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ABSTRACT

TURKISH LRFD LIVE LOAD DESIGN PARAMETERS
FOR
CABLE STAYED BRIDGE WITH CONCRETE DECK ON STEEL GIBER

Donmez, Yusuf
M.S., Department of Civil Engineering
Supervisor: Assoc. Prof. Dr. Alp Caner

June 2015, 121 pages

In Turkey, bridge design procedure has been foltbfsem a modified version of the
AASHTO LFD (Load Factor Design) or ASD (Allowabletr&s Design)
requirements until now. The recent switch of the liwfelge codes to LRFD method
also necessitates the calibration of the new desfigime Turkish bridges according to
the LRFD system. The main aim of this study is ¢évalop the load and resistance
factors to be implemented in the design of steelpmsite I-girders of cable-stayed
bridges (span lengths 420 m to 550 m) for the bgsavity load combination.
Moreover, the performance of new type of live (kudoad of Turkish LRFD,
namely, AYK-45 is evaluated. In such studies, ugualtarget reliability index is
selected to reflect the safety level of currentiglespractice based on the
uncertainties associated with the design parametess the basic gravity load
combination, which includes the dead and live lpadsiinimum target reliability of
4.30 is selected, instead of 3.50 that have beed ws US. In the statistical
computations of the reliability index, the quarddiion of uncertainties is made
based on local data supplemented by information pdech from relevant

international literature.

Keywords: Reliability Analysis, Reliability IndexTarget Reliability Level, Long
Span Bridge Live Load Models, Cable Stayed Bridgel€s, Load and Resistance
Factor Calibration, LRFD.



Oz

GERGN EGIK ASKILI KOPRULER iCIN
HAREKETLI YUK TASARIM PARAMETRELERININ
TURK LRFD METHODUICIN BELIRLENMESI

Donmez, Yusuf
Yiksek Lisansjnsaat Mihendisfi
Tez Yoneticisi: Dog. Dr. Alp Caner

Haziran 2015, 121 sayfa

Tark kopru tasarim praiinde AASHTO Ilimit durum tasarim kilavuzunun
degistirilmi s versiyonu ve emniyet gerilmeleri tasarim yonteimlggulana gelnsitir.
Gunumuzde ise Amerikan kopgartnamelerinin limit durum tasarimdan, yuk ve
dayanim katsayilari tasarim yontemine ge¢cmesi Vétd#e de yeni yik ve dayanim
katsayilarl tasarim yonteminin ggiimesi ihtiyacini dgurmustur. Bu calsmadaki
esas amac celik kompozit I-klii gergin eik askili kdprulerin (420m’den 550m’ye
acikliga sahip) tasariminda kullanilacak hareketli yikleygun yik ve dayanim
katsayisi belirlemektir. Dahasi, bu ealada Turk LRFD sartnamesinin yeni
hareketli yik modeli olan AYK-45 kamyonun perforrsada irdelenecektir. Bu tir
calismalarda, genellikle mevcut koprilerin  guvenirlik rdonlari  tasarim
parametrelerinin belirsizlikleri Gzerindengizlendirilerek bir hedef glvenirlik indisi
belirlenir. Ol ve hareketli yikleri barindiran tehdisey yik kombinasyonu igin
asgari hedef guvenirlik indisi Amerika’da 3.50 deagsine kagin, bu ¢algmada 4.30
olarak secilmgtir. Guvenirlik indisinin istatistiki hesaplarinigerdigi belirsizlikler
yerel kaynaklardan elde edilen verilere gore batimi olup, elde edilemeyen yerel

bilgiler icin uluslararasi ilgili cagmalardan yararlanilngtir.

Anahtar Kelimeler: Guvenirlik Analizi, Guvenirlik rifleksi, Hedef Guvenirlik
Seviyesi, Uzun Acikli Kopri Hareketli Yik ModelleiGGergin Eik Askili Kopri
Kirisleri, YUk ve Dayanim Katsayisi Kalibrasyonu, LRFD.
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CHAPTER 1
INTRODUCTION

Bridges are one of the most important componentsgifway and railway network
system and need to be designed and constructeedb sarviceability and ultimate

limit state requirements of the specifications.

In Turkish engineering practice, Load Factor DegigrD) based design approach is
typically used to design highway bridges. LFD badedign approach is an adapted
version of “AASHTO Standard Specifications for Hrggy Bridges”, which was
terminated in US designs after 2010. Since desgmdtchanged from LFD concept
to LRFD concept in the world, General DirectorateHighways (KGM) of Turkey
has started an extensive research program tothkiftlesign concept from LFD to
LRFD (probability-based design method).

Load and resistance are two basic components afdliteration process. Calibration
of load and resistance factors was performed baseddxperience gained from
Allowable Stress Design (ASD) and judgment in thebLmethod. However, in the
LRFD method, calibration of load and resistancediacis performed based on study
of statistical parameters of the load and resigtafbe major aim of LRFD method
is to provide a uniform and steady safety margmditierent types of structures. The
study of calibration of AASHTO LRFD method was dobg using statistical
parameters belonging to design and constructiostipes in the US. Hence, the
same calibration process to develop the LRFD me#iadl also be repeated based

on uncertainties of Turkish engineering practiaes @onstruction techniques.

The first and the most basic rule of design is thaistance should be higher than the
loads acting on the structure. However, due to iaiceies there is always a
possibility that the loads acting on structure rbayhigher than the resistance. The
load factors and resistance factors are calibratezlich a way that probability of
failure is indirectly quantified in design. Develng a design method based on
probabilistic approach needs to investigate theetamties of loads and resistance.



Reliability index, B, is the most popular bridge safety measurement oo
probabilistic approachf is an indicator of probability of survival as wedls
probability of failure. Calibration process aimsr&ach the chosen target reliability

index with suitable load and resistance factors.

1.1Aim

The main aim of this study is the calibration cadoand resistance factors for the
design of composite steel plate girder of cablgestabridges at positive moment
region by considering uncertainties of Turkish eegring practice using
probabilistic methods to determine a uniform safétyother purpose of this study is
to compare the new live load model of Turkish LRElygested by Koc (2013)
which is AYK-45 with other live load models.

AASHTO LRFD Strength I limit state is considered fmlibration of cable-stayed
bridges with a main span of 420m to 550m considetincertainties of the design
and construction practices in Turkey. However, rmaéional literature have been

used for locally unavailable uncertainty data.

For live load models used in this study, statistmarameters are calculated using
truck survey data belonging to years 2005, 2006 20#13 obtained from the

Division of Transportation and Cost Studies of @eneral Directorate of Highways

of Turkey.

When the total expected cost of a structure is mmized, then optimum target
reliability is determined. The total expected cosftolves the cost of project design
and construction, and also the expected cost hfréaiThe cost of failure involves
both the cost of replacement or repair and the cbsthortage of use. Moreover,
legal costs (liability in case of injuries) are lumbed in the cost of failurelherefore,

considering the economy, it is reasonable to sép#na bridge components into two
as primary and secondary elements. Target relighidex for primary components

is higher than that for secondary components.



As the main consideration of this study, girders #re primary and repairable
components of cable-stayed bridges (Nowak and &zers2000). As target
reliability index 4.30 is aimed for composite girsleof cable-stayed bridges at
positive flexural region. In the calibration of ANSO LRFD in the US, reliability

index is targeted as 3.50.

In this study, flexural designs and analyses of foable-stayed bridge composite
steel girders having span length varying from 42@rB50m are performed for four

different live load models, namely, AYK-45, HL-9B30-S24 and grouped survey
truck load. As design process, AASHTO LRFD speatimn requirements have been
followed. Reliability indices are evaluated forfdilent sets of resistance factors by
using MVFOSM (Mean Value First Order Second Moment)

1.2Scope

Reliability index analysis for a variation of loatid resistance factors to be used in
live load and dead load strength design of calalgest bridges is gathered in seven

chapters.

In Chapter 2 literature is reviewed. Live load medéor long-span bridges
throughout world is stated. Calibration procedwesASHTO LRFD and Turkish
LRFD for different types of bridges are present&breover, other load and

resistance factor calibration researches are sunumed

In Chapter 3, statistical parameters of loads eesgnted. AYK-45, HL-93, H30-S24
and grouped truck obtained from surveyed datalbad models are explained. The
maximum live load impact is obtained with projeatiof results to 75-year by using
the extreme value theory. In addition, for deaddéoand dynamic load, statistical
parameters are stated.

In Chapter 4, statistical parameters of resistasae presented for uncertainties
pertaining to Turkish engineering and constructoactice. These uncertainties are
used in reliability index analysis.



In Chapter 5, nominal positive flexural resistage@acity of composite steel girder
is stated based on AASHTO LRFD Bridge Design Spmatibns. Besides, all

structural analyses and design results presented.

In Chapter 6, used reliability analysis methodnisaduced. Furthermore, reliability
analysis of girders designed and analyzed foried load models are presented.
Reliability indices are given with respect to sdangth and also with respect to

resistance factors. The comparison of results igreisised within this chapter.

Finally, main findings of the study are presente@€hapter 7. Conclusions are drawn

and further studies to be conducted in future ecemnmended.

1.3Studied Bridge Properties

In this study, a real life cable-stayed bridge vahie Cooper River Bridge in South
Carolina is selected as reference bridge desigimgir@t bridge has a main span
length of 470 meters and 195 meters edge spans Brmginal bridge type by
modifying the span dimensions other three bridgesoatained to increase the span
length range of the study. The bridge dimensiorts some properties are tabulated
in Table 1-1 for all four different studied bridgegloreover, in Figure 1-1 and
Figure 1-2 side view of Cooper River Bridge andidgp section for main span of
Cooper River Bridge are presented, respectively.

