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SUMMARY 

Information is reported on the labor, equipment, 
material, and cost required for seven bridge maintenance 
situations in which state forces widened or replaced an existing short span structure. Precast concrete slabs were 
installed at three of the locations, concrete slabs were 
cast at the site at two of the locations, and steel stringer- 
timber deck superstructures were constructed at the other 
two locations. Data indicate that precast concrete slabs 
used in the I0'-35' span range provide for considerably 
more efficiency and economy than may be obtained with con- 
ventional alternative superstructures of timber on steel 
stringers and site-cast concrete. The use of precast slabs 
provides for a 25% or more reduction in total cost, an 80% 
reduction in on-site construction time; and a 65% reduction 
in the fuel required for travel to and from the bridge site. 
Since precast slabs can be placed in one work day, • closed 
road and a traffic detour may be eliminated. 
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INTRODUCTION 

Precast concrete has continued to gmow. in populamity 
as a constmuction matemial since its development in the last 
half of the nineteenth centumy.(1) As has been the case with 
competitive matemials such as steel, timbem, aluminum, and 
plastic, cohcmete is now being cast mo•e successfully in the 
factomy than in the field. It has been used ex•ensively in 
the building industry for the last three decades. Precast 
concrete has received considerable recognition as a construction 
material in areas where weather conditions are severe and where 
working conditions-at construction sites are undesirable. 

In September 1972, the Research Council undertook a project to develop a Secondary Roads Bridge System which would 
be fabricated .by Department personnel during off-peak con- 
struction seasons, would be mass produced and stockpil•d 

9 
and 

would be competitive with SS4 and SS5 superstructures.--i 
Plans 

to fabricate and install either precast slabs over steel stringers 
or. precast channel members at a bridge site did not materialize. 
However, in May 1975 the Suffolk District successfully constructed 
a casting bed and fabricated a precast concrete bridge slab. On 
June 23, 1976, a 4S-ton crane moved the 17 1/2 ton slab from the 
form to a lowboy for hauling, and later positioned the slab over 
Quaker Swamp and in the median of Rte. 58 in Suffolk (see Figure 
i). With the experience obtained from the first installation, 
the District personnel moved ahead with the fabrication .and 
installation of somewhat smaller, precast slabs to widen four 
bridges. One of these four, a structure on Rte. 714, was the 
first secondary road bridge to be widened with state force labor 
using the new construction technique (s'ee Figure 2). 

Setting up forms in the spring of 1975 and casting 
slabs throughout the winter, •the Staunton District crew stock- 
piled the slabs for numerous bridge replacement projects. On 
February 26, 1976, Staunton District personnel took their first 
precast slabs to Bath County. An existing steel stringer timber 
deck bridge on Rte. 614 was the first in the state to be com- 
pletely replaced with precast concrete slabs fabricated by state 
force labor, in less than i day, the Covington area bridge crew 
and Staunton District personnel removed the existing super- 
structure (see Figure 3) and placed seven 4' wide slabs, holding 
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Dm•].•.ct personnel place sl•b over Quaker Swamp. Figure I. Suffolk- "•-•,• 

Figure 2. Widened Rte. 714 Bridge in Suffolk. District. 
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up traffic for only a few minutes during the placement operation. 
On April 20, 1976, -the Harrisonburg area bridge crew and Staunton 
District personnel placed the entire superstructure of a 2-span 
bridge on Rte. 724 near Harrisonburg in I work day. The struc- 
ture was the first 2-span bridge to be constructed with precast 
concrete slabs fabricated by state force labor (see Figure 4). 

The principal advantage of using precast concrete slabs 
for widening and replacing bridge decks is to achieve a reduction 
in the number of work days at the bridge site. With a reduction 
in on-site construction time there is less inconvenience to the 
motorist, the appearance and condition of the bridge site is 
restored in a short time, fuel is conserved because there are 
fewer trips to the bridge site, and working conditions are improved since most of the construction takes place in the con- 
venience and safety of the District casting yard. 

Another reason for using precast slabs is to improve 
construction efficiency. With precast slabs the same forms can 
be used for numerous bridges; fabrication can proceed in a systematic manner; fabrication can proceed even in bad weather, 
s.ince the workers are close to the Dis.trict office; the number 
of man-hours lost in traveling to and from a bridge site is 
reduced; concrete is sometimes cheaper, since it does not have 
to be hauled a long distance; and high quality concrete is more easily obtained in a casting yard than at a bridge site. 

The principal disadvantage in using precast slabs is in 
handling the large units and making sure they fit properly. 

In this report, the Staunton and Suffolk Districts' 
casting operations are discussed in detail and the precast slab 
construction technique is compared ona quantitative basis with 
cast-in-place concrete construction and with steel stringer- 
timber deck construction. 

