The planning and engineering for
Atlanta’s magnificent, high speed, urban,
ral transportation system began to
trangtion into concrete and stedl in the
late 70's. The heavy-rail road bed for this
dual track system travels a grade, on an
elevated dructure and underground. This
network of rails, yards and dations
blankets the Atlanta metropolitan area and
provides a dedicated, three dimensional
landscape to ride on for anyone that wants
totravel about Atlanta (Figure: 1).

During the congruction stages of the
MARTA dation CW-140, a sdes
engineer that was working for a

pre-stressed, post-tensioned  concrete
material supplier, used his engineering
knowledge to augment his sales skills to
win contracts in a very competitive
marketplace. With the case at hand, the
contractor was to build a section of twin
tube, underground rail that was on arising
grade under the Omni Arena / Hote
parking decks and the devated highway
known as the Techwood Viaduct.

The Decks were of pre-cast construction
bearing on reinforced concrete pile caps
supported by clusters of pre-stressed,
concrete piles. Correspondingly, the
affected viaduct was of pre-cast concrete
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beams supported by cast-in-place (CIP),
reinforced concrete pier-bents, dso
founded on pre-siressed concrete piles
supporting reinforced concrete caps. The
rising cross-section of the tubes projected
a virtud path through the forest of piles
supporting the Decks and Viaduct.

The traditiona solution for this problem
was to provide temporary shoring to
support the Decks and Viaduct while the
column loads were being redirected to
transfer girders which, in turn, ddliver the
exiging reactions to new columns that
straddle the virtual path of the twin tubes.
The cogt, risk and disruption to the



operational aspects of the Decks and
Viaduct were considerable.

Now, the sales engineer appears in the
Contractor’s doorway with a solution that
will eiminate al shoring, diminate
maintenance of traffic (MOT), save time
and, consequently, reduce costs (increase
profits). No, he was not thrown out the
door for the Contractor had a successful
experience with this same person on
another underground project with the
congtruction of Washington, D.C.s
WAMTA, Metro system.

The concept is the same for both the
individual columns under the Decks and

the transverse tendons and, consequently,
lifing the load off the piles and
transferring it onto the new support
shafts thereby releasing dl piles, a this
location, from loads. Once the loads have
been removed from the piles, excavation,
demolition and congtruction can start on
therail line tube section.

When progressing the work down the
adignment, we encounter multiple
variaions on the theme of transferring
column loads out of the MARTA Right
of Way (ROW). MARTA’s proposed
longitudinal alignment is positioned a a
dight angle with the existing viaduct's

through five basic phasesin order to

effect the sought after load transfer to
cler the ROW for the MARTA
congtruction. Phase | actudly has two
stages: Stage 1; Drilling the support shafts
that are anticipating the loads being
transferred from the existing pier bent
columns to a location where the columns
will now graddle the rail line. Stage 2;
The construction of the rectangular caps
and columns on these shafts to support
the redirected reactions. Phase II: A new
beam is congtructed around the existing
cap beam of pier #10, spanning between
the two new columns. The cross-section
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The connector bar is pre-drilled ducts
within the bottom half of the pile cap to
receive tendons that project beyond the
cap's footprint and overlap the
longitudinal tendonsin the two legs of the
“H". The legs span between the two new
column locations and provide the
mechanism which transfers the column
load to the two new supports.

With the tendons and rebar in place, the
encapsulating concrete is cast into the
legs and contiguous with the pile cap.
After the concrete has cured, the
transverse tendons (in the connector) are
stressed. Next, the longitudina tendons
are stressed inducing a reaction into the

longitudinal alignment as it crosses and
rises to the surface under the viaduct
(Figure: 2). The relocation of the existing
load bearing Structure, in order to clear a
path for the on-coming ral line
congtruction is, here again, seeking a
solution. We are faced with the choice
(decision) between the traditional, passive
system of MOT and shoring versus the
Contractor Initiated Alternative (profit
motive) of inducing a load transfer
mechanism directly into the existing
structure by post-tensioning.

The example considered in this case
occurs a the existing Pier Bent #10
(Figure 2). The congtruction goes

and for the right column as a cantilever
(diving board). When thousands of tons
of force are applied by portable, hydraulic
jacks to these tendons, they tend to
sraighten within their preformed ducts
and, consequently, impart the desired
reactions to the concrete from within
these ducts. Phase IV: With the existing
load transfer complete within the new,
composite beam, the existing column
material exterior to the new composite
beam is removed. Phase V: With the
MARTA ROW cleared, construction for
the tubes for the MARTA rail can take
place. The contractor accepted the
concept because the $100K cost for



