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Speaker Bio: Steven Nolan, P.E.

Steve has been a registered Professional Engineer in Florida since 2001. He
received his engineering degree from the University of New South Wales, Sydney
Australia in 1989. He worked as a Construction Engineer for a heavy civil
contractor before emigrating to the USA in 1996, and joining the Florida
Department of Transportation (FDOT).

He currently leads the implementation of novel structural materials for bridge
applications within the Florida DOT State Structures Design Office. These
materials currently include 10 technologies of interest including UHPC, FRC, and
various FRP composite reinforcements which Steve coordinates as Chair of the
statewide Structural Advanced Materials Technical Advisory Group (SAMTAG).

Steve’s 26 years with FDOT includes: in-house bridge design analysis and
detailing, standards and specifications development, design policy refinement,
and technical training development and delivery.
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ABSTRACT

Reinventing the wheel - Stronger, lighter, faster -
UHPC structural design

How can we apply the lessons learned from the rapid
development and deployment of prestressed precast
concrete in the USA, to the emerging potential of Ultra-High RS

Performance Concrete? ' :

steven Nolan
&1, ag De Enginee

 We will first look at the emergence of that novel approach '§ ~
in the 1950’s, for prestressing precast structural members, | s

o the ng
deployment of P‘esuessed precast concrete in the USA, t emergi
ploy!

with a focus on the proliferation and eventual bridge e S
construction industry domination in Florida by the late :
1960’s.

* We will discuss the “push and pul
paradigm shift.

* Then strategize how to leverage that understanding and
apply it to an emerging UHPC structural product industry.

Friday, Mar 31, 1100 AMET
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factors that drove this
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QOutline

Development of the Prestressed Concrete (PC) in
Florida

What is so great about UHPC ?
What are the real needs?

R&D, Companies

How do we apply any lessons learned from PC success?

What are the near-term opportunities for UHPC
structural design 5
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Some obvious advantages of prestressing ,
concrete for bridge members:
. S— Prestressed Non-Prestressed
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PRESTRESSED
CONCRETE

, Walnut Lane Memorial
" Bridge

‘ (Philadelphia, PN)
15t prestressed girder

View Looking Northwest across the High-level Portion of Structure C| D

Gustave Magnel

Philosopher « Teacher « Bullder

LONDON
CONCRETE PUBLICATIONS LIMITED

(1 w1 “5) 14 DARTMOUTH STREET, WESTMINSTER, S.W.1 : ) '
Fig. 19. A year before Magnel’s death, ( )
-\ the Professor (center) admires the b ri dg ein USA 19 5 1
! 7 ition | - Walnut Lane Bridge with Charles
Fig. 8. The first edition jacket of ;
were present Jacke
Peop!e who pefsonally ‘knew HIEEE ﬁ:sma\fom?ﬁ:e nlnoa rr th at':\e was Professor Magnel’s book in English on Zollmaq (left) his former student aqd
onea:)P It?'llee ?ntr;se?f:ag::?e:g:sogio:; tir!ng Here in slightly edited form “Prestressed Concrete.” good friend, and Samuel Baxter (right).
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PORT TAMPA

PRESTRESSED CONCRETE
TRESTLE SECTIONS
TOTAL LENGTH:17,424'

GULF OF / o/
MEXICO
View Looking Northwest across the High-level Portion
» LOWER TAMPA BAY BRlDG
. 4 ,’ // / 8
1946 Bidding attempt e PRESTRESSED CONCRETE RRA > 7 §
exceEdEd bUdget Wlth RC = » =——— EMBANKMENTS ; §
. . William E. Dean. In background is th ® e o o PINEY POINT FERRY 8
1951 Redesigned with PC Sebastian Inft Bridge for which Dean 51k \FALMETTO £
received a special PC| Award in 1964. OI—-L——J CRORTROT. Fig. 2. Pictured is Eugene Freyssinet
Beam option Florida SRD Chief Bridge Engi SRR B e French Structural Engi
oriaa 1e1 bridge ENgINeer | rjg. 21. Location map of Lower Tampa Bay Bridge. rench Structural Engineer

(1909 - 1965) (1879 - 1962) 8
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PCl’s First National Prestressed Concrete
Short Course, (St. Petersburg, FL)
October 10-12, 1955

» # ~, Reflections on the
| (/)  Beginnings of Prestressed
= Concrete in America

Fig. 28. Bill Dean and the author together at the 1955 PCI Course in St. Petersburg,
Florida. During Dean’s last years his eyesight was failing.

