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CHAPTER FIFTY-NINE 
 

STRUCTURE TYPE AND SIZE 
 
 
The basic  objective of  this Chap ter is  to s elect the m ost approp riate structure type and 
configuration for the given site  conditions.  This selection is  a critical event in project  
development.  The decision will significantly impact the detailed structure design phase, 
construction costs, and maintenance costs over the life of the structure.   Through advance layout 
and approxim ate dim ensional proportioning based on theory, practice, and judgm ent, the 
designer may establish likely s tructural dimensions which will permit analysis and design of the 
structure. 
 
References shown following sec tion titles  are to the  AASHTO LRFD Bridge Design 
Specifications. 
 
 
59-1.0  STRUCTURE SIZING 
 
The sizing of a structu re require s the evaluation of ot her factors in addi tion to structural 
considerations.  These include bridge and und erpass geom etrics, abutm ent di mensioning, and 
waterway opening.  Together, they will determin e the overall size of the structure for analysis  
and design.  Each structure of longer than 20 ft in  total span length is considered a bridge and 
must have a structu re file number and a separate Des. number.  This applies to e ach three-sided 
structure, oversize box culvert, set of m ultiple box culverts, or set of multiple pipe structures.  A 
large culvert having an opening width of 20 ft or less may also qualify as a bridge if the skew 
results in the span’s measurement along the centerline of the roadway to be greater than 20 ft.  If 
the span length for either the flat-top or arch a lternative for a three-sided structure is longer than 
20 ft as described above, it should be regarded as a bridge. 
 
 
59-1.01  Geometric Design 
 
Part V prov ides criteria for roadway geom etrics.  The road-design criteria will determ ine the 
proper geometric design of the roadway, and th e bridge design will accommodate the roadway 
design across each  structure within  the p roject limits.  This  will provide full contin uity of the 
roadway se ction f or the entir e projec t.  This process  will, of  course, req uire prope r 
communication between  the road d esigner and  br idge designer to identify and resolve any 
problems.  See Chapter Two for a flowchart of the bridge-design process. 
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The bridge  geom etrics will be determ ined in the proje ct scope of  work.  For a new or 
reconstructed bridge on a 4R proj ect, the criteria provided in the applicable chapters of  Part V 
will determine the geometric design of the bridge.  For a bridge within the limits of a 3R project, 
the criteria provided in Chapter Fifty-five will determine the bridge geometrics.  Section 40-6.0  
provides pr oject scope  of  work def initions a nd a m ap of  the Sta te highway system  with  
designated 3R and 4R routes. 
 
The following summarizes the geometric criteria specifically for a b ridge.  See Part V for m ore 
information. 
 
 
59-1.01(01)  Cross-Section Elements 
 
Figures 59-1A, 59-1B, 59-1C, and 59-1D each provide schematics of the bridge cross section for 
a specific highway type.  The following will apply to the bridge cross section. 
 
1. Clear-Roadway Width.  Figure 59-1E provides criteria fo r a new or recons tructed bridge 

within the lim its of a 4R proj ect.  Figure 59-1F provides crit eria for a bridge within the 
limits of a 3R project. 

 
2. Auxiliary L ane.  This m ay be required across a s tructure for a va riety of reasons.  To 

determine the additional width needed for an auxiliary lane, see the following: 
 

a. Chapter Forty-eight discusses the warrants for and design of an auxiliary lane 
within an interchange.  This m ay be n eeded across a b ridge, for exam ple, to 
accommodate vehicular weaving within a full cloverleaf interchange. 

 
b. Chapter For ty-six d iscusses warran ts f or and design of  an auxilia ry lane at an 

intersection, including two-way, left-turn lane, turning roadway, or exclusive turn 
lane.  This may impact the design width of a structure near an intersection. 

 
c. Section 44-2.0 discusses the warrants fo r and design of a truck-clim bing lane.  

The full width of this lane including shoulder should be provided across each 
structure. 

 
d. Chapters Fifty-three, Fifty-four, and Fifty-five provide the width of an auxiliary 

lane for various project scopes of wo rk (e.g., 3R, 4R) and facility ty pe (e.g., 
arterial). 

 
3. Cross Slope.  Each new or reconstructed bridge on a tangent section will be constructed 

with a cross slope of 2% sloping away from  the crown.  The 2% applies to the e ntire 
width from the crown to the face of r ailing or curb.  The crown across the bridge will be 
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in the same location as the approaching roadway crown.  An existing bridge to rem ain in 
place may retain an existing cross slope of 1.5%.  The tangent-section cross slope may be 
increased to 3 to 4%, with only one slope break in the deck, if  roadway geometrics 
require it. 

 
On a superelevated roadway section, a break  may be provided between the traveled way 
and high-side shoulder.  However, on a supere levated bridge secti on, a constant cross 
slope should always be provided across the entire  curb-to-curb or railing-to-railing width.  
If the bridg e is with in the norm al superele vation-transition length where the pavem ent 
slope va ries on eithe r s ide of  th e prof ile g rade, the  supe relevation-transition diag ram 
should be modified to provide a constant cross slope (see Figure 59-1H). 

 
The approach roadway will in clude a shoulder w ith a cross  slope d ifferent from that on  
the bridge.  For exam ple, the typical roadwa y shoulder cross slope on tangent is 4%.  It  
will be necessary to tran sition the roadway shoulder slope to the bridg e deck slope in the 
field.  No plan details are required for this transition. 

 
4. Median.  Section 45-2.0 discusses the design of a m edian.  Fo r a long bridge with a 

sufficiently narrow median, som e increased  safety benefits m ay be realized by 
constructing a single structure.  Depending on site conditions, a single structure should be 
used rather than twin structures  where the median width is approximately 30 ft or less on 
a freeway, or 20 ft or less elsewhere.  The median width at an overpass should m atch the 
median width on the approach. 

 
5. Sidewalk.  Section 45-1.06 provides the guidelines for sidewalk warrants.  The following 

summarizes the criteria for a bridge. 
 

a. Where a sidewalk currently exis ts on a bridge which will be rep laced or 
reconstructed, the sidewalk should be re placed if the roadway approach has a 
sidewalk or is a candidate for a sidewalk. 

 
b. An existing bridge m ay have a side walk only on one side, and it m ay be 

warranted to provide a sidewalk on each side  as part of the bridge rep lacement or 
reconstruction project.  See Section 45-1.06. 

 
c. If no sidewalk is on an existing bridge  but it is present on the approaching 

roadway, a sidewalk should be provided on the new or reconstructed bridge. 
 

d. A bridge replacement or reconstruction may be the project scope of wor k, i.e., no 
roadway work will be performed except for minor roadway approach work.  If no 
sidewalk currently exists on the roadway, the decis ion to place a sidew alk on the 
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bridge will be based on wh ether the roadway is  a candidate for a future sidewalk.  
See Section 45-1.06. 

 
For details of a sidewalk on a bridge, see Section 61-6.05. 

 
6. Longitudinal Side Slope Transition.  See Section 49-3.05(03). 
 
7. Bridge Width for Traffic Maintenance .  Figures 59-1E and 59-1F provide criteria for the 

bridge width.  Additional permanent bridge width may be provided solely for the purpose 
of placing one lane of traffic across the bri dge during construction.  This could elim inate 
the need for a detour or runaround or the use of a local road to re-route traffic during 
construction.  See Part VIII for more information on maintenance and protection of traffic 
during construction. 

 
8. Bridge Width on Flat or Short Horizontal Curve.  Railings and copings on a bridge within 

a horizontal curve are built concentric with the roadway centerline.  However, where the  
bridge is on a very flat curve,  or if the br idge is short, it m ay be m ore practical to b uild 
the railing and coping parallel to the long chord if the following criteria are met. 

 
a. the curved roadway plus shoulders and ba rrier offsets is within  the inner faces of 

the railings; and 
 

b. the bridge-deck width is increased by not more than 1 ft. 
 

Figure 59-1 I illustrates these criteria. 
 
9. Ramp.  For a bridge on an interchange ram p, the full paved approach width of the ramp 

plus barrier railing offsets should be provi ded across the bridge.  See Section 48-5.0 for  
criteria on ramp width. 

 
 
59-1.01(02)  Horizontal and Vertical Alignment 
 
The horizontal and verti cal alignm ent will be  d etermined for the  over all roadway  within  th e 
project limits, and the bridge will  be designed consistent with th e roadway alignment.  Chapters 
Forty-three and Forty-four provi de geometric design criteria fo r alignment for new construction 
and 4R wor k.  Chapter Fifty-five provides alignm ent criteria f or a bridge within th e limits of a 
3R project.  The following are the ideal horizontal and vertical alignment objectives. 
 
1. A nearly right-angle crossing is preferable to an extreme skew. 
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2. A minimum longitudinal grade of 0.5% on the bridge is desirable.  A flatter grade will be 
tolerated where it is not physically or economically desirable to meet the above criterion. 

 
3. The m inimum vertical clearance m ust be provided.  For econom y, do not exceed the  

minimum vertical clearance by more than 6 in. 
 
As discussed in Section  59-3.0, horizontal cu rvature and skew will somewhat limit the selection 
of the superstru cture ty pe, and to som e extent, will com plicate de tailed bridge d esign and  
construction.  However, restrictions on br idge design and constr uction are considered 
subordinate to the objective of providing a proper roadway alignment for vehicular traffic. 
 
 
59-1.01(03)  Structure Length 
 
Among other factors, structure le ngth is determ ined by consider ing vertical elevations and 
horizontal dimensions at the high coping.  This is especially applicable to a superelevated bridge.  
The following figures provide criteria for determining structure length. 
 
1. Stream Crossing.  See Figure 59-1J for a reinforced-concrete slab structure. 
2. Highway Crossing.  See Figure 59-1K for a beam-type superstructure. 
 
To determine the approxim ate locations of end bents and to com pute El . A and El. B, use the 
following procedure with Figure 59-1J. 
 
1. Compute waterway area required.   W = [W + 2(El. D – El. C) ](El. D – El. C).  Solve for  

W. 

2.     Sta Bent 1 =      Channel Sta – .cos/ABE
2
W

θ⎟
⎠
⎞

⎜
⎝
⎛ +++  C C L L 

3.    Sta Bent 2 =      Channel Sta + .cos/ABF
2
W

θ⎟
⎠
⎞

⎜
⎝
⎛ +++  C C L L 

4. Compare computed     Bent Statio ns to the fi rst approximate stations and, if significantly 
different, adjust      Bent Stations and revise El. A and El. B. 

C 
C 

L 

5. Structure Length (⊥ to channel):  L = 2A + 2B + E + W + F. 
 

6. Structure Length (along       roadway) = L /cos θ. C L 
 
 
59-1.02  Geometric Design of Underpass 
 
The geom etrics of an underpass have a signi ficant im pact on the size of the overpassing 
structure.  F igures 59-1L and 59-1M provide sc hematics of a bridge underpass.  T he underpass 
will be  des igned to m eet the  geometric des ign criteria described in  Par t V and as  d iscussed in 
Section 59-1.01.  The following summarizes the geometric design of a bridge underpass. 
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1. Roadway Section .  The full-approach-roadway sec tion, including the m edian width, 

should be provided through the underpass section. 
 
