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ABSTRACT

Bridge construction is one of the most challengisgects of Civil Engineering Works from
the point of view of the sustainability and envimental impact. From the different
construction methods used for building long corengaducts, one used very often is the
span by span method. This has the advantage thathenshadow of the bridge is somehow
altered during construction period. No matter homak this impact is, it is to say that in a
Life Cycle Assessment the shorter the construgtienod, the higher the sustainability. This
paper aims to present a recent development fotremtisig concrete viaducts which reduces
significantly construction deadlines, without anycrease in C® emission or energy
consumption. The structural challenges to be oveecwiill be also presented along with
their solution.

1. INTRODUCTION

Besides precast beams and the incremental launchatbod, there is another classical
construction procedure for built concrete deckslémy viaducts with medium spans; the
span-by-span method with Movable Scaffolding Systet8S) (Fig 1). However, even if the
method is fairly industrialized, its competitivesés reduced due to its demanding execution
time.
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Figure 1. Movable Scaffolding System for span bgrspridge construction method.

This work discusses a modification of the constomcprocess of bridges executed span-by-
span with MSS, focusing on the reduction of théiaai path. At the same time, the paper
analyzes the structural aspects involved in sugmorement.

Self-supporting launching falsework are being usette the sixties. The first time this
system of construction was used, was in Germang. Ritahnember viaduct, designed by
Hans Wittfoth, was built in 1961. It was mainly fincthe seventies when the spread across
Europe took place. Some of the most noteworthy operdnces of that time are the
Glattfelden Lattenbriicke viaducts, Ponts sur ledu@adu telent Chavornay, and Lac de la
Gruyere, in Switzerland.

The usual spans achieved by the MSS method aréeinrange of 40-60 meters. The
traditional incremental launching procedure cossistthe execution of the inferior slab and
flanges of the cross section in a first phase, emiently executing the upper slab. Then,
once the necessary concrete strength for prestgessiachieved, the tendons are stressed
and the falsework advances to the next span. Hgsence generally requires 2 weeks per
span, although this period can be reduced by raducuring times and continuing
reinforcement and splicing activities at night,ghavolving much higher costs. In both, the
traditional incremental procedure and MSS, theefatsk advances span by span, setting up
the casting joint at a distance equal to 0.2 L fribwn piles, where L is the length of each
span, so that the bending moments at the joint demiwongitudinal phases are as low as
possible.

MSS represents a great advantage from the pointiea¥ of modern requirements of
Occupational Health and Safety since involves agustrially prefabricated auxiliary
structure that permits the use of a platform oncWhhe collective security measures are
implemented at the factory. Hence, operating r&skslower than for other systems.

2. PROPOSED IMPROVEMENT

In terms of reduction of execution time and, theref construction costs, it has been
observed that a further evolution of the MSS metwdased in building partial self-
supporting schemes that allow to move the falseworkard, and later complete the
transversal section by simpler auxiliary means, afuthe critical path. Then, in order to
improve the performance and execution time of esjghn of the deck, a construction



sequence by transversal phases, is proposed. &duersce is different from the traditional
one and a priori allows executing one span per we#h activities out of the critical path.
This variation makes it a much more competitivehrodblogy.

The new method (Fig. 2) considers the executiom@fU-beam and flanges in a first phase
(i.e. bottom slab, webs, and flanges of the upfsdr)sThe first stage of prestressing takes
place once the elements have reached the requiredgth. The prestressing force

introduced in the structure is generally in thegemf 50 to 60% of the final value. This

introduces self-supportability to the executed spgarthe falsework can move forward to the
next span. The second phase, corresponding toethieat area of the upper slab, can be
executed later without disturbing the movementeffalsework, i.e. outside the critical path
and with simpler auxiliary means.

——————

Figure 2. New method of construction by phases.

3. ADVANTAGESOF THE IMPROVED SOLUTION

There are a series of viaducts already execut&gpan following this construction sequence
(Gonzélez and Alcald, 2008), (Pascual and Viartaz05), (Crespo et al, 2008). These
examples have proven the following advantages m@gpect to the previous procedure:

4.