FABRICATION OF SLABS 

Quality tontro! and efficiency at the fabrication plant 
are probably the most essential ingredients for the successful 
construhtion of a modular or prefab structure. Precast compo- 
nents will fit together satisfactorily in the field only if 
they are cast to close tolerances. Since the major portion of 
a modular construction project takes place in the factory, the 
major portion of the supervision and inspection also must take 
place there. Fabrication errors that are not detected at the 
.plant can .be very costly and time-consuming to remedy in the 
field. Precast components which are cast in a good set of forms 
and under close supervision will fit together quickly and 

3 
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Figure 3. SSTD structure is removed by Staunton District personnel. 

Figure 4. Two-span precast slab bridge on Rte. 724 near Harrisonburg. 
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securely .in the field, and will provide a structure which is far 
more economical and-superior to that which can be obtained with 
conventional construction techniques. 

Fomms 

A precast member takes the shape of the form in which it 
is cast. A form constructed and maintained to close tolerances 
will provide a member that fits to. close tolerances. 

A precast slab is probably the easiest type of component 
to fabricate accurately, therefore a good fit is not too difficult 
to obtain in the field. Even so, particular attention should be 
devoted to the portion of the form which supports the bearing areas 
of a slab. Small variations in the bed of the form can be tol- 
erated, except in the slab-bearing area. Prior to each pour, 
levels should be run on the bottom portion of the bed that will 
support the bearing areas of the slab and, if necessary, the bed 
should be adjusted so as to produce a slab that bears uniformly 
as "on all four legs rather than three'.'.. Attention should also 
be directed toward the depth of the bed a each end of a slab. If 
the depth is constant on each pour, the slabs will be the same 
thickness over the bearing area,., and therefore will provide a 
flat top surface when set next to each other in the field. Finally, 
attention should be directed tothe width of the slab. forms prior 
to each pour. Slabs that are uniform in width will have little 
sweep and will fit together very closely in the field. 

Suffolk Dis.trict Form 

The form constructed and used by the Suffolk DistricT 
is shown in Figure 5, and the labor, equipment, and-materials 
information is shown in Appendix A. The form was •prepared by 
3 men in about I week. Three footings 16" wide x 4' deep x 14' 
long were cast 15' apart. Twenty WI0 x 33 steel stringers 15' 
long were placed 17" apart on the concrete footings. Twenty-two 
4" x 4" x 16' timbers were placed 16" center to center on top 
the steel string6rs. The timbers were covered wiih standard 
4' x 8' sheets of 3/4" thick exterior grade plywood (plyform). 
Side fobms and bulkheads were constructed from exterior grade 
plywood and 2" x 4" timbers, and were bolted to the floor prior 
to casting 2 slabs. The steel stringers and the 4" x 4" timbers 
are not included in the cost figures for the bed (to be dis- 
cussed later), because these items were already available, 
would be salvage material in most other districts also, and 
-would-be salvage material if the bed is lat.er disassembled. 



Two slabs 4' wide and up to 28' in length can be cast 
in this form in any one pour. Side forms provide for a perma- 
ment 4' width and 14" depth. Slabs can be cast in l.engths up 
to 28' (slightly less for skewed structures)and widths up to 
4' by adjusting the side forms and bulkheads. The depth of 
the slabs can be increased from 14" by tacking 2" x 4" members 
to the top of the sides and bulkheads. Two slabs can be cast 
about every 2 weeks using the forms. The first cost for the 
form was very low and maintenance costs have been even less. 
Settlement of the bed has not been a problem and the plywood 
can be expected to last for ten or more castings. 

Staunton District Forms 

The casting bed constructed and used by the Staunton 
District in shown in Figure 6, and the labor, equipment, and 
materials information is shown in Appendix A. The form was 
constructed by 3 men in 12 days. Three rows of railroad ties 
were placed on ground that had been properly leveled and covered 
with crusher run gravel. Timbers 2"x 6" x 4' were placed on 12" 
centers transversely to the railroad ties and wedges were 
placed between•the transverse and longitudinal members to 
provide for the necessary adjustments to maintain a level bed. 
The timbers were covered with standard 4' x 8' shee.ts of 3/4" 
thick exterior plywood. Plywood sides were prefabricated and 
attached to the bed with through bolts so they could be raised 
or lowered to accommodate slabs o•f 9"to 18" in thickness. 
Figure 7 shows the additional forming required to provide th4 
curb on an exterior beam. Four slabs up to 20' in length 
(slightly less for skewed structures) may be cast in the bed 
in any one pour. 

Because of problems with differential settlement and 
higher than anticipated maintenance cCsts over a period•of 
about 20 pours, the Staunton District has recently constructed 
the new I00' 6" x 4' concrete casting bed shown in Figure 8. 
The base of the bed was constructed in two. stages. Concrete 
was poured to a depth of 16" to form th.e first stage and, 
after settlement was essentially complete, a 4" concrete over- 
lay was placed to provide a level surface upon which to cast 
bridge slabs. The side forms from the old bed were used with 
the new bed. The total cost for the new bed was $7,926.25. 