Reading Suggestion: Bill Dean’s paper titled: B e e
“Outlook to The Future of Prestressed Concrete” L mamtroc]

https.'//WWW.pCi, orq/PCl DOCS/About/ZS YRBPCA.pdf 1981 Compilation of PCI JOURNEL, Vol. 23, No. 3 May/June 1978

and successive issues through Vol. 25, No. 3 May/June 1980.



https://www.pci.org/PCI_Docs/About/25YRBPCA.pdf
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OUTLOOK TO THE FUTURE OF
PRESTRESSED CONCRETE*

Written 23 years ago, many of the
concepts Dean talked about are
still relevant today.

By William Deant

e title of this paper would indicate a
clairvoyant ability on my part for which |
make no claim. In some twenty-fiva years of
engineering practice | have had litle experi-
ance with the usa of crystal balls, tea leaves
or Zodiacal science.

In recent years the prediction of future
trends in developments has become a highly
specialized fiald in business management
that has important branches in engineering.
While | have little detailled knowledge of the
methods employed by scientific prognos-
ticators, the general procadure seems to ba a
process of collecting data on trends as they
have developed in the past, drawing curves
from past through present and then by ax-
trapolation projecting these curves into the fu-
ture and attempting to draw conclusions
therefrom

This general procedure is @ very important
part of traffic engineering. In the ptanning of
modem highway facilities recognition of prob-
able future traffic problems, five, ten, twenty
of moreé years in the future, is a necessary
part of the design if further obsolescence is to
be avoided. Traffic engineers have been quite
successful in predicting general trends; how-
ever, in the matter of actual volume at some
future date all these predictions very often
underestimate by a considerable amount.
Highway traffic is developing at an accater-
ated rate, and quite oten the slope of the
curve reprasenting fulure traffic is consid-
erably steeper than predicted. Prediction of
future requiraments for ten yaars are often
reached in less than five. Demand is aften

*This paper ks reprintad from PCI's First Mosional Prestressed
Concrete Shor Course, presented at 5t Petersburg,
Florida, October 10-12, 1955,

tChief Bridge Enginmer, Florida Highway Department, Tal-
lahasses, Florida.
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increasing faster than any past axperiance
would indicate.

Having watched the development of pre-
stressed conerate lor the past several years, |
wonder if a condition somewhat analogous to
this traffic problem does not exist in the field
of prestressed practice. Certainly we can say
that five years ago there existed much inter-
est in presiressed work, and there were
strong indications of considerable develop-
ment in the fiald. Howevar, | wonder how
many of us foresaw the rapidity with which
the developmant would come about.

It is just a little over five years since Charlie
Zoliman made his first visit to my office in
Tallahassee to discuss a possible design for
use on the trestle portion of the Sunshine
Skyway. Up until that time Charlie was tha
only engineer with any reliable information
and axperience in prestressed concrete that |
had met; although, | had met quite a number
of them that were quite inexperianced and
grossly misinformed.

As a result of some of those other meal-
ings, | must confess, as Chariie told you all
this moming, that | had considerable preju-
dica, but | will not admit that Charfie sold me
anything. He showed me by fact and by rea-
son, and as an outgrowth of that first visit 1o
my office, in April of 1850, the design was
devsiopad for the trestie portion of the Sun-
shine Skyway which did have a very impor-
tant part, | think, in furthering presiressed
practice in this country. | can say that Charlie
introduced me to prestressing. It is something
for which | will always have a warm spot in

my heart and much gratitude.
We are now concluding a thres-day con-
ference designed to further prestr prac-

tice. It has been my pleasure to attend and
participate in several such conferences, and
as an indication of trend we might look back

Réflections on the Beginnings of

and examine some of the principal develop-
mants associated with these gatherings.