Y
Rl
s.
1

Figure 1-1 Side View of Cooper River Bridge (Abrahams et al.)
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Figure 1-2 Typical Section for Main Span of Cooper River Bridge

(Abrahams et al.)

Table 1-1SomelmportantBridge Dimensions and Properties

. . . Cable
Bridge Main Span| Edge Span| Width Lane _
Spacing
Number | Length (m)| Length (m) (m) Number m)
m
Bridge #1 420 195 39 6 14.65
Bridge #2
o 470 195 39 6 14.65
(Original)
Bridge #3 500 205 39 6 14.65
Bridge #4 550 210 39 6 14.65

In this study, only positive moment region at mpds will be investigated because
positive moment is more critical than the negativement. Moment diagram of a
live load moving on the bridge and dead load formspan are presented in Figure
1-3 and Figure 1-4, respectively.
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Figure 1-3Moment Diagram of a Cable Stayed Bridge for Moviiogd



Figure 1-4Moment Diagram of a Cable Stayed Bridge for Deadd.o

1.4Chapter Summary

In this chapter, the major aims of study, scope landge properties are discussed.
There are two important points that writer wantdneestigate. The first one is to
calibrate the load & resistance factors for theigtesf composite steel plate girder
of cable stayed bridges at positive moment regiwodnsidering local conditions of
Turkey and probabilistic methods (LRFD). The secamtk is to compare the
performance of new live load model of Turkish LRFuggested by Koc (2013)
which is AYK-45, with other well-known live load rdels. In this study, four
different cable-stayed bridge models are used lgamain span length of 420m to
550m. In following chapter, the literature is reved about the topic of this study
which is load and resistance factors calibratiod Bwve load models for long-span

bridges.



CHAPTER 2
LITERATURE REVIEW

2.1Literature Survey

Bridge designs made by Allowable Stress Design lavatl Factor Design methods
do not usually provide a uniform safety level fasayn of different bridges. Hence,
to be able to obtain a uniform safety level différand new bridge design method

which is based on probabilistic approach, nameRfD is developed.

The study conducted by Nowak, namely, “Report 3&8libration of LRFD Bridge
Design Code” which is a report of National Coopgmtighway Research Program
describes the LRFD calibration process for load$ rasistance (Nowak, 1999). The
main parts of this report are calibration processd and resistance models,
reliability analysis and load and resistance fad@relopment. In this thesis, Report
368: Calibration of LRFD Bridge Design Code isiagd as the main guideline.

Calibration Report describes six main steps fabcation procedure. These steps are
as follows;

= Selection of bridges

» Preparing the statistical database for load andteexe parameters

= Establishing the load and resistance models

= Development of the reliability analysis procedure

= Choosing of the target reliability index

= Calculation of load and resistance factors

For LRFD calibration study, about 200 newly constied bridges are chosen from
different places of the US. Load effects like motsenshears, tensions and
compressions were determined for about 200 bridgestheir members. Moreover,
load carrying capacities were calculated for eacthem. The database is obtained
for loads and resistance by using local conductedeys, material property tests,
and field measurements. This study assumed thds laad resistance were random
variables. Therefore, they were described in tewhscumulative distribution



functions (CDF). Then, live load and resistanceid@@ girders) models were
introduced. Live load model were constructed byswoering multiple presence of
trucks, dynamic load of trucks and two trucks digeside. After that, structural
reliability was evaluated in terms of reliabilitpdex (). Reliability index was
calculated by an iterative procedure. The procedvas defined by Rackwitz and
Fiessler. Then, a target reliability indg¥( was selectedit is adequately selected
by considering existing structures’ reliability v As final step, load and resistance

factors were calculated with achieving target f®liey index (Nowak, 1999).

Reliability analysis was performed by using averdgdy truck traffic (ADTT) =
5000 in the Calibration Report at final stage. Bsing ADTT equals to 5000,
AASHTO LRFD uses the design equation below as §trehimit State I.

125xD +150xD, +1.75x (1 + ) xL < @R (2-1)

in which D is load effect due to factory made elatseand cast-in place concrete, D
is load effect due to the wearing surface and rii@oeous weight, and (1+I)L is
load effect due to live load including impact facto

Kun and Qilin (2012) conducted a research in Choracalibration of resistance
factor and for determining target reliability indet steel highway bridges. This
study was conducted for two commonly used stealegan China bridges (Q235q
and Q345gD). In this research, different type dtifa modes are investigated. These
are flexureyri, shearyre, axial tensileyrs, axial compressioryrs, and eccentric
compressionyrs. The main purpose of this study was to preparesa design
guideline for steel highway bridges in China byngsioad and resistance local
database. As a result of the research, recommetailgdt reliability indices are
tabulated in Table 2-1 (Kun and Qilin, 2012).



Table 2-1Recommended Target Reliability Indices (Kun andrQR012)

Safety of structure

Class I Class II Class III
Load Ductile  Brittle Ductile Brittle Ductile  Brittle
Combination failure failure failure failure failure failure
Primary 5.7 7.2 5.2 6.7 4.7 6.2
Adjunctive 4.2 5.7 37 5.2 32 4.7

In Table 2-2 resistance factors are presentedifiereint load combinations and steel
grades and failure modes of members, i.e. axigidanaxial compression, eccentric
compression, flexural, and shear. The basic de=ygiation for the following table is
Mn/y > My where M is resistance capacity,N& ultimate demand andis resistance

factor.
Table 2-2Recommended Resistance Factors (Kun and Qilin,)2012
. Load Resistance factor, yg;
Steel . o
Combination YR1 TR YR Yra Yas
0233 Primary 12687 12996 13431 13592 1.8895
LD . . -
2224 Adjunctive 1.2034 1.2273 1.3027 1.3150 1.8009
e Primary 12629 13804 13654 13636 2.1806
Q345qD S
Adjunctive 12049 13194 13217 13248 21302

In 2010, Arginhan studied a thesis having the tifleReliability Based Safety Level
of Turkish Type Precast Pre-stressed Concrete Bri@jrders Designed in
accordance with LRFD”. In his study, four differaéppes of precast concrete girders
are considered varying span lengths of 25 to 4Q.ead and resistance statistical
parameters were obtained from local database dedard international literature
where necessary. He used different sets of loadrasdtance factors in design
process of girders to investigate the change iabidity indices. As live load models,
Turkish live load, H30S24 and AASHTO LRFD live lgddL93 were used in his
study. He calculated reliability indices for eadithe designed girders. In Figure 2-1,
reliability analyses results of girders for HL93athng by 15 different sets of load

and resistance factors are presented.



Kog¢ (2013) conducted a study on steel bridge deaiwph his analysis approach is
very similar to Arginhan’s study (2010) where pteessed concrete bridges are
investigated. Ko¢ (2013) considered the bridgeyimgrspan lengths of 50 to 80 m.
As live load models, AASHTO LRFD live load, HL93 chia newly suggested live
load model by Kog, AYK-45 were used in his studyThble 2-3, reliability analyses
results of girders for AYK-45 loading by 15 diffetesets of load and resistance

factors were tabulated.
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Figure 2-1Reliability Indices for Different Sets of Load aR&sistance Factors
(HL93) (Arginhan, 2010)
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Wang and et al. (2014) summarized the traffic lmadurrent design codes for long-
span suspension bridges. This case study disctissesaffic loads for long-span
bridges defined in BS5400, AASHTO LRFD, Sweden TR@® Great Belt (East)
Bridge Design Basis, the Superstructure Designafddu-Shikoku Bridge of Japan,
and the Highway Bridge Design Code of China. The load models of mentioned

design codes are summarized.

Table 2-3Reliability Indices for Different Sets of Load aR@sistance Factors
(AYK45) (Kog, 2013)

Live Load (LL) and Span Length (m) Average
Resistance (R) Factors 50 60 70 80 p
LL:1.50;R:0.90 4.53 4.41 4.40 4.29 441
LL:1.50;R:0.95 431 4.14 4.11 3.99 4.14
LL:1.50;:R:1.00 4.02 3.86 3.83 3.69 3.85
LL:1.75:R:0.90 4.89 4.74 4.74 4.60 4.74
LL: 1.75:R:0.95 4.63 4.49 446 4.32 448
LL:1.75:R:1.00 439 4.23 4.19 4.03 421
LL:2.00: R: 0.90 5.20 5.20 5.03 4.89 5.08
LL:2.00: R:0.95 4.97 4.80 477 4.62 4.79
LL:2.00;R:1.00 4.73 4.56 4.51 4.34 4.54
LL:2.25:R:0.90 547 5.48 5.30 5.14 5.35
LL:2.25:R:0.95 5.26 5.24 5.05 4.88 5.11
L1:2.25:R:1.00 5.03 4.84 4.80 4.62 4.82
LL:2.50: R: 0.90 5.71 5.73 5.54 5.37 5.59
LL:2.50;: R: 0.95 5.51 5.50 5.30 5.12 5.36
LL:2.50;R:1.00 5.30 5.27 5.06 4.88 5.13

BS5400 Part 2BS 5400 has offered a load model for long-spangesdshown in

Figure 2-2. This model include dynamic impact. Theve of the model has two

equations for 0-50 meters span length and 50-16&i@mnspan length.
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Figure 2-2 The Loading Curve of HA UDL of BS5400 (BS5400 P2yt-

AASHTO Code 200AASHTO 2007 code has provided a load model compo$ed
design truck load and a lane load. However, themoilimitation for span length of

the bridge. Moreover, in this model dynamic loateef and multiple presence are
considered separately with applying some otherdpfeied coefficients. The load

model is shown in Figure 2-3.