Parapet Details 

Staunton District people have tried several parapet 
details with their standard 4' wide slabs. In Figure 9 all 
the parapet steel was placed before the slab was cast. The 
Suffolk District has been using this technique with its precast 
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Figure 5. Suffolk District casting form. 

Figure 6. Staunton District casting form for interior beam. 
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Figure 7. Staunton District casting form for exterior beam with curb. 

Figure 8. •taunton District casting forum with concrete bed. 



slabs. With this technique, it is difficult to finish the sum- 
face of the slab amound the pamapet steel, but theme is less 
womk in the field, since all of the pamapet steel is in place 
when the slab is delivered. Insemts are placed in the side of 
the slab so that parapet fomms may be attached. It takes 5 men 
about • 1/2 days to forum and poum the pamapets fore a 20' bmidge 
with this type ammangement. 

In Figure I0 a few large parapet bars are shown in the 
slab; the remainder are placed in the field. With thisarrange- 
ment, the surface of the concrete may be easily furnished and 
there is little chance .for damaging the parapet steel when 
handling-the units, but more field labor is required for .the 
parapets than with the previously mentioned technique. It took 
5" men 6 days to form and pour the parapets for a 20' span bridge in wS.ich, this type arrangement was used. 

In Figureoll a third type of parapet arrangement is 
shown. Here a curb and rail replaces the conventional cast-in- 
place parapet and is the easiest of the three alternatives to 
provide. The exterior slab is easy to form and finish and the 
posts and 40' of the rail can be attached by 2 men in I work 
day. One standard guard rail post provides two bridge rails 
Which are spaced at 6' intervals. The rail does not meet 
AASHT0 rail specifications, but should provide protection 
equivalent to that provided by the rail used on an SS6 struc- 
ture. 
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Slab Connection Details 

Three connection details have been tried by the 
Staunton and Suffolk Districts. In Figure 12, the slabs have 
been connected by welding a plate or angle to rebar protruding 
from adjacent slabs. The key way is then grouted. 

In Figure 13 adjacent slabs have been connected by 
running steel threaded rods through holes cast into the slabs. 
After the nuts are tightened on the rod.• the key way is grouted. 
This system works all right for square crossings but may be 
more difficult to use on skewed crossings. 

The Suffolk District connects its slabs by grouting the 
key way between adjacent units. 
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Figure 9. Exterior beam with all the parapet steel cast in slab. 

Figure i0. Exterior beam with a few large parapet bars cast in slab. 

Figure ii. Exterior beam with curb cast in slab. Guardrail and post 
are attached in field. 

10 



Figure 12. Connection detail requiring field weld and grouted keyway. 

Figure 13. Connection detail requiring field tensioning. 

Ii 
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HANDLING AND STORAGE OF PRECAST SLABS 

Precasting operations should be organized .so as to 
minimize the number of times a slab must be moved. Excessive 
handling is not only costly and time-consuming but increases 
the chances for damaging a slab. It is desirable to move 
precast slabs from the casting bed• as soon as strength require- 
men±s are satisfied so that new slabs may be cast. Slabs that 
cannot be hauled to the field when removed from the form should 
be stored in such a manner that they will not have to be moved 
again until they are needed in the field. 

The hardware, rigging, and equipment mequired for satis- 
factory handling of precast sla•s are dictated by the size and 
weight of the units and the handling requirements. The hardware 
used by the Staunton and Suffolk District•S.Ls shown in Figure 14. 
The lifting insert is cast into the concrete at least i' from 
each edge, and the swivel l{fting plate is bolted into the insert 
when it is necessary to move the slab. A swivel lifting device 
is preferable to an eyebolt because it prevents-the anchor bolt 
from being bent when a slab is lifted. The swivel lifting device 
cab be used many times. Four inserts a•d four crane slings are required for the four-point pickup used by the Staunton and Suf- 
folk Districts. A spreader bar can be placed between each pair 
of slings and the crane hook to reduce the horizontal component 
of lifting force on the slings and inserts. In Figure 15 a Suf- 
folk District crane lifts a slab with four slings and four anchoms. 
In Figure 16 the Staunton District personnel move a beam from the 
storage area to a trailer using a gantry crane fabricated from 
salvaged materials and two dump trucks. With the gantry crane rig two spreader bars are used to reduce lifting forces. A 45- 
ton crane was available to the Suffolk District and therefore it 
was not necessary for personnel there to purchase or fabricate 
alternative equipment. 

Slabs should be stored so as to induce the same dead 
load stresses that will be encountered in the field. Slabs 
should be stored on top of each other to save space, and timber 
spacers should be placed between the slabs directly above the 
timbers which support the bot-•om slab. Although protruding 
rebar for the parapet or a protruding curb makes it necessary 
to store an exterior slab on the top of the stack, it is 
desirabl°e to stack the interior slabs in the order opposite 
to that in which they will be shipped to the field. In Figure 
17 beams are stored by Staunton Distric• personnel. If the 
form is not needed, it is best to leave the beams in the form. 