2. Clear Zone .  The roadside clear-zone width app licable to the app roaching road way 

section will be provided th rough the underpass.  Sectio n 49-2.0 provides the clear-zone 
criteria, which are a function of design spee d, traffic volume, highway alignm ent, and 
side slope.  If an auxiliary lane is provided through the und erpass, this impacts the clear-
zone-width determ ination.  S ection 49-2.0 specifically disc usses the determ ination of 
clear-zone width where an auxiliary lane is present. 

 
3. Roadside Safety.  Chapter Forty-nine provides other roadside-safety criteria which m ay 

impact bridge design.  Sections 49-6.0 and 49-7.0 specifically apply. 
 
4. Collision Wall.  A collision wall to protect the bridge substructure from vehicular impact 

may be warranted through the underpass.  The AASHTO LRFD Bridge Design 
Specifications discusses both the warrants and design of a collision wall. 

 
5. Sidewalk.  Section 59-1.01(01) provides the guidelines for sidewalk warrants. 
 
6. Side Slopes.  Section 59-1.01(01) discusses the rate of transition for modifying the rate of 

fill or cut slopes near a bridge or underpasses. 
 
7. Future Expansion.  In determ ining the cross secti on width of a highway underpass, the 

designer should also consider the likelihood of future roadway widening.  W idening an 
existing underpass in th e future can  be extrem ely expensive, so it m ay be warranted, if 
some flexibility is available,  to allow for possible future road way expansion.  Therefore,  
the designer should evaluate the potential for fu rther development in the vicinity of the 
underpass which would significantly increase traffic volume.  If appropriate, a reasonable 
allowance f or future w idening m ay be to provide sufficient lateral clearance for one 
additional lane in each direction. 

 
8. Vertical Cle arance.  Figure 59-1N provides the verti cal-clearance requirem ents.  This 

clearance must be provided for the elevation and alignment of the ove rpassing structure.  
The vertical clearance is determined at the low steel or concrete elevation of the structure.  
Figures 59-1L and 59-1M illustra te where the clearance is  measured.  Clearance m ust be 
maintained across both the traveled way and the shoulders. 

 
See Chapters Fifty-three, Fifty-four, and Fifty-five for criteria on vertical clearance for an 
existing bridge to remain in place. 
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9. Ramp.  For an underpass on an interchange ram p, the full paved approach width of the 
ramp should be provided through the underpas s.  The clear-zone width should also be 
provided through the underpass.  See Section 48-5.0 for criteria on ramp width. 

 
 
59-1.03  End Bents 
 
End bent configuration and dim ensioning has a si gnificant im pact o n the need ed size of  th e 
structure.  The following will apply. 
 
1. Berm.  Figure 59-1 O provides criteria for dim ensioning the berm  a t the top of the 

spillslope beneath the bridge.  The berm elevation at the low side should be at least 6 in. 
below the end-bent bearing seat  or, as illus trated for a slab  bridge, below the bottom  of 
the slab.  The berm  elevation at the high side  should be not more than 1’-8” below these 
points before considering sloping the berm.  The minimum berm width is 3 ft. 

 
2. Spillslope.  The spills lope is 2:1, ex cept for a s tructure located within the backwaters of 

the Ohio River, where the spillslope is 3:1. 
 
3. Wingwalls.  For a reinforced-concrete slab structure which is in accordance with the slab-

to-berm criteria shown in Figure 59-1 O, wingwa lls will not be required at an end bent.  
Wingwalls may be required fo r a slab s tructure where th e 1’-8” clearance between th e 
berm and slab is exceeded.  Wingwalls will always be required for a beam-type structure. 

 
 
59-1.04  Waterway Opening 
 
Chapter Thirty- two pro vides c riteria f or the  h ydraulic design of a bridge waterw ay opening.  
This will have a significant impact on the size and elevation of the structure.  Chapter Thirty-two 
discusses hydraulic policies on m aximum backwater, freeboard, bridge sizing policy, m aximum 
velocity, hydraulic scour, and the use of anal ysis methodologies (e.g., WSPRO, HEC-2).  The 
following summarizes some of the structural considerations relative to waterway opening. 
 
1. Substructure Displa cement.  In  the requ ired waterw ay opening provided by the 

Production Managem ent Division’s Hydraulic s Team , an allowance has already been 
made for the area disp laced by th e substructure.  Therefore, the area of  piers  and b ents 
below the Q100 elevation should not be deducted from  the gross waterway area provided.  
The Hydraulics Team should be contacted if sign ificantly thicker substructure units (e.g., 
drilled shaf ts) o r if  more subs tructure units are  propo sed than  a nticipated b y the  
Hydraulics Team  so that adjus tments can be m ade to the required waterway-opening 
value. 
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2. Existing Substructure Elements.  Rem oving existing pier or abutm ent footings can be a 
major expe nse.  Therefore, where practical  at a stream  c rossing, the designer should 
adjust span lengths or shift th e entire structure so that new foundations or piles for a slab 
bridge will avoid existing substructure elements. 

 
3. Interior Supports.  For a major waterway crossing, and if the foundation conditions allow, 

a single round, ha mmerhead-type pier supported  by a deep foundation is preferred.  
Multiple round columns may be used, but they may require a solid wall between columns 
to avoid the collection of debr is.  A single-wall pier aligne d parallel to the flood flow 
direction may be a more suitable alternative. 

 
For a m eandering river or stream , the m ost desirable pier type is norm ally a single, 
circular pier column. 

 
4. Freeboard.  Where practical, a minimum clearance of 2 ft should be provided between the 

design water-surface elevation and the low-structure elevation to allow for passage of ice 
and debris.  W here this is not practical, the clearance should be established by the 
designer based on the type of stream and level of protection desired.  For exam ple, 1 ft 
should be adequate for a sm all stream that norm ally does not transport drift.  An urban 
bridge with grade lim itations m ay not provi de any freeboard.  A 3-ft freeboard i s 
desirable for a major river which is known to carry large ice floes or debris. 

 
5. Low Channel-Clearing Elevation .  The low channel-clearing elevation should be set as 

described in Section 32-3.02(08). 
 
6. Span Lengths.  The m inimum span length for a bridge  with more than 3 spans sho uld be 

100 ft for those spans over the m ain channel.  A three-span bridge should have the center 
span leng th m aximized at a s ite w here deb ris m ay be a problem .  A two-span bridge 
should be avoided at a stream crossing where the pier must be located in the center of the 
main channel.  Contact the Hydraulics Team if a two-span structure is necessary. 

 
 
59-1.05  Railroad Clearance 
 
See Chapter Sixty-nine for criteria on clearance for railroad applications. 
 
 
59-2.0  SUBSTRUCTURE AND FOUNDATION 
 
This Section discusses several types of substructure and foundation systems used, and it provides 
their gene ral cha racteristics.  The  d esigner sho uld cons ider this inf ormation with  the in tent to  
select the com bination of substructure and foundation which is suitable at the site to 
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economically satisfy the geom etric requirements of the bridge and to safely use the strength of 
the soil or rock present at the site. 
 
The dem arcation line between substructure and foundation is not always clear, especially for 
extended piles and drilled shafts.  T he foundation includes the supporting ro ck or soil and parts 
of the substructure which are in direct contact with, and transmit loads to, the supporting rock or 
soil.  This definition will be used to the greatest extent possible. 
 
A sim ilar dif ficulty exis ts in  sepa rating subs tructure and su perstructure where thes e parts are 
integrated.  Arbitrarily, this Chapter will refer to each component or elem ent located above th e 
soffit line as part of the superstructure. 
 
Chapters Sixty-six and Sixty-se ven discuss the detailed design of  substruc ture e lements and 
foundations. 
 
 
59-2.01  Foundation 
 
The majority of currently-used system s can be cat egorized into three basic groups as illus trated 
in Figure 59-2A.  These groups are discussed below. 
 
For interior supports at a stream  crossing, either extended piles or  piles with a pile cap footing 
are used.  Where scou r is not exp ected and q uality load-bearing soil is close to  the surface,  the 
use of spread footings m ay be considered, provided that the geometric limitation as discussed in  
Section 59-2.01(01) is satisfied. 
 
 
59-2.01 (01)  Pier or Frame Bent Supported by Spread Footing 
 
The LRFD Bridge Design Specifications provides no dim ensional rest rictions for substructure 
settlement for a spread footing.  Unlimited settlement, however, may cause problems as follows. 
 
1. The superstructur e m ay intrude into the req uired ver tical clea rance.  This can be 

prevented by increasing the as-built clearance in excess of the specified settlement value.  
Such intrusion can also be corrected by periodic jacking of the superstructure. 

 
2. Rideability may be i mpaired by introducing an gular rotations in th e longitudinal profile 

of the roadway due to differential settlem ent among the individual subs tructure portions.  
The substructure design should lim it such an gular rotations to 0.005 rad.  This value 
should be applied to th e cumulative rotations between tw o adjacent spans.  Diffe rential 
settlement should be determined by assuming alternating maximum and minimum values 
of the calculated settlem ent range between adjacent suppo rts.  Because settlem ent is a  
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deciding factor, this calculation should be made during the structure type and size 
determination.  The stated lim it of 0.005 rad in  relative rotation should be applied to 
either a simply supported or continuous supers tructure.  For a fixed value of per missible 
rotation, the larger the span, the larger the settlement that can be accommodated. 

 
3. In a continuous superstructure, differential settlement results in force effects which are in 

addition to those due to gravity loads.  The LRFD Specifications incorporates both force 
and geom etric effects of se ttlement in a nu mber of  load com binations which  are 
mandated for investigation, and it does not pr ohibit the inelastic re distribution of the 
resulting force effects. 

 
The larger the span and the lesser its rig idity, the sm aller are the force effects due to 
settlement.  W here settlem ent causes negativ e m oments in the superstructu re, the 
problems that may arise are related to cracking and ductility, rather than to strength. 

 
The LRFD Specifications also em phasizes the danger of scour for a pier located  in a 
waterway.  LRFD Specifications, Section 2 lists m ethods of minimizing this catastrophic 
potential, due to the large number of bridges that wash away each year. 
 
A spread footing requ ires a quality foundation m aterial close to the gro und surface.  The 
bottom of a spread footing on soil should be be low the deepest frost level.  See Section 
66-2.03 for more information. 

 
 
59-2.01(02)  Pier or Frame Bent Supported by Deep Foundation 
 
Where conditions are not present which favor or permit the application of a spre ad footing, a 
deep foundation, such as  drilled shaf ts or piles, s hould be considered.  Prefabricated piles m ade 
of concrete, steel, or a com bination of these ma terials, are driven into position by ha mmers.  
Drilled shaf ts and d rilled concre te piles  are  c onstructed essentially with the sam e technique 
requiring sp ecific sk ills.  Drilled sh afts, especi ally those with bell-shaped bottom s, can carry 
extremely large loads. 
 
The LRFD Specifications provides a two-level approach for the design of a deep foundation, in 
which the structural resistance of the pile or shaft and the structur al resistance of the supporting  
soil or rock are investigated separately. 
 
