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ABSTRACT

The purpose of this paper was to determine the feasibility of
using external load carrying diaphragms for reduction in 11ve load
bending moment: produced from eccentric loading.

In the present study the most effective system for intermediate
span box girder bridges of 120 and 180 feet was found to include one
intermediate moment carrying diaphragm located at the center of the
bridge. Design bridges were compared with bridges that:-did not have
the diaphragm and a reasonable savings in material was observed for
the 180 foot span which used the diaphragm.
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CHAPTER 1
INTRODUCTION

Description of a Steel Box Girder Bridge

A box girder bridge may be constructed as simply supported,
continuous, cable stayed, or as a suspénsién bfidge.' A bé#ﬂgirdgr
brigge cross—seétion usually consists of a single‘pr a multijggll box
with a concrete deck that may be composite. |
F Tﬁe shape of the box girders uséd in a bridge vary from a
rectangular pattern to a trapezoidal shape with the webs inclinéd so
‘tﬁat th? top_flénge is the larggr of the two flénges.

The number of girdefs.used'for a bridgé vary. from one to many.
When only one girder is used the top plate of the girder ié often used
as the roadway deck,

The use of‘large thin plates fgr the construction of box girdgfs

often leads to the use of stiffeners to prevent buckling.

Description of Steel Box Girder Development

Steél box girder development is relatively new. This is
primarily due to the development of welding practice, which has aided
in the conﬁeétion of the thin plates of the girder.

The concept of box girders is fairly old. Ampng the egrl& box
girders were those propoéed by Roebling and Homergl:in 1#39, to span
the Mississippi'River. "The proposéd pfoject which consiéted.gf thrge
tubula; spané of 500 feet was not\fealizeé.‘ The firs; fubularlbridge

built was the Britannia Brid_ge1 buiif in England in 1845-1850, by
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Robert Stephenson. After this first bridge several éther bridges.were
designed by Robert Stephenson and otﬁers in the time period up to
1870.
After 1870 no box girders were built until the quogne-Deutz
Bridge1 was built in Germany over the Rhine in {948.. Since that time
there have been many box girder bridges built arouﬁd the world.

Advantages of Box Girder Bridges

The steel box girder has sevefal distinctive and prefer;ed
characteristics that make it a desirable structural member. Among
these characteristics are:

a) The potential of using larger unsupported flange widths than
the conventional I-shaped girder. This allows for a greater
span to depth ratio to be utilized, which can be an
advantage where clearance is a p%oblem.

b) The box shape hag a high torsional rigidity, which can be
utilized to’providé support for eccentric ioading and for
distribution of those loads in the transverse direction.

c) Most of the fabrication of the box girder éan be done in the
shop permitting better control and miniﬁizing the more
costly field erection.

d) The slender unc1u£tefed appearance of a box girder can be
regarded aé one of the most aesthetic shapes,-whiéh cén Be
pleasing in most rural and urban envirpﬁﬁents.A |

e) The closed shape'of the box girder reduces the effect of
corrosion which occurs on outstanding edges, and for larger

girders the interior can be utilized as a service passage.

% )
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Development of the Box Girder's Strengths

Box girders have many inherent strengths due to their

configuration. Among these strengths is a strong torsional rigidity

as well as strong bending rigidity. These stréngths'gan be combined
if the bridge gifders are éonnécféd étructufaliy in é grid pattern, so
that the girders act as a complete unit and not’as-sepafaté élements.
The purpose of this paper is to 'determine the feasibility of
using moment and torsional carrying gxternél diaphragmé on.a double
steel box girdef bridge to aid in reduéing live load bending moment in

the girders produced from eccentric loading.

=T pa—r vy




CHAPTER II

ANALYSIS

Beam Element Model

A double steel box girder bridge as shown in Figure 1 can be
easily modeled using béam elements. The bridge deck cross section in
Figure 1 shows eccentric loading resulting from a typical design truck
loading. This eccentric loading‘will cause differential deflections
(AA and AB) and rotations (0Bl, ©OB2, OAl, and ©A2) of the‘réépective
girders, as can be seen in Figu?es 2 and 3. lThe magnitude of the
loads from the deck to each girder can be found by assumipg ;imple
beam supports at the centerline of the girders. | |

The differential déflections‘ and rotations between the two
gifdefs can be used to develop a shear and couple transfer between the

‘main girders.' This shear and couple transfer is accomplished by use

of external load carrying diaphragms. A grid model of the modified

bridge showing the relative locations of the external diaphragﬁs can
be seen in Figure 4.