12 



Figure 14. Lift:i:q.• hai'•Tare used by Stam•ton arid Suffolk Districts. 

Fis•re i5. •uck crane li •.:ng precast slab. 
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Figcme 17. Slabs in s-rotate at S* 
.......... e •.,::•.• ,,.,,..• District casting yard 



TRANSPORTATION OF SLABS 

Slabs should be loaded so that they are properly 
balanced on the trailer and are supported during transportation 
as they were during storage. Slabs should be properly braced 
and secured so that the flexure of the trailer bed is not 
transferred to them and trailer movements will not cause them 
to shift. Small peices of timber •make excellent pads for distri- 
buting the forces from the chains which secure the slabs to the 
trailer. In Figure 18 Staunton District personnel have properly 
secured and transported three slabs 4' wide by 20' long. 

Slabs should be transported to the bridge site in the 
order :n which they are to be placed• and deliveries should be 
scheduled so that they can be placed as soon as possible after 
they arrive. 

In most instances three slabs 4' wide by 20' long can 
be delivered on a trailer. Either four slabs 4' x 12' or two 
slabs 4' x 35' would weigh approximately 20 tons and could be 
hauled in one trip. However, the capacity of structures between 
the bridge site and the casting yard will occasionally dictate 
the number of members that can be hauled in one trip. For some 
bridges, the length of the slabs will be such that the use of 
lightweight concrete or voided material will allow one more 
slab to be transported on each trip than if solid slabs of 
normal weight concrete were fabricated. 

ERECTION OF PRECAST SLABS 

Men and equipment should be ready at the bridge site 
when the slabs arrive The crane should be secured in an 
appropriate, predetermined location. When possible the crane 
should be located so that it will not interfere with traffic 
and will have to be moved as few times as possible. At times 
a considerable amount of time and effort will be required to 
get the crane to the site and to the most appropriate location. 

A 45-toncrane should be satisfactory for handling 
most slabs for most site.conditions. Although a smaller crane 

can handle smaller slabs, it's better to have a crane which 
is too large than one which is too small. The boom distance, 
weight of the crane, weight of the slabs, and crane cost should 
be taken into account when selecting a crane for a particular 
job. At times it will be appropriate to use a Department owned 
crane and at other times it will be more desirable to rent one. 
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Figure 18. Three slabs properly secured to lowboy trailer. 

Figure 19. Epoxy and shims placed on building paper to correct for 
nonuniform bearing between slab and abutment. 

16 



B•aring 
areas should be properly prepared before.the 

•labs arrive. Staunton and Suffolk District personnel have 
been placing building paper (felt) on top of the abutments prior 
to placing the slabs. Once a slab is placed, it is examined 
for fit. If uniform bearing is not obtained when the slab is 
set on the building paper, corrective measures must be taken. 
In the Staunton District epoxy andtemporary wooden shims have 
been used to improve the bearing on troublesome slabs (see Figure 
19). This practice requires that the slab be moved and set 
until the proper amount, of epoxy is placed on the abutment. 
Other possible corrective measures include placing the beams 
on neoprene pads and pressure grouting the bearing area after 
the slab has been set. Slabs which are.fabricated accurately 
will fit together in the field easily and quickly. Slabs which 
have excessive sweep, and variable thickness and which don't 
bear properly will require additional time and attention in the 
field. The best procedure is to try to achieve a properly 
prepared abutment surface and an accurately fabricated slab, 
and to be ready at the. site to apply some suitable corrective 
measure. Slabs can be lifted from a trailer and put into place 
and connected in a few minutes. On-site construction time is 
primarily a function of the time required to apply the necessary 
corrective measures for poor fitting slabs. Figure 20 shows 
the time "and sequence data for the first precast slab bridge 
erected by Staunton District personnel. Although epoxy and 
shims were used on the bearing areas of some of the slabs, 
all seven slabs were placed in 6 hours and traffic was delayed 
only a few minutes. A delay in getting the last slab to the 
site accounted for some of the time required. Although on- site construction time for the slabs was minimal--I work day-- 
it is believed that with more experience slabs for this same type structure could be placed and connected in less than 2 
hours. The finished structure is shown in Figure 21. 

QUANTITATIVE COMPARISONS 

Seven construction situations were investigated to allow 
quantitative comparisons between the precast slabs and the more conventional types of construction (Figure 22). Precast (PC) 
slabs were installed in plans A, B, and C (Figure 23), cast-in- 
place (CIP) concrete was used in plans D and E (Figure 24), and 
steel stringer-timber deck (SSTD) construction was used for the 
superstructure of plans F and G (Figure 25). Since the span length can affect the quantities involved in the comparison, a 
span length of 20' was selected for the comparative analysis. 
Plans A, B, C, and D were constructed with span length of 19' 
20' 22 1/2' and 22 1/2', respectively, and therefore no adjust- 
ment was made in the quantities for these structures. Plans E, 
F, and G were constructed with span lengths of 12' 44' and 32 respectively, and the corresponding quantities adjusted to a 20' 
span length as represented by. plans E', F', and G'. 