 
59-2.01(03)  Extended Pile Bent 
 
Under certain conditions, the economy of a substr ucture can be enhanced by extending the deep 
foundation above ground leve l to the soffit of the superstructure.  These conditions exclude the 
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presence of  large hor izontal f orces which m ay develop du e to seism ic activ ity, c ollision by 
vessels or vehicles, ice,  or stream flow intensified by accumulated debris .  Longitudinal braking 
forces, which are subs tantially increased in the LRFD Specifications, should preferably be 
resisted at the abutment. 
 
The extended piles require a cap -beam for structural soundness.  This cap-beam  may be an 
integral part of the superstru cture.  An extended drilled shaft placed directly beneath each beam 
line can elim inate the use of a ca p-beam.  Sufficient space should be provided at the top of the 
shaft to allow for future jacking operations. 
 
 
59-2.02  End Bent or Abutment 
 
59-2.02(01)  Usage 
 
The types of end supports and their usage are as follows: 
 
1. Integral End Bent .  These, a subset of spill-th rough end bents, should be used for a 

structure which is in accordance with the geometric limitations provided in Figure 67-1A. 
 
2. Non-Integral End Bents .  These should be used wher e spill-through end bents are  

desirable, but integral end bents are not appropriate. 
 
3. Abutments and W ingwalls.  For soil conditions or brid ge geom etric dim ensions not 

suitable for spill-through end bents, abutm ents and wingwalls of the ca ntilever type, or a  
mechanically-stablized-earth wall or other type of earth-retaining system should be used. 

 
The following provide basic inform ation on t hese end supports.  See Chapter Sixty-seven for 
more-detailed information. 
 
 
59-2.02(02)  Spill-Through End Bent 
 
A spill-through end bent, either integral or non-integral, by its nature is supported by an 
individual deep foundation, which the fill flows  through.  T he end ben t consists of a cap-beam 
and a m udwall (non-integral only) which provid es partial retaining for the fill at its  top.  W ith 
this typ e of end bent, the fill is largely self -supporting.  T herefore, for the sam e fill slope, it 
needs m ore space in  p lan geom etry and result s in long er spans.   However, the additional 
superstructure cost is often less than the cost of a massive cantilever abutment. 
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59-2.02(03)  Integral End Bent 
 
The integral end bent elim inates the deck joint between the superstructure and the end bent by 
the structural integration of the two.  See Figur e 59-2C.  The vertical dimension of the cap beam 
can be minimized as the mudwall becomes a composite part thereof. 
 
Components of the de ep foundation should be sufficiently flexible to accommodate the 
longitudinal movement of the pile b ent.  Such flexibility can be provided by steel H- piles, steel-
encased concrete piles, or slender prestressed-concrete piles. 
 
The reinforced-concrete bridge approach should be attached to the end bent .  Provisions should 
be made to accomm odate the long itudinal bridge movements at the outer end of the reinforc ed 
concrete bridge approach by using a 2-ft wide terminal joint or pavement relief joint if a portion 
of the adjacent pavem ent section is concrete.  No  such joint is requ ired if  the entire adjac ent 
pavement section is asphalt or gravel. 
 
The LRFD Specifications encourages the desig ner to m inimize the number of dec k joints, and 
this end bent typ e m eets th at requ irement.  If  the supe rstructure is  fully continuous, no deck 
joints remain. 
 
Because of the differen ce in construction cos ts between an integral en d bent and an abutm ent, 
and the generally less-than-desira ble perform ance of bridge-deck joints, an integ ral end  bent 
should be used.  See Chapter Sixty-seven.  Lim itations of continuous superstructure length are  
related to th e flexural stresses caused in the  piles by the expansion and c ontraction of the deck 
due to temperature, creep, and shrinkage. 
 
If the maximum distance from the zero point to the integral end bent does not exceed the criteria 
shown in Figure 59-2B, the effects of deck expa nsion and contraction m ay be neglected in the 
analysis of the bridge, and the piles are designed only for axial lo ads to satisfy specified stress 
limits.  If the continuou s deck length exceeds th ese limits, or if the designer wishes to obtain a 
better understanding of  the behavior of the end bent, an in-plane fram e analysis should be 
performed and the components designed as specified in the LRFD Specifications. 
 
To minimize deformation-induced force effects, only one row of vertical piles is permitted in an 
end bent.  If the resistance of the surrounding soils is larger than a specified value, the piles 
should be driven in to predrilled holes, which w ill be filled later with uncrus hed granular 
material.  This latter measure may be used rather effectively as the stiffness of the pile, hence the 
stresses are inversely proportional to the third power of the free-pile length. 
 
Unless approved by the Production Management Di vision director, te mperature m ovement 
should not exceed 2 in. at either end of a bridge supported by integral end bents. 
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59-2.02(04)  Abutment 
 
A concrete abutm ent may be supported by either a spread footing or a deep foundation.  It 
usually consists of a vertical stem  which supports the superstructure by bearings with or without 
pedestals, o r a m udwall which retains the em bankment fill in the longitudinal direction of the 
bridge.  It m ay suppor t the end of the reinfor ced-concrete bridge approach.  W ingwalls are 
usually n eeded to re tain the f ill in  the transv erse direction.  Continui ty of the riding surface 
between the abutment and the superstructure is provided by a deck joint. 
 
For restricted geom etry, a tall superstructure, or large relative longitudinal m ovement between 
the superstructure and the substructure, the abutm ent may be the only f easible alternative.  I t is, 
however, generally expensive to construct.  For a s mall bridge, its cost could be out-of-
proportion with respect to other co mponents of the bridge.  W ith large abutments, located close 
to the edge of roadway or wa terway below,  supers tructure spans can be reduced.  Large 
abutments, however, may result in poor aesthetics of the bridge, and may impair visibility at an  
overpass. 
 
An abutment is strongly affected by the bridge geom etry and site conditions.  Therefore, it m ay 
be designed in an infinite variety of shapes a nd sizes.  Figure 59-2D indi cates the essential parts 
of a typical cantilever abutm ent of rectangula r layout supported by a spread footing.  If the 
wingwalls are excessively large, they may be directly supported by spread footings or footings 
with piles. 
 
 
59-2.03  Pier or Frame Bent 
 
The above-ground portion of a  substructure can be categorized into two gr oups as illustrated in 
Figures 59-2E and 59-2F.  These are discussed below.  See Sect ion 67-3.0 for m ore details on 
interior supports. 
 
 
59-2.03(01)  Pier 
 
A pier is almost exclusively m ade of reinforced concrete.  W here piers are directly exposed to 
public view, their appearance may be improved by measures as discussed in Section 59-4.02. 
 
The round colum n shown in Figure 59-2E(a) is the most economical, because it is sturdy and  
easy to bu ild.  If a pier has a large diam eter and is not exp osed to veh icular or vessel collision, 
the economy of a hollow interior should be investigated. 
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The single, narrow wall shown in Fi gure 59-2E(d) is m ost suitable if its  structu ral he ight is 
relatively small and the superstructure is a concrete slab; if the superstructure is made of narrow, 
longitudinally laid, precast concrete com ponents; or if it includes clos ely spaced, longitudinal 
beams.  For  a greater structural height, a hamme rhead pier, as shown in Figure 59-2F(b), either 
with rectangular or rounded stem, is more suitable. 
 
The use of twin walls shown in Figure 59-2E (e) perm its the segmental construction of a 
medium-span superstructure m ade from  long itudinal precast concrete com ponents without 
falsework.  A larger pie r located in  a waterway susceptib le to ice accu mulation may be fitted 
with a sharp icebreaker nose as sho wn in Figure 59-2E(f).  A medium- or large-span, single-box 
superstructure m ay be supported by  aesthetically-p leasing flared piers, as illus trated in Figure 
59-2F(c).  In a debris-prone stream, the wall-type pier is preferred. 
 
 
59-2.03(02)  Frame Bent 
 
A fra me bent, as shown in Figure 59-2G, can be constructed from  steel, concrete, or a 
combination of these materials.  Steel is typ ically used only for a tem porary structure because of 
problems associated with corrosion, the environm ental impact of repainting, vulnerability to 
collision, and the difficulty in prov iding an appropriate pier head.  Furthermore, steel is not the 
most competitive material for resisting force effects which are primarily compressive. 
 
A concrete f rame bent is favored to support steel or concrete structural m embers.  The colum ns 
of the bent can be either  circular or rectangular in cross se ction.  The for mer is usually m ore 
economical.  The columns should be directly supported by the slab portion of a spread footing or 
by the pile cap. 
 
Figure 59-2G(a) illustrates the m ost common type  of concrete bent c onsisting of vertical 
columns and a cap beam, used in an overpass stru cture.  Figure 59-2G(b) de picts a tall conc rete 
bent which may be used in a cable -stayed bridge.  There is an infi nite variety of m ethods to use 
concrete to provide an economical and visually attractive substructure. 
 
 
59-3.0  SUPERSTRUCTURE 
 
This Section discusses those factors which s hould be considered in the selection of the  
superstructure type. 
 
59-3.01  General 
 
The State’s  geography  is relativ ely flat with predominately sm all waterways, th erefore, the 
largest of the available bridge typ es is rare ly appropriate.  The bridge types provided in Figure 
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59-3A are those which are either traditional or which may have an application resulting from the 
introduction of the AASHTO LRFD Specifications. 
 
The load-and-resistance-factor-based LRFD Specifications has rendered the design of a m edium 
or large span bridge more economical.  The differences, however, are not substantial, because the 
new, less-co nservative load fact ors are balanced by an increase in  vehicular live loads.  One 
significant change is the introduction of the empirical design of a concrete deck slab. 
 
The e mpirical slab design is based on the recogn ition th at a m onolithic concre te slab f ails in 
punching shear and, therefore, needs very little flexural reinforcement.  In turn, it has been found 
that th e shear strength is prim arily determ ined by the geo metry of the slab.  Th e specified  
minimum isotropic reinforcement, which is only a little more than the required temperature steel, 
is set by consideration for crack control, rather than for strength. 
 
A minimum of four beam lines is re quired for a multi-beam application on a State  route.  Three 
beam lines m ay be used for a local-public-agenc y structure if the desi gner obtains the written 
approval of the LPA’s appropriate elected offici als.  The m inimum deck thickn ess is 8 in.  
(including a 0.5-in. sacrificial wearing surface). 
 
The following provides guidance in selecting the bridge superstructure type th at is m ost 
appropriate for the highway geometry, span lengths, and site conditions. 
 
1. Span Lengths.  Figure 59-3B indicates the typical ranges  of span lengths for which  each 

superstructure type will apply. 
 
2. Superstructure Depth .  See LFRD Table 2.5.2.6.3-1 for tradition al m inimum depth for 

constant-depth superstructure for each structure type. 
 
3. Superstructure Charac teristics:  Figure 59-3C tabulates ba sic characteristics of the 

superstructure types in shown in Figure 59-3A. 
 
 
59-3.02  Superstructure Type 
 
59-3.02(01)  Type A:  Reinforced Cast-in-Place Concrete Slab 
 
The reinforced cast-in-p lace concrete slab is frequently used because of its suitab ility for short  
spans and its insensitivity to skew ed or curved alignm ents.  It is perhaps the sim plest among all 
superstructure systems, as it is easy to construc t.  Stru ctural continuity can be achieved without 
difficulty. 
 