P1=35kN P2=145 kN P2=145kN

4.3m 4.3m=9.0m

g=9.3 kN/m

No limitation length

Figure 2-3The Load Model of AASHTO 2007 (AASHTO LRFD 2007)

Swedish Code TK BRO 200®x this code, there is a live load model for brisige

having span length larger than 200 meters. The tnadel and its load values are

presented in Figure 2-4 and Table 2-4 below.
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P kN/m

No limitation length

Figure 2-4 Swedish Traffic Load of Bridge when its main spsularger than 200m
(Swedish Code TK BRO 2009)

Table 2-4The UDL and KEL of Swedish Code TK Bro (Swedish €dK BRO

2009)
Number of Lanes Linear meter load P Concentrated load A
(KN/m) (KN)
First lane 12 250
Second lane 9 170
Third and subsequent lane 6 0

Great Belt (East) Bridge Design Bas(Sreat Belt Bridge design basis was prepared

based on probabilistic modeling and statistics. [Dad model is presented in Figure
2-5 and Figure 2-6.

Design basis

104--——-—- i
] X
i
i
|
|
|

EUDL/(kN m'2)

Result of analysis

»
I T —

T 1
2000 3000

Loaded length (m)

* T
0 1000

Figure 2-5UDL (Uniform Distributed Load) in the second direct as function of
loaded length of the positive influence (Great EBeltige Design Basis)
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P1=5.0 KN/, P2=2.5 KN/

P3=2.5 kN/m when the loaded length is less than 500m

P3=1.0 kN/m when the loaded length is not less than 500m

Figure 2-6 Equivalent UDL of Great Belt Bridge (Great Belt &ge Design Basis)

The Highway Bridge Design Code of Chifdiis Chinese code has provided a load

model composed of a concentrated load and a uniadistributed load. However,
there is no limitation for span length of the bedd/loreover, in this live load model
reduction and multiple presence are consideredratgha with applying some other
pre-defined coefficients by multiplying the obtainmternal forces due to live load
model. The load model is presented in Figure 2&/ eables 2-5 and 2-6 below.

P2=360 kN

l

No limitation length

Figure 2-7 The Load Model of the Chinese Highway (The Highviaiglge Design
Code of China)

q=10.5 kN/m

Table 2-5Multiple Presence Factors (The Highway Bridge De<igde of China)

# of lanes 2 3 4 5 6 7 8

Lanes factor 1.0 1.0 0.85 0.65 0.65 0.65 0.60

Table 2-6Longitudinal Reduction Factors (The Highway Bridyesign Code of

China)
Loaded 150<L<400 | 400<L<600 600<L<800 800<L<1000 L>1000
Length (m) (m) (m) (m) (m)
Reduction 0.97 0.96 0.95 0.94 0.93
factor

14



Superstructure Design of Honshu-Shikoku Bridgeapfd: The load model of this

code is described in Table 2-7 below.

Table 2-7The Equivalent Load Model of Honshu-Shikoku Bridgelapan
(Superstructure Design of Honshu-Shikoku Bridg@ayfan)

Load Type Main Span L (m)| The equivalent load

Primary traffic| Linear meter traffic 130<L<1000 111.0+0.012L

load load R (KN/m) 1000<L 118.0+0.005L
(width=5.5m) |  Uniform distributed L<80 35

traffic load p (KN/m?) 80<L<130 4.3-0.01L
130<L<500 3.0
500<L 3.0x(0.57+300/(200+L))
Secondary Linear meter traffic ] 950
traffic load load B (kN/m)
Uniform distributed
- 1/2 xp

traffic load p (KN/m?)

2.2Chapter Summary

In chapter 2, both national and international #tere is reviewed for load and
resistance factor calibration procedure and livedlonodels of long span bridges.
Live load models of different specifications fronifferent countries like China,
Japan, USA and Sweden are presented. AASHTO LRHADraton report by
Nowak (1999) describes the load and resistanceorfacélibration procedure.
Furthermore, two national sources, Arginhan (20dr) Kog (2013), are reviewed
for load and resistance factors calibration. Argmthad studied on the load and
resistance factor calibration for pre-stressed ircgirder bridges and Kog¢ had
studied on the load and resistance factor caltmmaior steel plate composite girder
bridges including local uncertainties and engimegpractice. In chapter 3, statistics

of loads, i.e. dead and live, are determined.
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CHAPTER 3
STATISTICS OF LOADS

One of the main components of structural desighadoads which will/may act on a
structure within its service life. For highway kyek, most common design load
types are live load (static and dynamic), dead ,laad/ironmental loads (wind,
earthquake, temperature) and other loads (emerdaeeking, collision). Modeling
the loads is done by using the available statistle#a, surveys and observations.
Considering these load components as random vasiahd defining them by their
statistical distribution, bias factor (mean valwinal value) and coefficient of

variation are determined.

AASHTO LRFD involves different load combinationsthiiey can be classified in to
two main limit states which are strength limit stand service limit state. Strength |
limit state is the main load combination relating wehicular use of the bridge
without wind (AASHTO LRFD 3.4.1). Strength | limgtate load combination is

cited as the following.
Q=1.25xDC + 150 x DW + 1.75 X LL x (1 + IM)&DF (3-1)

where DC is dead load of structural and non-stratitomponents, DW is dead load
of wearing surface, LL is vehicular live load, I8l dynamic impact factor, and GDF
is girder distribution factor.

In this study, structural design of bridges arefqremed with respect to this load

combination.
3.1 Dead Loads

The dead loads consists of four components:

D: - Weight of factory made elements
D> - Weight of cast-in-place concrete
D3 - Weight of wearing surfa

. _ Cj> In this study, (+Da) is taken as
D4 - Weight of miscellaneous 5.8kN/m.

17



In this study, dead load statistical parameterstaken from Nowak’s calibration
report (1999). Mentioned four dead load variables eonsidered to be normally
distributed. The parameters are listed in Table 3-1

Table 3-1Statistical Parameters of Dead Load

Component| Bias Factor Coefficient of Variatipn
D1 1.03 0.08
D2 1.05 0.10
Ds 1.00 0.25
D4 1.03-1.05 0.08-0.10

3.2 Live Loads

3.2.1 Live Load Models

In this section, four different live load modelseantroduced that are AASHTO
LRFD HL-93, Turkish LRFD H30-S24 & AYK-45, and livead models generated
by using Turkish truck survey data (Grouped Truodading). Moreover, the positive
span moments due to the mentioned four live loadeatsowill be presented. Please
note that every live load model is moved one by @mé¢he bridge. However, it was
tried that live load models were moved in conseeuthanner (back to front distance
15m-80m) and the results did not change signifigaimhe reason of that is the basic
behavior of the cable stayed bridges. Cables ameegdl with a spacing of 14.85

meters which is just enough for a truck only.

3.2.1.1 HL-93 Loading

AASHTO LRFD Specifications offer a live load moded design model which is
HL93 loading. This live load model is comprisedaairuck load and a lane load. HL-
93 truck has 3 axles placed by a distance of 4{Bm each other. To develop more
critical force effects, the distance between twar r@xles may be spaced up to 9.15
meters. The load value for leading axle is 35 kM #or rear axles is 145 kN. The
lane load value is taken as 9.3 kN/m as uniformsjridbuted load. The live load

model and HL-93 truck are presented in Figure 3 lagure 3-2, respectively.
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Figure 3-1HL-93 Live Load Model
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Figure 3-2HL-93 Design Truck (AASHTO LRFD, 2010)

3.2.1.2 H30-S24 Loading

Technical Specifications for Roads and Bridges 2)98 Turkey offers a live load
model as design model which is H30-S24 loadings Tikie load model is comprised
of only a truck load. However, a uniformly distribd load of 10 kN/m is used as
lane loading together with the truck load. Therefan this study, the live load model
consists of design truck load and design lane Ib&f-S24 truck has 3 axles placed
by a distance of 4.25 m from each other. To createe critical force effects, the
distance between two rear axles may be spaced @p@ameters. The load value for
leading axle is 60 kN and for rear axles is 240 KS0-S24 truck and the live load
model are presented in Figure 3-3 and Figure 8ghactively.

%@M@T

| Al | D=tizn = 50

oW [naw .
= e

5

Figure 3-3H30-S24 Design Truck (KGM 1982)
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Figure 3-4H30-S24 Live Load Model

3.2.1.3 AYK-45 Loading (KGM-45 Loading)

“In the calibration of AASHTO LRFD for Turkey, amdive load model is going to
be implemented. The new model is called AYK45hiohnAYK stands for “Air Yuk
Kamyonu” meaning “Heavy Load Truck” in Turkish arid5” is total weight of
truck in units of ton. Similar to HL-93 truck modetilosophy, AYK45 needs to be
used with a uniform lane load of 10 kN(i{o¢, 2013).”

AYK-45 truck has 3 axles placed by a distance @64n from each other. The load
value for leading axle is 50 kN and for rear axte200 kN. The lane load value is
taken as 10.0 kN/m as uniformly distributed loadtkA45 truck and the live load

model are presented in Figure 3-5 and Figure 8gpactively.

50 kN 200 kN 200 kN

| 4.23m ‘ 4.25m=9.3m ‘

Figure 3-5AYK-45 Design Truck

50 kN 200kN 200 kN

4.250mM 4.25m=2,3m

q=10.0 kN/m

Figure 3-6 AYK-45 Live Load Model
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3.2.1.4 Grouped Truck Loading

This type of live load model is generated by usingkish truck survey data to
compare the code design trucks and the real lifeks. The truck survey data was
obtained from the Turkish General Directorate afthvays. In data, there are about
28,000 different truck measurements belonging gy 2005, 2006 and 2013 (axle
count, axle distances and axle weights). In T&8® analyzed truck survey data is
presented.