The engineering profession and construc-
tion industry had a significant introduction to
prestressed practice at the First United States
Conference on Prestressad Concrete held at
Massachusetts Institule of Technology in the
summer of 1951. The sponsors of this con-
ference had hoped for a registration of 200 to
300. Actual registration was more than twice
the anticipated number. Attendance included
tsachers and students of structural engineer-
ing, practicing engineers, prospective man-
ufacturers of materials for prestressing, pro-
ponents and patent holders of certain pre-
siressing methods and a representation from
tha construction industry.

At that time the first major prestrassed
bridge in the United States, the Walnut Lane
Bridge at Philadelphia, was about complate,
and a few smaller bridges and structures had
been buill or were under process of construc-
tion in other parts of the country, Papers
given at this conference described construc-
tion in the United States up to that time; how-
ever, many of the constructions described
were of European structures. Valuable data
on the proparties of material for prestressing
wera given by manufacturers who were nat-
urally looking for markets, and considerable
factual data on design concepts and methods
weara presanted.

The general air of most attendants was one
of intense interest with a generous portion of
skepticism. The experience of one of the con-
tributors, with whom | am well acquainted,
might be cited. With considerable brashness,
and against all rules of discussion, he ac-
cepted an assignment to discuss certain
theoretical and practical design concepts, A
paper was conceived in ignorance, written out
of a vast background of inexperience and de-

Prestressed Goncrete in America

mom me

livared in an attitude involving approximately
equal parts of interest and cautious skept-

Oaspns its amateunsh nature some basic
problems, as they appeared at the time to
one average practicing angineer, were listed.
&xmdlhesawelad:d samﬂepmcﬂml
method of linear g, freer p
authentic design crrtana El.ﬂ'IBF‘IlIC test of
large scale members on which the design
criteria might be based and only a limited
number of raliable construction firms with ex-
perience in prestressing. The past four years
has seen presently acceptable solutions to
every one of these

The next conference that rnly'rl be remem-
bered was a part of the Centennial of En-
gineering in Chicago in the Fall of 1952, Pre-
stressing was given a very important part on
the program. Interest was such that the ses-
sion on prastrassing had to be moved from
the original scheduled meeting place to the
largest baliroom of the Conrad Hilton Hotel
and even there late comers had to ba satis-
fied with standing room only. In the year im-
mediately past the contract had been let for
the structures on the Sunshine Skyway total-
ing 363 trestle spans with precast, pre-
stressed concrete girders. At the lime this
was the largest contract for prestressed
mambers ever let in any part of the world.

Since that time the Skyway construction
has been very considerably exceeded in
other big contracts. You just saw an example
of that presented by our last speaker. Now,
this same brash contributor whose efforts at
the MIT conference has been described was
again in attendance. This time, with an in-
crease in enthusiasm and a considerable re-
duction in skepticism, he described test to
destruction of full size members being used
on the Skyway. These tests had shown

69

mwe are 1o

Courtesy: PCl Journal “25 Year Reflections on the Beginnings

of Prestressed Concrete in America (1981).

farm inseparable and Irwu-mlalod parts. Major
advancement without the proper contribution
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keep abreast of
tices, we have no choice in the matter. Pre-
stressing as an accepted construction

Refiactions on the Beginnings of

method is here with us. Accepling this as a
fact, it behooves all of us to learn how to live
with it, to lsam its applications together with
its limitations.

At several points in this paper reference
has been made to significant advances and
developments. Certainly any mention of these
would be lacking if the Criterla for Pre-
strassed Concrete Bridges, published by the
United States Bureau of Public Roads, was
omitted. While these criteria were developed
principally to govern highway bridges, they
are laws that are applicable to prestressing in
general. Most engineers very properly look
askance at any radically new technical de-
velopment until it has been subjected to
exhaustive test, tried in the light of experience
and suitable rubes for its use are developed.