Permits the generation of a resistant core thatleates the advance of MSS.
Allows the use of simpler auxiliary means to exectite second phase, out of the
critical path.

Improves the construction performance and timingnf 1.5 to less than 1 week per
span.

Avoids the aesthetic issues at the web-flange uaiea.

No uncovered prestressing ducts in phase 1.

From the construction point of view, clarifies tl@ad distribution between the
falsework and the deck, since the falsework only twasupport the weight of the
first casting phase. The weight of the second magthase is carried by the self-
supporting core.

Introduces an increase of capacity of the exidttgpwork, since it does not have to
support the weight of the whole section but onbt thf the first casting phase, until
prestressing.

PROBLEMSOF THE IMPROVED SOLUTION

However, the application of this procedure is cansed by connecting reinforcement and
splicing issues linked to the casting phases. 8palty, the problem arises when connecting
the reinforcement of the slab of the second phasethat of the first phase. Respecting the
classic conditions for reinforcement splicing byedapping provided by Codes and



Standards (CEB-FIP, 1993DIN 1045 ,1988), (Eurocode 2, 2004), (EHIB, 2008 makes
the solution unviable in practice. Regulatory reguients oblige toceavelong protruding
rebars to connect the two phases. In tice, this fact complicates thextraction of the
interior formwork of the section. On theher hand, the use of mechanisplices, that
would also ensure a compact geometry, would inaédithe solution due to ithigh cost.
The use of welding to splice reinforcement ote is forbidlen in Spain and iimany
neighboring countries due to the difficult qualitgntiol and loss of ductility of thwelded

reinforcement. Transversal prestressing of the is also a possible solution thwould

allow connecting the phases, but it is niways aneconomical option and does rhave
universal acceptance.

Consequently, for the successful implementatiothefnav method, it would be necess:
to develop a compact splice geometry that woulgihathe emoval of the inner formwork «
the deckin an industrialized way. In this way, the straightiruding rebars that constitute
layer of reinforcement impeding the extraction lué tnner formwor, are replaced by lo-
type splices or loogsints (Fig. ) that to do not represent an obstacletlfie removal of th
internal formwork. This article presents an experital stuy that supports the use of tl
type of splice geometrythat is not covered by current Css and Standards. Tests evalt
the fulfillment of the performances required byrrent regilations both in Ultimate Limi
State (ULS) and Serviceability Limit State (SLS)der pue static flexural loading. Thiis
done for a given splice geometry in slabs casthasps vth different types of concret
normal strength concrete, scompacting conate, and high strength concu.

Figure 3 Detall of loop joint connection between pha

Shear transfer is also an issue these compact geometries. Shear stregstee joints are
present due to torquiorizontal shear, creep and shrinkeSo shear off of the joint is alsc
subject to studyThough the study of the shear transfer in beanmsgghf strengttconcrete,
self-compacting concrete, and fiber reinforced condnete beelaresearch subject of ma
researchers in the last ye¢{Johnson and Ramirez, 1989\Mpghonde and Fran, 1984),
(Polak and Dubas, 1996)\Mafa et al,1994), (Barragan, 2002), (Gettial, 2002), (Barros
et al., 2004), (De la Cruet al, 2009), (Godat et al. (2011), (Rizzo et 2D09),(Lu et al. ,
2009), (Thanoon et al2010), (Sundarraja and Rajamohan, 2009al{ir et al.,2009),
(Gonzalez-Fonteboa et a2009),(Wang et al. ,2011), the shedf-response has had a m
limited attention(Mattock,2001), (Walraven and Stroband, 1998Barragan et al.2000),
(Barragan et al., 2006)Gettu et al.2002). Hence, shear off tests welgogperformed, bt
their results, even though positive, will not beganted in this pap



5. TESTS

The main principal stresses to which the castiing je subected are those coming from 1
transversal flexure of the upper slab. This is whey testsperformed in this study involv
slabs under pure flexure. Results will be usefdttmlythe behavior under SLS and U

The slabs consist of 0.285x0.60x2.90 rectangulesny (Fig 4). Theelement simulates
piece ofthe slab of the bridge deck, and it is cast in 8gals. The ceing of the first phas
was doneagainst a bulkhead made out of a phenolic wooddbleading to a very smoot
interface surface (figure 4).