these Pogt-Tensioning materias offered
savings in the millions. This business
man (Contractor) had to evauate the
profit/risk ratio so he hired a Structural
Engineering firm to do his due diligence.
This very capable, innovative firm was
from Springfield, lllinois. They reviewed
the concept and found it to be structurally
sound and provided the required
cetification for the Contractor. These
people submitted their work to the Illinois
Society of Structura Engineers and were
awarded a prize for the engineering
expertise exhibited on this project. Their
professionalism is further exemplified by
the fact that they included the name of the
sales engineer with their submission and
he, too, shared in this recognition. The
Sdes Engineer was employed by a
national corporation and one of the
advantages of a position such as this is
that one gets exposure to a wide range of
projects and applications. The Sdes
Engineer was the sponsor of a successful
application of the described concept for
the Washington, D.C., WAMTA program
and he was invited to Boston by the
Engineers doing Atlanta's MARTA to
talk to the engineers working on the Big
Dig, Centra Artery and Tunnel Project

about his product and its applications.
Thiscase study of aVaue Engineering
(VE) proposal
provides an insight
for office engineers
asto how the
North American
construction
industry functions.
And, we seethe
practice

of re-engineering
conventionally
reinforced
concrete (passive)
structures by
adding post-
tensioning
(dynamic) and,
consequently,
redirecting the
load path, with

the composite
structure, from
super to
substructure.

A contracting
axiom in North
America is, that
for the
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The Hillsborough County Public Works
Department (PWD) has 246 bridges with
a Current Replacement Vaue of $592
million. The aggregate ADT for the tota
inventory is a surprisng 1.5 million
vehicles per day. Within this group of
vehicles, thereisthe occasond, oversized
load that has to be very carefully
monitored to be certain it does not
overtax our structures. Moreover, the
State is mandated to check al loca
agency bridges, at least every two years,
to assess to what degree they are capable
of sugtaining the loads they are designed
to carry.

The PWD is exploring the possibility of
utilizing a new technology to more
efficiently and accurately monitor the
condition of their bridge inventory. The
ideais to perform bridge testing and load
ratings by employing a quick-set adhesive

to an array of strain sensors affixed to the
structure at critica points. Commercially
available software will alow comparisons
between fiedld data and analytica
modeling results. With the routine model
caibration, load ratings are cdculated
using design methods such as Allowable
Stress, LFD and LRFD.

The effects of sructurd geometry,
effective  beam  diffness,  support
conditions, effects of parapets, lateral load
distribution and the effects of damage or
deterioration can  be  edimated
quantitatively  utilizing the retrieved
strains. The caibrated analytica mode
provides a method to proof load a
structure and never subject it to a plastic
condition. The PWD would not alow
their bridges to be tested into the plagtic
range. Furthermore, loading a bridge to
its ultimate capacity is time consuming

since this load is incrementally applied.
The godl for the testing program should
not be to determine how much load the
bridge will carry but, instead, how the
bridge behaves when subjected to specific
vehicleloadingsin quegtion.

The PWD had a tria run utilizing this
technology where it was applied to one of
their bridges that had been repaired with
Carbon Fiber Renforced Polymers
(CFRP). The results confirmed the
increased capacity that judtified the
removal of its posting status. The results
established the location of the new neutral
axis, determined the degree of end fixity
for these “simple’ beams and determined
the degree of composite action attributed
to the topping and sdewak. This
information was of particular interest for
the PWD as they lacked as-built drawings
for this bridge.



Bridges— Keep Your Eyes Open and Look-Ahead! You Don’'t Want to Missa Thing

Two bridges are most memorable to me; one for its beauty, another because of how much | depended onit. The one of
beauty is the Golden Gate Bridge. The first time | traveled it | was actually underneath it while on the deck of a
merchant ship. | recall the beauty and grandeur of the bridgein its' setting with Alcatraz, San Francisco, Oakland’ s Bay
Bridge, and Marin County in the background. The next crossing was by car going from Sausalito to San Francisco. |
thought, “Wow, some people get to do this every day!” Another time | jogged acrossit. Thistime it seemed long and
windy! Which is the best way to travel it? To me, for the visua perspective it was by ship, one can't best it. Asyou
dowly approach, the anticipation builds and it looks like you could reach out and touch it. Asyou get even closer and
finaly go beneath it, you redlize its scae and recognize what an engineering marvel itis. Asyou leaveit in your wake
it dowly disappears, giving you timeto reflect and realize, “1 sure would like to do that again!”

The smdll bridge | depended on was in the Beartooth Mountain region near Y ellowstone Park. | thought | was going to
have to jump off the bridge into the river stream below it. | thought that was my only option at this point in my life.
Why was this so? What was so bad that caused me to come to this conclusion? Rather than jump | decided to run
away. You see, as | was about half way across the bridge, not redlly paying attention, | looked up to the other side and
there before me stood a 10 foot grizzly bear. Ok, maybe it wasn’t 10 foot, and it probably was a black bear, maybe even
acub, but it wasabear! Theway | saw it | had two options, fight or flight. | picked flight and ran away. At least it left
me with atall tdeto tell about bridges!

Did You Know?...
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