Table 3-2Summary of Truck Survey Data

Axle Count | Number of Data | Percentage (%)
2 Axles 2905 10.4
3 Axles 15084 53.8
4 Axles 7351 26.2
5 Axles 2715 9.7
Sum 28055 100

In accordance with Table 3-2, 3-axle trucks andlé-@rucks are dominant in the
real life traffic. 2-axle trucks and 5-axle truckse very rare in the traffic when
compared with the others. Considering this sta@stvalues about occurrence of
trucks in the traffic, grouped truck live load mtglevere created. These models
consist of 16 trucks (2 two-axle trucks, 8 thre&earucks, 4 four-axle trucks and 2
five-axle trucks) placed with a 30m back to fromdtance. In addition, a uniformly
distributed load of 10kN/m is used as lane loadimgether with the truck loads.
5,428 different live load models were obtained byuging the truck survey data in a
mentioned manner. One example of grouped truckingadithout lane load is

presented in Figure 3-7.

3I0KN

l 21 221N
l A A A h A

Om 3..82?152 O
SNalun

Figure 3-7 GroupedTruck Loading Example (Axle Loads in tons)
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3.2.1.5 Maximum Mid-Span Moments due to Live Loadddls

Maximum mid-span moments of all live load modelsehaeen calculated for span
lengths of 420 meters, 470 meters, 500 meters a@arteters. Moving load analysis
(influence line) has been utilized so that positidriruck on the bridge that creates
maximum moment has been determined. H30-S24 loagives around 16% higher
results when compared with AYK-45 loading. HL-93adiing and grouped truck
loading give nearly the same results. The resulés shown in Table 3-3. The
comparison is shown as a bar graph in Figure 3iéase note that grouped truck
loading moment values (5,428 different value) étamed for all span lengths and a
single design moment value is determined in a \may this value is greater than the

obtained values with a probability of 99.7%. Inatkvords, selected design moment

value is equal tout+3c) wherep is mean value of obtained moments ands

standard deviation of obtained moment data.

Table 3-3Maximum Moments due to Live Load Models for 6 Lanes

Span Length (m)

Maximum Moment (KN.m)

HL-93 | H30-S24| AYK-45| Grouped Truck Loadin
420 6518 10845 9036 6604
470 6280 10450 8735 6335
500 6850 11392 9640 7385
550 6700 11013 9321 6981
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Figure 3-8 Comparison of Mid-Span Moments of Live Load Models

3.2.2 Evaluation of Truck Survey Data

To determine the statistics of live load in Turkbg truck survey data was gathered
from the Turkish General Directorate of Highway#isTsurvey was conducted in

about 40 different highway measurement stationSuvkey in years between 1997-
2006 and 2013. Only the years 2005,2006 and 2018 wlare used in this study

because the data collected between the mentionas yeflect the more recent

measurements (today’s traffic live loads). Turkislck survey data consist of about
28,000 trucks’ axle weights, number of axles aracs. The years 2005 and 2006
survey data (about 11,000 different trucks) wasluse Arginhan (2010) and Kog

(2013) to investigate reliability-based safety lewé precast pre-stressed concrete
bridge girders and slab on steel plate bridge gsrde Turkey, respectively. In this

study, in addition to the years 2005 and 2006 sudeta, survey data of the year
2013 was also used.
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The maximum mid-span moments due to surveyed trugkse-by-one) are
calculated for each four different span lengths #dra 420 meters, 470 meters, 500
meters and 550 meters. In Figure 3-9, frequenadyililigion of truck types based on
axle configurations is illustrated.

In surveyed truck data, gross weights of truckssmered in calculations are varied,
* From 1.2 tons to 18.90 tons for 2-axle trucks vaithaverage of 6.20 tons
* From 2.60 tons to 32.50 tons for 3-axle trucks \aithaverage of 12.80 tons
= From 3.0 tons to 45.80 tons for 4-axle trucks waithaverage of 21.50 tons
= From 13.45 tons to 43.80 tons for 5-axle truck$am average of 38.15 tons

Overall mean value of the gross weights is 16.85 for 28,000 surveyed truck data.

In Figure 3-10, frequency distribution of gross ieweights is illustrated.

Maximum mid-span moment values due to these 28j@@8s have been calculated
for 420 meters, 470 meters, 500 meters and 550rsngpan lengths. The histograms
are plotted in Figure 3-11 to Figure 3-14.

16000

14000

12000

10000

8000

6000

4000

Frequency (Number of Trucks)

2000

B

2 Axles 3 Axles 4 Axles 5 Axles

Type of Axle

Figure 3-9Histogram of Vehicles Based on Axle Configurations
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Figure 3-10Histogram of Gross Vehicle Weights (GVW) of Surveéyeucks
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Figure 3-11Histogram of Mid-Span Moments of Surveyed TrucksSpan Length
of 420m
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Figure 3-12Histogram of Mid-Span Moments of Surveyed TrucksSpan Length
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of 550m

3.2.3 Assessment of Statistical Parameters of Liv®ad

The extreme value theory, which is used in calibrabf AASHTO LRFD (Nowak,
1999), is applied to determine the statistical peaters regarding live load. Basically,
the main idea underlying this theory is the progectof any previously observed
available data to the future to obtain forthcomdeja that are more extreme than

available data.

The moment ratios of surveyed trucks to AYK45, H3,-8130S24 and grouped truck
loading are plotted on both normal probability papend Gumbel probability papers
for three different cases. These cases are:

= Complete data — Overall Case

» Part of exceeding 90-percentile values of complata — Upper-tail Case

» Isolated 10-percent highest values of data — Exdr€ase
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3.2.3.1 Fitting Straight Lines to the CDFs of Mortseof Surveyed Trucks

To determine the probability distribution type betsurveyed truck data cumulative
distribution functions (CDFs) of data truck mid-spaoment ratios (moment ratio of
surveyed truck to design truck) are plotted on baihmal and Gumbel probability

papers.

Moment ratios of overall surveyed truck data arettpl on normal probability
papers in Figure 3-15 to Figure 3-18 for AYK-45, 9B, H30-S24 and grouped
truck loadings. The vertical axis in these figuiethe inverse of the standard normal
distribution function (f ), ISND, denoted by z;

2= 0" F(M)] (3-2)

where, M is the mid-span moment, F(M) is the cuningadistribution function of
the mid-span moment;?! is the inverse standard normal distribution fumttiThe

horizontal axis in these figures is the mid-spamrant ratio.

In Figure 3-19 to Figure 3-33, for each span leragit live load model overall truck
survey data moment ratios were plotted on normealbaility paper. However, the
plots show that the data does not fit to the dbtaiqe. This indicates that the
probability distribution type of the data cannot bepressed with the normal
distribution. Therefore, moment ratios were plottedthe Gumbel probability paper

to evaluate the acceptability of this probabilitgtdbution.

Gumbel probability method is used when limit distition of data is not known.
Moreover, to analyze the extreme value problemspiiactical cases Gumble
probability method provides better results. In Gehfirobability paper, vertical axis
is the reduced variatq, defined as (Castillo, 1988);

N = —In[=In[F(M)]] (3-3)

where M is mid-span moment, F(M) is the cumulativgribution function of mid-

span moment. Horizontal axis is the mid-span momedid.
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In Figure 3-19 to Figure 3-34, for each span leragtt live load model overall truck
survey data moment ratios were plotted on Gumbebatility paper. The plots
shows that the data can be expressed with Gumblepility since a better fit to the
straight line is occurred when compared with normdetribution. As a result,
surveyed truck moments are assumed to follow thali&l probability distribution.

The Gumbel papers for upper tail of overall surngerack moment ratios are plotted
in Figure 3-35 to Figure 3-38. The last but nostethe Gumbel papers for extreme
surveyed truck moment ratios are plotted in FigBr89 to Figure 3-42. The

equations of straight lines which are fitted toadate presented on plots. These
equation will be used for today’s results to extdape to longer time periods, the
future. In accordance with the Eqn 3-3, reducediat@rand the cumulative

distribution function is directly related with eacolther. Hence, the extrapolation is

performed with CDF’s.
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Figure 3-41Straight Lines Fitted to the Extreme Surveyed Trividiment Ratios
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3.2.3.2 Mean Maximum Moments Predicted by Extrajpmta

The life time of a bridge is considered as 75 yedrgh is equal to the return period
of maximum live load in the AASHTO LRFD specificati. Therefore, it is
necessary to obtain the live load effects projetbetb years. This procedure is done

by extrapolating the today’s cumulative distribatifunctions to 75 years shown in
Figures 3-19 to 3-42.

For extrapolation calculations the study of Nowakat the calibration of AASHTO
LRFD (1999) is followed. It is assumed that two k&ef heavy traffic on a bridge
with average daily traffic of 1000 trucks is remeted by surveyed truck data. The
extrapolation of the CDFs of moment ratios is penfed for the longer periods of

time, e.g. 2 months, a year, 10 years, 50 year$ gears.
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In Table 3-4, for each time period the number o€ks that pass through the bridge,

corresponding occurrence probabilities, inversedsaed normal distribution values

(ISND), and reduced variates are shown.

Table 3-4Number of Trucks vs. Time Period and Probability

_ ' - Reduced
Time Period | # of Trucks Probability ISND _
Variate
T N 1/N z
n
75 years 20,000,000 5x10 5.33 16.81
50 years 15,000,000 7x30 5.27 16.52
5 years 1,500,000 7x10 4.83 14.22
1 year 300,000 3x10 4.50 12.61
6 months 150,000 7x10 4.35 11.92
2 months 50,000 2x10 4.11 10.82
1 month 30,000 3x19 3.99 10.31
2 weeks 10,000 1x10 3.72 9.21
1 day 1,000 1x18 3.09 6.91

The equations of straight lines that presentedigures 3-19 to 3-42 for Gumbel
papers are solved to determine the extrapolatagesabf mean maximum moment
ratios for all time periods listed in Table 3-4.€Tllecalculated mean maximum
moment ratios and the extrapolation plots are showthe following tables and

figures for overall, upper-tail and extreme cases.