Figure 4. 2tails of the slab: loop joint at casting joint gattenolic panel at castir
joint

The behavior of the joint under normal stresses is evaluated for normal strenc
conventional concrete (NSC). Three tests have baeted ot. The reference slab ialled
control slab (C), with continuous longitudinal rgircemen along the entire length of ti
slab. The other two slabs reinforcement is a lampt jtypethat consisted of 3 loops of .
mm rebars in each joint. The loops were transvg connected ¥ 6 rebars of 16 mr
diameter.

All slabs were subjectkto a ~point bending (figure 5). Hee, the central portion of tl
slab, and therefore the joint, remains under peraling stresse.

Figure 5.Pure FlexuraTest configuration and detail of LVD



In all the tests that were carried out, concretemmnents included a CEM | 52.5R cem
crushed limestone sand-0mm) and gravels (5-12 and 20- mm), siliceous sand -4
mm), and two chemical admixtures from SF Construction Chemicals, a policarboxi-
based high range water reducing admixture (HRWRA&n@m C-355).

Steel used for reinforcement was a B 500SD (UNEG6S6E&EX), with a limit o
proportionality of 500 MPa, ultimate tensile strémgf 575 MPa, elngation at break 16¢
and a total elongation at maximum load of 7.

6. RESULTS

The three NSC slabs tested present a very simdlaawor n terms of vertical deflectio
stiffness and ductility. The crack opening respassaisovery similar. In all slabs, thfirst
cracks appeared at the casting joint. Note thatrekl cracking moment is 0.14 timethe
theoretically calculated according to E-08; At all levels of crack opening, the re
experimental moment is always lower t the one predictelly the codes (figure), which
leaves the design at the unsafe side. The differehbehavor is justified by the presenof
the casting joint, nevertheless, the behaviourhefthree slabs is venimilar, though the
difference of he reinforcement type at the joi(Dragosaic et al., 1975),Rosenthal et al.,
1978), (Hao, 2004).
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Since the real cracking moment of the slaksignificantly lower than the theoretical val
calculated by EHEB8 (0.14 Mcrit theoretical) the theoreal formulation proposed by th
code was modified by applying a coefficient equalt14 to Mcit. Including this value i
the EHEO8 formulae, a hihly accurate fitting is obtained with the experinanvalues
Hence the modified formulation represents a validateteda toestimate crack openings
this type of joints (figure 6



In terms of ULS, test results indicate failure Isaa the range of 300 to 320 kN, which are
higher than the estimations from the formulae ofi€oanalyzed in this study, in the range
of 243 to 247.8 kN (table 1).

SLABS Failure load (experimental) CEB'FIPElagE"’jO/BEC'Z and ACI-318
Q(kN) M (kNm) QkN) M (kNm) Q(kN) M (kNm)
N-NSC-C 320.0 146.8 247.8 114.3 245.1 113.1
N-NSC-1 300.0 137.8 246.1 113.6 243.3 112.3
N-NSC-2 300.0 137.8 246.1 113.6 243.3 112.3

Table 1. Comparison between experimental and thiear@alues of failure loads
(Pure flexural)

7. CONCLUSIONS

This paper encourages the use of a very enviroraiheritiendly construction method for
long concrete viaducts: the span by span congbructiethod with travelling scaffolding.
This has the advantage that only the shadow ofbtidge is somehow altered during
construction period. Moreover, even the piers & foundations may be constructed from
the deck in some extreme sensitive environmentanhfber how small this impact is, it is to
say that in a Life Cycle Assessment the shorterdiestruction period, the higher the
sustainability. This paper presents a recent dewedmt for constructing concrete viaducts
which reduces significantly construction deadlinethout any increase in CO2 emission or
energy consumption. The structural challenges tovieecome are also presented along with
their solution. The use of a compact splice gegynistipossible and would allow and easy
demoulding and an earlier movement of the travgllicaffolding, making the modified
construction method not only more competitive, &lab more environmentally friendly (due
to the reduction of the construction period) widispect to the current solution, increasing
sustainability.
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