spacing and diaphragm member
size. These methods have been used inin-
verted form to calculate diaphragm spacing
and member size necessary to hold trans-

verse distortion stresses to a specified value.
Recent research?* has developed particularly
simple formulas for crossframe spacing and
required area of crossframe diagonal as
follows:

R 1/2
1 =5< ——
Crossframe spacing S_L<20()L—7500>

where S = required diaphragm spacing (ft)
L = span length between supports
(f)
R = center line girder radius (ft)
Area of crossframe diagonal =
0.02 Lb cosé
v - &
where A = area of crossframe diagonal
(inch?)
L = span length (inches)
d = depth of box (inches)
b = width of box bottom flange
(inches)
6 = angle of diagonal with respect to
horizontal (degrees)

Some typical crossframe arrangements are
shownin Figure 27.

CROSSFRAME ARRANGEMENTS

Figure 27




Torsional Stiffness—
Rotation of
Box Section

Another very important type of stiffness in
box girder construction is torsional stiffness.
Torepeat what has been stated earlier: tor-
sion may often be present in straight girders
during construction because of eccentric
loads, and is always present in horizontally
curved girder spans. The effect of torsional
load is twisting deformation (Fig.28), i.e.,an-
gular movement about the longitudinal axis.

TWISTED CROSS SECTION

Figure 28

The magnitude of twist is directly propor-
tional to the torsional load and inversely pro-
portional to the torsional stiffness.

Itis helpful when discussing torsional stiff-
ness, to consider elementary (St. Venant) tor-
sional theory with regard to open and closed
sections. The approximate torsional stiffness
of an open section made up of plate ele-
ments whose widths are great compared to
their thickness is given by

K:}th‘

whereb and t are the width and thickness,
respectively, of the individual plate ele-
ments. The approximate torsional stiffness of
aclosed section made up of plate elements
isgiven by

_AA?

T Xb/t
where A isthe area enclosed within the
section and b and t are again the width and
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thickness, respectively, of the individual
plate elements.

Asan example, these formulas are applied to
the sections in Figure 29a and Figure 29b.
The section in Figure 29a is open by virtue of
a slot; Figure 29b is exactly the same as Figure
29a, except there is no slot so the section is
closed.
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Figure 29
Open Section (a)

K= %Ebt’ = %[(20)(0.4)% (50)(0.5)3 +
(20)(0.3) + (50)(0.2)*] = 2.82 in*

Closed Section (b)
_ AN aQ0x500
Sht” 20 50 30 50 8571in:
0470503702
Ratio
Closed Section Stiff 8571
ose ectton Stiftness _ - 3039

Open Section Stiffness ~ 2.82

Taking the ratio of the two St. Venant stiff-
nesses, we see that the closed section is over
3,000 times as torsionally stiff as the open
section,



Preventing Rotation with Top Lateral Bracing
Inits final condition, the cross section of a
composite steel-concrete box girder is
closed by the deck slab. But, prior to place-
ment of the slab, the girder is an open box
section and therefore very flexible torsion-
ally. An effective way to increase torsional
stiffness before the deck forms and concrete
are placed is by means of a horizontal lateral
bracing system, either full-length or partial-
length, placed near the plane of the top
flanges. As mentioned earlier, this type of
section is sometimes referred to as a “quasi-
closed” section. Tests have shown that a
properly designed bracing system, although
not as effective as a solid plate of the same
order of thickness as the webs and bottom
flange, provides a torsional stiffness excep-
tionally greater than that of the open section.

Torsional characteristics of girders with truss-
like lateral bracing may be calculated by
transforming the bracing into an equivalent
plate. Formulas * are available for computing
equivalent plate thicknesses for various sizes
and types of lateral bracing. Having an
equivalent plate thickness permits the eval-
uation of torsional stiffness by the St. Venant
formula for closed sections as previously de-
scribed. It also enables the determination of
torsional shear flow across the top of the box
atany section by the following formula:

T

T2A

where T = applied girder torque (inch-Ib)
A =enclosed area (inch?)

shear flow (Ib/inch)

Multiplying this shear flow by the width of
the box, bin inches, gives a transverse shear
force which may be used to evaluate the
forcein the bracing. Some designers take T
asthe maximum torque in any lateral brac-
ing panel, and calculate the maximum trans-
verse shear in the panel by

_Tb

T 2A

The lateral bracing member is then propor-
tioned to carry this shear much as a diagonal
in a truss bridge is designed to carry the verti-
cal shear, satisfying stress and L/r limitations.
Other solutions'" have been developed
which compute a panel shear in the same
manner as above, but lreat the lateral brac-
ing pane! as a rigid frame made up of the lat-

eral bracing diagonal, the girder flanges, and

S

S

S

the transverse struts; the forces in this frame
are calculated by any of the commonly used
methods of frame analysis.

Recent research? suggests the following for-
mula for the required cross-sectional area of
a lateral bracing diagonal member:

A, = 0.03b
where
Ay, = required area (inch?)

b = bottom flange width (inches)
Properly designed curved box girders should
include the lateral bracing and internal
diaphragms as part of the design. Experience
has shown that, for construction, it is also ad-
visable to use a full-length top lateral bracing
system, either temporary or permanent, in
straight box girders having a span length
greater than 150 ft. As previously discussed,
closing the box at the top with a horizontal
truss is an effective means of attaininga tor-
sionally stiff section prior to placing the slab.
An alternate concept, utilizing corrugated
stay-in-place forms to function as lateral
bracing, is currently being studied by re-
searchers. The principle is the same, and
more is said about it on pages 20 and 22.

Truss-type lateral bracing is most often con-
nected to the webs of the box girder at a
small distance below the top flanges to
avoid interference with deck forming. The
connection often consists of gusset plates
welded to the web on each side of the trans-
verse web stiffener (Fig. 30a).