Table 3-5Mean Maximum Moment Ratios for AYK-4®{erall)

Span (m) Surveyed Truck Moment / AYK-45 Moment
1 day| 2 weeks| 1 month | 2 months| 6 months| 1 year| 5 years| 50 years| 75 years
420 0.60| 0.63 0.64 0.65 0.66 0.67 0.70 0.73 0.74
470 0.63| 0.65 0.66 0.67 0.68 060 0.72 0.75 0.75
500 0.63| 0.67 0.68 0.69 0.71 0.72 0.74 0.7]7 0.7
550 0.66 | 0.69 0.70 0.71 0.73 0.74 0.75 0.79 0.79
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Table 3-6Mean Maximum Moment Ratios for HL-98®yerall)

Surveyed Truck Moment / HL-93 Moment

Span (m)
1 day| 2 weeks| 1 month | 2 months| 6 months| 1 year| 5 years| 50 years| 75 years
420 0.83| 0.87 0.89 0.90 0.92 094 0.9/ 1.01 1.0
470 0.86| 0.90 0.92 0.93 0.95 0.97 0.99 1.08 1.0
500 0.88| 0.93 0.95 0.96 0.98 099 1.0 1.07 1.0
550 0.90| 0.94 0.97 0.98 0.99 1.00 1.08 1.08 1.0
Table 3-7Mean Maximum Moment Ratios for H30-S2aerall)
Span (m) Surveyed Truck Moment / H30-S24 Moment
1 day| 2 weeks| 1 month | 2 months| 6 months| 1 year| 5 years| 50 years| 75 years
420 0.50| 0.53 0.54 0.55 0.56 0.57 0.59 0.6 0.6
470 0.52| 0.55 0.56 0.57 0.58 0.59 0.60 0.62 0.6
500 0.54| 0.57 0.58 0.59 0.60 0.60 0.62 0.65 0.6
550 0.55| 0.58 0.59 0.59 0.60 0.61 0.68 0.65 0.6

Table 3-8Mean Maximum Moment Ratios for Grouped Truck Load@verall)

Surveyed Truck Moment / Grouped Truck Loading Momert

Span (m)
1 day| 2 weeks| 1 month | 2 months| 6 months| 1 year| 5 years| 50 years| 75 years
420 0.82| 0.86 0.88 0.89 0.91 092 0.96 0.99 1.0
470 0.86| 0.89 0.92 0.92 0.95 096 0.98 1.02 1.0
500 0.82| 0.86 0.88 0.88 0.91 092 0.95 0.98 0.9
550 0.86| 0.90 0.92 0.93 0.95 0.97 0.99 1.038 1.0
Table 3-9Mean Maximum Moment Ratios for AYK-4&Jpper-Tail
Span (m) Surveyed Truck Moment / AYK-45 Moment
1 day| 2 weeks| 1 month | 2 months| 6 months| 1 year| 5 years| 50 years| 75 years
420 0.62| 0.66 0.67 0.68 0.70 071 0.74 0.78 0.7
470 0.65| 0.68 0.70 0.71 0.73 0.74 0.77 0.80 0.8
500 0.66| 0.71 0.73 0.74 0.76 0.77 0.80 0.86 0.8
550 0.68| 0.73 0.75 0.76 0.78 0.79 0.82 0.86 0.8
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Table 3-10Mean Maximum Moment Ratios for HL-98pper-Tai)

Surveyed Truck Moment / HL-93 Moment

Span (m)
1 day| 2 weeks| 1 month | 2 months| 6 months| 1 year| 5 years| 50 years| 75 years
420 0.85| 0.91 0.94 0.95 0.97 099 1.08 1.08 1.0
470 0.90| 0.95 0.98 0.99 1.01 1.08 1.06 1.1p 1.1
500 0.92| 0.98 1.01 1.02 1.05 107 111 1.17 1.1
550 0.94| 0.99 1.02 1.03 1.06 1.08 1.1 1.17 1.1
Table 3-11Mean Maximum Moment Ratios for H30-S24pper-Tail
Span (m) Surveyed Truck Moment / H30-S24 Moment
1 day| 2 weeks| 1 month | 2 months| 6 months| 1 year| 5 years| 50 years| 75 years
420 0.51| 0.55 0.56 0.57 0.59 0.60 0.62 0.65 0.6
470 0.54| 0.57 0.58 0.59 0.61 0.62 0.64 0.6[7 0.6
500 0.55| 0.59 0.61 0.62 0.63 0.64 0.6/ 0.70 0.7
550 0.56| 0.60 0.61 0.62 0.64 0.66 0.6/ 0.70 0.7

Table 3-12Mean Maximum Moment Ratios for Grouped Truck Logdidpper-

Tail)

Surveyed Truck Moment / Grouped Truck Loading Momernt

Span (m)
1 day| 2 weeks| 1 month | 2 months| 6 months| 1 year| 5 years| 50 years| 75 years
420 0.84| 0.90 0.92 0.93 0.96 098 1.02 1.0/7 1.0
470 0.89| 0.94 0.97 0.98 1.00 1.02 1.06 1.111 1.1
500 0.85| 0.91 0.94 0.95 0.98 099 1.08 1.09 1.1
550 0.90| 0.95 0.98 0.99 1.02 1.08 1.07 1.13 1.1

Table 3-13Mean Maximum Moment Ratios for AYK-4&ktremé

Surveyed Truck Moment / AYK-45 Moment

Span (m)
1 day| 2 weeks| 1 month | 2 months| 6 months| 1 year| 5 years| 50 years| 75 years
420 0.65| 0.68 0.70 0.71 0.72 0.78 0.76 0.79 0.8
470 0.68| 0.71 0.72 0.73 0.74 0.76 0.78 0.8 0.8
500 0.69| 0.73 0.74 0.75 0.77 0.78 0.80 0.84 0.8
550 0.72] 0.75 0.76 0.77 0.79 0.80 0.82 0.86 0.8
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Table 3-14Mean Maximum Moment Ratios for HL-9&Xtremé

Span (m) Surveyed Truck Moment / HL-93 Moment
1 day| 2 weeks| 1 month | 2 months| 6 months| 1 year| 5 years| 50 years| 75 years
420 0.90| 0.95 0.97 0.98 1.00 102 1.05 1.10 1.1
470 0.94| 0.98 1.00 1.01 1.03 106 1.08 1.1p 1.1
500 096| 1.01 1.03 1.04 1.06 1.08 111 1.16 1.1
550 0.98| 1.02 1.05 1.06 1.08 1.00 11p 1.17 1.1
Table 3-15Mean Maximum Moment Ratios for H30-SZ2x{rem¢g
Span (m) Surveyed Truck Moment / H30-S24 Moment
1 day| 2 weeks| 1 month | 2 months| 6 months| 1 year| 5 years| 50 years| 75 years
420 0.54| 0.57 0.58 0.59 0.60 0.61 0.68 0.66 0.6
470 0.56| 0.59 0.60 0.61 0.62 0.68 0.65 0.6[7 0.6
500 0.58| 0.61 0.62 0.63 0.64 0.66 0.6/ 0.70 0.7
550 0.59| 0.62 0.63 0.63 0.65 0.66 0.68 0.70 0.7

Table 3-16Mean Maximum Moment Ratios for Grouped Truck LogdiExtreme

Span (m) Surveyed Truck Moment / Grouped Truck Moment
1 day| 2 weeks| 1 month | 2 months| 6 months| 1 year| 5 years| 50 years| 75 years
420 0.89| 0.94 0.96 0.97 0.99 1.00 1.04 1.08 1.0
470 0.93| 0.97 1.00 1.00 1.03 1.04 1.07 1.111 1.1
500 0.89| 0.93 0.96 0.96 0.99 1.00 1.08 1.0/7 1.0
550 0.94| 0.98 1.00 1.01 1.03 1.06 1.08 1.1p 1.1
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Extrapolated Moment Ratios (Overall)
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3.2.3.3 Estimation of the Coefficient of Variation

Gumbel distribution method calculates the coeffitief variation of live load from
the straight line equations fitted to the surveyrertk data points. The CDF of the
Gumbel distribution for maxima is given by (CastjllL988);

y=F(x;A.0)= exp{— exp{— a ;Aﬂ: —oo < X< 00 (3-4)

where, L and & are the Gumbel distribution parameters. Then, dtnaight line

equation on Gumbel probability paper forms intogitl®, 1988);

n= h(_\'):—logf_ log l @ =5 #pre = (3-5)

The Gumbel parametefs and ® can be determined by settimg= 0 andn = 1
(Castillo, 1988);

O=x—-A—=x=A4 and l:%a_x':iwwﬁ' (3-6)

After fitting the straight line on Gumbel probabjlipaper, the abscissas associated
with ordinate values 0 andof the reduced variate,, give the values dfand | +J ,
respectively. After obtaining the values /ofand, the mean and variance of the
Gumbel distribution can be calculated by the folluyvexpressiongArginhan, 2010);

- Bl 252
U=A+057728 and o2 = ”T( (3-7)
J

where,u andc are the mean and standard variation, respectively.
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From Gumbel probability papers (straight line eoqret) the coefficients of variation

values are calculated for the three different cdkas are overall, upper tail and

extreme by using the procedure explained above. rébelts are tabulated in the

Table 3-17 to Table 3-22.