Some two years past, a joint committes of
two of the major technical societies of the
country was set up to develop a code for pre-
stressing. The establishment of this proposed
code by this committee has been delayed for
wvarious reasons, and in the meantime pre-
strassing is o logical and practical and has
aroused such wide interest thal construction
would not wait for the development of the

and touched on a very few high spots in the
advancement of prestressed concrete from a
logical and interesting theory of a few years
past to the practical and generally recognized
construction method of today. Perhaps the
trend that has been shown has been suffi-
clently evident to wamant a lithe prognostica-
tion. |t does not seem that we would need
any crystal ball, tea leaves or other im-
pedimenta and paraphemalia of the occult art
to say that prestressed concrete has eamed
a permanent place in American construction
practice. It is not going to supplant the older
and universally accepted construction
methods in reinforced concrete, steel or tim-
bers, bul it does add another type from which
a choice can be made. While prestressed
concrete will not supplant conventional con-
struction types, there are many applications
whare it can be expectad o do a better job,
and in these applications it will certainly take
over. To try and list these applications would
be pointless. It would seem sufficient to say
that as hundreds have been found in the
past, thousands will probably be found in the
future.

Getting back to that MIT conference and

code. In order to achi uniform ice in
highway bridges, the Bureau sought out and
sorted a composite of the most informed opin-
ions and presented their criteria to the en-
gineering and construction industry.

There is hardly any way to measure the
importance of this booldet to the development
of prestressing practice. Many engineers who
are hesitant, or in doubt as to the proper ap-
plications, unit stresses, design concapls and
5o forth, have been reassured by knowing
that an organization having the well deserved
prestige of the Bureau, with its background of
careful, conservative practice, has officially
approved prestrassed construction. The
Criteria, where possible. will be revised and
improved from time to time; however, as
presantly published, they can be used with
the assurance that structures designed in ac-
cordance with their specification will produce
serviceable, practical structures with ade-
quate margins of safety.

So far, we have been looking backward

Prestressed Cancrate in America

that ish paper by the rash contributor,
about the only statement with any degree of
saqamy and that nnly a alrlple truism, was
the f t: "When
we leamn to bullcl as qood a structure as we
are now building at a reduction in cost or a
superior structure for the same cost, pre-
stressed construction is sure to gain a v«de
in American structural

Thsmomsetram;nmlsimyeeldd
statement have been fully met. and the pre-
dicted acceptance has been realized.

In concluding it might be appropriate to ob-
serve that all of us who expect to make a
living in structural work, whether we belong to
the academic group, practicing engineers or
the construction industry, wil do well to leam
as much as possible about prsstrassmg.
design, its application tion
and limitations, for if we are to keep abreast
of modem practice, we will be dealing with
the subject of prestressed concrete for the
rest of our careers.

7l
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( Florida Keys Bridges

Until 1978, all precast concrete seg-

== mental bridges were built by the bal-
anced or progressive cantilever method,
with the exception of smaller overpass
structures. The first designs produced
by Figg and Muller Engineers were for
the Florida Keys bridge replacement

‘ o o T program and included the Long Key
Fig. 13. The frotonne Brdge i pictured over the Seine Rive i France. Fig. 1. Pictured is Jean Muller. Bridge, Seven-Mile Bridge, Channel
Five Bridge, and Niles Channel Bridge

Photo courtesy of J. Muller International.

Pl iy of angsoce Bar s Comet-scton

Courtesy: PCl Journal “Jean Muller: Bridge Engineer” (March-April 2006 ).
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Evolution of the Double-Tee (1940 — 1960’s)

In Generol

oI, 02 ond b panels ore factory
N precas! elements
THROUGHOUT the 1940's bosic
foctory cost reinforced concrete
ponels are machine made along |
assembly line procedures

¢ and d ponels are job-site assembly
line produced elements

e,f and g ponels ore precost plant
ossembly line produced elements

Late Forties
Long Span originator:
Channelcrete ‘The Formigli Corp N J.

| Early 1950's
= originator
Arshom Amerikion

PRECAST REINFORCED CONCRETE

woae 1950y FDOT discontinued designing

Chorles C. Zollmon

L vehicular bridges using Double-
g‘ wae 8 o030, S Tees circa 1999 due to concrete
g e VL . cover, durability concerns, and
g b B T unresolved longitudinal deck
§ Sacty 1900k '960"‘;';":‘-"” T THE PRINCIPLE OF BUILDING A BETTER MOUSETRAP connection challenges
" "Uin
ELEM:WMW Vmu:-t:_ﬁ_# Courtesy: PCl Journal “25 Year Reflections on the