Two types of external diaphragms will be used in the model. The
first is type "E" which is a box section with high torsional rigidity,
and the second is type "I" a wide flange shapé wifh high bending
rigidity. Between girders A and B there is a differential rotatioﬁ
which is greatest at the ends of the girders. If the fyée "g"
external box diaphragm is rigidly‘attached to the gifders at these

locations, a torque will develop in the diaphragm as can be seen in
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Figure 1. Cross Section of Bridge Deck Showing Eccentric Loads.

Figure 2. Diagram of Elastic Curve of Girder B.

Figure 3. Diagram of Elastic Curve of Girder A.
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Figure 5. The magnitudes of the couples can be determined from the

relative rotations of the member ends as discussed by Weavérz.
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End rotations of girder A of the modified

structure,

End rotations of girder B of the modified

structure.

Shear modulus

Torsional resistance factor

Length of diaphragm

If the "I" type diaphragms are rigidly attached near the center of the

girders moments and shears will develop as can be seen in Figure 6(a).

The mechanics of Figure 6(a) can be better understood by breaking the

diagram into two respective components (Figures 6(b) and 6(c)). The

magnitudes of these shear forces and moments can be found from the

. . 2
relative deflections and rotations of the member ends .
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I = Moment of inertia
L = Length of Diaphragm
E = Modulus of Elasticity

The rotation of the box girder about the x axis will be small due
to the torsional stiffness of the' box shape. Iherefore; the
controlling component in the intermediate diaphragm shear and moment
equations is the relative z deflec;ion between the girders.

The effect' of 'the moment and sheér transfer between the two
girders gy means of the diaphrégﬁs is'iilustrated in Figﬁres 7 énd 8.

As can be seen, the effect on the more heavily loaded-girder B is to

reduce the internal moment. While on the lighter.loaded girder the -

effect is to increase the internal moment. This balancing of moments

can nearly negate the effect of eccentric loading.

120 Foot Bridge Test Model

From the general model discussed, a model of qukipg size was
designed to test the interaction of the variousibridge.éompénenté.

The 120 foot test bridge has a 32 foot wide Adéck ‘with “the
centerline to centerline spacing 6f the main box girdé;s at 18 feet.
The deck which is aésumed fo bevmade of precast concfeﬁe panels has a

strength of f'c = 4000 psi. The effective structural depth for the

composite deck is 8 inches. The magnitude of the live loads to each

girder can be found by assuming simplé beam supports fof the deck at

the centerline of each girder.

Load Factor Design. The bridge will be designed using AASHTO
(American Association of Highway and Transportation foici_als)3 load

factor design. Load factor design factors loads depending upon the

T T™T
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uncertainty of the load. Fo; example, the dead load is fairly well
known, therefore the load factor‘ applied to' this load is 'small.
However, live load is highlyLVariable'so ;he load factor éo this is
higher. For this preliminary'design work a>combination Sf only dead
plus 1live plus dimpact 1load will be reviewed.A The to;al factor
multiplied to the deadllbad will be 1.3. Thé total factor multiplied

to the live plus impact loading will be 2.2.

The live load for case of simplicity was chosen as H20-44, which .

for a 120 foot structure consists of a uniform distributed load of 640

1b/ft and a concentrated load of 18,000 lb. per lane- of traffic. Deck_

énd rail weight of the bridge was taken as 4.4 kips/ft.- Because the
box girders that will be dealt with in this papef are noﬁjgompget
sections, the maximum load for thé girders was baséd on firstlyield éf
the flanges, which was calculated by: ‘

f = MDL + MLL

Ss sC
where:
MDL = Moment due to dead weight of deck, rail, aﬁd girder~
MLL = Moment due to HS20-44 truck loading
S8 = Section modulas of steel box section
SC = Section modula; éf composite section

t

Section Properties. The section properties of the cross sections

of the main box girders can be calqulate& by the means shown:

. . 13
I = 2t.d? + W)
ST I T
d
- 2 )2
Ic ISt + vy Ast + ( + 4~y) Aeq

ASt 2(btf + dtw)
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96 in?