BOLTED LATERAL BRACING CONNECTION
(FATIGUE CATEGORY B )

Figure 31

For regions where stresses in the box girder
will vary in magnitude or even reverse, fa-
tigue becomes an important consideration.
The connections shown in Figure 30 qualify
as AASHTO fatigue “Category E” details. This
fatigue category is subject to a very restric-
tive stress-range limitation and such con-
nections should only be used where the
stress-range limitation will not affect the de-
sign of the main elements of the girder

A more favorable bolted connection, shown
inFigure 31, is often used in lieu of the
welded connection, especially in regions
where the top flange is in tension. This
bolted connection would qualify as an
AASHTO fatigue “Category B” detail.

WELDED LATERAL BRACING CONNECTIONS
(AASHTO FATIGUE CATEGORY E)

a -
4
TRANSVERSE WEB STIFFENER
AND CHOSSFRAME COMMECTION
PLATE
Figure 30

Forlarger lateral bracing members a single
gussetplaie is somelimes vsed, sotted loac-

commaodate the transverse web stiffener
(Fig. 30b).
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The lateral system itself may be a tension-
compression Warren or K system, or an X-
lype pure tension system with light rods or
straps (Fig. 32).

AVAVA

WARREN SYSTEM

XDXAIXIX

X-SYSTEM

[
>//

K-SYSTEM

PERMANENT BRACING SYSTEMS

Figure 32

Preventing Rotation with Stay-in-Place
Forms

In discussing the concept of stay-in-place
forms for closing the box section, it should
be noted that stay-in-place metal forms have
gained widespread use as an alternate to
conventional wood forming for the deck
area within box girders (Fig. 33).

Figure 33

Used simply as forming, these corrugated
panels act as beams spanning between the
box girder flanges to support the wet, deck
concrete. The panels are normaily supported
by seat angles (Fig. 34). Self-tapping screws
connect the panels to the seat angles or, for
more positive attachment, puddle welds
may be used.
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Stay-in-place forms offer the advantage of
speedy installation and freedom from strip-
ping. Since this concept has proven eco-
nomical, and since the corrugated panels do
physically ciose the box girder at the top,
such panels may serve as a substitute for top

lateral bracing, subject to proper in-
vestigation and approval by the Engineer In
addition, the panels can be installed in the
shop and thus be available to stiffen the
girder during handling and shipping, as well
asduring erection.
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Figure 34




When this forming functions as a girder clo-
sure element, it is subjected to shear under
torsional loading; therefore, two factors
must be considered in determining the feasi-
bility of such an application: 1) the strength
of the corrugated panel in shear, and 2) the
strength of the connection of the corrugated
panelsto the girder flange and to one
another

A 1973 research project'! at the University of
Maryland developed formulas for calcu-
lating an equivalent flat plate thickness for
corrugated panels. These were based on the
elastic deformation characteristics of the
sheet plus the effect of fastener slippage at
the seam and at girder connection locations.
Preliminary results of tests verify the validity
of the formulas and indicate that such stay-
in-place forms do have adequate shear
strength for use as lateral bracing under the
proper conditions. A design procedure is
presented by which the panels are selected
from manufacturers’ catalogs solely on the
basis of flexural strength for a particular load
and span, then transformed to an equivalent
plate, permitting torsional characteristics to
be calculated.

Preventing Rotation with External
Diaphragms

When closure of the box at the top is unde-
sirable, torsional resistance in multiple girder
systems can be furnished by temporary
diaphragms or crossframes between the
girders. (Obviously such external diaphragms
may have to be backed up by internal
diaphragms at the same locations.) If the
diaphragm material is sufficient, the girders
will be effectively prevented from twisting at
these locations (Figs. 35 and 36).

Preventing Rotation with Shoring

When site conditions are suitable, shoring
may offer a third alternative for controlling
excessive torsional flexibility of the girders
during construction. Figure 37 shows a very
simple jackpost shoring used during con-
struction of the Omaha Viaduct in Omaha,
Nebraska. It should be noted that this bridge
was built prior to adoption of the box girder
specifications by AASHTO. Moreover, since
this structure had diaphragms between gird-
ers, as well as lateral bracing within the gird-
ers, the shoring in this case actually served
only to support the steel girder section until
the diaphrgams were connected.

Care should be exercised in locating the
bearing points for shoring. Concentrated re-
actions will exist at these points and there
must be adequate back-up to distribute
these reactions into the material of the girder
Hence, shoring will, ordinarily, be placed di-

rectly under webs, web stiffeners, or solid
diaphragms.

Because long shoring pieces are uneconom-
ical, shoring is a viable alternative to tempo-
rary lateral bracing and diaphragms mainly in
low clearance structures.

Figure 35

(8)

OPEN WEB EXTERNAL DIAPHRAGMS

Figure 36

Figure 37
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Flexural Stiffness—
Differential
Deflection
Between Boxes

A third type of stiffness is flexural stiffness.
This may be important during deck casting
operations in wide structures that have mul-
tiple girders. If multiple casts must be made
with longitudinal construction joints, the
girders supporting the earlier pour may de-
flect below the level of the adjacent un-
loaded girders (Fig. 38). This makes it
difficult to form and key-in the construction
joint for the succeeding cast.

Strangely enough guarding against this differ-
ential deflection may be more important for

the construction of box girders than in I-girder

construction, since for stringer-type 1-girders,
the Specifications require diaphragms at 25
foot intervals and the diaphragms prevent
differential deflection. The Specifications do
not require diaphragms between box girders.

Inthe absence of diaphragms, the magni-
tude of differential deflection depends on
the non-composite stiffness of the individual
girders. Since there is no way that this stiff-
ness can be increased—short of redesigning
the girders—the remedy for excessive differ-
ential deflection finally becomes a question
of whether to introduce temporary external
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diaphragms between box girders, or to use
temporary shoring.

Preventing Differential Deflection with
External Diaphragms

Connecting diaphragms between the girders
creates a grid system and thus tends to
equalize girder deflections. It should be rec-
ognized, however, that under transversely
eccentric construction loading such a dia-
phragm system, if left in place, could change
the deflection pattern of the over-all structure
to an extent that would alter the elevations
of the top of steel, change the concrete
stresses, and even cause uplift at some bear-
ing. This is another reason for avoiding ec-
centric construction loads and keeping the
placement sequence as symmetrical as
possible. Since the external diaphragms are
not needed after the entire slab is cast and

functioning, external diaphragms used to
control differential deflection should be re-
moved at this time. More will be said about
temporary versus permanent diaphragms a
bit further on.