L s Scale 3/16'1-0" Beginnings of Prestressed Concrete in America (1981).
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Evolution of the Bulb-Tee & Spliced Girders (1985 - 1993)

Eau Gallie Beam Tests

Service level test 6/11/1985

Ultimate load test 12/5/1985 "

M Prestressed Concrete Development in Florida

O\ JACKSONVILLE

o 7
PENSACOLA O TALLAHASSEE

West Bay
Bay Bridge
Highland View

Clearwater Pass

_Howurd F rankland
[Gan 0

17 Bulb-Tee Bridges ~ rr.uex

- —Go/den Glodes
12 structures with 2- n
staged PT system y
(1985 — 1993) pe

Fig. 2. Location of Florida's bulb-tee girder bridges (as of May 1393).

Link: History of Prestress in Florida

13
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Evolution of the Florida-I Beam (2008 - present)

e i : e |

’ﬁ ( Big John Monahan Bridge
‘f >/ AASHTO Type I FIB-84: 185-ft Span (2012)
vd

Florida-l Beam 36

L_M_J

Florida Bulb-T 72
//: §/ Florida-l Beam 72

US 17 92 Interchange at SR 436 / Casselberry, FI,

Frfgs 209- f (2015

At 209 ft, the main-span beams are the Iongest smgle piece precast, preten5|oned
concrete beams in the United States. Photo: The Lane Construction Corporation.

> ;;j:l_s't‘_FlB-78 (2009)
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Evolution of the Florida-I Beam Standards (released 2009 )

1 "

80"

I

iR

6'-0"

4._6.'
39"
3._0.!

/

i

/

Conceptual Designs
(late 2008)

3%

Beam Height

1%
Sl

3%

SECTION
END VIEW

(Showing Strand Template)

=

AN

IS

REINFORCING
END VIEW

"

iy

REINFORCING ELEVATION AT END OF BEAM
(Flanges Not Shown For Clarity)
(End 1 Shown, End 2 Similar)

Y
v — =
—t ] |
P g B a— .
t Al x— X
A ; o «— : : I\
. e o N
L ) el ] =—
Y Y Y y
F.I1.B. - 36 F.1.B. - 45 F.1.B. - 54 F.1.B. - 63
(Index No. 20036) (Index No. 20045) (Index No. 20054) (Index No. 20063)
BEAM PROPERTIES
AREA PERIMETER 7 MOMENT OF APPROXIMAT E
BRAN TYPE (INCHES?) (INCHES) (INCHES) (INCHES, S aaaNoE
Florida-l 36" 806.58 206.57 16,49 127,564 85 to 105
Florida-1 45" 869.58 224.57 20.21 226,625 100 to 130
Florida-1 54 932.58 242.57 24.03 360,041 120 to 145
Florida-1 63 995,58 260,57 27.94 530,560 130 to 155
Florida-1 72 1058.58 278.57 31.91 740,895 150 to 175
Florida-1 78" 1100.58 290.57 34.60 904,567 160 to 190

ISOMETRIC VIEW

(Showing Reinforcing)

=5 { o
|
[
> ‘ . S .
( "l;] ‘T_J
F.I B.y- 72 F.I‘B.y— 78

(Index No. 20072) (Index No. 20078)

FLORIDA-I BEAM SERIES STANDARD
FOR HIGHWAY BRIDGE SPANS

FLORIDA DEPARTMENT OF TRANSPORTATION
STRUCTURES DESIGN OFFICE
IN-HOUSE DEVELOPMENT TEAM

SUBMITTED BY:

Sam Z. Faliaha, PE.

ALY
5':}v}n%man,7"£ﬁ Ghaan s

2 >
S 727, Lrnenchin ...
dames M. Baxley
2
Lo A, zéh—
Alchard M. 5t

epp, P.

obert V. Robertson,

Christina J; Freeman, E.I
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What is the attraction with UHP C:
* New & shinny (sort of 20’ish years old)
* \ery strong in compression (~ 3x HPC)
* Modest tensile strength (~ 2x HPC) ,

Courtesy of J.P. Binard (2023)
* Post cracking ductility Em—

ROAD MAP

* Almost impermeable to chlorides
(uncracked)