Table 3-17Parameters of Gumbel DistributioD\(erall)

40

56

64

Span AYK-45 HL-93 H30-S24 Grouped Truck
(m) ) B ) B A B ) b

420 0.188 | 0.102| 0.261| 0.142 0.5y 0.085 0.257 0.1
470 0.196 | 0.113| 0.273| 0.154 0.1683 0.094 0.2y0 0.1
500 0.194 | 0.128| 0.268/ 0.177 0162 0.1Q7 0249 0.1
550 | 0201 | 0.128| 0.275| 0.175 0.165 0105 0264 0.1

68

Table 3-18Mean, Standard Deviation and Coefficient of Vaoiatof Moment
Ratios Qverall) Estimated According to Gumbel Distribution

Span AYK-45 HL-93 H30-S24 Grouped Truck
(m) u c cov u c COV | u o cov u c cov
420 0.247 | 0.131] 0.531 0.343 0.182 0.581 0.206 0.109 310/50.338| 0.180 0.531
470 0.262 | 0.145| 0.554 0.364 0.202 0566 0.218 0.121 560/50.361| 0.200 0.55¢
500 0.267 | 0.164| 0.613 0.371 0.227 0.613 0.223 0.137 130/60.344| 0.211 0.611
550 0.275| 0.165| 0.598§ 0.376 0.225 0.598 0.226 0.135 980/50.361| 0.216) 0.59
Table 3-19Parameters of Gumbel Distributiodper-tail)

Span AYK-45 HL-93 H30-S24 Grouped Truck

(m) N 5 N 5 X 5 X 5

420 | 9497 | 0017| 0683 0024 0414 0014 0679 0.0

470 | 0533 | 0016| 0741] 0023 0443 0014 0784 0.

500 | 0531 | 0019| 0737 0024 0444 0016 0683 04

50 | 0560 | 0.018| 0766 0028 0461 0015 0735 04
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Table 3-20Mean, Standard Deviation and Coefficient of Vaoiatof Moment
Ratios Upper-tail) Estimated According to Gumbel Distribution

Span AYK-45 HL-93 H30-S24 Grouped Truck
(m) u c | COV n c cov o cov n o cov
420 0.507| 0.22| 0.44| 0.702 0.31 0.44 0.422 0|18 0.44 930|60.30| 0.44
470 0.543| 0.21] 0.39] 0.754 0.29 0.39 0451 0{17 039 40[70.29| 0.39
500 | 0 cap| 024| 045 0752 03 045 0453 o020 045 omle0.31]| 045
550 | 0571| 023] 040 0780 032 040 0469 o019 040 4mj70.30] 0.40
Table 3-21Parameters of Gumbel DistributioBxtremeé
Span AYK-45 HL-93 H30-S24 Grouped Truck
(m) x 5 x 5 X 5 x 5
420 | o546 | 0015| 0.757| 0021 0455 0012 0747 0.
470 | 0582 | 0014| 0809 0019 0484 0011 0802 0.0
500 | 0589 | 0015| o0816] 0021 0492 0012 0757 04
50 | 0615 | 0015| 0840 0024 0506 0012 0807 04

Table 3-22Mean, Standard Deviation and Coefficient of Vaoiatof Moment
Ratios Extremé Estimated According to Gumbel Distribution

Span AYK-45 HL-93 H30-S24 Grouped Truck

(m) il c | COV u c cov c cov n o cov
420 | 9555| 0.19] 0.35 0760 027 035 0462 016 035 590/70.26| 0.35
470 [ 0500| 047] 0.30] 0820 024 040 0491 ol15 030 1/80.24| 030
500 | 0 597| 0.19] 0.32] 0.828 027 032 0499 ol16 032 68|70.25| 0.32
50 | 0623| 0.19] 0.30| 0.852 025 030 0512 015 030 18/80.24| 0.30

3.2.3.4 Comparison of the Different Extrapolaticss€s

20
19
19
19

In Figure 3-43 to Figure 3-54, 75-year maximum motatios vs. span lengths are

presented for all three cases investigated, anflideats of variation are plotted in

Figure 3-59. As expected, extrapolated maximum nminnatios of extreme and

upper-tail cases are higher than the overall clsa/ertheless, coefficients of

variation values are significantly higher for theecall case, which is also expected

because of having a heterogeneous data set (heavlygat trucks). For reliability
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analyses that will be discussed in the forthconuhgpters, statistical parameters of
overall case will be considered because of thewollg two reasons.
» Using higher coefficient of variation of live loa@sults in less (critical)
reliability index.
= Overall data set represents the real-life traféttdr than extreme and upper-
tail cases since those two cases consider onlyhéaiest trucks of the
surveyed data. An isolated data set may give moresarvative results

(over-design), however; they cannot representdheklife simulation.
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3.3 Dynamic Load

The dynamic load depends on the vehicle weighticleetlype, axle configuration,
road roughness, bridge span length, and transy&siéon of truck on the bridge.
Moreover, dynamic load is a random load and itdagable in time. An equivalent
static live load is described to define the dynatad and a dynamic load factor
(DLF) is used for that purpose. One of the defomitfor DLF is the ratio of dynamic
response and static response. In this definitigmachic response stands for the
absolute maximum dynamic response at any point §gss, strain or deflection)
measured from the test data and static responselsstar the maximum static
response from the filtered dynamic response (Nased Nowak, 1995). The
dynamic and static behavior of a bridge under @ load of 5-axle truck traveling at

a speed of 104 km/h is presented in Figure 3-60.
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Figure 3-60Static and Dynamic Response of a Bridge Due tauakir
(Nassif and Nowak, 1995)

The static response of the design truck is incikdse 33% in order to take into
account the dynamic load effect in Strength | listdate in AASHTO LRFD Bridge
Design Specification. In calibration report (Nowdl99), statistical parameters of
dynamic load are reported as 0.15 for mean value (80 for the coefficient of

variation. In this study, these values are used.

3.4 Multiple Presence Factor

The investigated bridges in this study have sie$aThe design of the bridge girders
is performed with considering all the six-lanes &aded with design live load
models at the same time. Although the probabilithaving multiple heavy trucks
traveling at the same speed of a multi-lane bridgere event, this case has to be
handled. For this reason, in AASHTO LRFD Bridge iDesSpecification, the

following multiple presence factors are offered;
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Table 3-23Multiple Presence Factors in AASHTO LRFD

Number of Design Lanes  Multiple Presence Factor
1 1.2
2 1
3 0.85
More Than 3 0.65

According to table presented above, multiple presdactor is selected as 0.65 in

this study.

3.5 Chapter Summary

In this chapter, statistical parameters of loads, bias factors and COVs, are
gathered and calculated. Moreover, live load moaets introduced. Statistics of
dead load are obtained from Nowak’s Calibration ®?e1999). Dead load is
composed of four components; B weight of factory made elements; B weight
of cast-in place concrete,sDs weight of wearing surface ands 5 weight of
miscellaneous. In this study, four different liveadl models are used. These are
AYK-45, H30-S24, HL-93 and grouped truck loadinge@ed from Turkish truck
survey data). After performing necessary structanalyses with all live load models
and all bridge models, statistics of live loads eadculated by applying extreme
value theory (75-years projection process) and Gurdistribution formulation. In
Table 3-24, statistical parameters for dead lo&ds, loads and impact factor are

summarized. In the following chapter, statisticsasistance are determined.
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Table 3-24Summary of Statistical Parameters of Loads

o Probability _ Coefficient
Paramete Description o Bias Factor o
Distribution of Variation
Dead Load — Factory
D1 Normal 1.03 0.08
Made Members
Dead Load — Cast in
D2 Normal 1.05 0.10
Place Members
Dead Load — Wearing
D3 Normal 1.00 0.25
Surface
Dead Load -
D4 . Normal 1.05 0.10
Miscellaneous
Live Load — AYK45 Gumbel 0.263 0.574
Live Load — HL93 Gumbel 0.363 0.574
LL Live Load — H30S24 Gumbel 0.218 0.574
Live Load — Grouped
_ Gumbel 0.351 0.574
Truck Loading
IM Impact Factor Normal 0.15 0.8

69




70



CHAPTER 4
STATISTICS OF RESISTANCE

In positive moment region, flexural resistance catgdor slab on steel plate bridge
girders determined with respect to nominal rest#awalues. In this chapter,
statistical parameters for resistance (i.e. mdteri@perties; steel and concrete) are
stated. Both international and local research @ad are used to obtain these

parameters.

4.1 Material Properties

As mentioned before composite steel girders arel usethis study. Since these
girders are composed of steel and concrete, thistgts of concrete and steel will be

assessed as material properties since materiagshgvstrength to the structure.

4.1.1 Concrete

Concrete is a composite material composed of watgregate and cement, basically.
Construction industry in Turkey uses concrete asnsanstruction material very
widely. According to European Ready Mixed Concr&eanization (ERMCO),
Among the European countries Turkey is one of teadér country in RMC
manufacturing (RMC Industry Statistics Report, 2014 Figure 4-1, country RMC

production per capita in Europe is presented aniepis shown as “TK”.

e

@2013
2012
m2011

0,00 0,20 0,40 0,60 0,80 1,00 1,20 1,40 1,60 1,80 2,00

Figure 4-1RMC Production per Capita in Europe (ERMCO, 2014)
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Prior to 1999, the most widely produced concretssigs were C14, C16 and C18 in
Turkey. However, after the year 2000, high strengihcrete production has been
increased. Turkish Ready Mixed Concrete AssociafidiBB), published a graph

(2013) for concrete production percentages wittdgsaversus years in Turkey. In
Figure 4-2, these values are presented. Accordingrdph, in years, production of
higher strength concrete is preferred which shdvesdevelopment in construction
industry of Turkey. Moreover, another result carirtierpreted from the graph that is
in recent years about 50% of the produced contratea compressive strength of 30

MPa or more.