Preventing Differential Deflection with
Shoring

Temporary shoring can be very effective in
controlling deflection. Since deflections due
to uniform load are proportional to the
fourth power of the span length, even one
line of shoring at midspan can reduce the
differential deflection to 1/16 of what it
would be without the shoring. The decision
whether to use diaphragms between girders
or to use shoring, depends to a great extent
on the height of the girders above the
ground, as well as on whether ground condi-
tions will permit the landing of shoring.

l‘rLONGITUDlNAL CONSTRUCTION JOINT

DIFFERENTIAL DEFLECTION OF CROSS SECTION

Figure 38




PART Ili

TEMPORARY VS,
PERMANENT
STIFFENING
MATERIAL

Therelative values of temporary versus per-
manent bracing material must be evaluated
notonly with regard to diaphragms between
girders, but also to internal crossframes and
lateral bracing.

For straight bridges the Specifications do not
require diaphragms between box girders. It
is, of course, true that introducing perma-
nent, external diaphragms between girders
represents an unnecessarily high degree of
bridge design conservatism. Moreover, cross -
frames or diaphragms between girders may
mar the bridge’s appearance. On the other
hand, some of the problems encountered in
removing such material must be anticipated.
Forexample, by the time the deck has been
constructed and the diaphragms can be re-
moved, the steel erection contractor may
have left the job site. In this case, either the
steelwork contractor must return to remove
the diaphragms, or the task falls to the gen-
eral contractor Because diaphragms are usu-

ally under stress, disconnecting them may
present difficulties. Care must be taken to
avoid damage—to any part of the bridge—
from shock loads produced by cutting
stressed members. Particular attention
should be given to the deck itself which may
not be up to full strength at the time of these
operations.

There is yet another—obviously important—
consideration when evaluating permanent
versus temporary bracing, and that is the sal-
vage value of the material relative to the cost
of removal. From an economic standpoint,
only when the material can be re-used in
subsequent box girders on the same project
will the removal of diaphragms and bracing
be worth the effort. Nonetheless, external
diaphragms that are not part of the original
design, should always be removed because
the structural behavior of the box girders and
the load distribution may be significantly
changed if they are left in place.

23



PART IV

RESPONSIBILITIES
OF OWNER,
DESIGNER,
CONTRACTOR

As has been shown, designing a box girder
forits function as a member of the finished
bridge does not, of itself, guarantee that it
will have adequate stiffness and stability
under construction loads; some extra brac-
ing and stiffening is often required during
the construction phase. But this leads to the
inevitable question: how is responsibility
distributed—among owner, designer, and
contractor—for determining a) whether or
not such extra material is needed, b) its de-
signing and ¢) taking into account the con-
struction conditions?

The Common Law of Contractsrequires
only that the owner and designer working
together must produce a design that can be
built; the contractor is required to erect the
structure upon whose construction he has
successfully bid, regardless of any lack of
construction information on the plans.
However, a distinction should be made be-
tween legal responsibility and the more arbi-
trary form of responsibility: the ethical
position dictated simply by good profes-
sional and business practice. This latter re-
sponsibility is the issue at hand.

To gain some perspective on the whole
question of responsibility, it may be helpful
to compare European and American bridge
engineering practice. The European bridge
designer is often the builder as well, and de-
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sign-construct firms are usually staffed with
highly qualified engineers. In many cases,
owners solicit competitive designs—a prac-
tice that frequently leads to innovative
bridge designs and construction methods.
Under these circumstances, the engineer-
builder is directly involved throughout all of
the project phases, thus he is in a good posi-
tion to give every construction step as much
attention as may be required.

The situation is markedly different in the
United States. Bridges are designed either by
the owner or by a consultant to the owner
The end product in American design proce-
dure is a set of contract plans upon which a
construction contract is competitively bid by
companies that only perform construction
services. Certain parts of the work, such as
detailing, fabrication and erection, may in
turn be subcontracted by the general con-
tractor to firms specializing in those areas.

The contract documents usually establish
procedures whereby detail drawings and
construction procedures must be submitted
to the owner or his consultant for approval.
But, after the design phase, the Engineer is
involved in the project only in the somewhat
indirect way described. He is usually in the
position of reacting to proposals and devel-
opments that take place during construc-
tion. Rarely, does he take the initiative. In

America, this involvement of the engineer,
primarily in design operations is made evi-
dentin the manner that design specifica-
tions have evolved.

American design specifications deal with the
ultimate performance of the completed
structure; they do not contain provisions for
bracing during construction. For straight box
girders, the only requirement given in the
Specifications regarding secondary material
concerns the use of internal diaphragms at
the support locations. To quote the provi-
sions: “Diaphragms, crossframes, or other
means shall be provided within the box gird-
ersat each support to resist transverse rota-
tion, displacement and distortion” The
Specifications continue: “Intermediate dia-
phragms or crossframes are not required for
steel box girder bridges designed in accord-
ance with this Specification”

Because of these provisos, permanent, inter-
mediate crossframes or bracing make the
design conservative to an unnecessarily high
degree, as far as final service load capabilities
are concerned.

For curved box girders, a Tentative Specifica-
tion'? has been formulated which does re-
quire a rational analysis of intermediate cross
frame requirements within girders, but does
not require closure of the girder to create tor-



sional stiffness. Again, there is no specific
mention of construction conditions.

