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ABSTRACT 

As one of several steps to address the mas
sive and worsening bridge problem, the 
Pennsylvania Department of Transportation 
decided to develop ready-to-use, low-cost 
bridge design standards for small bridges. 
Buchart-Horn, Inc., retained by the depart
ment, developed the standardized bridge 
p lans for 18-35 ft , 30-90 ft , a nd 9 0-130 ft 
s pa n ranges , us i ng steel , c oncre t e, a nd pre
stc essed c onc r e te materials . The standa rds 
for timber and buried structures will be 
published soon. Three types of superstruc
tures and two or three types of substruc
tures, including pile-supported footings for 
each series, have been incorporated. Each 
set of standards includes and illustrates 
step-by-step procedures for developing a set 
of b r i dge plans from the standards. The data 
assembly (computations) sheets and blank 
p lan sheets for a bridge with spaces pro
v ided for dimension insertion are included. 
The user completes them based on field in
formation, geometry, and soil conditions. 
The completed sheets become construction 
plans. The contractor, when preparing bids, 
has the option of building the structures 
s pecif i ed in the contract or develop i ng an 
a lterna te structure from the s tanda rds based 
on the predefined parameters in the con
tract. The plans are approved for federally 
f unded projec ts . The ultimate goal i s to ex
pedi t e a nd e co nomi:i:e bridge r e placement e f
f o r ts while min imizing inconvenience to t he 
public. Although this is not an ultimate 
answer, it is a step in a positive direc
tion. The productivity realized using these 
standards will be enhanced when they are in
corporated in the Computer Aided Design and 
Drafting system. 

Because the structural portion of bridge engineering 
is nearly a perfect science, several attempts have 
been made to standardize bridge design, drafting, 
and construction. However, because of the uniqueness 
of each bridge, due to such things as variations in 
soil condition, highway geometry, required water
way ope ning, traffic conditio ns , and environmental 
aspec t s , each bridge is nea r ly custom t ai l ored . 
During the e arly years when bridges were constructed 
at certain alig nme nts and the approa c hes were built 
to meet the bridges, standardizing bridges was rela
tively simple. The Pennsylvania Department of 
Transportation (then the Department of Highways) in 
the 1920s and 1930s had developed and used bridge 
standards for width, span, skew, and vertical open
ing. Design standards for concrete arches, as an 
example, were p ublished as early as March 1924. 
Bridges were construct ed using these standards with
out developing custom-tailored detailed drawings. 

Even though the standardized bridge plans lost their 
popularity due to geometric constraints, the design 
standards continued to evolve to simplify, expedite, 
and economize the bridge design process. 

In the 1960s, when alternate bidding for bridges 
was in full swing, detailed standards for pre
stressed concrete structures were issued that sim
plified and virtually eliminated the need for long
hand superstructure design. These standards were 
further refined and updated in the 1970s. 

In 1981 the department contracted with Buchart
Horn, Inc., consulting engineers from York, Pennsyl
vania, to develop ready-to-use standard plans for 
bridges spanning from 18 to 130 ft. These plans 
were to be developed to reflect low life-cycle con
struction cost, ease and speed of construction, and 
attention to safety, volume, and type of traffic and 
availability of materials. The consultant initiated 
a study to determine the current state of the art of 
•standard bridges.• Federal and neighboring state 
agencies, vendors, material suppliers, and contrac
tors and their societies were contacted to collect 
data on readily available products, bridge types, 
and innovative fabrication and construction prac
tices (.!_). Site visits were also made by the con
sultant to inspect actual structures for study and 
evaluation. After analyzing the collected data, the 
consultant was required to narrow down superstruc
ture types to five. Based on the consultant's study, 
projected life-cycle costs, and considering competi
tive materials, the department selected three types 
of superstructure for standardization. This in 
practice reduced the choice from 19 possible bridge 
superstructure types to three each for the 18-35 ft, 
30-90 ft, and 90-130 ft span ranges. The substruc
ture types were narrowed down from seven to three 
for the 18-35 ft span, to two for the 30-90 ft span, 
and to four for the 90-130 ft span ranges. The se
lection was based primarily on ease of construction, 
fabrication, and erection; economy; and proven per
formance. 

The 18-35 ft and 35-90 ft span range standards 
were developed using the working stress design (WSD) 
method and published in June 1982 and October 1982, 
respectively. Since then the department has switched 
to load factor design (LFD) combined with increased 
live load and other design criteria modifications. 