—=—Cl4 —a—Cl6-18 =—te=C20 —@— C25 —— C30+

60

Production (%)
Lad
[a]

1996 2000 2004 2008 2012
Year

Figure 4-2 Concrete Production (in percentages) with respetears

Compressive strength is the most important charatite property of concrete. In
many structural designs, concrete is assigned ¢ocome the compressive stresses.
Even the other stresses (shear or tension) occoonarete, measures and defining
characteristics of those are made in terms of cessive strength of concrete
(Kesler, 1966). Therefore, statistics of compressivength of concrete is assessed.
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The minimum allowable concrete compressive stretigthdecks is 4.0 ksi (27.6
MPa) according to AASHTO LRFD 2010 5.4.2.1. As n@md, in Turkey C30
grade of concrete is used frequently. Thereforeoasrete class for bridge decks of

this study C30 class concrete is selected.

Firat (2006) conducted a study to determine therae quality produced in Turkey.

The 28-day compressive strength results wereael for 150x150x150 mm cubic
test specimens from many different test laborasomeTurkey by Firat. Collected

test results belonged to the years between 200@@@%. However, Firat also made
a comparison between the collected results andvhgable previous test results. In
Table 4-1 and Table 4-2, Firat’'s study resultssaiwvn.

Table 4-1Statistics of 28-Day Cubic Compressive Strengt@anficrete (Firat, 2006)

Number of Percentage of

Number of| Mean o

Year Ccov Values Under | Values Under Limit
Samples (MPa) o
Limit (%)

94/95 417 20.60 - 58 13
2000 732 26.97 0.142 40 5.46
2001 535 30.97 0.107 23 4.30
2002 465 31.21 0.104 10 2.15
2003 644 30.78 0.131 36 5.59
2004 1283 28.87 0.123 30 2.34
2005 615 29.97 0.120 24 3.90
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Table 4-2Statistics of 28-Day Cubic Compressive StrengtDifferent Concrete
Grades (Firat, 2006)

Number | | Number of Percentage of
Grade of fccube | Mean o
of Ccov Values Values Under Limit
Concrete (MPa) | (MPa) o
Samples Under Limit (%)
Cl14 137 18 20.04 0.143 1 0.83
C16 755 20 25.11 0.144 13 1.73
C18 739 22 25.82 0.120 23 3.11
C20 5817 25 28.46 0.104 118 2.70
C25 2767 30 32.48 0.1Q0 53 2.81
C30 870 37 40.07 0.079 14 2.47

Since C30 grade of concrete was selected for bdegk, statistics of this grade will
be investigated. According to Table 4-2, C30 cotecgrade has mean value for 28-
day cubic compressive strength 40.07 MPa and cosfti of variation 0.079 (Firat,

2006). However, in these statistics epistemic uag#@ies are not considered.

Epistemic uncertainties that affect the strengtbaricrete are listed below.
= Human errors
= Rate of loading
= Discrepancies between in-situ conditions and laboydest conditions

= Difference of test batches and site batches

N1 is a correlation factor is introduced to takeoiatcount the difference between
actual strength at site and test specimen straatddboratory. Bloem (1968, as cited
in Ang and Tang, 1984) stated that strength of itecrete is lower up to 10% to
21% than the strength of laboratory concrete. Hg@07) cited that Mirza et al.
(1979) reported the range of strength differendevéen cores and test specimens as
0.74 — 0.96 with and overall average value of 0@atrespondingly, Ellingwood and
Ang (1972) stated this ratio range as 0.83 - Ol®Zrat’s study (2006) the mean
correction factor was taken as 0.86 (the averadgevaf the ranges). Moreover,

since the quality control rules in bridge constiattis obeyed more strictly when
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compared with in a regular construction, Arginh2a@10) made an upper triangular
distribution assumption between lower limit and eppimit of ranges. Arginhan
(2010) concluded the mean correction fachit, as 0.89. Coefficient of variation,
A1, is suggested as 0.1 by Mirza et al. (1979, tesl ¢n Firat, 2006). Finally, in this

study, mean correction facta¥l is taken as 0.89 and CON], is taken as 0.1.

Another epistemic uncertainty that affect the giterof concrete is rate of loading.
In order to take into account this uncertainty ty2 which is a correlation factor,
was introduced by Mirza et al. (1979, as cited irat- 2006). An empirical formula

was used to define the valued? stated below:

N, = 0.89x(1 + 0.08log;,(R)) 13-

whereR is the rate of loading in unit of psi/sec. WhersRaken as 1 psi per second,
N2 is calculated as 0.89. Kbmurcu (1995, as citeimt, 2006) stated that mean
correction factorN2, can be taken as 0.88 and corresponding Q@\Wan be taken

as zero i.e. with no prediction uncertainty. Fa thte of loading statistics the same

suggested values are used in this study.

Human error is the last epistemic uncertainty thas to be considered while
determining the statistics of concrete strengthn&actions and mistakes may be
made by technical person like selecting specimen® fa special batch instead of
randomly taken from actual mix or not applyingnstard testing procedures,
properly. To take into account this uncertaintyetydomurct (1995, as cited in Firat,
2006) introduced a mean correction facté8, as 0.95 and a prediction uncertainty,
A3, as 0.05. Due to high attention to quality conitndoridge construction Arginhan
(2010) used this correction factor as 1.0. In #tigly, mean correction factay3 is
taken as 1.00 and CO¥3, is taken as 0.05.
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All epistemic uncertainties are combined as follagvi

N =Ny X Ny X N; =0.89 % 0.88x1.0=08 (4-2)

Apr= A} + A2+ A2=/0.12 + 0% + 0.05% = 0.11 (4-3)

Compressive strength (true strength) of C30 grddeoacrete is re-calculated as
0.8x40.07 = 32.1 MPa (for cubic specimen). C30 grafl concrete has a cubic
compressive strength of 37 MPa. Bias factor for passive strength of C30 grade
of concrete is 32.1/37 = 0.87.

Total coefficient of variation is combined as foliog:

_ 2 2 __ —
Q= |64 +42%= /0.0792 +0.112 = 0.135 (4-4)

where §fc’ is inherent uncertainty andlfc’ is the total epistemic uncertainty. In

Table 4-3, statistical parameters of C30 gradeoatrete is summed up.

Table 4-3Summary of Statistics of C30 Grade of Concrete

Statistical Parameters (Cubic) Values
Laboratory Measured Mean (MPa) 40.07
In-situ Mean (MPa) 32.06
Nominal (MPa) 37
Bias Factor (Mean/Nominal) 0.87
Coefficient of Variation 0.135
Standard Deviation (MPa) 4.32
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4.1.2 Steel

In steel production process, as raw materials am@) coke, limestone, and chemical
additives are used. Iron ore, coke and limestoadygical raw materials to produce
steel; however, chemical admixtures are used faviging custom-designed

products for special applications, just similar dbemical admixtures used for
producing concrete having some special properfiesbe able to reduce the non-
uniformity in steel production, better controlledopess has to be applied. This
results with more reliable final product (BarkedgPuckett, 2007).

Gures (2013) stated that in year 2012 Turkey is thel&tbest steel producer of the
world according to international production valués.Turkey, nearly 60% of the
steel structures have been built for industrialppses. Only 3% of the steel
structures are bridges (Altay and Glineyisi, 20@stribution of steel structure
percentages in Turkey in terms of their types éspnted in Figure 4-3.

Commercial
Buildings
5%

Bridges
3%

Residences
1 (3/0 \

Figure 4-3Distribution of Steel Structures (Altay and Glngy2008)
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While considering the properties of steel relateth \strength yield strength, tensile
strength, ductility, hardness, and toughness aatuated. The definitions of those
(Kog, 2013):

* “Yield strength is the stress at which an increda strain occurs without an
increase in stress.”

* “Tensile strength is the maximum stress reacimedl tensile test.”

e “Ductility is an index of the ability of the maiel to withstand inelastic
deformations without fracture and can be expresaeda ratio of elongation at
fracture to the elongation at first yield.”

* “Hardness refers to the resistance to surfaceeimation from a standard indenter.”

* “Toughness is the ability of a material to absanhergy without fracture.”
In Turkey, S235, S275 and S355 grade of steel asgl,ucommonly. The most
important properties of steel which are yield aadsile strength are tabulated in

Table 4-4 for mentioned grades.

Table 4-4Strength Values of Different Steel Grades

Grade Yield Strength (MPa Tensile Strength (MPa)
S235 235 360-510
S275 275 430-580
S355 355 510-680

Statistical parameters for steel are taken fromngrnational paper of Liu (2002)
because there is no research for mechanical prepeitsteel in Turkey. Bias factor
for yield strength is taken as 1.12 and coefficiehtvariation of that is taken as
0.0866.
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4.2 Dimensions and Theoretical Behavior

Steel section dimensions involve uncertainties tlhuemanufacturing errors. The
dimensions of steel sections are assumed to hébdistd normally. Dimensions can
be classified as thickness and width. Bias factwd aoefficient of variation of
thickness are 1 and 0.0350, respectively, and 0&01B5 for width (Li, 2007).

As cited in Ko¢ (2013)Theoretical behavior is another variable that inéinces
resistance. It involves uncertainties due to asdionp or approximations in
analysis. Therefore, that should be taken into aration in reliability analysis.
Nowak (1999) describes a multiplier named profesdidactor to consider this
uncertainty. For composite steel girders, bias dacdnd coefficient of variation of
professional factor can be taken as 1.05 and Or@8pectively. Nominal value of

professional factor is taken 1.0 in reliability dpsis.”

4.3 Chapter Summary

In chapter 4, statistical parameters, bias factmmd COVs, are gathered and

calculated for composite edge girder resistancepom@nts. Resistance is composed
of concrete (deck — C30) and steel (steel platdegi- S355) materials. However,

other than materials used in edge girder crossesethere are also two points

affecting the resistance which are dimensions hedretical behavior. In Table 4-5,

statistical parameters for resistance componestsianmarized. In chapter 5, bridge
girder nominal capacity calculation, structural lges and design results are

expressed and presented.