Thus, since the emphasis in design is on the
service behavior of the finished structure, it
is not surprising that some designs have been
made without adequate consideration of
construction conditions. The official com-
mentary ' on the Specifications for straight
girders does, however, acknowledge the spe-
cial problems that exist during construction
and offers the following guidance:

“In order to maintain the geometry of the
hox girder section during fabrication, haul-
ing, erection and placement of the deck, it
may be necessary to provide removable or
construction bracing until the deck is com-
pleted. If details of this bracing are not
shown on the contract drawings, then the
need for such bracing should be brought to
the attention of the contractor, either on the
contractdrawings or in a special provision”
The Commentary then gives an example of
such a special provision: “The individual box
girder section geometry shall be maintained
throughout all phases of construction, in-
cluding placement of the concrete deck. Itis
the contractor’s responsibility to provide the
bracing required to maintain the geometry
of the box girder section. This bracing may
be permanent or temporary at the con-
tractor’s option, but must be done without
damage to the efements of the box girder
The bracing shall provide support to the top
flanges when the box girder wehs slope, or
when the deck falsework is constructed in a
manner which causes transverse horizontal
forces in the girder flanges before and/or
during placement of the concrete deck. Per-
manentor removable bracing may be re-

quired between individual box girders to
preventrotation of an exterior box girder
caused by loading the deck cantilever”

Apparently, the need for special bracing dur-
ing construction isrecognized, despite the
fact that the Specifications deal only with
the finished girder. Thus, it is now common
practice for the designer to make some pro-
vision for the wet concrete stage of con-
struction; at this stage, the design often
includes bracing for stiffening or stabilizing
the steelwork. However in Appendix C, dis-
cussions of some early box-girder bridge
case histories reveal that designers under-
estimated the amount of bracing needed
because of a lack of box-girder construction
experience. Furthermore, the contractor
does not have the right to assume that the
designer has considered construction condi-
tions. Hence, the contractor himself must be
aware, at least in a general sense, of the likely
behaviorof a box-girder bridge during the
deck placement stage as well as the neces-
sary bracing requirements.

Inall probability, it was proper for US. prac-
tice not to extend the designer’s initial con-
siderations much beyond that of providing
bracing for the wet concrete stage, because
the contractor—as an independent entity—
needed as much freedom as possible in
erection procedures and material usage.

Itmust be assumed that a qualified con-
tractoris best equipped to know how to uti-
lize his equipment and material on a given
job. Thus, itis his responsibility to make pro-
visions for all construction loads and stresses
that result from fabrication, handling, trans-
portation and erection.
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PARTV

GUIDELINES
FORGOOD
PRACTICE

Actual experience coupled with information
derived from earlier sections of this pub-
lication (Parts | through V) can provide
some guidelines for good practice in steel
box-girder construction as follows:

1) Vertical crossframes should be located at
the lifting points of each shipping piece and
at each side of a field splice. Construction of
straight box girders of spans under 150 ft.
usually requires only one panel of horizon-
tal, lateral bracing on each side of a lifting
point. Straight box girders with spans greater
than 150 ft. may need a full-length lateral
bracing system; thisis to prevent distortions
that may be brought about by temperature
changes occurring prior to concrete slab
placement.

2} It is preferable that eccentric construction
loads be avoided, but if they cannot, a full-
length, properly proportioned internal lateral
bracing system will reduce box- girder twist-
ing to acceptable values. If the design does
not provide such a lateral system, a tempo-
rary external crossframe system between
boxes can provide the required resistance to
twisting.

3)When lifting straight box - girder pieces
with thin, unstiffened bottom flanges, lifting
points located near the ends of the piece
should be used.

4) Curved box - girder pieces may require lift-
ing points away from the ends of the piece.
When these curved box pieces have thin un-
stiffened bottom flanges, the flange stresses
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should be investigated to determine the
need for stiffening material as described in
Appendix B. If stiffeners are welded to the
flange, no attempt should be made tore-
move them after erection. In addition, the
ends of these added stiffeners should always
be finished with a coping whose radius is
greater than 6 inches, and the toe termi-
nation of the connection welds should be
ground smooth.

5) Normally, curved box- girder designs call
for a full-length lateral bracing system with
internal crossframes whose number and
spacing are a function of the degree of cur-
vature. Usually, where a system such as this is
provided, no additional bracing will be re-
quired for construction. If the original design
does not specify bracing or diaphragms,
some should be added during fabrication
and made permanent, subject to the ap-
proval of the engineer.

6) Where a steel box girder has an aspect
ratio (depth/bottom flange width) greater
than about 2.0 and the design does not spec-
ify a permanent lateral bracing system, a
temporary exterior crossframe system be-
tween boxes should be added. This will give
additional stability to the boxes and enable
them to withstand wind gusts more effec-
tively during construction.

7) When temporary bracing or crossframes
are added for construction purposes the
preferable practice is to fasten them with
bolted connections that have a minimum of
two bolts per connection.
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APPENDIX A

COMPUTER SOLUTION:

PLATE PATTERN COORDINATES
OF SLOPED WEBS

ON CURVED BOX GIRDERS

This Appendix section shows output from
the USS computer program PATC for web
plate geometry. The program is available
through USS Engineers and Consultants,
Inc.,a subsidiary of United States Steel
Corporation.

In Figure 39, the first part of the printoutis a
verification of the input data and indicates
that the program requires horizontal geo-
metric data, profile grade data, stationing
and camber ordinates. The computed results
are given in the form of a table entitled
“Plate Pattern Coordinates. For the particu-
lar section of the plate represented here, X
and Y coordinates, illustrated in Figure 40,
are printed for the upper and lower edges of
the developed plate pattern atintervals of
about 4 ft. These resultsinclude the effect of
horizontal and vertical curvature, super ele-
vation, and camber, and would enable a fab-
ricating shop to lay out the web plate for
cutting.
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PATTERN COORDINATES FOR CURVED GIRDERS WITH SLOPING PLATES

BOX GIRDER AGY

O+ CONTINUATION PIECES

HORIZONTAL CURVE PLATE EDGE RADII VERTICAL
HEIGHT
DIRECTION RADIUS UPPER LOWER OF PLATE
LEFT 643,530 6544655 6534592 44250
PROFILE GRADE DATA
PVC STATION VeCe LENGTH INITIAL GRADE FINAL GRADE
(PCT) (PCT
19524694 4604000 5.00000 =5,00000
WEB A8 ==~ PORTION 2
PLATE START STATION 2017.9370 PLATE END STATION 206445300
NOe PLATE DIVISIONS 12 SeEe TRANSe START STA. 0.,0000
SUPERELEV. RATE=START 0,0680 SesEe TRANSs END STA. 0.0000
SUPERELEVs RATE=END 0.,0680
DEAD LOAD CAMBER DIAGRAM (INCMES)
5TA«DO 1993.1840 STALD5 204246900 STA.DL0 2112.6900
0o D1 D02 03 D4 D5 D6 07 be D9 D10