The time schedule given in Table l has been es
tablished for completion of the series. During 1980 
the department reintroduced an alternate bidding 
policy under which contractors are permitted to bid 
on their own design in lieu of the department-sup
plied design that is part of the contract proposal. 
The bridge low-cost (BLC) standards were introduced 
in time to assist the contractors in designing al
ternates. Not only do these standards save substan
tial design and drafting time for the department, 
they also permit the contractor to quickly develop 
biddable bridge quantities for an alternate bridge 
of his choice, from the standards, without fear of 
rejection of his design after the project is awarded. 

FORMAT OF STANDARDS 

The standards are composed of design sheets and con-
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TABLE 1 Time Schedule 

Steel and Concrete Structures Buried Structures Timber Structures 

Span Range Bridge Low-Cost Span Range Bridge Lo w-Cost Span Range Bridge Low-Cost 
(ft) Standard 

18-3.5 520 
30-90 510 
90-130 500 

Issue Date 

JU/83 
7/83 
11/83 

(ft) Standard 

6° 530 

Issue Date (ft) Standard 

8/84 18-35b 550 
30-90b 540 

Issue Date 

5/84 
2/84 

8
Will bo UJctated by the phyii;l<uil llmit" tions of the buried structure types selected for presentation. 

bOnlY working stress desjgn (WS.0) Ci r teria will be used. 

struction sheets. The design sheets include (a) 
general information, design criteria, instructions 
for use, and design examples for each type of sub
structure and superstructu re and (b) data assembly 
sheets for each s upe r structure and substructure 
type. The cons t r uction sheets include (a) d e taile d 
drawings for eac h superstruc t u r e type with lef t a nd 
right skews, (b) detailed drawings for each sub
structure type with left and right skews, and (c) 
stakeout sheet. 

To provide maximum versatility, these standards 
accommodate (a) any curb-to-curb width between 22 
and 48 ft and (b) any structure skew angle between 
45 and 90 degrees. Standardized substructures are 
proviu~a with variable heights (bottom of footing to 
top of stem) from 4 to 16 ft for 18-35 ft spans, 
from 4 to 20 ft for 35-90 ft spans, and from 5 to 22 
ft for 90-130 ft spans. 

The br idg e s upe rstructure a nd s ubstructure t ypes 
given in Table 2 were selected f o r t he bridge s tan
dards. With t hree types of supe r str uctures and two 
to four types of compatible and interchangeable sub
structures from which to choose, the designer is 
able to adapt the standards to fit most applications. 

TABLE 2 Superstructure and Substructure Types 

Superstructure Types 

18-35 ft Span Range (2) 

Adjacent prestressed box beam 
Adjacent precast channel beam 
Concrete deck on steel beams 

3 0-90 ft Span Range ( 3 J 

ArliHcent prest ressed box beam 
Concrete deck on prestressed 
spread box beams 

Concrete deck on steel beams 

90- 130 ft Span Range (4) 

Composite steel I-beam 
Composite prestressed I-beam 
Composite prestressed adjacent 

box beams 

Substructure Types 

Concrete breastwall 
Concrete stub abutment 
Concrete pile cap 

Spread footi ng cuntilcvcr 

Pile -supported stub 

Spread-footing stub 
Pile-supported stub 
Spread-footing cantilever 
Pile to supported cant ilever 

All superstructure types employ a cast-in-place 
concrete safety parapet that is cost-effective on a 
life-cycle basis because of minimal maintenance 
costs. 

DESIGN PROCEDURE 

Because the drawings cannot be reproduced here, the 
descriptive design procedure method has been used. 
The standards can be obtained, however , by writ i ng 
to PennOOT Publicat i on Sales Store, Room 110, T&S 
Building, Harrisburg, Pa. 17120. 

Before using these standards , the designer must 
obtain basic survey and geometric data for the pro
posed construction site. Information concerning the 
foundation material and elevation of potential foun
dation bearing areas must also be obtained. When the 
necessary data assembly and construction sheets have 
been selected, the designer is ready to beg in pro
ducing final contract d r a wi ngs. The following simple 
steps are followed in the plan preparation process: 

1. Complete the data assembly sheet for the 
superstructure type selected: (a) Answer the listed 
questions. (b) Fill in the control stations and 
elevations table. (c) Complete the control dimen
sions tablei reference to supplemental tables, fig
ures, and geometric equations is required; work the 
table from top to bottom. (d) Determine the deck 
geometric condition by making the test comparison 
indicated under •Deck Configuration• (for steel beam 
structures only). (e) Complete the reinforcing steel 
table as required. (f) Complete the superstructure 
quantities table. (g) Compute elevations and dimen
sions for substructure design by filling out the ap
propriate tables. 