17 
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28'- 3 !/u" -• • 
•',=• sz• • '' • •I 

T• SI• •:•0 9:30 10:21 12:29 12:50 1:07 
2:ku•• 

Area Blocked By- 

Placement 
Complete 

C•ane 9" 15-10- 48 
T•ailor 12- 25- !'01 

(Road Closed) 
T•ailor 2" 25- 2- 39 

(Road Closed) 
Amea Blocked By- 

T•ailor 9-15- 9- 55 
(Road Closed) 

Old Bridge Removed 10"25-10-48 
(Road Closed) 

.C'rane I0" 55- 2" 56 

Figure. 20. Time and sequence data for Rte. 614 bridge in 
Bath County. 
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Figure 21. Completed Rte. 614 bridge. 

19 
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Plan A-- Rte. 614, Bath County 
I"-- •'----"V--- •o', 

Plan B-- Rte. 724, Rockingh•m County 

7 PCC slabs 
14 i/2" x 48" 

14 PCC slabs 
z•"x •" 

Plan G'-- Rte. 662, Nelson County 

Figure 22. Profile and partial cross section views for bridges 
Considered in quantitative comparisons. 
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Figure 23. Precast slab being installed by Suffolk District bridge crew to 
widen Rte. 58 over Spivy Swam•. 

Figure 24. Concrete being finished by Culpeper District crew to widen 
Bill0 on Rte. 231 in Albemarle County. 

Figure 25. Timbers placed and connected to steel stringers over Elkhorn 
Creek on Rte. 686 in Pittsylvania Coun'W. 

21 



The bar chart in Figure 26 shows how the I0 plans compare 
with regard to labor, equipment, material, and total cost require- 
ments on a square-foot basis. The bar chart in. Figure 27 shows 
how the labor requirements for the !0 plans compare with regard 
to •travel time, on-site construction time and total time. Part 
(a) of Figure 27 shows the actual values and part (b) shows the 
I• plans with a uniform travel time of 30 minutes between the 
bridge site and the residency or district office. The bar chart 
in Figure 28 compares the amounts of•fuel consumed by the equip- 
ment used in each of the I0 plans. Part (a). shows the values 
based on fuel consumption data for several vehicles and upon 
estimates made by the drivers of other vehicles. Part (b) com- 

pares the i0 plans with a uniform travel distance of 15 miles 
b•tween the bridge site and the residency or district office, and 
part (c) is based on the assumption of a uniform work force size 
of 3 to 4 men. The data used to construct the bar charts in 
Figure•2•-28 are displayed in detail in Appendix A, B, & C. 

As can be seen from Figures 27 and 28, the tmavel time 
and work crew size can affect the quantitative compariscns of 
the different types of construction as represented by the seven 
construction situations. In Figure 29, the data _•_n Figure 26 
have been adjus.ted so that the labor, equipment, material, and 
total cost requ.irements for the i0 plans are based on a uniform 
travel time of 30 minutes and a uniform bridge crew s•.ze of 3 to 
4 men. 

The table in Figure 30 was developed from the data in• Fignres 27(b), 28(b) and (c), and 29 Figure 30 shows that for 
span lengths of a•proximately 20', construction with PC slabs is 
a superior technique to construction with either CIP slabs or 
SSTD superstructures. The total cost of the PC slabs is 26% less 
than that for SSTD structures. 0n-site construction time is 87% 
less than for the CIP slabs and 76% le•s than for the SSTD struc- 
tures. PC slabs require 78% fewer man-hours in travel and 74% 
fewer gallons of fuel than do the CIP slabs. Construction with 
the PC slabs also requires 58% fewer man-hours in travel and 49% 
fewer gallons of fuel than does constructi0n of the SSTD struc- 
tures. It should be stressed that the •uel consumed in moving 
the PC slabs to the bridge site is included in the fuel consump- 
tion figures, but the fuel required to move the ready-mix concrete 
to the bridge site for the CIP slabs and the fuel required to move 
the steel to the site for the SSTD structures is not. Except 
for the fuel required to move and operate the privately, owned 
truck cranes used in plans A and B, all fuel consumption is for 
the movement of materials and men with state equipment. Although 
the cost of the crane may be considerable, it represents .the 
major portion of the equipment cost required for PC slabs, and 
therefore the total average equipment cost for the PG slabs is 
22% less than that for the CIP slabs and only 15% more than that 
for the SSTD structures. 
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and total costs per square foot for i0 plans. 
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According to Figure 30, material costs is the-only 
item which is less .for the CIP slabs than for the PC slabs. 
The 7% disadvantage on this item is easily eliminated When 
ready-mix concrete must be hauled a considerable distance 
For example, according to a local ready-mix producer, con- 
crete hauled within a 15-mile radius is about $31/yd 3 
whereas concrete hauled 60 miles costs $50/yd.3. Also, 
according to Figure 30, the. labor and equipment costs for 
the SSTD construction are slightly less than those for the 
PC slabs. 