2010



Haunching is used to decrease maxim um po sitive m oments in a continuous s tructure by 
attracting increased negative moments to the haunc hes and to provide ade quate resistance at the 
haunches for the increased negative  moments.  It is a sim ple, effective, and econom ical way to 
maximize the resistanc e of a thin concrete sla b.  As illustrated in Figure  59-3D, ther e are th ree 
ways of forming the haunch.  The parabolic shape (a ) is the most natura l in terms of stress flow, 
and certainly the most aesthetic, and is preferred where the elevation is frequently in  view.  The 
parabolic haunch, however, is not the easiest to fo rm and, as alternatives, the straight haunch (b) 
and the drop panel (c) should be co nsidered where appropriate.  The narrow pile cap (d), used in 
conjunction with an extended-pile substructure, does not qualify as an effective haunch. 
 
Figure 59-3E depicts the elevation of a three- span, continuous-haunched slab bridge.  The 
preferable ratio between interi or span and end spans is appr oximately 1.25 to 1.33 for econom y, 
but the system  per mits considerable freedom  in  selecting span ratio.  The ratio b etween th e 
depths at the centerline of interior piers and at the point of maximum positive moment should be 
between 2.0 and 2.5.  Except for aesthetics, the length of the haunch need not exceed the kL  
values indicated in Figure 59-3D, where L is the end span length.  Longer haunches m ay be  
unnecessarily expensive or structurally counterproductive. 
 
 
59-3.02(02)  Type B:  Longitudinally Post-Tensioned, Cast-in-Place Concrete Slab 
 
The basic distinction between the type A and type B superstructures is the difference in how they 
are reinforced.  Therefore, most of the information described above for type A is applicable. 
 
An extremely shallow slab is  possible if the sections are over-reinforced.  LRFD Specifications 
Article 5.7.3.3.1 allows the use of ove r-reinforced sections in prestr essed-concrete members, if 
adequate ductility is p roven by analysis or phy sical testing.  Detailed st ructural analysis shows 
that if the haunch ratio is about 2.5, the ratio between maximum negative and positive m oments 
is also approximately 2.5.  This indicates that th e amount of post-tensioning steel, as determ ined 
for positive moment, will be consis tent with the requirements for negative moment, producing a 
balanced design.  As an alternative, the right-hand side of the el evation in Figure 59-3F is drawn 
with a constant depth soffit.  The latter structural arrangement never produces a balanced design, 
thus requiring additional negative reinforcement.  This results in a considerable reduction in span 
range and in creases the probability of spalling by providing a large amount of reinforcing steel 
close to the surface. 
 
By increasing the span-to-depth ratio (m aximum of 1:30 for simple spans and 1:40 for 
continuous spans), considerable savings may be obtained in both superstructure and substructure.  
The use of the potentially-extrem e ratio should be m ade with c onsideration, as appropriate, for 
deflection performance and dynamic response. 
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There are two alternatives for trans verse steel.  One is with  normal reinforcement, for which the 
requirements are the s ame as for a type A deck system.  The second  a lternative is shown in 
Figure 59-3G which incorporates tr ansverse post-tensioning.  The cross section ca n be with or 
without cantilever overhangs.  In the latter situation, two leve ls of post-tensioning instead of one 
can be used.  As illustrated in Figu re 59-3F, transverse ten dons should be fanned in the end  
zones of a skewed bridge.  If th e traffic barrier is attached to a cantilever overhang at isolated 
points (posts), both longitudinal an d transverse reinforcement shou ld be provided therein.  The 
practical problem  that often rises with the tr ansverse post-tensioning on a deck of less than  
approximately 30-ft width is the control of exce ssive seating losses, which makes the reinforced 
alternative preferable. 
 
 
59-3.02(03)  Type C:  Longitudinally Post-Tensioned, Cast-in-Place Concrete Box Girders 
 
This is a variation of type B, in which the deck  system is c onsiderably lighter and, therefore, 
more economical because of large, rectangular, and rhombic voids.  This creates a multicell box-
type superstructure, as illustrate d in Figure 59-3H.  This is of ten referred to a s the California-
type box girder.  To facilitate the form ing of a th in-walled box, the m ajority of these structures 
have a straight soffit.  Consequently, considering longitudinal post-tensioning, this system is also 
unbalanced, requiring addition al negative-m oment st eel.  Full diaph ragms are req uired at all 
interior piers and abutments.  The preferred subs tructure type is the fl ared, rounded pier, which 
provides direct support for the two internal webs and provides the potential for a solid transverse 
moment connection, if required for seismic force effects. 
 
For type A, B, or D, concrete is p laced to fu ll depth in a single operati on.  For type C, it is 
poured in three stag es.  First, the bottom  slab is placed with dowels for connecting the web 
reinforcement as shown in Figure 59-3H.  Next, the web s teel is ass embled, to wh ich the rig id 
tendon ducts are attached, then th e web concrete is placed between removable form s.  The last 
step is to construct a form for the top slab, as semble its reinforcem ent, and pour the concrete.  
Thus, a surprisingly large structure can be built without the need for expensive machinery, if it is 
reasonably close to firm ground. 
 
The system is  suitable for an alignment with moderate cu rvature and skew.  The st ructure i s 
usually analyzed with  the piers as a fram ed spine beam to obtain m oment, shear, and torsion.  
For the latter, this system  offers excellent resistance.  If practic al, the top slab should satisfy the 
requirements of the empirical-design process. 
 
 
59-3.02(04)  Type D:  Two-Way Post-Tensioned, Cast-in-Place Concrete Spine-Beam with 
Cantilevers 
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Type D can be used for any layout.  It is especial ly suitable for an excessively curved or skewed 
alignment, and is rather insensitiv e to the locatio n of its piers.  The cross section is basically a 
variation of type B in which the application of large, cantilever overhangs reduces the weight of 
the superstructure.  Above a certain structural depth, it becomes economical to further reduce the 
structure weight with round voids which are formed by means of stay-in-place steel pipes. 
 
The voided deck has a tendency to crack at the t op near the centerline o f the voids.  To prevent 
the formation of cracks in the bridge, a number of preventive measures have been introduced, the 
most significant of which is tran sverse post-tensioning of the top.  This transverse post-
tensioning lends itself to the f ormation of large cantilever overhangs and, thus, a dual use.  This  
improved version, with or without voids, is illustrated in Figure 59-3 I. 
 
Considering span range, the type D system is a transition between the type B solid slab and type 
C cellular deck.  Its cro ss section is  not as effec tive as that of the cellular deck, but because its 
whole depth can be placed in one operation, it is less labor-intensive. 
 
The largest void used is approximately 4 ft in  diam eter, providing for a structural depth of 
approximately 5 ft.  A narrow bridge, as illust rated in Figure 59-3 I, needs a m inimum of two 
voids.  As the core widens or the structural depth decreases, the voids will be more numerous but 
of lesser diam eter.  If th e core-void ratio, with the area of th e wings excluded, does not exceed 
approximately 30%, a solid cross section, as show n in Figure 59-3 I, is recomm ended.  To be 
economical, the void ratio should be approxim ately 35%.  If the ra tio exceeds 40%, the LRFD 
Specifications considers the deck as cellular (box) construction. 
 
For the piers, slender, round columns m ay be used.  For a short bridge, such  as an overpass, the 
columns may be framed into the superstructure.  For a longer bridge, sliding bearings should be 
applied.  A long structure with flat horizontal curvature requires intermittently-located wide piers 
with two bearings to provide torsional stability.  A sharply-curved structure has a high degree of 
inherent stability, therefore, st abilizing by m eans of two bearings  or a line support, is needed 
only at the abutments. 
 
 
59-3.02(05)  Type E:  Prestressed, Precast Concrete Beams 
 
Precast, prestressed concrete I-beams were initia lly adopted as AASHTO types II,  III, and IV.  
Later, types I, V, and VI  were added to extend their span range at both the lower and upper ends 
of the spectrum. 
 
Currently, the AASHTO I-beam types I, II, III,  and IV are used, along with the Ind iana bulb-tee 
beams for longer spans.  Prestressed, precast concrete bo x beam s are also acceptable for a 
shallow con struction depth.  However, they  sh ould not be placed eith er partially or entirely  
below the Q100 elevation. 
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Figure 59-3J illustrates a typica l superstructure cross section with prestressed, pre cast concrete 
I-beams. 
 
For a prelim inary selection of an I-beam  size and spacing, see Figure 59-3K, Prestressed  
Concrete I-Beam Selection Chart.  The slab overhang should be as wide as possible but should  
be in accordance with the overhang criteria provided in Section 61-5.02. 
 
For a wide bea m spacing, if foundation cond itions perm it, the beams could be individu ally 
supported by drilled shafts as shown in Figure 59-2A(c), instead of a continuous pier cap. 
 
Figure 59-3L illustrates three variations of prestr essed, precast concrete box beams.  Alternative 
(a) is an open-box cross s ection.  Its advantage over a closed box is in the form ing of the beam .  
Alternative (b) is a closed box, som etimes referre d to as spread-box de sign, with a constant  
depth, cast-in-place deck.  Alternative (c) is a ke yed-in design.  For transverse continuity of the 
deck, it should have the top reinforcem ent shown, but not dedicated shear connectors.  All three 
alternatives can be spaced up to approximately 15 ft. 
 
Precast beam s should be continuo us in the lo ngitudinal d irection for transient loads.  In  th is 
arrangement, the beam s retain their individual b earings, bu t their ends  are incorp orated in a 
common diaphragm which is cast monolithically with the deck. 
 
The reinforcement for flexural con tinuity is lo cated in the d eck.  The st rands are extended into 
the d iaphragm to prev ent s eparation at the  b ottom that m ay occur as a resu lt of the upward  
bowing of the prestressed beam due to creep.  The tendency for creep can be m inimized by 
permitting the beam  concrete to mature pr ior to placing th e deck.  The extended strands a lso 
increase the shear resistance of the prestressed beams. 
 
This system is adaptable to a ny skew.  Horizontal curvature ca nnot easily be m atched with a 
continuous structure, but only by means of a series of chorded spans laid out in a segm ental 
form. 
 
 
59-3.02(06)  Type F:  Bulb-Tee Beams Made Continuous by Post-Tensioning 
 
Precast beam s of any cross section  can be m ade continuo us for both perm anent and trans ient 
gravity loads by the application of longitudina l post-tensioning.  However, the schem e i s 
provided herein in conjunction with the bulb-tee b ecause it appears to  offer the best stru ctural 
efficiency f or this typ e of  construction with particular re ference to its large bottom  flange 
required to resist high negativ e mom ents in com pression.  This  efficiency is achieved by a 
certain level of sophistication in construction te chnology which is well within current practice, 
but not uniformly practiced nationwide. 
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Figure 59-3M illustrates the cross s ection of the Indiana bulb-tee beam.  In addition to m aking 
the beam structurally effective,  the wide top flange provides la teral s tability, r educes the  deck  
area to be form ed, and furnishes a safe and co mfortable walkway for the construction crew.  
Consideration should be given to the lim its of pract ical hauling from  the plant to the work site 
when selecting span length and beam type and si ze.  Fabricators should be contacted early in  
project development for information regarding the feasibility of hauling to a specific site. 
 
