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Bridge Design Basics

Things about bridges you could
care less about but occasionally
need to know.
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Functions of Div. of Structural
Design

e Design/Detall

— New Structures
* Bridges, Culverts, Sign Supports

— Bridge Rehabillitation/Bridge Widening
e Consultant Review
e Geotechnical Branch
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Common KY Structure Types

e Culverts

 Non-composite side by side box beams
e Composite side by side box beams

e Composite s
e Composite s
e Composite s

poreac
oreac

poreac

box beams
“I" beams
steel beams

— Plate Girder and W-Beam
e Castin Place — Slab Bridges
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Other Bridge Types

 Toy trusses

 Real Trusses

e Cable stayed

e Steel and concrete box girders
 Through Girders

* Post Tension Concrete
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Culverts

Culverts are economical for spans to about 24 feet.
Can be single, double. Avoid triples

Can be “three sided” although we quit using them for
good reason. You have to be real careful what you put
them on, i.e. non-scourable material. Check with
Geotech before using them.

Try to keep culverts straight so we can use our culvert
program.

“Not all culverts are created equal” Because of design
assumptions, construction techniques, product details,
etc., we do not recommend precast culverts/con-span.
You are on your own with these.
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Side by side box beams

e Two types, with and without composite slab.

 We do not recommend non-composite although
there are applications on very low volume roads
with little or no truck traffic and a need to
minimize structure depth. “Think Dead End
Road.”

 Heavy truck traffic causes shear keys/grout to
oreak leading to beam overload and failure.
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Side by side box beams

 The composite side by side box beams
cost a little more but perform much better
and have a smoother riding surface.

* For both types see standard drawings for
types and span length.
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PRECAST SIDE BY SIDE BOX BEAM BRIDGE

FRANKLIN COUNTY
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PRECAST SIDE BY SIDE BOX BEAM BRIDGE

FRANKLIN COUNTY
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Spread Box Beams

e It turns out that if you are going to use
precast boxes with a slab, it is usually
cheaper to make the deck a little thicker
and “remove” every other beam. We do a
lot of these since they have a good
combination of minimal depth, good riding
surface and cost.

 The standard drawing for the “CB” series
gives a good approximate span ranges.

9/24/2008

13



OAER P4-SEF-ITTE UGS Carf. Dy

T woarm LAY

Live Bricge Smtt Low Brkige Sect FTORADLE
o Smimand lav. 28T, 8 —hlL B, 822 L. »
- | T T memTemir B —————— " A _——
w \ ! o oy R L
- \, ; ‘Wﬁm g foniune nif. Ssa Sl Deg-
- Tt T T = ~, Yo — / -
e T praaTmet Y
— . (_&mﬂ'ﬂ; 'f /"’
= R N—
e ribghH Admens g3 Botton of
Rl
e [—1 BLEvATION i e
S5-FPPC  Box Deam, CRPI, Spon
o NFES L8 Lood ~ Jor-5° Shoulder IRdih & Bviogs
¢ Skew - 226" Bridoe Roodway Wdth — &) Fill Nopes
i
" A cryp )
Eagin Bridge \
lﬂ'mj‘i\
Ly
k- J BTg g to § By
ST-T Dut ta Out of Gridge ' o
PLAN 1
~Supwrsiructu-e no? sfoen~
i G~ Oyt fv Byt of Sigy { e e
A = 1 =-J
+ g A ) —
[DEGIOWED BTs & %0 & Ripors
C Iurvey [T b ERTAILED By L e ™
'| [ ]
- am Y. DEFPARTMENT OF HNHWAYS
! ! 4 LIVINGSTON
D] (O] 1] |CD S—
1A
- APPC Bou Bacm Typa TTT B A-OGA-00 ro | ITEM NLMBER It mﬂid- —é-
TYPICAL EECTION Charlic 82 / Crphia  [Sgoap

9/24/2008



o« Fa Camiw Sy

e Ky XD

bl

Dy

ErFor ed bt bookciTl ol
-

9/24/2008

15




PRECAST SPREAD BOX BEAM BRIDGE

ADAIR COUNTY
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PRECAST SPREAD BOX BEAM BRIDGE

ADAIR COUNTY
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Slab Bridges

Are a competitive choice for 12”-17” box
beam bridges.
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Spread Concrete | Beams

* Spread concrete | beams are the most economical
bridges that you can build.

Do pay a penalty in depth.

e Typel
e Type 2
e Type 3
e Type4
e Typeb5
e Type o6
e Type 7’
e Type 8

28" deep
36” deep
45" deep
54” deep
60” deep
66” deep
72" deep
/8" deep

Spans to 45’(don’t use)
Spans to 60’

Spans to 80’

Spans to 100’

Spans to 120’

Spans to 130’

Spans to 140’

Spans to 150

 These are approximations and can be adjusted some.

9/24/2008
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Or you can call us
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WILLOW SLOUGH PCIB BRIDGE

BALLARD COUNTY
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Spread Steel | Beams

e Steel Is a step up in cost from concrete.
e 150" to 550’ spans

o Approximate depth.
— Simple spans 1/25 x span length

— Tall spans of multi-span 1/25 x span length x
0.8

— Interior span of multi-span 1/25 x span x 0.7

9/24/2008
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Or you can call us
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Other Types - Toy Trusses

 These are not cost effective but are being
used more and more for “mitigation”
reason.

9/24/2008
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Other Types — Real Trusses

 These are cost effective for long spans
(600’ — 1000).