4p 2 g 2
C ]

>
il

eq

R = as found in Blodget (4)

Dimensions indicated can be seen in Figures 9-11. The equivalent
transformed area Aeq was found by means outlined in the AASHIC coée.
The effective flange width was determined by the smallest of ‘the
following: | |

1. One-fourth of the span length for the girder.

2. The distance center to center of girders.

3. Twelve times the least thickness of ghe slab.
Condition 3. controlled, and the effective width was found to be 96
inches. Secondly, the transformed area was found by ratio of the
modulus of elasticity of the steel versus the concrete, which was 8.
The transformed area was 96 inches square 1ocatedAa$ seen in Figure
11, | | |

Limitation on Flange Plate. As can be seen in the equations for

calculating section pfoperties,‘the width of the flange plate has a
large impact on the torsional resistance factor.‘ This f;ctor is
important for the torsional étrength.of the box secfion, so it is
important to deal with wide plates.

Assuﬁing that there will be no shoring of the bridge during con-
struction, the compression flange which is unsupported during this
time will be subject to plate buckling. The stréss that must be
carried by the unsupported compression flange results from ;hélentire

dead load. The governing criterion for design of the compression




Figure 9. Typical Cross Section of Steel Box.

Figure 10. Typical Cross-section of Steel Box with
Composite Deck.
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Figure 11. Test Model Box Section with Transformed Concrete.
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flange during dead load loading will be initial elastic buckling. The
flange width to flange thickness (b/t) ratio versus stress plot of
critical buckling can be found by using the current AASHTO formulas‘o;
by theoretical formulas4 as can be seen on Figure 12. Plots of these
formulas can be found iﬁ Figure 12. For the purposes of this design,
the AASﬁTO formulas will be used.

Analysis of Structure by Stress

Once the configuration of the bridge has been approximated, a
quick and accurate means of analysié for the structure is needed.
This need is met by STRESS 115.

Stress 11 (Structural Engineering Systems Solver) utilizes the
direct stiffness method for solving deflections, internal forces, and
external forces. The routine that was used for this bridge'st¥ucture
was the grid model. This qodel utiliées line elements for the
structural member. These line elements are an appéoximation of the
actual structure, because they neglect member and joiqt size effects.

However, for the case of this design and many others, the scope of

this program is adequate for the required analysis.

Combingd Stresses. Once the internal forces are known,
combinations of the forces can be analyzed to determine the stresses
in the structure.

The stresses in the main box girder ag discussed by Heins6 result
from bending forces and torsional forces. The bending forces cause
two main types of stress which are:

a) Bending shear stress = V/Aw




STRESS (KSI)

50
KﬂzE
12 (1-u) (b/t)2
AASHTO ;
f ¥
40 - EQUATIONS 4 for simply supported edges
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=
20 =4
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E 1 | 1 | 1 i | l l 1
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Figure 12. Graph of Equations Relating Elastic Buckling Stress to bft.. “For 50 KSI Steel.




Y S RN RN W, ——

15

b) Bending normal streéss = M/S
where:
\'

Aw

The torsional loads result in three main types of stress:

shear force

area of web

a) Torsional warping normal stress
b) Torsional warping shear stress

c) Torsional pure shear = T/(2%A*t)

where:
T = Applied tbrque
A = Area enclosed by the box section
t = Thickness of the plate

The warping normal and warping shear stresses in the case of a box
girder of this type are very émall and will be neglected. Also, the
_combination of the bending shear and torsional shear stresses will not
be of much concern because the maximum stresses in each case occur
under different loading conditions.

Parameter Variation. Certain structural components of the

members of the model bridge -affect the behavior of the étructurer
These components affect the torsional.and bending stiffnesses of the
members.

To determine the best configuration of the bridge, cgrtgin compo-
nents of the members were varied ﬁo determine the relative effects.
The components were:

1. 1/d - Ratio of span length to depth of the main girders.

2, Torsionally stiff end diaphragms.
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3. R - Torsional stiffness factor for main girder.
4, I - Moment of inertia of intermediate diaphragm.
5. Number of intermediate diaphragms.

The basis for determining the best configuration of the bridge
was the maximum internal live load plus’impact bending moment (MW} for
the heavier léaded girder auring eccentric loading. As a base of
reference the iive load plus impact loading internal moment for a
girder (MWO) without external diaphragms was used. A ratio (MW/MWO)
between these two moments then gives a good indication of thé relative
effect of the component in question.

