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ABSTRACT

EFFECT OF GIRDER SPACING ON THE CONSTRUCTION COST AND
SEISMIC PERFORMANCE OF SLAB-ON-PRESTRESSED CONCRETE
GIRDER HIGHWAY BRIDGES

Duran, Burak Cagri
Master of Science, Engineering Sciences
Supervisor : Prof. Dr. Murat Dicleli

February 2020, 56 pages

This study examines the effect of using different girder spacing on the total bridge
construction cost in varied seismic zones. For this purpose, a number of structural
models are built utilizing the finite element analysis to study the superstructure and
substructure of a benchmark bridge in detail. Using these models, related parametric
analyses are conducted for altering girder spacing, span lengths, number of spans,
column heights, soil types and seismic zones. Ninety-five bridges with distinct types
of superstructures and substructures are then designed and analyzed. Finally,
pertinent construction costs are estimated for each bridge model under consideration.
Comparison of costs revealed that an increase in girder spacing leads to a decrease
in the total bridge construction cost. Moreover, seismic performance analyses of the
bridges showed that no considerable change in terms of seismic performance

observed with the increase in the girder spacing.

Keywords: Prestressed Concrete Girders, Bridge Design, Non-linear modeling, Cost

Estimation, Seismic Performance



0z

KiRiS ARALIGININ ONGERILMELIi BETON KiRiS$ UZERINE
TABLIYELI KARAYOLU KOPRULERININ YAPIM MALIYETINE VE
DEPREM PERFORMANSINA ETKISi

Duran, Burak Cagri
Yiiksek Lisans, Miithendislik Bilimleri
Tez Yoneticisi: Prof. Dr. Murat Dicleli

Subat 2020, 56 sayfa

Bu calismada farkli deprem bolgelerinde bulunan kopriilerde, ongermeli kirisler
arasindaki mesafelerin, insaat maliyetleri izerindeki etkisi incelenmistir. Bu amagla,
ornek bir koprii diisliniilmiis ve bu 6rnek kopriiye ait detayli alt yap1 ve iist yap1
modelleri sonlu elemanlar yontemi kullanilarak olusturulmustur. Olusturulan bu
modeler kullanilarak, farkli dngermeli kirisler aras1t mesafe, koprii agikligi, agiklik
sayisi, zemin simifi ve deprem bdlgeleri i¢in parametrik c¢aligma yapilmistir.
Birbirinden farkli toplam 95 adet kopriiye ait analizler tamamlanmis ve kopriiler
tasarlanmistir. Sonug olarak bu kopriilere ait insaat maliyetleri elde edilmistir.
Maliyetlerin karsilastirmasi sonucu, dngermeli kirisler aras1t mesafenin artmasinin
toplam koprii ingaat maliyetlerinde diisiise sebep oldugu ortaya ¢ikmistir. Ayrica,
kopriilerin deprem performansi analizleri sonucunda, performans agisindan 6nemli

bir degisiklik gézlemlenmemistir.

Anahtar Kelimeler: Ongerilmeli Beton Kirisler, Koprii Tasarimi, Dogrusal

Olmayan Modelleme, Maliyet Tahmini, Deprem Performansi
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CHAPTER 1
INTRODUCTION

Turkey is an AASHTO affiliate state and therefore, bridges in Turkey are designed
using AASHTO LRFD Bridge Design Specifications, 8th Edition (2017) (AASHTO
— LRFD). This excludes the use of standard AASHTO girder types. Typical cross-
sections of bridge girders widely employed in Turkey are T90, T120, T150, T180,
T200. The details of these girder types will be given in the subsequent sections.

Prestressed concrete girders are widely used for highway bridges in Turkey, and
these girders are usually placed side by side with a minimum gap of 20-25 mm
between adjacent girders to accommodate construction tolerances. Such a
construction method is preferred by the Turkish General Directorate of Highways
since it allows the bridge decks to be constructed with minimal formwork and
produces a speedy construction of the bridge superstructure. Such a construction
practice, however, requires an excessive use of girders and hence, an increased mass
of the superstructure. The increased mass of the superstructure in turn may cause
amplified seismic design forces which may result in larger substructure components.
Therefore, it is anticipated that the larger number of girders combined with larger

substructure components may result in a higher construction cost of the bridge.

Various researchers investigated the problem of bridge cost optimization. For
instance, Lounis and Cohn (1993) thoroughly explored the slab-on-prestressed-
concrete-girder bridge superstructure parameters such as girder type, girder spacing,
slab thickness, in order to achieve an optimal superstructure design for various span
lengths and bridge widths. Sirca and Adeli (2005) also performed superstructure cost
optimization of slab-on-prestressed-concrete-girder bridges with respect to similar
parameters using neural networks algorithms. Batikha, Al Ani and Elhag (2017)
investigated the effect of different girder types with various span lengths on the

bridge superstructure construction and future maintenance costs. A study by



Adibaskoro and Suarjana (2019) utilized genetic algorithm approach for the
optimization of prestressed concrete I-girder cross section geometry, while girder
spacing and other relevant bridge parameters were kept constant. Similarly, Rabbat
et. al (1984) proposed modified AASHTO standard precast concrete girder sections
for cost-optimized design. Rana et al. (2013) implemented Evolutionary Operation
(EVOP) algorithm to achieve cost minimization of two-span, continuous, prestressed
concrete girders considering several girder and slab parameters. A study conducted
by Ahsan et al. (2012) investigated the cost optimization of bridges having post-
tensioned I girders. Yu et al. (1986) studied the cost-optimization of prestressed
concrete box girders. A study by Aydin and Ayvaz, (2013) used genetic algorithm
to determine the most cost-efficient span and subsequent superstructure cross
section. The piers and footings were not optimized but were included in the cost

estimation for a certain valley shape determining the heights of the piers.