0496 Ce74 Detsb 0420 0406 0.00 Ce25% Os74 1.31 1.70 l.82

PLATE PATTERN COORDINATES(FEET} SUPER=  Y=NO CAMBER
UPPER EDGE LOWER EDGE CAMBER ELEV. UPPER EDGE
POINT  STATION X ¥ x Y (INS) RATE LINCHES)
0 2017.937 00000 =040000  0s0480 443783 043299 00680 -0400
1 2021.819 3,9521 =040311 309918 443473 042280 040680 =0449
2 20254702 709042  =040572 749357 443213 0el545 040680 -0489
3 2029.585 11,8562 040767 11,8795  #,3020 040917 040680 -1.20
4 2033468 15,8082 =0.0895 158233  4.2892 040372 040680 ~1443
5 20374350 1947602 =0+0980 19.7670  4.2838 040215 040640 ~1456
6 2061.233  23.7121  =0.0991  23.71C7 442797 040058  0.0680 -1460
7 2065s116 2746661  =0eC971 2746564 442817 040633 040680 -1.56
8 20484999  31.6160 =0.0903 315981 4.2885  Dl.1126 040680 ~1443
9 20524881  35.567€ =0.0761 35,5417  4.3028  Ce1819 040680 -1.20
10 2056e784 39,5195 =0eC545 3944851 4e3262 02526 040680 ~0489
11 20460647 43,6712 =0.2312 4344286 4e3479 03885 C«0680 =0s49
12 20544530 47,6228 =043 007 ©742720 ws3787 0e5263 0e«0680 =0+00
JPPER EDGE CHORD = NO CAMBER 4746219
Figure 39
Y
VIEW
[“‘C
,UPPER EDGE PATTERN »x DEVELOPEDWEB DEVELOPED WEB
B A
- ~
- . c
DEVELOPED WER # B , wes £ 8 N
i » ./ 4
/ WEB ¢ A \
_ LOWER EDGE PATTERN / \
= et | 1
— . JEVELOPED WEE g
X { X Lower €06E
R UPPER EDGE
L s | UPPEREDGE PATTERN UPPER EDGE ER EDG
* COMPUTER PRINTOUT
SHOWN FORWEB R A SECTION C-C

DEVELOPED WEB PLATE PATTERN COORDINATES

Figure 40




APPENDIX B

llustrative Example:
Investigation Of Bottom Flange
For Local Buckling

During Lifting Operations

Here, the example illustrates stability consid-
erations for unstiffened bottom flanges dur-
ing lifting operations.

The girder section shown in Figure 41, is
taken from an actual design, and represents
one of the shipping pieces of a three-span
continuous unit. In the finished structure,
this peice will resist positive bending mo-
ment, with the bottom flange in tension. It
has an approximate over-all length of 142 ft,

weighs 99 tons, and is assumed to be lifted at
the quarter points. Although the section
happens to have a slight horizontal curva-
ture, and a variation in width and depth,
these factors do not affect the example.

Stresses will be checked at the right quarter
point where the girder is lifted, and at the
flange transition 21 ft from the right end of
the girder Itis therefore necessary to calcu-
late the moments at these locations.

l——l497' OUT TO OUT (AVERAGE)

H
N
/|
AN
/
AN
/
AN
]

‘ ‘\Q_ WEB RADIUS=1000.50 T
93.0 210t

139-51/8"
PLAN
TOP " " " " " »
FCZANGES ——11/2x24 I 28x24 n .|/z.zo—-<
_ — — - 4
: - >
3] L____f__Sﬁw_Eﬂs_\:___________._____T.]_?_
BOTTOM . . 1 . l
FLANGES !‘ va —IL ' 1 1”2 y
ELEVATION
BOX GIRDER SECTION
Figure 41

29



Total weight of girder = 198000#% —198.0 kips
Avg. out-to-out width of box = 14.97'
Avg. length of box

1497 -2.00
= [IOO().S()+ ( 2 _]

2
98.00
Wt. per foot = m 1.411 kips/ft.
140.33
1401 (T
Mom. @@ 1/4Pt. = 5 = 868 ¥

Mom. (@ Sect. Transition

Lo 14033\ ]* _
:E("4”)[2"0<—139.43>]

The moment diagram is shown in Figure 42.

Since the member varies in depth and width,

139.4
e 5(;l~ 140.33

the depth and width at the sections in ques-
tion are calculated.

Width of Box (¢-c webs) @ 1/4 Pt.
= 14781+ 1/4(163.50— 14781)

Girder Depth @ 1/4 Pt.
= 54+ 1/4(84—54) = 61.50”
Width of Box (@ Transition

=151.73"

1.00
= 14781+ 2; 43(163.50—’147.8’1) = 150.17"
Girder Depth @ Transition
=54+ 2100 84—-54 58.52"
13943 )=

Section properties and stresses can then be
calculated. The girder sections at the quarter
point and section transition point are shown
in Figure 43.

L/a >

.

MOMENT DIAGRAM DUE TO LIFTING

Figure 42

———2 VB 24"FLANGES —
1 —_— L

/8" WEBS
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| FLANGE —

AT QUARTER POINT

-——sl.so"—~l

GIRDER SECTIONS

1 W2 24" FLANGES ——

I —=

= - 578" WERS - -

172" FLANGE —

L‘lson‘——-

AT SECTION TRANSITION

Figure 43
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Section Properties and Stresses at Quarter Point

Material A d Ad Ad? l, !

Z:f!?ngei 138.00 31.69 4,373 138,587 - 138,587

27" x 24

2-webs .