The first parameter variation was the span to depth ratio gf the
main girders. "~ Actual girders (Figure 15) were designed using the
design guidelines previously stated. Rgsulté indicate that for the
range of girders tested, the loﬁer span to depth ratio will obtain a
lighter section as can be seen from the graph (Figure 14). However,
the costs external to that of the deck are not reflected in the cross
sectional area of the girder. These additional costg include those
associated with clearance excavation, and 'ébutments. Thus, "an
arbitrary span to depth (1/d) ratio of twenfy—five was chogen as
desirable for the test model.

The second parameter variation was the inclusion or exclusion of

the torsionally rigid end diaphragms. The girders obtained from the

previous analysis were used to obtain the effectiveness of the end
members. The results are demonstrated (Table 1) as a ratio of

(MW/MWO) for the various (L/D) ratios with and without end diaphragms,

but maintaining the middle diaphragms. As can be seen, there was no
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beneficial effect of the end diaphragms on the structure. So the
torsionally rigid end diaphragm was not included in the rest of the

parameter study.

Table 1. Effect of end diaphragms on girder moments.

. 1./D
. 7 20 25 30
Bridge with
Middle & End
MW Diaphragm 79.3" 79.9 81,2
wio * 109% 5 Tdge with ‘
Middle & without. :
End Diaphragm 79.0 79.7 81.1

The next parameter variation was of the torsional resistance
factor (R). The‘test model at this point .is of a girder with an (1/d)
ratio of twenty;five, three intermediate diabhragms, and no torsional
end diaphragms. The results of the analysis can be seen in Figure 15.
The various flange width to thickness (b/t) ratios for some of the
obtained resistance factors are also showﬁ. As can be seen, the
higher the torsional stiffness, the better the load transfer.
However, the larger the &b/t) rétio, the less the unsupported
compression flange can carry during construction. Therefore, a (b/t)
ratio of approximately sixty will be maintained on the rest of the
parameter study.

The  mnext parameter variation was the stiffness. of the
intermediate diaphragms. The stiffness component that was varied was
the moment of inertia of the diaphragm. As can be seen in Figure 16,

the larger the stiffness the better the load transfer. However, after

(I8 i |}




X 100%

MW_
MWO

100.]
95.
L b b
il b3 b -0
t E
90
85
80 =R ELE
7
T 5 L} ] I T T
20,000 40,000 60,000 80,000 100,000 120,000

\ R of Box Girder (ina)

Figure 15. Effect of Torsional Resistance Factor R on Live Load Moment.
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4

a moment of inertia of approximately 10,000 1in the effects of

continued stiffness increases are mnegligible.

Also shown on Figure 16 is the wvariation in the number of

intermediate diaphragms. One, three, and five diaphragms were

considered. The results showed ‘that the best number and spacing of

the diaphragms was one diaphragm spaced directly at the centerline of

the bridge.

Based on the results of the pérameter study, the following

general observations can be made:

1.

The torsional box end diaphragm has no relative effect whgn
ﬁsed in conjunction with the intermediate diaphragms.

Therefore, the'térsidnal box end diaphragm is not considered

useful for this type of sfructure.'

The larger the torsional stiffness factor (R), thg 1arger

the deérease in\live plus impact‘bending moment. quever,

cafe must be ‘taken so tﬁaé buckling Qf ‘the coméression_
flange does not_éccur when the b/t ratio is inéreased. A
b/t ratio of 70 will be considered as a useful maximum.

The size of the intermediate diaphragms after a moment of

inertia of 10,000 in4 is £eached'does not éffect the momeﬂt

reduction to any significant dégree.\

The number of intermediate diaphragms for best results is

one located at the center of the girders.
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CHAPTER III
PRELIMINARY DESIGN

To demonstrate the improvement in design that the use of the
intermediate diaphragm has on. the structure, two bridges of span
lengths 120 feet and 180 feet were designed. Moment envelopes for the
live plus impact loading for thése bridges were developed and compared
with the moment envelopes for the same bridges without the
intermediate diaphragms. From the moment envelope comparison, the
magnitude of ghe beneficiél effect was measured. Also, fabricgtion
and construction methods and problems were discussed.

120 Foot Bridge Design

The 120 foot bridge was designed using HS20-44 loading. The
bridge consisted of a precast concrete deck that\acté compositely for
live loading, two steel on.girders, and ome intermediatg diaphragm.