The trajectory of the tendons follows that shown in Figure 59-3F.   The draped tendons should be 
as clo se as  practical to  the outer  fibers of the beam , because th e stru ctural effectiveness  of a 
tendon is directly proportional to the vertical distance be tween its highest and lowest points.  If 
the sidespan is iden tical with the in ternal one an d if the end is butted by another structure, the  
tendon anchorages may be located in the top of the beam , as shown in Figure 59-3N, to increase 
tendon efficiency and to avoid congestion.  In either situation, an end-block at the anchorage end 
of the end beam  will be required.  One structu re should not include m ore than four continuous 
spans. 
 
Figure 59-3  O illustrates a som ewhat intricate but convenient system  of relatively  large spans  
built from transportable, precast bulb-tee elem ents.  The sp an element is the s ame as discus sed 
above.  The pier element is also the bulb-t ee cross section but with a haunched soffit for 
improved negative-moment effectiveness.  To avoid temporary falsework, thin-walled twin piers, 
as shown in Figure 59-2E(e) m ay be used.  For temporary stability, each set of pier elem ents 
should be joined together by four diaphragm s and the deck.  The span elem ents and the deck 
above them  should be constructed with two- stage post-tensioning.  Both system s accept 
unlimited skew but no curvature. 
 
 
59-3.02(07)  Type G:  Deck System with Prestressed, Precast Longitudinal Elements 
 
Prestressed, precast concrete longitu dinal members of vario us cross sections have b een used to  
create a bridge deck.  The perform ance of these deck systems has not always been desirable due 
to the disintegration of longitudinal shear keys between the members.  The keys, unprotected by 
transverse pressure, becom e vulnerable due to  shortening and warpi ng of the prestressed 
members, and they f ail to transf er live-load shear.  This re sults in po tential overloading of  the 
members and in an essentially unresolvable maintenance problem for the deck. 
 
The beneficial effect of keeping the keys under transverse pressure had been recognized 
previously, and third-point tran sverse post-tensioning had been introduced as an option.  
Unfortunately, the com bination of lo w prestress,  the unm atched side surfaces of the  members, 
and the quality of the keys, has re ndered this improvem ent ineffective.  The grout in  the key is 
impossible to inspect due to the way the key is formed. 
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LRFD Specifications Article 5.14.4.3 requires a we t joint of not le ss than 7 in. deep between the  
members.  In lieu of the traditional key, the LRFD Specifications gives preference to a V-shaped 
joint which is easy to fill and convenient to inspect.  The post-tensioning ducts must be located at 
the m id-depth of the joint, and not at the m id-depth of the beam .  The m inimum transverse 
prestress across the joint is 250 psi, or 20 kip/ft of length, which is a force nearly tw o orders of 
magnitude higher  than  the trad itional va lue.  If  the deck  is  not tr ansversely post-tensioned, it 
requires a structural overlay of not less than 4.5-in. depth. 
. 
 
The current practice is as follows: 
 
1. Precast m embers alm ost always h ave a com posite s tructural-concrete overlay (5-in.  

minimum depth). 
2. Precast m embers are transversely p ost-tensioned whether o r not a s tructural overlay is 

used. 
3. A traditional trapezoidal key is used instead of a V-shaped key. 
4. The wet joint between elements is 8 in. deep. 
 
As illustrated in Figure 59-3P, there  are four basic precast, prestressed concrete members which 
can be econom ically assembled into a sim ply-supported deck system .  In descending order of 
span length, these are the single tee, the double tee, the box, and the solid slab.  The LRFD 
Specifications also includes channel sections, but these will herein be cons idered as a double tee 
with truncated cantilever overha ngs.  The precas t members either serve as the finished roadway  
or provide an uninterrupted formwork for a structural-concrete overlay. 
 
The depth of the top flange, d, of the sections should not be less than 6.5 in. if post-tensioned, 
and not less than 4 in. if overlaid.  If the m ember is transported by truck, its width should not 
exceed 8 ft.  There is an incentive to decrease the number of joints in the deck, but this results in 
larger m embers.  The designer should investigate the tra nsportability and erecta bility of  the 
members considering both weight and geom etry, early in projec t deve lopment, with poten tial 
contractors.  Although the double te e has a less than perfect cross section considering structural 
efficiency, this is offset by ease of forming. 
 
For simplicity, only the box altern ative is shown for the two m ethods of asse mbly as outlin ed 
above.  Figure 59-3Q is applicable to all four basic sections.  For a box or slab section, end 
diaphragms are not required.  For a single- or double-tee section, end diaphragm s are required.  
Because it is nearly im possible to manufacture perfectly matched precast members, the surface 
of the grouted and post-tensioned deck shoul d be ground, where necessary.  For this, the 
minimum specified depth of top flange should be increased by 0.5 in. 
 
No variation of this system  is applic able to a curved alignment.  Skew is possible, b ut forming 
and casting  the ends o f each m ember with an  angle of other than 9 0 deg will cause som e 

2010



difficulty in manufacturing.  The desirable limit for skew is 30 deg.  A skew angle of greater than 
45 deg not permitted.  This system can also be made continuous in the longitudin al direction by 
using a m onolithic dia phragm and continu ity stee l or lon gitudinal po st-tensioning sim ilar to  
precast-concrete beam s discussed earlier.  A double tee, h owever, which lack s an effective 
bottom flange, requires other m easures to im prove the compressive strength of the stems at the  
point of junction. 
 
 
59-3.02(08)  Type H:  Segmental Concrete Box 
 
The use of a segmental concrete structure may be considered for the following: 
 
1. a bridge with long spans; 
2. a long bridge with m edium-length spans a nd lim ited vertical and horizontal curvature 

designed with essentially identical precast segments; or 
3. a sharply-curved bridge where cast-in-place operations are not permitted. 
 
The metal formwork, especially built for each c onstruction, is expensiv e, and one of the above 
reasons should be used to justify the use of this structure type. 
 
Figure 59-3R illustrates a typical cross section with a single cell.  This type of superstructure has 
its own technical l iterature with refe rence to long spans.  A su mmary can be found in the 
AASHTO Guide Specifications for Design and Construction of Segmental Concrete Bridges.  
The segm ents can be assem bled by m eans of e ither span-by-sp an or balanced-can tilever 
methods, using either precast or  cast-in-p lace concrete segm ents.  The preferred way of 
longitudinal post-tensioning is by m eans of internal bonded tendons, but longitudinal post-
tensioning with unbonded tendons  is also perm itted.  These are threaded throug h deviation  
blocks and anchored in  the diaph ragms of the adjacent spans.  To avoid longitud inal cracking, 
the top slab should be transversely post-tensioned. 
 
The segmental interfaces should be match-cast and should include shear keys, and they should be 
bonded with epoxy adhesive. 
 
 
59-3.02(09)  Type I:  Composite Steel Rolled Beam 
 
Low structural depth, thick webs, and wide fla nges characterize m ost of the steel beam s rolled 
today.  Therefore, m ost of these beam s are considered co mpact sections that do  not require 
intermediate web stiffeners and require minimum lateral support.  They are not economical based 
only on least steel weight.  Instead, econom y is derived from low fabrica tion costs and m inimal 
or som etimes nonexistent wind or sway bracing.  Section 64-5.03 requires that interm ediate 
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diaphragms be used at a m aximum spacing of 25 ft  unless  a detailed anal ysis is perform ed in 
accordance with LRFD Specifications Article 6.7.4. 
 
The maximum spacing of the bea ms should not ex ceed 11 ft.  The depth-to -span ratio for the 
beam plus s lab should not exceed 1:24 for simp le spans or 1:33 for continuous spans.  For 
continuous spans, the span is the distance between points of dead-load contraflexure. 
 
Cover plates for rolled beam s are prohibited on te nsion flanges.  W eathering (unpainted steel) 
should be used to lower the future m aintenance cost.  See F igure 64-1A for steel weight curves, 
which can be used to provide a prelim inary estimate of steel weight.  W ith proper diaphragm s, 
this structure type is suitable for a skewed or horizontally-curved alignment.  See Section 64-1.0 
for more information. 
 
See Figure 59-3S for a typical steel rolled beam section. 
 
 
59-3.02(10)  Type J:  Composite Steel Plate Girder 
 
Steel plate g irders may be used in lieu of steel rolled beams for spans  that are uneconomical, or 
not feasible, for that type of structure.  Th e maximum spacing of the girders should not exceed 
12.5 ft.  The depth-to-span ratio for the girder plus  slab should not exceed 1:20 for simple spans 
or 1:28 for continuous spans.  For continuous span s, the span is the distance between points of 
dead-load contraflexure.  W eathering (unpainted steel) should be used to lower the future 
maintenance cost.  See Figure 64-1A for curves that can  be used  to  provide a prelim inary 
estimate of steel weight. 
 
It is s eldom econom ical to use the thinnes t web plate perm itted by AASHTO.  The use of a 
thicker web and few or no interm ediate transv erse or longitudinal stiffeners should be 
investigated.  For appearance, tran sverse stiffeners should be located on the inside of the outside 
girders.  W ith proper diaphragm s, this structure type is suitable for a skewed or horizontally-
curved alignment.  See Section 64-1.0 for more information. 
 
See Figure 59-3T for a typical composite steel plate girder section. 
 
 
59-3.02(11)  Type K:  Composite Open Steel Box Girder 
 
Single steel box girders, usually cl osed on the top by an orthotropic steel deck, are used for very 
large spans which are ra rely required.  As illu strated in Fig ure 59-3U, the lack of  fatigue-prone 
sway and wind-bracing connections m ake the open steel box less susceptible to fatigue dam age, 
and the use  of  two girders as a minim um is perm itted.  This system  is highly ad aptable to a 
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curved alignment and where the av ailable structural depth is lim ited.  Moderate skew causes no 
problems. 
 
During transportation and constr uction, the open box m ay require sway and internal (wind) 
bracings.  T he mechanically connected sway bracings should be rem oved after construction.  If 
too much torsional rigidity is provided to the boxes, they may cause longitudinal cracking in the 
slab, especially if the slab had been empirically designed.  A minimum of two bearings per girder 
should be used to provide adequate torsional resistance.  For the same reasons, a solid diaphragm 
with an access hole should be placed at all bearing points. 
 
Transverse web stiffeners m ay be required, but the use of longit udinal web stiffeners should be 
avoided. 
 
 
59-3.02(12)  Type L:  Wood Superstructure 
 
The use of a wood superstructure is lim ited to a low-volume, local road, and is subject to the 
approval of the Production Managem ent Division’s Office of Structur al Services m anager.  See 
Section 65-1.02.  A wood bridge may be an attractive alternative for a small span or a temporary 
bridge.  W ood can be used either as a deck an d or can be directly supported by w ood trestles 
(piers). 
 
As illustrated in Figure 59-3V, th ere are two basic variation s for use as a deck unsu pported by 
other com ponents.  The deck m ay be construc ted from  wood panels, pr efabricated either by 
gluing or spiking, which are of full-span length and are connected together by bolting spreader 
beams to the underside of the panels at  intervals not exceeding 8 ft.  T he LRFD Specifications 
permits the use of this type of deck without spreader beams, but its use is not recommended.  The 
deck should have an asphaltic wearing surface.  Because the use of this deck is limited to simply-
supported spans, it is recommended for a rural or secondary road  where a rectangular layout can 
easily be achieved. 
 