Nevertheless, the majority of the above-mentioned research studies are concentrated
solely on the optimization of the superstructure cost. Only the study performed by
Aydin and Ayvaz, (2013) considered the overall cost optimization of the bridge but
the seismic forces were neglected. Therefore, especially for the Turkish market, a
research study is urgently needed to assess the cost efficiency of using side by side
girders compared to widely spaced girders for bridges built in various seismic zones.
Even if it has a lower construction cost, a bridge with poor seismic performance may
have a high risk of collapse resulting in a total economic loss in areas with high risk
of seismic activity. Therefore, regardless of the construction cost of bridges, their
seismic performance as a function of the girder spacing is also worthy of
investigation in regions with high risk of seismic activity such as Turkey, US or

Japan.

1.1 Objective, Scope and Assumptions

The main objective of this research study is to assess the overall construction cost

and seismic performance of slab-on-prestressed-concrete-girder bridges designed



and built by following the current state of design practice in Turkey where the
superstructure is built by placing the girders side-by-side with a gap of 20-25 mm
between the top flanges to avoid the use of formwork for casting the slab, in relation

to cases where the girder are widely spaced.

The scope of this research study is limited to slab-on-prestressed-concrete-girder
single and multiple-span, symmetrical, non-skew bridges typically used in Turkey.
In these bridges the girders of each span are simply supported, but the slab is
continuous along the length of the bridge per current state of design and construction
practice in Turkey. The bridges are assumed to have single, two, three and four spans
with span lengths varying between 20 and 40 meters. The width of the bridges is
assumed to be 12 meters. The abutments are assumed to be seat type with a total
height of six meters. The piers are assumed to be composed of a cap beam supported
by two circular columns. Both the abutments and piers are assumed to rest on spread

footings.

1.2 Research Outline
The outline of the research study is listed below:

1. As mentioned earlier, the slab-on-prestressed-concrete-girder bridges in
Turkey are designed and built by placing the girders side-by-side with a gap of 20-
25 mm between the top flanges to avoid the use of formwork for casting the slab.
This type of a girder spacing is called the minimum girder spacing (Sui») within the
context of this research study. To assess the construction cost and seismic
performance of bridges designed according to the current state of design practice in
Turkey in relation to bridges designed per conventional design approach where the
girders are widely spaced, the girder spacing is kept as a variable. Accordingly, the
girder spacing is assumed to be Sy, 1.5, 2.0, 2.5 and 3.0 meters. In addition to girder
spacing, the span length, number of spans, column height, soil type and seismic zone

are also varied to arrive to a general conclusion regarding the construction cost and



seismic performance efficiency of the superstructure design practice in Turkey

compared to conventional design practice where the girder spacing is much larger.

il. Next, the prestressed concrete girders of bridges considered in this research
study are designed for each girder spacing and span lengths of 20, 25, 30, 35 and, 40
meters, under the H30-S24 AASHTO truck loading, which is recommended for the
design of bridges in Turkey. The girder type, the number of girders, the number and
arrangement of the prestressing tendons as well as the regular reinforcement of the

girders are determined in this step.

iil. Subsequently, the substructures of 95 different bridges with varying girder
spacing, span lengths and associated girder types, number of spans, column heights,

soil types and seismic zones are designed in compliance with AASHTO (2017).

iv. Next the bill of quantities and associated construction cost of each bridge is
calculated using the most up-to-date construction unit prices released yearly by the
General Directorate of Highways in Turkey. The calculated construction costs are
compared, and it is shown that as the girder spacing increase, the construction costs

are notably reduced.

V. Finally, the nonlinear structural models of the bridges considered in this
research study are built using the structural analysis software SAP2000. In the
structural model the nonlinearity of the structural members, the possible impact
between the superstructure and abutment back-wall as well as soil-structure
interaction at the abutments and foundations are considered. Next, nonlinear time
history analyses (NTHA) of the bridges are performed. The analyses results are
presented as a function of girder spacing for various bridge parameters such as the

number of spans, span length, column height and peak ground acceleration.



CHAPTER 2

DEFINITION OF THE BENCHMARK BRIDGE AND PARAMETERS
CONSIDERED IN THE ANALYSES

2.1 Properties of the Benchmark Bridge

A two-span symmetrical slab-on-girder benchmark bridge, with spans of 30 m
reflecting the design practice in Turkey, is selected. The bridge superstructure is
composed of T120 type of girders spaced at 1.30 m and a 0.25 m thick reinforced
concrete slab. The properties of the T-type prestressed concrete girders commonly
used in Turkey are given in Figure 2.1., Table 2.1 and Table 2.2. A deck width of 12
meters accommodating 9 T120 girders is selected for the benchmark bridge since it
allows for two vehicular design lanes. The selected deck width also allows for a
minimum number of four girders to be placed in the superstructure when the girder
spacing is selected as three meters in parametric studies, since less than four girders
in bridge superstructures is uncommon for highway bridges. The height of the pier
and seat type abutments are 12.5 m (column height is 11 m) and 6 m respectively.
The pier is composed of two circular columns with a diameter of 1.3 m and a 2.0 x
1.5 m (Width x Height) rectangular cap beam. A 12.0 x 4.0 x 1.5 m (Length x Width
x Thickness) rectangular spread footing is used to support the piers. The schematic

drawings of the benchmark bridge are given in Figure 2.2 and Figure 2.3.




























































































































