A precast deck was chosen for this structure because of the span
to form the deck between the girdérs is long, and also because aﬁother
~aspect of this type of design is to simplify field édﬁstruction.
Diagrams illustrating the precast panels can be seenﬂin Figurgs 17-19.
Variation in design of a deck of this type should be considered. For
example, post tensioning the deck after grouting the joints could
result’in a lighter deck and improve servibility. |

The 120 foot bridge designea can be seen‘in Figures 20 and 21.
Three different flange sizes were used for the bridgg to aid in

economy. Grout spacing was used to provide better continuity between
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the deck and girders. The central intermediate diaphragm required a
completely rigid connection to the main girders.

Two examples oﬁ possible intermediate diaphragm cennecfions can
be seem in Figures 22-24. Figure 22, a plaa view of the connection,
demonstrates flange'transition, which 1is particularly needed in the
tension region for fatigae reasons., Fiéures 23 and 24 show two
possible configurations for the internal'diaphragm which is neeaed to
maintain the box configuration of the girder during torsional loading.
Since the stress range for live load is not great and does not
demonstrate complete reversal on the ‘main girders, welding to the
tension flange can be used for the connection. Figure 23 has the
internal diaphragm welded on all four sides of the box. This
connection can be difficult to fabricate so an alternate connection ie
also shown. This alternate (Figure 24) uses an internal diaphragm
which is not welded to the exterior web of the girder, but does have a
stiffener for the free edge of the internal diaphragm. These
connections are of a preliminary nature and further design ie needed
for sizing.

The effect of the intermediate diaphragm can be demonstrated by
comparing moment envelopes of Fhe designed bridge with the same bridge
without the intermediate diaphragm. These moment envelopea can be
seen in Figure 25,

A sizing of a bridge that does mnot have the intermediate
diaphragm can be developed by comparing the design live loae moments
of the two bridge types from the moment envelopes; Each section of

the bridge without the diaphragm will require an increase in area of
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Transition

Figure 22. Plan View of Diaphragm Connection Showing
Flange Transition.
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Figure 23. Cross-section of Girder Showing Possible
Diaphragm Connection.
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Figure 24. Cross-section of Girder Showing Alternate
Diaphragm Connection.
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the flange size proportional to the increase in moment compared to the
original. Assuming that the live load stress is 407 of the total
stress of the section, the increase in flange sizes can be determined

as follows:

Table 2. Increased flange area required if intermediate diaphragms
are omitted.

SECTION FLANGE AREA MOMENT CHANGE NEW FLANGE AREA
1 53.8 sq. in. 7.45% 55.4 sq. in.
2 64.5 sq. in. 15.1% 68.4 sq. in.
3 - 75.3 sq. in. 24,27 82.6 sq. in.

The average flange area has increased from 64,5 sq. in. to 68.8 sq.in.
or a change of 4.3 sg.in. for the whole bridge. The flange area for
the designed bridge is 56.1%Z of the total area, therefore a total

cﬁange of 3.72 1in total area of the bridge is needed if an

‘intermediate moment carrying diaphragm is not used in the structure.

A quantity takeoff of steel for both bridge girders minus any

stiffener and miscellanecus steel yields 94,800 lbs., of steel, The
savings in quantity of steel for the girders is then‘3,500 1bs. The
weight of the intermediate diaphragm is estimated at 146 1bs/ft. over

a distance of 14 feet. The total savings in steel is then

~ approximately 1500 1lbs. or 1.5%.
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180 Foot Bridge Design

The i80 foot span with a span to depth ratio of thi;fy (Figures
26 and _27) was - de&éloped using thé same deck  as on the 120 foét
structure and HSZO;44 loading. The loading 'that was used was an
equivalent lane loading that controls for this.span length; However,
due to the shape of thg curvat;re diagram due to thevlane loadiﬁg.and
the presence of the intermediate diaphragm, the equivalent "lane
1oading}actually produced a higher moment in éhe lighter lqaded girder
(an explanation for this can be found in the Apbendix); This was
deemed not té represent the actual condition. A correctgd loading was

determined by the following procedure:

1. A truck loading was placed in each lane to determine thelmaximum
moment in the heavier loaded girder.

2. A ratio of moments between thé girders was found from the truck
loading.

3. The ratio was used to determine the amount .of moment to each beam
from the equivalent lane loading.

Lane loading was then used to-further determine the moment envelppe

for other points on the 180 foot structure (Fiéure 28).

