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struciton of hichway bridges.
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WACCAMAW RIVER BRIGGE
iN GEORGETOWN
i. Supporting Long Piles Under Water:
The new bridge over the Waccamaw
River at Georgetown has & nunher of
picrs consisting of a massive basc at
the waier line and supported by piles
in rather decp water. The carth ma-

terial in the riverbed is of quastiooable -

quality so that the piles have lazg un-
supported lengths balow the picr bisc,
Tt wes felt sat scme lateral support
was essenniul [or these piers in the
region of the riverbed.

The lateral support is provided by
means of a 5 foot deep mass of con-
crete encasing all piles just above the

%
Atlanta, Genrgia,

To provide an underwaier
form oz the congrote mass, it was re-
quired that the comracior preeast un
open-cad concrete box, 19 feet square,
with sides § feet doep and 8 inchies
thicx., This concrete box was lowerod
over the pile zroup 1o a prepared wud
leve! area on the river boltom. Tremic
concrete was then placed inside thiy
box to the top level, completlely en-
casing all piles with o 5 foor deep
hosizontal laver of concretz,

It is fclt that this methed of pier
construction in reasorably desp wamwe:s

15 entirery satislactory and results in
conmsiderable cconomy as  comparcd

with the conventional cofferdam type
pier with the massive conerzic base
to the riverbed,
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By F. C. TURNER,

EO EBRIDGE COSTS VARY RETWEEN STATES?
hiel Engineer, Bureau of Public Reads,

Washingten, D, C.

R hy does a bridge superstructure
¢/ in one State cost $9.55/SF,
'1nd another one, designed to carry the
same loading and roadway, cost $3.95/
SF, $6.34/5F, $11.30, $7.23, and only
$5.00 in some other States?

The above wide-spread range of
prices raises important questions which
you and 1 must be able to answer with
prompiness and clarity, These cosis
which 1 have cited were calculated
froim a sct of constant unit prices de-
rived from avesagze bid prices so a to
reflect only che quantitative practicas
used, and this to remove as & variable
the local labor ard other varlable
costs. No one of us can deny an urgent

need for more cost consciousness Dby
all of us in our design, developmen: ¢?
plans, construction, and maiatznance
for the highway bridees under our con-
trol. This need has been recognized for
many vears by all of us, and 1 know
that it Is not a aew subject of discus-
sion for this commiitee,

For the last couple of years espe-
cially, T know that it has been one of
your primary subjects of interest and
that Bureau represeniatives at meetings
and back hore in vour individes)
Staizs have been putiing 2 steacily in-
creasing emphasis on it. I know this

I am the one who has oteun

ecayse 1
gxerting the pressurc. A number of



memoranda have been circulated on
the subject containing  information,
suggestions, or instructions. While we
have been very much interested in the
subject and have been doing extensive
work on it for a long time, we have
intensiticd this interest especially since
the beginning of the enlarged Inter-
state program in 1956 and establish-

ment of the so-called needs formula as

4 busis for apportioning funds to the
individual Staies for this part.of the
program. '

This nceds formula nceessarily im-
poses a burden on all those who share
11 the proceeds of monies distributed
in this manner, that they basc their
needs cstimates on the same sct of
measuring mcthods that their ncigh-
bors arc using. We cannot permit one
“State to use a longer or shorier yard-
stick than their neighbors with which
to make their own individual measure-
ment of needs. This does not mean that
every State has to build structures in
cxact duplicate of cvery cther Statc,
but it does ccrtainly mean that the
amount of money drawn from the com-
mon fund by any individual State to
do a specific job must be determined
by using the same units of measure-
ment in all States.