There was some difference in the average hourly 
rates for the labor involved in the i0 study plans. The 
average hourly rate for the PC slab sites was $6.07, for 
the CIP sites $6.46, and for the SSTD sites $3.96. Correc- 
tional unit labor was used on plans F and F' which fact 
accounts for the corresponding low average wage rate. The 
values in parentheses in Figure 30 apply in the cost com- parisons if a uniform average hourly labor rate of $6.07 is 
applied to all I0 plans. 

It is obvious from Figures 26-30 that the use of PC 
slabs in the 20' span range represents extremely efficient 
use of labor, construction equipment and fuel. In an effort 
to determine the span range over which the PC slabs are the 
optimum type of construction, Figure 31 was developed. The 
solid curves are based on the following assumptions. 

i. Labor costs and equipment costs are constant 
per square foot in the i0'-35' span range. 

2. Mat. erial costs are constant per unit of volume 
or weight with structural steel costing $.32/ib. 
(curve 5), rebar $.17/ib., and concrete $3!/yd. 3 

For a 20' span structural steel costs amount to 
•-0• of the total cost of SSTD structures (curve 5); 
concrete and rebar costs represent 25% of the total 
cost of CIP slabs (curve 3); and concrete and rebar 
costs amount to 33% of the total cost of PC slabs 
(curve i). These percentages were reflected in the 
20' span structures under investigations. 

4. The curves pass through the cost per square foot 
value for a 20' span as determined for plans A, 
B, C, D, E', F', and G'. It is reasonabl.e to 
believe that for spans other than .20' in length, 
the labor and equipment costs per square foot 
would drop slightly from the solid curve for 
longer spans and rise slightly for shorter spans, 
primarily because there-is economy in .quantity. 
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Figure 31. Total superstructure costs compared for the 
thmee types of construction fo• span lengths 
between 10' and 35'. 

NOTE-- The curves are drawn based on the following assumptions- 
I. Concrete costs (CC) • .31 per yard. 
2. Rebar costs (RC) $ .I• oem lb. 
3. Structural steel costs (SC) $ .32 per lb. for curve no's. 5 g 

6 and SC $ .16 pe_• lb. for c•.,e no's. 7 $ 8. 
W. •or 

a 20' span CC + RC 33% total cost (TC) for precast slabs(PC). 
5. For a 20' span CC + RC 25% TC for cast-in-place slabs (CIP). 
6. For a 20' span SC 50% for steel stringe• timber deck structures (•STD) in curves 5 g 6, and SC 33% TC for $STD incurves 7 g 8. 
7. Labor costs are constant per sGuare ft. in curves I, 3, 5, 8 7 and 

vary slightly with quantity in •urves 2, •, 6, g 8. 
8. X span length. 

9. Formula for curve i- Tc)PC- X-[ 

i0. Folm•la for curve 3-- TC)xC/•=[ 
ii. Fon•ula foe curve 5- 

12. Formmala for curve 7- 

(V°l'C+R)x (.33)+(.67)] [9.8•8] 
(VoI.C+R)20, 
(V°I'C+R)x (.25)+(. 75) ][(13.278)] 
(Vol.C+R) 20, 

TC) STD=[ (2-• X. 5)+(. 5) ][12. 939] 

Tc)SSTDx" 
= 

[(2-•x (.33)+(.57)][9.704] 
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The dashed curves reflec•t the anticipated cost 
per square foot based on the economy in quantity 
principle. Itis obvious from Figure 31 that the 
PC slabs are considerably superior to the SSTD 
structure and the CIP structure for span lengths 
between I0' and 35'. 

CIP slabs can be preferable to PC slabs only in a few unique instances. For example, if the span length is short 
(12' or less), the site is close to the residency or district 
headquarters, the same forms can be used on I0 or more struc- 
tures, and the working and.traffic conditions are favorable, 
a reduction in equipment costs may give the CIP slab an eco- nomic advantage over the PC slab. Another example would be 
the case where a large crane cannot be obtained. A final 
case example would be a situation where the load limit on a bridge leading to the construction site prevents the hauling 
of large PC slabs, and the movement of a large crane. 

From curves 7 and 8 in Figure 31, it can be seen 
that structural steel costs would have to drop to $.16/ib. 
or less for the SSTD structures to be competitive with the 
PC slabs. When the maintenance costs involved with the SSTD 
structure are considered, the costs would have to drop even lower for the .structure to be economical over its useable life. 