Following the same procedurevdgne for the 120 foot structure and
assuming that factored live load stress result in 33% ;f thé.total
stress, steel savings for tﬁe main girders was 4,67, The total weight
of the girders minus miscellaneous steel iS'230,4bO 1bs. This means
that a total weight 'reduction of 10,600 ibs. fgr the maip girders was

realized., The diaphragm weight was established at 275 1bs./ft. over a
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length of 13.5 feet. The net savings in steel for this bridge was

then 6900 1bs. or 3.0Z%.

Fabrication and Construction

The reasons for aeveloﬁment of this type of bridge were not only
to demonstrate cost effectiveness of the intermediate diaphragm, but
also to demonstrate an easily fabricated and constructed bridge
alternative.

Fabrication as discussed with Barz7 of the closed shape box
girder closely resembles the procedure for that of a plate girder.
First the flanges where thickness changes occur are ~bﬁtt weldéd,
preferably in a double V groove weld to minimize warping.. The webs
cut to a preferred camber are then'welded to the flanges with minimum
sized filet welds. The interﬁediateﬂdiaphragm is fhen welded half to
each girder to iater be field bolted at its center after girders.are
placed at the abutments. Shear studs can be placed in the'shop or in
the field by the contractérr

To minimize transportation difficulties, both the 120 and 180
foot girders can be fabricated in three sections which can be field
bolted at the construction site.

The box girders that havé been aeveloped are ideally suited for
remote locations, because the prefabricated nature of‘the girders and
deck minimize the field work necessary to complete.the sﬁperstructure.

Total estimated cost of the 120 foot span as discussed with
Hanson8 can be broken into the costs in Table 3 which are for rural

area of the State of Montana.
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Table 3. Cost estimate for a 120-foot span girder.

Fabrication ~ $0.62/1b for A588 grade 50 weathering steel for

102,000 1bs. . $63,900
Construction - -

Concrete deck-shop - $ 43,000
grout 4,000
transportation 200 miles 2,000
erection 8,000

girders~transportation 200 miles 2,000
erection 7,000

Total cost of superstructure excluding guard rails $129,900

Estimated costs are presented in order that the reader méy make
comparisons with alternative design options. It should be noted that
these estimated costs are for a preliminary design, and could decrease

" for a final design.




34

CHAPTER IV
SUMMARY AND CONCLUSION

An effort was made to utilize the torsional strength of the box
girder to improvg the design of a steel double box girder bridge; The
torsional étrength of the box girder was used by addition of external
diaphragms on "an eccentrically loaded box girder bridge. The
diaphragms reduced the internal bending moment on the heavier loaded
girder. |

The purpose of this paper was to determine the feasibility of
using external load carrying diaphragms‘for reduc;ion in live 1load
bending moment produced from eccentric loading. Two t?pes of external
diaphragms were investigated. One type was a torsionally rigid
diaphragm located at the ends of the main girders. The sééénd type
was an intermediate wide flange shape diaphfégnl with high bending
rigidity. Various structural arrangements fo; a 120 foot-test bridge
were investigated. The performance pf each étruéturé was based on the
internal live plus 1impact loading bending moment. General
observations obtained from the various structural arrénéements can be,
made: |

1. The torsional box end diaphragms have no relative effect

when used in conjﬁnction‘with the intermediate diaphragms:
Therefore, the torsional box end diaphragm'ié not considered

useful for this type of structure.
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2. The larger the torsional stiffness factor (R), the larger
the decrease in live plus impact bending moment. However,
care must be taken so that buckling of the compression
flange does not occur when the b/t ration is increased. A
b/t ratio of 70 will be considered as a useful maxi@um.

3. The size of the intermediate diaphragms after lO;OOO in 4
does not affect the moment reduction to any sighificant
degree.

4. The number of intermediate diaphragms for best results is
one located at the center of the girders.

Two bridges of span lengfhs 120 and 180 feet were designed using
the general guideliﬁes. A comparison based on the live plus impact
bending moment between the deéigned girders wifh one intermediate
external diaphragm and the designed girders without external
diaphragms was doné. The comparison resulted in an'gstimate of the
savings resulting from the use of the diaphragm. The 120 fdét
structure showed a material savings of 1.57. The 180 foot structure
showed a material savings of 3.07.

In conclusion, the double steel box girder system developed could
be a cdmpeéitive design particularly for use in remote areas.  The use
of the intermediate diaphragm for economical moment‘reduction in the
cases reviewed does show a low savings potential. However, fér higher -
span to depth ratios, as for the 180 foot structure, the moment

carrying diaphragm is a greater recognizable benefit.
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