 The are not favored these days because
they are not consider pretty. They have a
track record of more than 100 years but
you have to watch your welds.
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Steel Truss
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Long Span (786’) “Draconian” Steel Truss
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Other Types — Cable Stayed

* Not generally cost effective under 1000’
but very pretty. Considered “signature”
structures. All communities want a
signature structure, especially if someone

else Is paying for It.
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Maysville Bridge

WINNER OF THE A.C.E.C. 2001 GRAND CONCEPTOR AWARD
9/24/2008 FOR ENGINEERING EXCELLENCE (WHATEVER THAT IS).
A truss would have been a lot cheaper but you don’t get awards for that.




Owensboro Bridge which is not
anwvhere near Owensboro
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1200’ span with 4 lanes probably needed to be a cable stayed
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Other Types — box girders

e These are almost never economical.
— Post-Tension Concrete
— Steel Box

9/24/2008
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Steel Box Girder
(Expensive but you get to go on the lecture circuit)




Other Types - Through Girders

If the span Is long and the available depth
IS not.

PG to low steel controlled by cross girder
depth which is controlled by roadway

width.

9/24/2008 42
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Abutment Types

e Wall
e Spill-through slopes.
« MSE Walls

9/24/2008
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Wall Type Abutments

e Economical when the distance from rock
to bridge seat is < 15 - 20

e Over 20’ they get kind of pricy and it
becomes cheaper to lengthen the bridge
and use splill-through slopes even if you
have to add spans.

9/24/2008
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Wing Wall Abutment
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Spill-through slopes

 These are the most economical but you
need about 15’ minimum to rock.

9/24/2008
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MSE Walls

 Some designers use MSE walls as a
means to shorten the bridge.

* \When you do the numbers correctly, there
IS little of no savings and we do not favor
them because the critical element, the
straps, cannot be inspected.

 \We do use them for retaining walls since
the consequences of failure are not as
great.
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Basic Calculations — Structure
Depth

Four components
Cross slope to exterior girder
Assume exterior girder is 3.5’ from outside face of parapet wall.
Slab
Assume 8” for typical concrete bridge.
Assume 5” for composite side by side.
Assume 9” for steel girders.
Haunch
Assume 2” for typical concrete bridge.
Assume 1" for composite side by side box beams.
Assume 3” for steel girders.
Beam Depth (see previous slides)

9/24/2008
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Basic Calculations — Bridge Length

« Use clear distance between faces of abutments.
We will determine the beginning and end bridge
stations based on skew, beam type , expansion
joint requirements, etc.

e Put piers anywhere you want to.
— Single span with spill through slopes most economical

— Stay In concrete beam range if possible
— Looks bad when you put pier in middle of creek.

 When using spill through slopes assume 1’ berm
for dry structures and 3’ for wet structures.
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Things to avoid If possible

e Curved bridges. They are frequently
necessary (and we do a lot of them) but
they are more expensive than straight
bridges.

e Super elevation transition on bridge. We
can draw It up easier than it can be built.

e >40 degree skews

9/24/2008
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Things to do If possible

 Raise grade. More vertical clearance will
generally allow for a more economical
structure so on projects where right of way
and embankment cost are not controlling,
raise the grade a bit.

o Spill through slopes with Type 2, 3 or 4
PCIl-beams generally produce the most
economical structure.
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Geotechnical

 Request soundings as early as possible,
l.e. preliminary line and grade

e Speeds up project. If we wait to ADF
submittal, project may take 6 months
longer

e Some project decisions are geotechnical
dependent.

 Three sided culverts and abutment type.
 Needed for scour calculation.
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Railroads

e Get with RR early in the project to determine
their requirements. Some want provision for
future double tracking.

* Provide about 28’ from the centerline of the
nearest track (or future track) to the centerline of
piers.

 Be prepared for longer project development
since RR approvals can take a while.

« Railroads over highways are a special situation
and really take a long time.
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Coast Guard Involvement

* Bridges over navigable streams obviously
require Coast Guard Permits but bridges
over creeks and rivers near where they
enter navigable streams also require
Coast Guard Permits. Applying for and
getting a Coast Guard Permit requires a
significant amount of additional effort and

takes forever.
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Buzz Words

Context Sensitive Design
Signature Structure

Type Study

Public Involvement
Historic Structure SHPO

Practical Solutions
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CITATION BOULEVARD - FAYETTE COUNTY
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GLADIE CREEK - MENIFEE COUNTY

This bridge is destined to be more famous than the nearby natural bridges
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PARIS PIKE - FAYETTE COUNTY
- When the budget is not the context
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BLUE LICKS STATE PARK PEDESTRIAN BRIDGE
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LINCOLN HOMESTEAD STATE PARK
This is not a good example since the form liners and timber fascia did not add
much to the cost of a project in a park setting.

[y S #
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Cemetery Road
What if you spend a bunch of money and nobody notices?
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Overall project success is still the
main goal.

This seems redundant but we In Structural Design realize that
overall project success is the goal.

Things that make a bridge the most economical may not make the
overall project the most economical or meet project goals.

Believe it or not, at the end of the day we prefer to design
complicated and expensive bridges because they are usually the
most professionally rewarding.

And when necessary we are even willing co-conspirators in
sacrificing public money to the aesthetic gods at the alter of context
sensitive design.

Last but not least, call us if you need to but do not submit the ADF in
until all bridge issues are settled. We can start the final design after
ADF and Geotech report are finalized; any changes after that have
cost and scheduling consequences.
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Division of Structural Design

“We were Practical when
Practical wasn’t Cool.”

9/24/2008
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