Alternatively, the deck can be c onstructed from prebored longitudinal lam inates which are laid 
out in a staggered design and assembled by m eans of transverse post-tensioning.  T he laminates 
are held together by means of interface friction, and no other fasteners are required.  To improve 
rideability and surface f riction, the use of an asphaltic su rface treatm ent is m andatory.  Th e 
system lends itself to continuous construction with limited curvature, but with unlimited skew. 
 
Two other alternatives are also available for a transverse ly post-tensioned wood deck.  One 
includes glued wood ribs, by which the flat deck is transformed into a series  of tee-beams.  The  
second is an extension of the first by the additi on of a post-tensioned bottom  flange by which a 
cellular cross section is created. 
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Either flat deck can also be used as a tr ansversely pos itioned slab su pported by longitud inal 
beams.  The post-tensioning will run longitudinally in the laminated deck. 
 
As illustrated in Figu re 59-3W, wood can be us ed also as a prim ary longitudinal component as 
either sawn or native,  in  closely-spaced s tringers or wid ely-spaced glue-laminated beams.  For  
composite construction, the concrete slab must be keyed into the top of the wood component and 
secured by  the help o f spikes.  Both alte rnatives perm it skew, bu t neith er pe rmit curved 
alignment nor continuous construction. 
 
 
59-3.02(13)  Type M: Structure Under Fill 
 
This type of structure m ay be an attractive al ternative for a sm all stream  or ditch crossing, a 
minor highway or street crossing, or  a pedestrian or animal crossing.  This type of structure may 
be made of steel, alum inum, or concrete.  Th e most common configurati ons used are the three-
sided concrete or steel st ructure, four-sided precast concrete box structure, structural plate pipe 
arch, or circular pipe. 
 
The stru cture-sizing p rocess is perf ormed in accord ance with a p riority system .  This sys tem 
consists of six trials where specific installations are considered prior to evaluating other structure 
types, such as a reinforced cast-in-place concrete slab.  The design priority system is as follows: 
 
Trial 1:  single circular-pipe installation. 
Trial 2:  single deformed-pipe installation. 
Trial 3:  single specialty-structure installation. 
Trial 4:  multiple circular-pipe installation. 
Trial 5:  multiple deformed-pipe installation. 
Trial 6:  multiple specialty-structure installation. 
 
The principles of the priority system are summarized below. 
 
1. A pipe structure is preferred to a specialty structure (precast concrete box section, precast 

concrete three-sided structure, or structural plate arch). 
2. A circular pipe is preferred to a deformed pipe. 
3. A single-cell installation is preferred to a multiple-cell installation. 
 
See Section 28-6.0 and Chapter Thirty-one for mo re information on the culvert-sizing process 
and the pipe-m aterial-selection process.  For pipe-material selection, use the Pipe Material 
Selection Software discussed in Se ction 28-6.05.  Addition al considerations and design criteria 
for each type of buried-structure sy stem are provided in LRFD Bridge Design Specifications, 
Section 12. 
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If a single or m ultiple specialty-structure installation is selected, the des igner should contact the 
manufacturers of the specialty structure, and also becom e fa miliar with the INDOT Design 
Guidelines for Three-Sided Drainage Structures. 
 
 
59-4.0  EVALUATION FACTORS 
 
59-4.01  Foundation Considerations 
 
The LRFD Specifications require consideration of scour and jacking capabilities for an optimum 
design of a highway bridge substructure.  These are discussed below. 
 
 
59-4.01(01)  Scour 
 
The m ajority of bridge failures are due to scour.  Therefore, LRFD Specifications Section 2 
mandates requirements to address this problem.  The LRFD Specifications will have a substantial 
impact on the design of a substructure located in  a waterway or a floodpl ain.  In addition to 
scour, Sec tion 2 prov ides requ irements regard ing the stab ility of  a r iverbed, the p rotection of 
embankments, and various environmental issues. 
 
See Part IV for more discussion on hydraulic scour and channel stability. 
 
 
59-4.01(02)  Jacking Capabilities 
 
The lack of a sufficient subgrade database, a la rge variation of subgrade characteristics within  
the boundaries of the bridge site, and less than adequate structural modeling of the subgrade may 
sometimes result in settlem ent m uch differe nt from  estim ated values.  Although a uniform  
settlement of  an entire bridge site m ay have little importance, dif ferential settlements within a 
substructure unit or among several units m ight have significant impacts on rideability, structural 
safety, and general appearance. 
 
To anticipate this, the LRFD Specifications requires that the  superstructure be jacka ble at ever y 
bearing point.  High-pressure jack s need very little space.  However, the space requ ired should 
be provided or the feasibility of temporary jacking supports should be investigated.  If temporary 
supports are feasible, the space within the permanent structure for jacking need not be provided.  
Where the substructure and superstr ucture are framed into each other, this facility for correction 
or adjustm ent cannot exist.  This should be reflected in the selection and design of the 
substructure and foundation. 
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59-4.02  Aesthetics 
 
LRFD Specifications Article 2.5.5 emphasizes the objective of improving the appearance of each 
highway bridge.  It promotes uninterrupted lines, contours that follow the flow of forces, and the 
avoidance of cluttered appearances.  The provi sions on aesthetics have been prom pted because 
many bridges have been exclusively selected a nd designed on the basis of construction cost or 
engineering sim plicity w ith disregard for their appearance and for their confor mance with the 
environment. 
 
The bridge design m ust integrate the basic elem ents of efficiency, econom y, and appearance.  
Regardless of size and location, th e quality of the structure, its  aesthetic attr ibutes, and the  
resulting impact on its surroundings  must be considered.  Achiev ing the desired results involves 
full integration of  the basic elem ents listed abov e, and the designer ’s willingness to accept th e 
challenge and opportunity presented. 
 
An aesthe tically-designed bridge  will then  be pl easing in an d of  itse lf, and will be com patible 
with the site by proper attention to for m, shapes , and proportions.  Attent ion to detail is of 
primary importanc e in  achiev ing a  continu ity of  line and for m.  The rul e of form fol lowing 
function shall be used.  The designer m ust consider the totality of the structure and its individual  
components and environment of its surroundings.  A di sregard for continuity or lack of attention 
to detail can negate the best intent.  Form ulas cannot be esta blished.  However, the following 
references can provide excellent guidance. 
 
1. The Tower and the Bridge, Billington, D.P., Basic Books. 
2. Bridges: Aesthetics and Design, Leonahardt, F., Deutsche Verlags-Anstalt 
3. Esthetics in Concrete Bridge Design, Stewart C. W atson and M.  K. Hurd, Library of 

Congress Catalog Card Number 89-85388. 
4. Aesthetic Bridges User’s Guide, Maryland Department of Transportation, State Highway 

Administration, Office of Bridge Development. 
5. Bridge Design, Aesthetics and Developing Technologies, Adele Fleet Bacow and 

Kenneth E. Kruckemeyer, Library of Congress Catalog Card Number 86-061840. 
6. Bridge Aesthetics Around the World, Committee on General Structures, Subcommittee on 

Bridge Aesthetics, Transportation Research Board, National Research Council. 
7. Aesthetic Guidelines for Bridge Design, Minnesota Department of Transportation. 
 
The designer is expe cted to be well read on the  subject of  bridge ae sthetics and co mmitted to  
fulfilling both the structural and aesthetic needs of the site.  The challenge differs for a major or a 
minor structure.  The challenge may be greater for a smaller project.  A major structure, because 
of its longer spans, taller piers, or curving ge ometry, often offers inherent opportunities not 
available for its minor counterpart. 
 
Aesthetic considerations should be made for each of the situations as follows: 
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1. a bridge that is highly visi ble to a large num ber of users,  such as one passing over an 

Interstate route; 
 
2. a bridge located in or adjacent to a park, recreational area, or other major public gathering 

point; 
 
3. a pedestrian bridge; 
 
4. a bridge in an urban area in or adjacent to a commercial or residential area; or 
 
5. a m ulti-bridge projec t with inte rchanges or  co rridors with  conf ormity of  them e and 

appearance without abrupt changes in structural features. 
 
If significant aesthetic expense is proposed or where unusual circumstances exist, seek advice 
from the Department’s Aesthetics Committee. 
 
The levels of aesthetic consideration and effort required are as follows: 
 
1. Level One .  This consists of cosm etic i mprovements to a conventional bridge type.  

These im provements consist of the use of m asonry coatings or co lor pigm ents in  the  
concrete, texturing the surfaces , modification to barrier walls  and beam s, and the use of 
open steel or concrete railings.  Providing more-pleasing shapes of colu mns or caps for  
the substructure should also be studied. 

 
2. Level Two.  This emphasizes the full integration of efficiency, economy, and appearance 

into all bridge com ponents and the structure as a whole.  Consideration should be given 
to structural systems that are inh erently more pleasing such as hamm erhead or T-shaped 
piers, oval or polygonal-shaped columns, integr al caps and bents, piers in lieu of be nts, 
smooth transition s at superstru cture-depth change loc ations, box - or arch- type 
superstructures, etc. 

 
3. Level Three.  This applies m ore to the overall aesthetics when passing through or under 

an interchange or at anothe r s ite such as a historic or highly-urbanized area where 
landscaping or unique neighborhood features must be considered.  This level may require 
a subconsultant such as a landscape archit ect, input from  the De partment’s Aesthetics  
Committee, or both. 

 
The aesthetic levels described above are not exclusive.  For aesthetic Level Two or Three, public 
input may be appropriate. 
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59-4.03  Construction and Falsework 
 
The LRFD Specifications requires that, unless there is a single obvious m ethod, a t least one 
sequence of construction should be shown on the plans.   This is especially important for a bridge 
which is to  be cons tructed from  large p refabricated elements.  For com petitive bidding, the 
contract documents may indicate whether alternative sequences are acceptable.  If an alternative 
sequence is allowed, the contractor should prove th at stresses, which accumulate in the structure 
during construction, will stay within acceptable lim its.  For a new structural system  or for a 
traditional s ystem with untried dim ensions, t he designer should consult with the Office of 
Structural Services for approval. 
 
Temporary falsework is an expensive constructi on item .  The superstru cture sys tems listed in 
Figure 59-3B include cast-in-place concrete, therefore, it may need elaborate temporary supports 
and formwork.  These system s derive their econom ic feasibility from the relative s implicity of 
construction or from the highly effective monolithic nature of the finished superstructure.  If the 
bridge is over a waterway or w ill have a high finished elevati on, the cost of the falsework m ay 
become prohibitive, and the designer should consider another structural system. 
 
A reduction below the m inimum vertical hi ghway clearance during construction is not 
permissible without a design exception.  For a 3R non-freeway project, the m inimum vertical 
clearance value is documented in the appropriate geometric design criteria table in Chapter Fifty-
five under Existing Overpassing B ridges.  W here reduced clearance is desired on an Interstate 
route, see Sections 54-3.02(03) and 40-8.04(03).  For another type of route, coordinate with the 
appropriate district traffic engineer and process a design exception. 
 
A cast-in-place overpass structure should be built at  an elevation higher than m inimum to allow 
for falsework.  After removal of the falsework,  the superstructure is either left in  place o r 
lowered into final position.  In either situ ation, the cost of the additional substructure and fill, or 
the cost of lowering, should be considered. 
 