~ The results of cost study reviews
su.h as [ have cited above raise ques-
tions as o whether this objective is
being actually achieved. If it is found
on sirict and objective examination
that the wide price variations are prop-
cr and suppoctabie, then all is well and
we can be satisficd that the ideal for-
mula is being fully followed. But if in
our examination, we find that the fac-
tors do indeed vary without an ade-
quate explanation and justification
therefor, then we are obligated as en-
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gincers and managers of the public
trust, to muke appropriate revisions in
our proccdures. For this is the law,
and we have no personal choice in the
matter. But we should not be doing it,
Just because it s the requirement of the
taw; but rather because 1t is the right
thing to do in the public intcrest; for
that is why it is the law.

I believe that we have now had
suflicicnt experience and  developed
enough usable data on which to have
preliminary judgment conclusions as
to trends. 1 want to cite some of thesc
for your information and aiso 10 use
them as the foundation on which 1
shall lTay a proposal for your con-
sidcration.

As reviewing agency for bridges
from all States, we are constantly aware
of the variations in bridge types and
costs. Qbviously, we are very much
concerned about what bridges are cost-
ing in total (almost ¥5 of the Inter-
state cost, for example), and we must
see that improvements and economics
are made wherever possible,

We have recently tabulated quan-
tities and other data from a consider-
able number of bridges representing a
sample from ncarly all of the Staics.

In this analysis the cost per square
foot has been compared in the differ-
ent States based on the out-to-out di-
mension of a 4-span structure over
the Interstate or other expressway and
a constant set of unit prices, using
HS20 and H20 loadings. In discussion
of this matter I shall not name the
individual States, since to do so might
imply that I am singling out some
particular State for attention, but I
do have available the actual data on
which these statements are based to-
gether with the name of the State.
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We find for cxample in onc State,
which uses extensively a design with
wide flange continuous I-beams, that
its designs are considerably more cost-
ly than similar crossing structurcs de-
signed by other States.

In an attempt to make a comparison
between this Statc and other States
having lower cost, two bridges were
comparcd; one with a loading less
than AASHO-H20 and the other one,
a bridge designed by another State to
carry a loading of HS20 bascd on
1961 specifications.

From the cross scctions as com-
parcd, it was evident that for an appre-
ciably lighter loading and a lower class
roadway, the first State’s structure was
much more massive. The deck slab,
curb and parapet were all quite heavy
and as would be expected the struc-
tural steel cost more; $4.19 per square
foot compared to $3.55 per squarc
foot.

A comparison was then made of
roadway slabs. This indicated that the
first State uses a heavier slab than the
second State for a smaller span and
lighter loading. ‘

Nexi, a comparison was madc be-
tween the curb, parapet and rail de-
tails used by these States. For a minor
road crossing, having 24-foot road-
way width, the first State used a very
massive curb and parapet, whereas the
second State was using much lighter,
but structurally adequate details, re-
sulting in substantial cconomies for a
much higher class road. The concrete
and reinforcing quantities shown on
these details alone accounied for a
cost differential of 55 cents per square
foot. From this item-by-item study of
design details, there is a clear indi-
cation of possible savings in substan-

tial amount from design revisions.

In another study, we comparced
the cost of prestressed concrete bridges,
We found wide cost differences due
to usc of more beams and greater
slab thickness in some cases than in
others, for the same design condi-
tions. The more costly bridges in this
review indicated a unit cost of about
$1.50/SF uabove the average of other
States. Three prestressed bridges were
studicd, all having a 2-lane, 26-foot
‘roadway with HS20 live Joading. The
interior spans on all three were ap-
proximately 75 feet. The cost per
square foot varied between $6.04 and
$8.06 for somec of the following
reasons:

There is of course a dircet relation-
ship between number of Dbeams,
their size, and the resultant cost. For
example, two States called for six
beams, 48 and 50 inches deep, as
comparced to five beams, 45 inches
deep in another State; with resultant
costs of $4.81, $4.16 and $3.27,
respectively. The low cost State used
approximatcly the same beam spac-
ing, but one less beam than did the
other two States, resulting in a
larger cantilever and & more bal-
anced design. In the end spans, the
highest cost States used six beams
whereas the other State called for
five. This alone accounted for the
65-cent/SEF difierence between the
two. However, the lowest cost State
used only four beams in the end
sparn.