5,7 X 60.5" 75.63 - - - 23,067 23,067

1-flange Y- ) ,

1% 152.35" 152.35 —30.75 —4684 144,056 144,056
365.98 inches? —311inches? 305,710

—311 .
= i—o.ss,m X 085 = _—264
365.98 305,446 inches*

o of weet = 31.25—0.85 = 30.40inches

305,446 .
SBUI ot steel — T‘K) = |0,048 Inches’
. 868 X 12 .
b= IO—(>)<48 = 1.04 ksi (calculated stress)
b 151.11 13,000 13,000
—=——=111ll>— = —— =701
t 1 VE /36000

Allowable stress must be calculated from the following formula given in AASHTO, Article
1.7.49(D)(2):

t 2 1 2
F, = 57.6 (E) X10* = 576 (m) X 10° = 2.52ksi (allowable)

Since the allowable stress (2.52 ksi) is greater than the calculated stress (1.04 ksi), no stiffeners
are required.

Section Properties and Stresses at Section Transition

Material A d Ad Ad? l, |

2-flange

[ 8 ,S, 72.00 29.76 2,143 63,767 - 63,767

) x24

2-webs . aam

5,7 X 58.02 ” 7253 - — - 20,345 20,345

I-flange e - .

L 150.79” 75.39 —29.26 —2.206 64,545 - 64,545

219.92 inches? —63inches? 148,657 inches?
63X 029= —18
148,639 inches?
—63
= ——=0.29inch
d. 71992 29inches
oot ofweel = 29.51—0.29 = 29.22 inches
148.639 .
SBnl ol steel = 29 27 = S;OB7 lnCheS}
315X 12 .
fi, = S8 - 0.74 ksi (calculated stress)
—tt—) = % = 299.08> 13,300 =701.".

Allowable stress is calculated from the following formula

1Y 05 Y
F, =576 — 103 = 57. P = 0.65 ksi (allowable
) (b) X 6(149.54) X10° = 0.65 ksi (altowable)

At the quarter point, the calculated stress of
1.04 ksi is less than the 2.52 ksi basic allow-
able stress for design. At the flange transi-
tion, however, the calculated stress of 0.74 ksi
exceeds the 0.65 ksi allowable design stress.
Although this is a 14-percent overstress,
there is little possibility that buckling would
actually occur because of the safety factor
which the allowable stress equation in-
cludes; often, as much as a 33-percent over-
stress is allowed for temporary construction
stresses. The designers of this bridge also in-
vestigated the stresses at the left transition
point and added nominal longitudinal stiff-
eners on the bottom flange; no buckling oc-
curred during construction. The main thing
to be learned from this example is that a pri-
mary unstiffened-tension flange can be put
into a critical, compression-buckling condi-
tion during construction.
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APPENDIX C

Case Histories

Many steel/concrete composite box girder
projects have been successfully and eco-
nomically constructed in recent years.
Bridges, wherein the designer provided
ample bracing (either temporary or perma-
nent) for the erection and wet-concrete
stages, were constructed with few, if any, un-
usual construction problems. Figures 4.4
through 74 are photographs of the fabri-
cation, transportation, and erection of some
of these noteworthy projects at Vail Pass,
Colorado; Omaha, Nebraska; Baton Rouge,
Louisiana and Pittsburgh, Pennsylvania.
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Figure 44 Vail Pass Colorado Bridges: crossframes and lateral brac-
ing arrangement.

Figure45 Vail Pass Colorado Bridges: bottom flange preparation.

Figured6 Vail Pass Colorado Bridges: bottom flange stiffeners.
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Figure 47 Vail Pass Colorado Bridges: web to top tlange
fabrication.

Figure49 Vail Pass Colorado Bridges: end diaphragm fabrication. Figure52  Vail Pass Colorado Bridges: erection of shipping piece.
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Figure 56  Vail Pass Colorado Bridges: field splice and flange
transition.

AV, ey - gy
steelwork. Figure 58  Vail Pass Colorado Bridges: erection,
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Figure 59  Vail Pass Colorado Bridges: formwork tor concrete deck Figure 62 Omaha Nebraska Viaduct: erection of curved-box
slab. sections.

Figure 60 Omaha Nebraska Viaduct: shop assembly showing Figure 63 Louisiana Airline Highway Interchange: aerial view of
crosstrame lateral bracing arrangement. erected steelwork.

Figure 61 (Omaha Nebraska Viaduct: erection of curved-box Figure 64 Louisiana Airline Highway Interchange: erected
section steelwork.
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Figure 65 Louisiana Airline Highway Interchange: erected Figure 68
structures.

Louisiana Airline Highway Interchange: finished

curved-box girders.

Fa

Louisiana Airline Highway Interchange: finished

Figure 66 Louisiana Airline Highway Interchange: erected sec- Figure 69
structures.

tions of curved-box girders.

figure 67 Louisiana Airline Highway Interchange: erected sec- Figure 70  Pittsburgh’s Fort Dugquesne Bridges: stay-in-pldace forriis
tions of straight-box girders. two-cell boxes. K
}(i




Figure71 Pittsburgh’s Fort Duquesne Bridges: finished structures. Figure74 Pittsburgh’s Fort Duquesne Bridges: finished structures.

Figure 72 Pittsburgh’s Fort Duquesne Bridges: erection of box-
girder span to bents.

Figure 73  Pittsburgh’s Fort Duquesne Bridges: erection of curved-
box sections.
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However a great deal more can be learned
from studying cases where difficulties were
encountered, and the following illustrate
some unusual experiences. Discussion cen-
ters on 1) what caused these difficulties to
occur, 2) what was done to correct them, and
3) how they might have been avoided.
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Clearwater Bridge

The Clearwater Bridge was the first steel/
concrete composite box girder bridge in
Florida. It is a 206-3” simple-span bridge car-
rying U.S. Route 19 over State Route 60 in
Pinellas County (Fig. 75). The bridge is ori-
entedin a nearly due north-south direction,
Each girder was erected in three pieces, with
two welded field splices (Figs. 76, 77 and 78).
The girder sections were supported on false-
work bents located at each field splice.

The design included internal crossframes on
23'-3" to 26"-0” centers; there were no exter-
nal diaphragms between girders. No lateral
bracing, temporary or permanent, was used
near the plane of the top flanges.

After the field splices were completed, the
falsework was removed, and forming prepa-
rations were begun for the first placing of the
concrete deck—a cast of 41°-8” in length cen-
tered at mid-span. At the time of the removal
of the falsework, all girders were observed to
be straight and both top flanges of each box
were at approximately the same elevation
(Fig.79).