 
59-4.04  Maintainability 
 
Open or inadequately sealed deck joints have been identified as the foremost reason for structural 
corrosion of stru ctural elem ents by perm itting th e perco lation of salt-laden water through the 
deck.  To address this, a conti nuous deck, integral end bents, improvements in drainage, epoxy 
coatings, and concrete admixtures should be considered.  T he LRFD Specifications also requires 
that reasonable access be provided where other m eans of inspection are not practical.  Drainage 
facilities should be provided in accordance with Chapter Thirty-three. 
 
The environmental concern of rem oving paint from  a  steel structure m akes the future use of a  
painted steel structure at least questionable.  Where practical, the use of weathering steel is 
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preferable.  During construction, however, the substructure should  be protected against rus t 
staining by wrapping, coating, or other means. 
 
The concern  in a reinforced concrete deck or sl ab is the corrosion of the reinforcing bars, the 
volumetric expansion of corrosi on products, and the resulting sp alling and delam ination of the 
concrete.  The em pirical deck design, introduced in the LRFD Specifications, permits a reduced 
amount of t op reinforcement.  Therefore, the epoxy-coated empirically-designed reinforcement 
should provide better spall resistance than a conventionally-designed deck. 
 
 
59-4.05  Adaptability to Future Widening 
 
Almost every superstructure type can be widened, but not with the sam e level of ease.  A slab, 
deck on beams or girders, or system consisting  of prefabricated concrete or wood elem ents each 
lends itself to such reco nstruction, while a larg e concrete box, through-t ype superstructure, or  
that with substantial wings does no t.  If  a def inite need for future widening exists, these  la tter 
structural types should not be considered. 
 
Where transverse post-tensioning is applied to a structure which may be widened, the cable ducts 
should be left ungrouted as in a lam inated wood deck, or the end anchorage hardware should be 
designed to permit extension by coupling the new tensioning elements to the existing ones. 
 
Where the need for future widening exists, c onsideration should be given to designing th e 
underwater or underground parts of the substructure , with the exception of extended pile types, 
to include what may be needed for future widening. 
 
 
59-4.06  Cost 
 
Structure-type selection should no t be based solely on initial c onstruction costs.  These initial 
costs depend on a variety of factors including the following: 
 
1. type of structure; 
2. econom y of design; 
3. general state of the economy; 
4. vicinity of fabricating shops; and 
5. cost of structural materials and labor. 
 
These factors may change rapidly, and the designer may have no control over them.  A review of 
the cost of structural components within a bridge, and approved change orders and cost reduction 
proposals for completed work, may direct the designer toward a more economical solution. 
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The bridge should be d esigned for the weight of a future wearing surface.  Life-cycle analyses 
should include resurfacing at regular intervals. 
 
Corrosion protection is,  and will lik ely remain, the larg est maintenance-cost item for a painted  
steel structure.  Although the cost of repair ha s escalated due to environm ental concerns, the 
evolution of highly-resistant paints can also be expected. 
 
 
59-4.07  Environment 
 
The Off ice of  Environm ental Ser vices’ Env ironmental Assessm ent Team  will perf orm the 
environmental studies.  The designer should consid er the following envir onmental factors in the 
analysis for structure-type selection. 
 
1. Waterway Crossing.  A minimum number of piers should be used. 
 
2. Sensitive A rea.  Enviro nmental im pacts shou ld be m inimized in a s ensitive area (e.g., 

near wetlands). 
 
3. Discharge of Fill .  Any discha rge of f ill be low the Ordinary High W ater will require a  

U.S. Army Corps of Engineers Section 404 pe rmit.  The type of per mit will depend upon 
the amount and type of fill discharged.  See Chapter Nine. 

 
 
59-4.08  Railroad 
 
Railroad geometric requirements must be cons idered in structure-type selection for a highway 
bridge over a railroad.  Chapter Sixty-nine provides specific requirements which will apply to the 
bridge design. 
 
 
59-4.09  Utilities 
 
The bridge design must be consistent with  utility -accommodation polic ies.  These are  
documented in Chapter Ten. 
 
 
59-5.0  STRUCTURE-TYPE STUDIES 
 
59-5.01  General 
 

2010



Chapter Two provides a network sp ecifically for a n ew bridge or bridge reconstruction project.  
The network illustrates the point in project developm ent at whic h the structure-type selection 
will occur. 
 
In perform ing the studies for structure-type selection, the designer should consider econom y, 
aesthetics, foundation problem s, ease of constr uction, future maintenance, and future  
modification of the bridge.  All existing conditions, such as exis ting structure, natural obstacles, 
utilities, unusual so il conditions, stream charac teristics, tra ffic maintenance, and  hydraulic and  
clearance requirements, should be known at the time of the structure-type selection. 
 
The necessary effort to  perform  a structure- type study d epends upon the project type and its 
complexity and size.  F or a m inor bridge wide ning or rehabilitation, grade separation, or sm all 
waterway crossing, the study should be a fairly m inor work effort because the v iable types o f 
superstructure and substructure are generally lim ited.  For wide ning, the structur al possibilities 
and economical options should be investigated to determ ine if  replacem ent would be m ore 
appropriate than widening.  This is particu larly true if the bridge is in  poor condition, has a 
record of serious flooding or sc our, is part of  a route-impr ovement project with significant 
potential for attracting high traffi c volume, or has a history of st ructural problems.  Section 72-
4.0 provides additional guidelines for widening an existing bridge. 
 
For a m ajor bridge, m ajor interchange, or large project with m any bridges, the study should be  
extensive and com prehensive.  It should thor oughly consider all viable  structure types and 
consider all design parameters. 
 
Alternative layouts s hould be investig ated to  determine if sing le-span or multiple-span  
arrangements best meet the design parameters for the project. 
 
With the ever-in creasing cost of purchasing m aterials and serv ices, it is ess ential tha t th e 
designer remain abreast of the lates t prices and new developments in materials and construction 
methods. 
 
 
59-5.02  Quantity Estimating 
 
There are two m ethods of perfor ming quantity estim ates.  For a minor bridge, rough quantities  
(such as reinforcing steel based on weight per volume of concrete or by structure element such as 
linear foot of pier or end bent) may be sufficient.  For a major or complex structure, the degree of 
accuracy may require more exact calc ulations, considering that the in tent is to estab lish relative 
and equitable costs between alternatives and does not require the accuracy of the final estimate. 
 
When preparing the estimate, the unit pricing should consider the following: 
1. location:  urban or  rural location; 

2010



2. accessibility by railroad, secondary road, or city street; 
3. site topography as suitable for heavy equipment or special construction methods; 
4. materials:  proximity of prestressed concrete or ready-mix plant or steel fabricator; 
5. phasing of traffic in single or multiple phases; and 
6. time schedule:  required short fabrication times. 
 
For unit prices of concrete or steel structural  members for a m ajor bridge, the designer should 
contact a fabricator.  For unit costs of other m aterials or ite ms, or for structural m embers for a 
minor bridge, the designer should  refer to th e most recent bid tab ulations or the current 
estimating software. 
 
 
59-5.03  Alternative Superstructure Design Process 
 
If an INDOT-route stru cture’s deck area for is  greater than 20,000 ft 2, the designer m ust 
investigate both a steel and concre te superstructure alternative.  The designer should make a cost 
comparison using three different st ructure cost bases.  The require d cost es timates used in  the  
cost comparison should include the superstructure  and all other structur e portions that are not 
common to both structure types. 
 
The cost bases for the two structure types are as follows: 
 
1. Concrete Structure.  These may include standard AASHTO I-beam s, modified AASHTO 

I-beams, In diana bu lb-tee be ams, multiple  bo x beam s, or sing le bo x beam s (post-
tensioned or non post-tensioned, segmental or non-segmental). 

 
2. Steel Structure .  These m ay include rolled beam s, we lded plate girders, or box girders.  

There are two cost bas es to be con sidered for a steel structure.  The first is th e unit price 
of the structural steel based on the c urrent pr ice if  an a lternative concrete design is not  
considered.  The second is the unit price of structural steel based on the current price if an 
alternative concrete design is considered.  An alternative design will lower the cost of the 
structural members by approximately 10% to 15%, depending on how close the bids are 
for the competing components and on the size of the structure. 

 
Once the designer has developed the three structure cost estimates, a comparison must be made.  
The structure-type decision and th e decision to include an alternative design should be based on 
the outcome of the comparison as described below. 
 
1. If the cost of the concrete option is lower than that of  th e leas t-cost stee l option,  the 

structure should be designed w ith concre te s tructural m embers.  An  alterna tive stee l 
design will not be required. 
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2. If the cost of the highest-cost steel option is  lower than th at of  the co ncrete option, the 
structure should be designed with steel structural members.  A concrete alternative design 
will not be required. 

 
3. If the cost of the concrete option is between  that of the highest-cos t steel option and that 

of the lowest-cost steel option, the difference between the cost of the lowest-cost steel 
option and the concrete option must be compared as follows: 

 
a. If the difference between the cos t of the concrete option and that of the lowest-

cost steel option is greater than or equa l to two tim es the projected alte rnative 
design cost, the design should be perf ormed with both concrete and steel 
alternatives. 

 
b. If the difference between the cos t of the concrete option and that of the lowest-

cost steel option is less than two tim es the design cost, the structure should be 
designed using concrete structural members.  A steel alternative design will not be 
required. 

 
Regardless of the above, if the estim ated cost of the structure exceeds $10,000,000, both a 
concrete and steel alternative should be designed. 
 
The designer m ay obtain estim ated design fee in formation from  the Contract Adm inistration 
Division’s Consulting Services Office manager. 
 
The estimated unit prices to be used for structural members are listed in Figure 59-5A. 
 
 
 

2010



2010



2010



2010



2010



Type of 
Facility Urban/Rural Design-Year AADT Bridge Clear-Roadway Width (1) 

State Highway Rural All (2) Min. 31’-4” 

State Highway Urban All Uncurbed: (2) Min. 31’-4” 
Curbed: Full Approach Curb-to-Curb Width 

Local Agency 
Arterial Rural All (2) 

Local Agency 
Arterial Urban All Uncurbed: (2) 

Curbed: Full Approach Curb-to-Curb Width 

AADT < 400 Traveled way + 4 ft (2-ft shoulder on each side) 

400 ≤ AADT < 1500 Traveled way + 6 ft (3-ft shoulder on each side) 

1500 ≤ AADT < 2000 Traveled way + 8 ft (4-ft shoulder on each side) 

Local Agency 
Collector (3) Rural 

AADT ≥ 2000 (2) 

Local Agency 
Collector (4) Urban All Uncurbed: (2) 

Curbed: Full Approach Curb-to-Curb Width 

< 400 Traveled way + 4 ft (2-ft shoulder on each side) 

400 ≤ AADT < 2000 Traveled way + 6 ft (3-ft shoulder on each side) Local Agency 
Local Road (5) Rural 

AADT ≥ 2000 (2) 

-- Uncurbed: Same as local rural road Local Agency 
Local Street (4) Urban 

All Curbed: Full Approach Curb-to-Curb Width 

 
BRIDGE CLEAR-ROADWAY WIDTH 

(New Construction / Reconstruction / 4R Project) 
 

Figure 59-1E 
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Notes: 
 
(1) The values shown in the table is the minimum.  The value accommodating the shy-line offset per Figure 49-4E is desirable. 
 