Because of the high materia•l cost of structural steel, 
it usually is used in place of concrete on short span struc- 
tures only if labor is at a premium and the nearest ready-mih 
plant is a considerable distance from the bridge site. With 
the advent of the PC slab there is no reason to use the SSTD 
structure, because the PC slabs accomplish everything, and 
more, than the SSTD structures accomplish, and at less cost 
than both the SSTD and the CIP structures. 

The advantages of the PC slabs should become more pronounced than reflected by this report when the following 
conditions hold- 

i. The superstructure is high abo•e ground level, 
which results in the need for a considerable 
amount of falsework for CIP construction. 

2. The superstructure is very low to the ground, 
which means the forms may have to be left in 
place for CIP construction. 

3. The travel distance from the residency to the 
site is considerable and therefore travel time 
and cost of travel are high, the cost of con- 
crete is high, and high quality concrete is more difficult to obtain with CIP construction. 
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4. Span length increases (up to a limit of approximately 
35'), and therefore much more time is required for 
the falsework and formwork for CIP construction than 
for the PC slabs. At 35' the weight of the units 
would approach 20 tons and for longer spans hauling 
and handling problems can .arrise. 

5. Traffic conditions are severe, and on-site con- 
stru.ction increases the chances of accidents, 
injuries, and delays. 

6. Weather conditions are severe and therefore it is 
difficult to make progress exce'pt in an area close 
to the residency or district headquarters. 

7. A high quality maintenance free superstructure is 
difficult to obtain with conventional construction 
techniques. 

As a final point, it should be mentioned that rail costs 
are included in the superstructure costs for the SSTD structure 
but not for the concrete structures. However, a rail comparable 
to the o•e used on the SSTD structure was used for plan B at an 
addi.tional cost of only $.44/ft. 2 for labor, equipment, and 
materials. Also, it should be noted that the substructure costs 
would be somewhat less for the SSTD structures than-for the con- 
crete structures, and therefore as the span length approaches 
35', the total cost advantage of the PC slabs over the SSTD struc- 
ture could diminish somewhat. Even so, when it is considered 
that plans A, B, and C represent the first time precast slabs 
were fabricated and installed by state force labor, the advan- 
tages of PC slabs used in greater quantity can only show improve- 
ment over that shown by this report. The Staunton District has 
already constructed a new concrete casting bed i00.5' x 4' x 20" 
thick at a cost of $7,926.25. The new bed will reduce both 
fabrication and installation costs for PC slabs .when compared 
to those in plans A and B, for which the slabs were fabricated 
in plywood forms. 

FURTHER CONSIDERATIONS 

Although the in-house fabrication of PC slabs has been 
shown to be a success, several items need. further consideration 
and some justify further research. 



Wing Wall Ears 

The Staunton and Suffolk Districts have been forming 
and pouring either one or both sets of ears on the wing walls 
after the PC slabs are placed. With CIP construction the ears 
would be poured when the wing walls are poured. Forming and 
pouring the ears on the wing walls after the slabs are placed 
is an additional construction step which would not be required 
ifa CIP slab deck was used. The ears are cast after the 
slabso are placed to allow for the uncertainty in the final 
width of the structure caused by the sweep in the members. 
By allowing additional s•ace between each slab member there 
is no reason why the ears on the wing walls can't be cast when 
the wing wails are cast•, and the variability in the width of 
the slabs be taken up by the grouted joint between the slabs. 
With the appropriate amount of width reduction applied to 
each member, there should be no problem in placing each of 
the slabs with the ears in nlace. 

0verlavs 

With the recent interest in providing high quality 
concrete over the top reinforcing steel in bridge decks, PC 
slabs offer an additional advantage over C!P construction. 
Many of the high quality overla•ys require considerably more 
quality control at the batch plant and during the placement 
operations than is required with conventional A4 concrete. 
The required quality control is much more readily obtained 
in a casting yard than at a bridge site where there are 
variables such as distance to the site from a batch plant 
and differences among bridge crews, e-quipment, and construction 
techniques. Experienced personnel at a casting yard should 
be able to install the most sophisticated overlay mater•..al 
in a satisfactory manner. 

Elaborate Casti.ng .0pemations 

The Staunton and Suffolk District casting operations 
are notable pioneering ma•.•ntenance efforts which are both 
efficient and economical. The success of their operations 
means that there is a high probability that their casting 
yards could be expanded so that they could produce precast 
parapets, precast substructure components, prestressed slabs, 
and match-cast components. 

A precast parapet is an easily fabricated component 
and a necessary addition to a preeast slab casting operation. 



It would be a shame.to replace a bridge deck with PC slabs in 
i day and spend more than i week forming and pouring a CIP 
parapet. Precast parapets have been successfully fabricated 
and installed by private industry on several bridges in Vir- 
ginia. 

State forces should be abie to fabricate and install 
precast substructure components using much of the casting bed 
and equipment that is required to fabricate and install the 
PC. slabs. Piers and abutment sections which are 4' wide and 
as long as the pier or abutment is tall could be cast in the 
Staunton and Suffolk District beds The units could be placed 
on end at the bridge site, and could be tied together with a east-in-place footing and with steel bolts and grouted keyways 
similar to the ones used for the deck slabs. 