* Really expensive
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What has FDOT done with UHPC:

* New & shinny (sort of 20’ish years old)
* \ery strong in compression (~ 3x HPC)
* Modest tensile strength (~ 2x HPC)

* Post cracking ductility

* Almost impermeable to chlorides
(uncracked)

* Really expensive

17
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Some apparent advantages of UHPC for RC &
prestressed concrete for bridge members:

* Longer spans = fewer foundation units
* Thinner sections = less materials & handling costs

. . 5620
e Faster Fabrication 1 pile Axial-Moment Interaction Chart (2023) ,
nia] IR R A F AU A Max compression capacity
H H Px 4274 il P eomn Py = 3308-kip
* Durability ? o ; come e
, 3601 ‘ .
. ? +.¢me'Px.|' 2938 \ ?‘\""\‘ -". Max bending capacities
* Aesthetics T N L T I v e
% B \ : ) max dpy, M) = 2528 kip-ft
B 1582 - /-—": - :
(Peomp®Y) 909 / e s
-_— 81— - _"‘-______"' _____________________________________ > Pure bending capacities
—437 ’/ 'd’f}-"Mﬂ}’Sm'hp'ﬂ
=7 e M, = $36-kip i
TS 700 1050 1400 1750 2100 2430 2800 3130 3300
M (95 gy (95 M)
Wp.ft kipft kipft kipft 18
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So what have we investigated so far:
v Longer bridge spans = fewer foundation units

v' Even thinner sections = less materials &
handling costs

?? Faster Fabrication
?  Durability
? Aesthetics

19
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So what have we investigated so far:

T0-0.6" strands @ 3%
/ Sheet piles e
3~0.6" strands @ 2" sp % or sha
g I.D. Precast Sideport Switch shading to ELE a-10f
10" 6—5ide—Port—tote i lid pile ar - L
when called for in the 29! I/— s 'd,D et ’|
Plans (see Detail "A’)
R =i - = Inside of 30" x 30"
4 z :I I Square Pile Form
| x I (shown dashed) =
s, W #3 GFRP Cit 7
= (1) % \ | "
a3 ‘, OV Suiraities(18" Lap at |
o RN ! $ \i‘ \ :'w )
4 LN I 2~#5's ea
‘ Jd b 1% cover  TYPE 2-C
AN, 310"
Sonovoid Form L 1
(22.85" diameter 517

Prestressing Strands, see

Alternate Strand Patterns
Keyed Joint
(1 1/4" deep
x 2 1/2" wide)

. Hex-Shape Form |
SECTION B-B

ee Pile Splice Reinforcement Details)

20
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So what have we investigated so far:

v Bearing Piles

y— \.D. Precast Porthole S\ Spiral Ties no ELEVATION
2915

10 8 5e-dortizt shown for clarity)

hern ¢ d for in the I

Inside of 30" x 30°
Square Pile Form

(shown dashed) Switch she
solid pile &

Prestressing Strands, see I_L’r .&\7 Hex-Shape Form insert

Alternate Strand Patterns

SECTION B-B

(See Pile Splice Reinforcement Detalls)

s

2'-0"
e
p q R
3
b g
Lo] o] :lﬂ
o] o
3
n\ d
0.6" Dia.
Strand

(See Pile Splice Reinforcement Details) - Option |1

L 13 Cover

SECTION B-B

M Prestressed UHPC (Pull & Push Factors revisited)
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: | -
SECTION C-C

{See Pile Splice Reinforcement Details) - Option 2




M Prestressed UHPC (Pull & Push Factors revisited)
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So what have we investigated so far:
v’ Bridge Girders |

% 5-0° %
1 1
L e |
1 1
;2
?g /
1._3%. 421’. : PR,
i v g
\Z 9’\3! ——
' / ] e,
Y h-“- /
L 2'-11%" 1 o
1 1 L 211y L
1 1

78 in. FIB — UHPC Beam
108 in. FIB — UHPC Beam
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Questions?

Steven Nolan, P.E.

FDOT State Structures Design Office,

605 Suwannee St, Tallahassee, FL. 32399
Steven.Nolan@dot.state.fl.us

, )
‘We are hiring!.
FDOT)

-

‘° Get on Board \
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