While a small difference in concrete

cost for the deck was reflected by

slab thickness differences, and some
other relatively minor details, the
main reason for the differential in
deck cost was the use of 'siraight



rather than trussed teansverse slab
rcinforcing bars. From inspection,
it was cvident tnat the highest cost
Statc was paying an cxtra 30 or 40
cents per square foot by not using
the trussed transverse rebars,

Bearings and joints required by one
of the higher cost States showed up
as costing 23 cents per square Toot
of deck. This reflected the use of
rather elaborate roller beuarings and
plate cxpansion joints for this type
of bridge while the other Statcs

used neoprenc bearing pads and:

filled joints at almost negligible cost.

In another analysis using continuous
conecrere box girder structures designed
for the same live load, spans, roadway
and girder spacing, the costs in two
other States were compared.

It was revealed that in contrast to
the high cost Siate, the lower cost
State;

Used 27 less deck slab thickness; 67

less depth of structure. A flared web

at pier determined by shear require-

ments rather than maintaining a

constant width; Only one instead of

wo layers of steel in the bottom
stab; Cut off the main steel at points
conforming to  required woment
capacity rather than all at once;

Used diagonal rather than vertical

stirrups; and Minimum size filiets;

among other details,

A study of T-beams ingdicated this
type of bridge 1o be the most eco-
nomical. Seven States that had T-beam
bridges in the study all showed wvery
good conformity and cconomy. Differ-
cnces in cost resulted mainiy from
details such as curb and rail systems
but not from differences in design
oractices. Some States are providing
pedestrian walkways on all types of
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bridges. (ther States usc them only
for bridges on higher classed roadways
whicre the AASHO Specification re-
quires them. ‘

L ooosnposite curve of costs by bridee
types was developed for loadings of
HS20, H20 and Ohio CF400. This
gave us a direct comparison between
types and indicoted very clearly that
simpie span 1-beum bridges were con-
sistently and notably more costly than

the other types.

A State by State comporison of
bridge costs was mace by projecting
all designs to an equivalent span of
70 feer, by which we could get a
rcasonably accurate gauge of cost. This
showed clearly a wide range in design
cetall practices and costs per square
foot for the samc conditions of land,
treflie, clezrance, and other iayout
requirements.

Transferring these results to & map
indicated grophically which sections of
the country are above the rest in cosis.
it was readily scen that all of the
northeastern section of ihe country
falls inte the category of bigher than
average cost based upon constan: unit
prices, possibly because of their ex-
tensive use of simple span steel beam
bridaes.

An cquivalent map was then shade
based on the individual States” average
unit prices, showing most of the samsz
States still to be high. ‘

Next, cost comparison was madc be-
tween 2- and 4-span bridges over a
divided hishway consisting of two 24-
foot roadways and a 30-foot median,
The results showed that the 2-span
bridge could be built for the same cost
as the 4-span bridge when using welded
girders 18 inches deeper than used in
the 4-span rolled beam bridge. On-
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November 29, 1963, the Burcau is-
sued a Circular Memorandum to Re-
gional and Division Engincers in which
was incorporated much of this par-
ticular study data. As stated thercin,
ecconomy, maximum safety and pleas-
ing appearance are not incompatible
with cach other in the design of grade
scparation structures. Often these ob-
jectives can be achicved in ddesigns
without shoulder columns, and ul no
additional cost. Fewer and longer spans
give drivers a sense of openness which
contributes to relaxed driving and in-
creased: safety. The absence of shoul-
der columas permits possible future
widening of the lower roadway pave-
ments and produces a reduction in the
cost of maintenance.