Very soon thereafter, it was noted that some
of the girders were curving horizontally out-
ward from the bridge center line, and twist-
ing, thereby causing differential elevations
between the top flanges of each box. This
movement was so great that formwork for
the concrete deck could not be properly
constructed (Figs. 80 and 81).

¢ BRG § FIELD SPLICE

481 1/2—t—————— |0 ——

?Flew SPLICE ¢ BRG

4| 12—

I 11 ]

NS Ry T W

FLAN

206-3" SIMPLE SPAN

ELEVATION

CROSS SECTION

CLEARWATER BRIDGE

Figure 75
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Figure76 Early Erection Stage. Figure79 Erected Girders Prior 1o Distortion.

Figure77 Further Erection, Figure80 Bowing of Girder

——__

Figure78  Erection Completed.

Figure81 Twist of Girder
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Clearwater Bridge (continued)

Work was suspended for the next few days,
to allow time to determine the cause and de-
vise necessary corrective measures. During
this period, the bowing and twisting of some
of the boxes increased each day until the
falsework was once again installed to stop
the movement. Flange elevation differentials
asmuch as Tl inches were reached.

The cause of the initial box movement was
determined to have been initiated by differ-
ential thermal expansion of the girder webs,
with further propagation occurring from the
resulting eccentricity of the girder weight.
Due to the north-south alignment of the
bridge, the outside webs of the exterior
boxes were exposed to long periods of full
sun, the most easterly box receiving its expo-
sure during the morning hours and the most
westerly box during the afternoon. This ex-
posure, coupled with the fact that the in-
sides of the girders had been painted white
forinspection purposes, while the outsides
were covered with a typically darker shade
of shop paint, resulted in maximum temper-
ature differentials between the webs of the
exterior box girders.

Similarly, but to a lesser degree, the outside
webs of the first interior boxes also had more
sun exposure than their inside webs due to
cross-slope elevation differential and shield-
ing from the sun by adjacent girders. The box
located on the bridge center crown-line had
the same amount of sun exposure on both
webs and had very little movement.

The exterior boxes twisted outward with the
exterior top flange downward and the inte-
rior top flange upward; the first interior
boxes moved in a manner similar to that of
the exterior boxes but with the magnitude of
the movement only about half of the exte-
rior box movement. Inasmuch as no system
of lateral bracing was provided near the
plane of the top flanges, the girders behaved
as open sections with low torsional rigidity
and with the center of torsional rotation
below the bottom flange.

The remedial measures taken involved mov-
ing the top flanges back to the correct posi-
tion and holding the boxes in this position
until the center 41’-8” slab placement was
completed. Taking advantage of symmetry
of the movement, boxes on the opposite
side of the center line were used to “pull”
each other back into position. This was ac-
complished by connecting cables to the top
flanges of the boxes at two crossframe points
located approximately 26 ft from each side
of the bridge center line. Hydraulic jacks at
the falsework bents were used to move the
box girders. Then the cables were tightened.
By alternating these operations, removing
the cable slack after each jacking operation,
the boxes were correctly aligned with only a
small cable force applied. Also, during this
time, the exterior webs were shaded from
the sun and a water sprinkler system lowered
the steel temperature and minimized tem-
perature differential. When the box girders
reached the correct position, two contin-

uous 24 WF beam diaphragms were at-
tached to the top flange of each box girder
adjacent to the cable pull points. Then the
falsework jacks were removed and the boxes
were held in the correct position by the
cables and WF diaphragms. The first section
of the deck slab was then placed and, aftera
period of curing time for the concrete, the
cables and WF diaphragms were removed.
No further problems with girder twisting
occurred.

In conclusion, this example servesto illus-
trate the extreme torsional flexibility of a
long span girder of open section. It shows
that internal crossframes alone are not effec-
tive in preventing box girder twist, and that a
lateral bracing system is probably a desirable
feature in box girder bridges of thisiength. It
also shows the importance of considering
thermal effects in a structure of this size. That
these thermal effects were not reversible but,
to the contrary, cumulative, was apparently
due to one or more forms of inelastic behav-
ior such as slippage at the bearings, buckling
oryielding.

Because thermal distortion is always a po-
tential problem in the construction of any
major structure, care should be taken to
eliminate situations that could create differ-
ential temperature conditions.



Stoneschool Road Bridge

The Stoneschool Road Bridge was one of the
first steel/concrete composite box-girder
bridges constructed in Wisconsin. Located in
Walworth County, it carries Stoneschool
Road over State Highway 15. It is a two-span
continuous bridge, skewed approximately
44° The design incorporates temporary, re-
movable internal crossframes on 19’-0" to
24'-( centers, without external diaphragms
between girders. The girders are unusually
deep and narrow (Figs. 82,83 and 84).

One of the first problems encountered in-
volved the internal crossframes. These had
been added by contract change order, and
were attached to the girder merely by a
single bolt at each contact point; this al-
lowed excessive rotation (later corrected by
field welding the connections). Further-
more, despite the fact that the cross frames
had single diagonals, these members were
designed only for tension. They bent badly
when they were put in compression by han-
dling and wind loads during the early con-
struction stages.

The first girder was erected February 25 and
26,1971. Field splices were made, but the
bearing assemblies were not bolted down.
On February 27, a period of high winds, the
girder and rocker assembly slid 1%, inches
out of alignment, despite the fact that two
cranes had been left attached to the girders
for stabilization. This girder had to be reset
and the remaining girders were then placed
in position.

The deck forming was nearing completion
when high winds once again blew the gird-
ersout of alignment, leaving them in the
wrong positions, both vertically and hori-
zontally, producing serious discrepancies in
the deck forming geometry. At this point, it
was decided to attempt to realign the girders
and install bracing between them.