(2) Bridge Clear-Roadway Width.  The bridge clear-roadway width is the sum of the following: 

(a) the approach traveled way width; 
(b) the approach effective usable-shoulder widths without guardrail; and 
(c) bridge-railing offsets (see Figure 59-1G). 

 
 The effective-usable-shoulder width is equal to the usable-shoulder width minus 1 ft. 
 
 Where it is permitted to have a bridge clear-roadway width that is narrower than the travel lanes plus the effective-usable-

shoulder width on each side, a guardrail transition, collinear with the bridge railing, should be provided.  Thereafter, the 
guardrail should be flared at a 30:1 ratio until the guardrail length satisfies the length-of-need requirement or it intersects the 
approach guardrail. 

 
For the median shoulders of a divided facility with two or more lanes in each direction, each bridge will have a 5’-8” median-
shoulder width where a concrete shape F or type TF-2 railing is used, or a 6’-0” median-shoulder width where another 
bridge-railing type is used. 

 
(3) Local-Agency Rural Collector Road.  The following will apply: 

(a) These criteria are required for a Federal-aid project. 
(b) Where the approach roadway width is surfaced (traveled way plus shoulders), such surfaced width will be carried 

across the structure. 
(c) The width of each bridge of more than 100 ft length will be analyzed individually.  At a minimum, the clear-roadway 

width of such a bridge will be the width of the traveled way plus a 3-ft shoulder on each side where the AADT > 3000. 
 
(4) Local-Agency Urban Street.  These criteria are required for a Federal-aid project. 
 
(5) Rural Local Road.  The following will apply: 

(a) These criteria are required for a Federal-aid project. 
(b) The width of each bridge of more than 100 ft length will be analyzed individually.  At a minimum, the clear-roadway 

width of such a bridge will be the width of the traveled way plus a 2-ft shoulder on each side where the AADT > 400. 
 
 

BRIDGE CLEAR-ROADWAY WIDTH 
(New Construction / Reconstruction / 4R Project) 

 
Figure 59-1E (Continued) 
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Type of 
Facility 

Urban/Rural Design-Year AADT Bridge Clear-Roadway Width (1) 

State Highway Rural All (2) Minimum 31’-4” 

State Highway Urban All 
Uncurbed: (2) Minimum 31’-4” 
Curbed: Full Approach Curb-to-Curb Width 

Local Agency 
Arterial 

Rural All (2) 

Local Agency 
Arterial 

Urban All 
Uncurbed: (2) 
Curbed: Full Approach Curb-to-Curb Width 

AADT < 400 Traveled way + 4 ft (2-ft shoulder on each side) 

400 ≤ AADT < 3000 Traveled way + 6 ft (3-ft shoulder on each side) 

3000 ≤ AADT < 5000 Traveled way + 8 ft (4-ft shoulder on each side) 
Local Agency 
Collector (3) 

Rural 

AADT ≥ 5000 (2) 

Local Agency 
Collector (4) 

Urban All 
Uncurbed: (2) 
Curbed: Full Approach Curb-to-Curb Width 

AADT < 400 Traveled way + 4 ft (2-ft shoulder on each side) 

400 ≤ AADT < 5000 Traveled way + 6 ft (3-ft shoulder on each side) 
Local Agency 
Local Road (5) 

Rural 

AADT ≥ 5000 (2) 

-- Uncurbed: Same as local rural road Local Agency 
Local Street (4) 

Urban 
All Curbed: Full Approach Curb-to-Curb Width 

 
 

BRIDGE CLEAR-ROADWAY WIDTH 
(3R Project) 

 
Figure 59-1F 
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Notes: 
 
(1) The values given in this table are minimums.  The values accommodating shy-line offsets per Figure 49-5F are desirable. 
 
(2) Bridge Clear-Roadway Width.  The bridge clear-roadway width is the sum of the following: 

a. the approach traveled-way width; 
b. the approach effective usable-shoulder width without guardrail; and 
c. a bridge-railing offset (see Figure 59-1G). 

 
 The effective-usable-shoulder width is equal to the usable-shoulder width minus 1 ft. 
 
 Where it is permitted to have a bridge clear-roadway width that is narrower than the travel lanes plus the effective-usable-

shoulder width on each side, a guardrail transition, collinear with the bridge railing, should be provided.  Thereafter, the 
guardrail should be flared at a 30:1 ratio until the guardrail length satisfies the length-of-need requirement or it intersects the 
approach guardrail. 

 
For the median shoulders of a divided facility with two or more lanes in each direction, each bridge will have a 5’-8” median-
shoulder width where a concrete shape F or type TF-2 railing is used, or a 6’-0” median-shoulder width where another 
bridge-railing type is used. 

 
(3) Local Agency Rural Collector Road.  The following will apply: 

a. These criteria are required for a Federal-aid project. 
b. Where the approach roadway width is surfaced (traveled way plus shoulders), that surfaced width will be carried 

across the structure. 
c. The width of each bridge of more than 100 ft length will be analyzed individually.  At a minimum, the clear-roadway 

width of such a bridge will be the width of the traveled way plus a 3-ft shoulder on each side where the AADT > 3000. 
 
(4) Local Agency Urban Street.  These criteria are required for a Federal-aid project. 
 
(5) Rural Local Road.  The following will apply: 

a. These criteria are required for a Federal-aid project. 
b. The width of each bridge of more than 100 ft length will be analyzed individually.  At a minimum, the clear-roadway 

width of such a bridge will be the width of the traveled way plus a 2-ft shoulder on each side where the AADT > 400. 
 
 

BRIDGE CLEAR-ROADWAY WIDTH 
(3R Project) 

 
Figure 59-1F (Continued) 
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Type 
Minimum Vertical 

Clearance (ft) 
Freeway Under Roadway 
Arterial Under Roadway 
Collector Under Roadway 
Local Under Roadway 
Roadway Under Pedestrian Bridge 
Railroad Under Roadway 

16’-6”  (1) (2) 
16’-6”  (1) (3) 

14’-6”  (1) 
14’-6”  (1) 
17’-6”  (1) 
23’-0”  (4) 

 
Notes: 

 
(1) Value allows 6 in. for future resurfacing. 

 
(2) A 14’-6” clearance, which includes provision for future resurfacing, may be used 

in an urban area where an alternative freeway facility with a 16’-0” clearance is 
available. 

 
(3) In a highly urbanized area, a minimum clearance of 14’-6”, which includes 

provision for future resurfacing, may be provided if there is at least one route 
available with a 16’-0” clearance. 

 
 (4) See Chapter Sixty-nine for additional information on railroad under roadway. 
 
 

VERTICAL CLEARANCE 
 

Figure 59-1N 
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Range (ft) 

Type Structure 
Description Subgroup 

< 30 
30 ≤ 
L < 
100 

100 ≤ 
L < 
150 

150 ≤ 
L < 
300 

≥ 300

Straight X     
A Reinforced, Cast-in-Place 

Concrete Slab Haunched  X    

Straight X X    
B Longitudinally Post-Tensioned, 

Cast-in-Place Concrete Slab Haunched  X X   

C Longitudinally Post-Tensioned, 
Cast-in-Place Concrete Box Girder n/a   X X  

1. Solid  X    
D 

Two-Way Post-Tensioned, Cast-in-
Place Concrete Spine-Beams with 
Cantilevers 2. Voided  X X   

1. I-Beams  X    
2.  Bulb-Tee 

Beams   X   E Prestressed, Precast 
Concrete Beams 

3. Boxes  X    

Straight   X   
F Post-Tensioned, Bulb-Tee Beams 

Haunched    X  

1. Single Tees  X    
2. Double 

Tees  X    

3. Boxes  X    
G Jointed Prestressed Precast 

Longitudinal Concrete Elements 

4. Solid Slabs X     

H Segmental Concrete Box Girders n/a   X X X 

I Composite Steel Rolled Beams n/a  X X   

J Composite Steel Plate Girders n/a   X X X 

K Composite Steel Box Girders n/a  X X X X 

1. Panel Deck X X    
2. Stressed 

Deck X     

3. Stringers X     L Wood Structure 

4. Glulam  
Beams  X    

M Structure Under Fill n/a X     
 

SPAN LENGTHS 
 

Figure 59-3B 
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Type Structure Description Subgroup 
For 

Skew 

For 
Horiz. 
Curve 

Aes- 
thetics 

False- 
work 

Speed of 
Construction 

Maintenance Widening

Straight Good Good OK Yes Slow Good OK 
A 

Reinforced, cast-in-place 
concrete slab Haunched Good Good Good Yes Slow Good OK 

Straight Good Good OK Yes Slow Good OK 
B 

Longitudinally post-tensioned cast-
in-place concrete slab Haunched Good Good Good Yes Slow Good OK 

C 
Longitudinally post-tensioned cast-
in-place concrete box girders 

N/A OK OK Good Yes Slow Good No 

1. Solid Good Good Good Yes Slow Good No 
D 

2-way post-tensioned, cast-in-place 
concrete spine-bms. with cantilevers 2. Voided Good Good Good Yes Slow Good No 

1. I-Bm s, Bulb-Ts OK Poor OK No OK Good OK 
E 

Prestressed 
precast concrete beams 2. Boxes OK Poor OK No OK Good OK 

Straight OK No OK No OK Good OK 
F Post-tensioned bulb-tee beams 

Haunched OK No Good No OK Good OK 
1. Single tees OK Poor OK No Good Good Good 
2. Double tees OK Poor OK No Good Good Good 
3. Boxes OK Poor OK No Good Good Good 

G 
Jointed prestressed precast 
longitudinal concrete elements 

4. Solid slab OK Poor OK No Good Good Good 
H Segmental concrete box girders N/A No OK OK Yes/No Good Good No 
I Composite steel rolled beams N/A OK OK OK No OK Expensive* OK 
J Composite steel plate girders N/A OK Good OK No OK Expensive* OK 
K Composite steel box girders N/A OK Good Good No OK Expensive* OK 

1. Panel deck Good No OK No Good OK Good 
2. Stressed deck Good Poor OK No Good OK Good 
3. Stringers Good No OK No Good OK OK 

L Wood structure 

4. Glulam beams Good No OK No Good OK OK 
M Structure under fill N/A OK Good OK No Good Good Good 

 
* Expensive if painted.  Good if unpainted. 

SUPERSTRUCTURE CHARACTERISTICS 
Figure 59-3C 
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Prestressed Concrete
Member Type 

Cost Per 
Linear Foot 

AASHTO Type I $80 

AASHTO Type II $90 

AASHTO Type III $110 

AASHTO Type IV $130 

Bulb-Tee, 54 in. $130 

Bulb-Tee, 66 in. $150 

Bulb-Tee, 72 in. $170 
 
 
The estimated unit prices to be used for steel structural members are as follows: 
 
1. Without alternative structure design, Steel Beam: $0.85/lb; Steel Girder: $1.05/lb. 
2. With alternative structure design, Steel Beam: $0.70/lb; Steel Girder: $0.85/lb. 
 
These unit prices are based on design using Grad e 50 steel, and are not applicable to a curved-
girder structure. 
 
 

ESTIMATED UNIT PRICES FOR STRUCTURAL MEMBERS 
 

Figure 59-5A 
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