When there is a crane at a bridge site, why not erect 
the whole bridge in i or 2 days instead of just placing PC 
slabs on a substructure that has taken several months to form 
and pour with the CIP technique. 

Prestressed slabs should be economical for span lengths 
between 30' and 50'. With a casting bed I00' long, very little 
addition[l investment is required to.provide the jacks and other equipment necessary to produce precast prestressed slabs. 

Match casting is often required to obtain tie desired 
fit •etween certain PC members, particularly if the members are posttensioned. Match casting requireso a bed wide enough to 
accommodate several slabs side by side. 

More elaborate casting operations should be justified on the basis that they would provide for more efficient bridge 
maintenance operations and in no way tend to reduce or eliminate private industry work. 

Residency, District, or Central Casting Yard 

There is no doubt that PC slabs offer an economical and efficient construction technique for widening and replacing existing bridges of short span lengths. The Staunton and Suf- 
folk Districts have both established satisfactory casting yards 
at minimal exPense. Certainly the more expensive the casting 
yard, the better the final product should be. It would seem unlikely that a casting yard could be justified in each resi- 
dency. The Department must decide whether is is advantageous 



to have a casting yard in each district or to have one or two 

more elaborate central casting yards. More elaborate forms 
and equipment could be justified and more effective systems 
organization could be achieved with one or two central yards. 
The final decision should be based on full consideration of 
the engineering, economic, and administrative needs of the 
Department with regard to the in-house fabrication of precast 
bridge components. 

S•stems or Turnkey Concept 

The PC slabs fabricated by state forces are more 
economical than the conventional alternatives, primarily 
because of the turnkey concep-t. State forces design• fabricate, 
and construct the precast slab s•nerstructure •_:• In Eu•ope•: 
Where •the design and construct concept prevails, very e!.aborate 
prestressed and posttensioned concrete systems-have been 
competitively constructed since the 1950's. Theometica!ly 
the mass production of bridge components from economical 
•terials has to lead to overall economy. However• PC slabs 
design by the state, fabricated by a subcontractor, and 
erected by a prime contractor may not be as economical as 

shown by this report. The economies are drained because of 
the safe-ty factors that are built into the final product, by 
three separate parties. When bridges are widened or .replaced 
by state forces,, the PC slab construction technique represents 
a systems concept. The CIP constructionrepresents a less 
efficient design and construct operation. The SSTD structures 

are not competitive, because 50% of the total cost and 
responsibility is vested in the fabricators of the steel 
girders. Under contract situations, the three types of 
construction will tend -to be competitive, but from a cost 
to society standpoint the PC slab construction technique 
will always be more economical because it reduces delays and 
inconvenience to the motorist, conserves fuel in travel to 
and from the job site, helps maintain a pleasant environment 
at the bridge site, and provides for a more efficient use of 
manpower,, equipment, and materials. 
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CONCLUSIONS 

i. Precast components cast in a good set of forums and undem 
close supervision will fit togethem quickly and securely 
in the field, and will pmovide a stmuctume which is ram 
mome economical and supemioP to that which can be obtained 
with conventional constmuction techniques. Beaming ameas 
desemve pamticuiam considemation duping fabmication. Costs 
.for a 

sitisfactomy forum can be wmitten off ovem one to five 
bmidge spans. 

2 A larger crane is required to handle the precast slabs 
than is required for the more conventional construction 
techniques, but, in general, precast slabs can be 
economically fabricated and installed by state personnel 
using currently available materials and equipment. 

3. More efficient mobilization of men, materials, and equip- 
ment and more favorable working conditions ar.e achieved 
by using PC slabs than are achieved with alternative 
construction techniques. 

4. .When compared with timbers on s.tee! stringers and site 
cast concrete slab superstructures in the 10'-35' span 
range, PC slabs reduce total costs by 25% or more, on-site 
eonstruction time by 80%, and fuel consumed in travel to 
and from the bridge site by 50% to 75%. 

5. The success of the.Staunton and Suffolk Districts in 
designing, fabricating, and installing PC slabs suggests 
that the systems concept is particularly suitable for the 
Department's bridge maintenance operations. 

RECOMMENDATIONS 

I. The Department should increase its use of precast slabs 
for widening and replacing existing bridges in the I0' 
to 35' span range because of the benefits to be derived 
from reduced costs, on-site construction time, motor 
fuel consumption, and from the elimination of detours 
and closed roads. 

2. The Department should consider applying the systems 
concept to widening and replacing bridge substructures 
and to replacing bridge parapets. 

3. Department •anagement should give full consideration to 
the engineering, economic, and administrative needs of 
the Department with regard to the in-house fabrication 
of bridge components when deciding whether to establish 
a casting yard in eac• district or one or two central 
casting yards. 
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APPENDIX B 
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