Based on these several years of con-
tinuing and rather extensive study of
the practices being followed in indi-
vidual States, there is in our judgment
suflicient evidence now available to the
engincering profession to clearly show
that design practices in many cases
arc resulting in structure costs higher
than can be justified on the basis of
accepted criteria relating to the neces-
sary level of traffic service and eco-
nomic usc of construction and main-
tenance funds. It is now time for us
to critically and objectively analyze our
work and to seclect from the multi-
tudinous assertment of individual prac-
tices, those which for each given set
of circumstances will give us the
necded service at the lowest overall
cost.

One easy way for the Bureau to
handie such a question from our own
standpoint would be to simply set an
arbitrary dollar amount as the limit of
Federal fund participation. From our
standpoint alone, this simple method
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has much to ofler in case of adminis-
tration and a minimum of manpower
needed for the study of individual de-
signs. It is therefore & tempting way
for us to handle the matter, and in
some quarters would mect with loud
approvals.

But, we are more interested within
the Burcau in solving the problem on
a basis of what is the best answer in
each individual set of circumsiances,
which circumstances we recognize can
be variable over a considerable spec-
trum of climate, materials availability,
labor costs, contractor capability, traf-
fic demands, and a host of other fac-
tors which a prudent manager of thc
public’s business must weigh, and at
the same time, assign thereto an appro-
priate value. This requires the cx-
perience, training, and ingenuity of
competent specialists in the bridge de-
sign and construction field. The best
results in individual cases cannot al-
ways be achieved by an arbitrary arith-
metic approach devoid of common
sense and judgment. Nor do we in the
Bureau desire to impose a decision or
policy determination made unilaterally
without benefit of consultaiion and
joint conclusion with the States as
working partners in a common ¢n-
deavor aimed toward the same objec-
tive.

I bring this urgent matter to this
committee’s attention once again for
the purpose of making a proposal to
vou. Under the organizational concept
of the AASHO, in which the Burcau
holds a single dues-paying member-
ship, just as do each of you, the means
to resolve this question is in your com-
mittee’s hands. I am proposing to you
the establishment of a work program
that wiil find the answers with which



to provide guidelines for cach State
to follow uniformly wherever similar
situations prevail. If the comparatively
heavier designs used in some States as
t have just described to you are really
needed, then in similar circumstances
clsewhere they are also nceded for
proper engineering design, and any-
thing short thereof is inadequately de-
signed. The converse is cqually true.
Therefore, 1 propose to you the
cstablishment of special task forees of
bridge design engincers to study this
problom of bridge designs and costs.
The instruction to these groups would
be that they develop positive recom-
mendations covering a range of difter-
ent situations which ail States can
then follow in like circumstances. Their
study should be bascd on the sound
principles of engineering cconomies
and should result in a series of typical
bridge plans based on optimum de-
sign for cach enc of a range of circum-
stances. These could supplement the
Bureau of Public Roads’ present stand-
ard plans for highway bridges, and be
accepied and used as a guide by all
the States, just as arc the Standard
Specifications for Bridpes developed
by this committce in years past.
These task forces should include
the besi non-executive bridge design
engineers available, supplemented as
nceded by able detailers and drafts-
men. In my opinion there should be
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included to the maximum extent a
goodly number of probable future cx
ccutive personncl.

I suggest that these groups be or-
ganized on a full time basis with in-
structions that the work be completed
within one year.

The Burcau is prepuared to assist
cach working group in whaicver ways
we can do so, with money, facilities,
and personncl.

Such a plan would not handicap the
opportunity to develop new and cox-
perimental designs and concepts, be-
cause such can be handled as experi-
mental projects, either under the Re-
scarch programs available in several
forms, or the regular experimental
project provisions of current Burcau
procedures. Meantime we can bring to
bear the proven advantages of mass
production on a repetitive basis, using
designs which have been chosen from
cxperience to produce the nceded re-
sult at minimum costs to the public.

As a profession, as individual mem-
bers thereof, and as those public offi-
cials carrying the responsibility for
solution to this question, we cannot
fail to work actively in the publics
behalf. T hope that we ourselves will
provide the answers to the questions
I raise; for no other group anywhere
is so qualified as we to know the right
answers.