Efforts to align the girders by lifting and puli-
ing horizontally with cranes were initially
unsuccessful because of the restraining ef-
fect of the deck forming. Eventually, how-
ever, the girders of the north span were
pulled into position and the bracing be-

tween girders was welded into place in that
span. But the south span remained out of
alignment and it was necessary to remove
the formwork from that span to correct the
alignment. The forming for the overhang
was left intact while this was being accom-
plished, and the resulting eccentric load
caused an overturning tendency on the out-
side girder; this had to be keptin check by
attaching a crane to the girder When correct
vertical and horizontal alignment were ob-
tained in the south span, the bracing was in-
stalled and the deck reformed. The entire
bridge deck was then placed. Bracing be-
tween girders was removed after the deck
had cured.

Difficulties continued to arise even after the
deck was placed. Longitudinal and trans-
verse cracks were noticed in the deck after
one month. Two months after the deck plac-
ing and subsequent to the removal of the
bracing between girders, high winds again
occurred, and additional longitudinal cracks
were observed in the deck along the edges
of the girder flanges.
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Stoneschool Road Bridge (continued)

Later, investigation revealed a single root
cause for the construction problems occur-
ring on this structure: the unusual propor-
tions of the box girders. While aesthetically
pleasing, deep girders with relatively narrow
hottom flanges tend to be somewhat un-
stable if bracing is not provided between
girders. Furthermore, the deep girder profile
exposes a large area to the wind producing
an overturning tendency about the bottom
of the box. Because the boxes were narrow
and lacked interconnecting bracing, the
transverse stiffness was insufficient—prior to
placement of the slab—to prevent the girders
from deflecting laterally and “walking” out
of alignment in high winds. It was even ob-
served that the absence of lateral bracing re-
sulted in a girder with so little torsional
stiffness over the long spans that the weight
of a man was sufficient to deflect a girder
flange.

The longitudinal cracking of the decks dur-

Figure 83
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ing high winds was evidently due to the con-
tinuing tendency of the girders to overturn
about their bottoms, in spite of the presence
of the slab. Most of the difficulties on this
structure could have been eliminated by the
use of permanent lateral bracing within the
box girders, and permanent diaphragms be-
tween girders—at least, at the support
locations.

Box girders with skewed ends as on this
structure are more difficult to fabricate and
erect than square-ended girders. On large
skews, deflection caused by the dead load of
the concrete, changes the geometry at the
end crossframe or diaphragm enough to
raise one corner free of its bearing when field
bolted. For this reason, some fabricators
make it a practice to detail the end cross-
frames of girders with skewed ends, so that
they will fit properly when the girder has
been placed in position and the dead load
applied.
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ILLINOIS BRIDGES

Illinois’ first steel/concrete composite box -
girder bridges had a number of erection
problems. Here, the basic difficulty was that
contractors were supporting forming for the
slab overhang, plus rails for concrete finish-
ing machines, on cantilevers off the outside
webs of the exterior boxes. Since these gird-
ers were not laterally braced they twisted far
out of geometric tolerance.

Figure 85 shows the solution that was devel-
oped by the lllinois Department of Transpor-
tation; it has now become standard practice.
Depending upon the contractor’s forming
system, additional ties between top flanges
may be required. Ties are not required at
strut locations.

In this solution, crossframes are temporarily
bolted between girders, and then removed
after placement of the deck. The crossframe
members are attached to connection angles
on the web backed up by stiffening angles
on the opposite side of the web (Fig. 85, Sec-
tion A-A). After the deck is cured, all this ma-
terial is removed except for the bolts through
the web. These are left to seal the holes. In
this way, the uncluttered appearance of the
finished structure—when viewed from
below—is not measurably affected.

This case is a graphic example of an effective
means to solve the problem of excessive
girder twisting by using diaphragms be-
tween girders rather than internal lateral
bracing.
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SECTION A-A

NOTE &

CROSSFRAMES BETWEEN BOX GIADERS SHALL BE N
FPLACE DURING PLACEMENT AND CURING OF GECK AFTER
WHICH THESE CROSSFRAMES SHALL BE REMOVED WITH
THE EXCEPTION OF 5/87 | 5. BOLTS THROUGH THE WEB.
PLACE AT PIERS,POINT OF MAX. POS|TIVE MOMENT, AND
20'EACHSIDE OF MAX. POSITIVE MOMENT. ADDITIONAL
CROSSFRAMES REQUIRED FOR SPANS OVER 160 FT.
NOTE B8

INTERIOR CROSSFRAMES SMALL BE PLACED IN THE
SHOP AND SHALL REMAIN IN PLACE TO STIFFEN THE
GIRDERS DURING ERECTION, PLACEMENT AND CURING
OF THE CONCRETE DECK,AFTER WHICH THESE CROSS-
FRAMES ALONG W|TH THE DECE FORMS SHALL BE AE-

MOVED
20'FT. MAX. SPACING

STANDARD ILLINOIS EXTERNAL CROSSFRAMES

Figure 85
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For current technicatinformation regarding

the products of United States Steel Corpo-
ration discussed in this publication, contact

a USS Construction Services Repiresentative
through your nearest USS Sales Office, of write
to United States Steel Corporation, PO Box 86,
OO Cirart Street, Pittsburgh, Pa. 15230

41



NOTICE:

The information contained in this publication is general information for those interested in the
construction of the indicated structures. This information has been prepared in accordance with
recognized professional principles and practices; however, it should not be used or relied on for any
particular application without verification, by qualified engineers, fabricators and contractors, of its
accuracy and completeness, and of its applicability to and suitability for that application.

This publication is not intended to serve as a substitute for competent, professional engineering,
fabricator and contractor assistance.

Anyone making use of or relying on the general information contained in this publication does so at his
own risk and assumes any and all liability, including liability for negligence, for breach of express or
implied warranties (including the warranties of merchantability and fitness for a particular purpose), and
strict liability in tort. In no event shall United States Steel Corporation be liable in warranty, negligence,
strict liability, or in any other cause of action in contract or tort, for personal injury, property damage or for
incidental or consequential damages resulting from such use or reliance.

United States Steel wishes to express its thanks to the Mississippi Valley Structural
Steel Co. (St. Louis, Mo.) and The Midwest Steel & Iron Works Co. (Denver, Colo.) for
granting permission to photograph their respective facilities and operations.

USSis aregistered trade mark
ADUSS 88-7493-01
Docembirr, 1978

Printed in US A.
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