2. Complete the data assembly sheets for the 
substructure type selected: (a) Enter the abutment 
number in the drawing t i tle block (a separate data 
assembly sheet is required for each abutment). (b) 
Complete the control dimensions table; refer to geo
metric equations and supplemental tables and figures 
as required. (c) Compute the work point station at 
the front face of the abutment stem and enter in the 
stakeout control table. (d) complete the reinforcing 
steel table. (e) Complete the substructure quanti
ties table. 

3. Transfer the appropriate information from the 
data assembly sheets to the fill-in spaces on the 
standard construction sheets: (a) Information from 
the superstructure data assembly sheet should be 
placed in the appropriate fill-in slots in the stan
dard superstructure drawingsi coded letters and num
bers are provided to facilitate the correct place
ment of dimensions and other data. (b) Elevations 
and dimensions for substructure design must be 
transferred from the superstructure data assembly 
sheet to the standard substructure drawings. (c) In
formation from the substructure data assembly i;heets 
must also be transferred to the standard substruc
ture drawings through the use of the codes provided. 
(d) Complete the appropriate stakeout drawing by 
reference to the substructure data assembly sheets. 

4. Add titles and complete quantity estimates 
and add miscellaneous information: (a) Customize the 
standard drawings by adding necessary location and 
route number information to the title block of each 
sheet. (b) Compute quantities for excavation, struc
ture backfill , and other i t e ms not spe c ifically pro
vided for on the dt1 t a a ssembly sheet s 1 all quanti
ties should be posted in the quantity estimate block 
of the gener a l plan sheet for the structure. (c) Add 
necessary information pertaining to utilities, hy-
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draulic data, and roadway alignments. (d) Add sub
surface exploration information as required. 

The completed set of drawings assembled from 
these standards should be reviewed and signed by a 
registered professional engineer before the plans 
are submitted to the department for approval. In 
the case of a contractor's alternate design, the ap
proval of the p1ans by the department will official
ly allow the contractor to begin construction. 

ADVANTAGES AND DISADVANTAGES 

Advantages to the preparation of bridge design and 
construction plans using the BLC standards are that 
the standards 

1. Give on the average a most economical struc
ture based on life-cycle cost; 

2. Allow expeditious design and drawings devel
opment (1 day bridge design and drawing are pos
sible, if a computer is used); 

3. Reduce project design costs; 
4, Permit quick and reliable alternate design by 

contractors; 
5, Induce keen competition among contractors and 

suppliers, and thus economize on initial construc
tion costs; 

6, Make a modified turnkey concept achievable; 
7. Standardize details and thereby simplify con

struction; and 
8. Reduce potential for costly errors. 

Disadvantages of using the BLC standards are that 

1. Standards are not usable for complex geome
tries and outside the preestablished parameters; 

2. Designers lose the feel for the "right" pro
portioning of a structure and lose their proficiency 
in making the tedious computations required for con
ventional design; 

3. Dimensional computation errors may not be 
caught because drawings are not to scale; 

4. Regular supplementary geometry computations 
are needed for bridges having vertical or horizontal 
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geometry or both; the standards can hardly be used 
for bridges with sharp horizontal curves; 

5. Some earthwork computations require scale 
drawings; and 

6. Use of such detailed standards retards inno
vation. 

WHAT LIES AHEAD 

In the future the equations are to be computerized 
to achieve 1-day bridge design and drawing. This is 
a part of the consultant's assignment. However, 
completion of all the standards is the first pri or
ity, In addition, the standards will be incorporated 
in Computer Aided Design and Drafting to develop in
stant designs and drawings to scale. 

The ultimate goal of this effort is to expedite 
any bridge replacement efforts and accomplish the 
project in an economical, cost-effective manner 
while minimizing the inconven i ence to the traveling 
public. Although this is not an ultimate answer fo r 
dealing with the many bridge problems in the common
wealth, it is a step in the right direction. Complex 
structures will continue to require custom design by 
knowledgeable professional engineers. 
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