Table 4-5Summary of Statistical Parameters of Resistance

Parameter Bias Factar Cov Distribution Type
Compressive Strength of Concrete 0.87 0.135 Normal
Yield Strength of Steel 1.12 0.0866 Log-normal
Thickness 1.00 0.0350 Normal
Width 1.00 0.0135 Normal
Professional Factor 1.05 0.06 Normal
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CHAPTER 5
DESIGN OF BRIDGE GIRDERS

Demand and capacity are the two essential partengfneering designs. As in

engineering disciplines, in structural engineemegnand and capacity are computed
in design process. In this chapter, the desigega® of the main girders of cable
stayed bridges is described. Computing nominaluflalx resistance capacities of
composite girders (i.e. obtaining nM obtaining demand forces from structural

analysis (i.e. obtaining M and evaluating design results of the girdersapained.

In this study, a real life cable-stayed bridge \hie Cooper River Bridge in South
Carolina is selected as reference bridge desigigir@t bridge has a main span
length (L1) of 470 meters and 195 meters edge sh@)sFrom original bridge type
by modifying the span dimensions other three bsdge obtained to increase the
span length range of the study. Furthermore, tastifness values are modified to
keep the Kl/r values constant for all bridges cdesed in this study. Cables are re-
designed based on AASHTO LRFD Table 3.4.1-1. Thaglerdimensions and some
properties are tabulated in Table 5-1 for all fdifferent studied bridges. Moreover,
in Figure 5-1 typical cable stayed bridge side vaawd span length abbreviations are
presented.

12 | = | L2

Figure 5-1 Typical Side View of a Cable Stayed Bridge
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Table 5-1SomelmportantBridge Dimensions and Properties

. Main Span| Edge Span . Cable
Bridge Width Lane .
Length-L1 | Length-L2 Spacing
Number (m) Number
(m) (m) (m)
Bridge #1 420 195 39 6 14.65
Bridge #2
o 470 195 39 6 14.65
(Original)
Bridge #3 500 205 39 6 14.65
Bridge #4 550 210 39 6 14.65

The load carrying system of a cable stayed bridgeas follows. Structural
components of the cable stayed bridge is presaenteigure 5-2.

The dead and live loads are transferred to edgegitby floor beams.

The loads on edge girders are taken by cablesxamieforces.

Cable tension forces are transferred to pylonsoaspeession and bending
forces.

Finally, pylon forces are transferred to foundatsgystem.

> - N
e e KO

N

Edge Girder

Figure 5-2 Structural System of Cable Stayed Bridge (Abrahana.)
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As mentioned in chapter 3, in this study as livadlanodel four different design
truck models are used (AYK-45, H30-S24, HL-93 ancbuped Truck Loading).

However, bridge girders are designed with respeét¥K-45 loading, only because
AYK-45 truck live load model is a new loading prepd for new Turkish LRFD

specifications and it is a good method to comphi® rtew loading type with other
existing live load models. By doing this design qagdure (selecting girder cross-
section dimensions w.r.t. AYK-45 and just analyziiog the other loadings) it is
possible to see whether AYK-45 loading is reliablenot for long-span bridges.

Furthermore, designs are carried out to obtainramum reliability index of 4.30.

5.1 Effect of Axial Load

In this study, composite edge girder flexural cdtyas calculated with pure-bending
beam formulation rather than beam-column formufatio other words, axial load
on the girder is ignored because axial stresseami-ptate | girder is very low at area
of interest which is mid-span region. In additiaigng the edge girder of the bridge
the maximum ratio of axial stress to yield streksteel is around 0.10. This means
that edge girders can be designed as beam elemnstes bending action, only. In
the following, axial stress calculations, necesshagrams, figures and comparisons

are presented.

D 0 49O 40 4+ ) G— &=+ G+ G OGP
3
g
(=3
»
=
CL of Bridge
[/
1—L —O 40O 0O 4+ G— &G—+ G—+ GC— GC—*

O Cable-Deck Connection Point
—+ Cable Force Horizontal Component

Figure 5-3Bridge Deck Plan View Sketch
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In Figure 5-3, plan view of bridge deck is showraasketch. Axial stress on the edge
girder develops as follows;

= Horizontal force component of cable is transferred the deck from
cable-deck connection points.

» Axial force distribution occurs to whole deck seatiand an axial stress
occurs on the deck.

» This axial stress creates axial strain on the d8uice steel plate | girder and
concrete deck show a composite characteristic] ptage | girder has the
same strain with the deck.

= Axial stress on the edge girder can be find muliig this axial strain with

modulus of elasticity of steel.

In Figure 5-4, typical axial force diagram of a leabtayed bridge is presented.

585873

I 224 0L

[ 3 TYERRE

Figure 5-4 Typical Axial Force Diagram

According to diagram shown above, at area of isteexial force is very low.
Moreover, axial force is increasing while movingwtrds to pylons due to
cumulative effect of cable forces. In Table 5-2jabstress calculations on edge
girders are tabulated for axial forces at pylonaxnaxial force values). In Table 5-3,
axial stress calculations on edge girders are aaddilfor axial forces at area of
interest, mid-span region, (min. axial force vaju&dease note that total deck cross-
section area is 39m x 0.25m = 9.75and steel yield strength ég=355MPa.
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Table 5-2Axial Stress Values on Steel Edge Girders at Pylons

Main Axial Deck Stress on Str_ess on

Span | co o | Area A Deck r=E stee/Econcrete Girder Stress Ratio

Length P (kN), (mz,) os= P/A (200GPa/32GPa) | 64=r x Od (og/yield)
(m) (Mpa) (Mpa)
420 54,070 9.75 5.55 6.25 34.66 0.10
470 65,718 9.75 6.74 6.25 42.13 0.12
500 72,880 9.75 7.47 6.25 46.72 0.13
550 76,990 9.75 7.90 6.25 49.35 0.14

Table 5-3Axial Stress Values on Steel Edge Girders at MidrSRegion

Main Axial Deck Stress on Strgss on
Span Force. | Area A Deck I=E steel Econcrete Girder Stress Ratio
Length P (kN)' (m2’) od= P/A (200GPa/32GPa) Gy=I X Od (6g/6yield)
(m) (Mpa) (Mpa)
420 2,332 9.75 0.24 6.25 1.50 0.004
470 3,850 9.75 0.40 6.25 2.50 0.008
500 6,550 9.75 0.68 6.25 4.26 0.012
550 7,560 9.75 0.80 6.25 4.90 0.014

According to Table 5-2, the ratios of axial stresgield stress of steel at pylons is
changing between 0.10 and 0.14. These values syeclose to 10% limit to name a
structural element as beam. In addition, in TakBtbe stress ratios of axial stress to
yield stress of steel at mid-span region is vewy.ldherefore, in this study axial

force effects on edge girders are neglected.

5.2 Nominal Flexural Resistance Capacity of Compdsi Steel Girder
Based On AASHTO LRFD Design Specifications

For positive moment region flexural capacity ofbstan steel plate bridge girder has
been calculated with respect to AASHTO LRFD withmioal resistance values. In
AASHTO LRFD Bridge Design Specifications flexurapacity and some design
limits that have to be considered are stated.

The steel bridge girders that have slab on thembma®xpressed as in a simple
manner for design purposes. In Figure 5-5, thigpbfied composite cross-section is

presented.
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Figure 5-5Typical Cross-Section of Isolated Composite Steel Gird&JATO
LRFD 2010)
wherebs is concrete deck effective widthy, is thickness of the concrete dedkjs
depth of webtw is web thicknessh. and b: are flange widths of top and bottom
flanges, respectively, and andt: are flange thicknesses of top and bottom flanges,

respectively.

According to AASHTO LRFD 2010, effective wid#iz may be taken as one-half the
distance to the adjacent girder from each side elgher, according to the Report 543
- Effective Slab Width for Composite Steel Bridgeeibers belonging to National
Cooperative Highway Research Program (NCHRP, 20@Hjective slab width at
positive moment regionps, for Cooper River Bridge is the half of the distan
between two main girders of bridge. In Figure 3&/b ratio equals to 0.99 at the
middle of the bridge, wherefbs) is the effective width of slab and b is the hafif
the distance between the main girders of the bridge
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Figure 5-6 Longitudinal distribution of the normalized effeaiwidth for the main
span of the Cooper River Bridge (NCHRP, 2005)

In this study, effective slab width is chosen as Half of transverse distance of
bridge which is 39m / 2=19.5m, as stated in NCH&bbrt and AASHTO LRFD.

In AASHTO LRFD Bridge Design Specifications (201@fpss-section proportion
limitations are stated in the part the 6.10.2. lings are as the following:

= <150 (4-1a)
bs
— <12 (4-1Db)
Zt'f
bf 2 D/6 (4-1c)
tf 2 1.1tW (4'1d)
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The nominal flexural resistance capacity in positivoment region is calculated with
following the procedure which is stated in AASHT@®HED part 6.10.7.1.2.

If Dp < 0.10;
M, = M, (4-22)
Otherwise;

M, = M, (1.07 — 0.7-2) (4-2b)
D¢

in which My is plastic moment of the composite sectibp,is the distance between
the top of the concrete deck and the compositeosestneutral axis for the plastic
moment, and: is total depth of the composite section.

My, plastic moment of composite section, is calculate@éccordance with Article
D6.1 of AASHTO LRFD. There are seven different ploifities for the location of

plastic neutral axis (PNAM, is calculated with different a formula for everywese

different case. These locations are stated below;

= PNAisinweb

= PNA s intop flange

= PNAis in concrete deck below bottom reinforcement
= PNAis in concrete deck at bottom reinforcement

= PNA is in concrete deck above bottom reinforcemantl below top

reinforcement
®= PNA is in concrete deck at top reinforcement

®= PNA is in concrete deck above top reinforcement

In Table 5-4 by AASHTO LRFD (2010, as cited in Can2011), Mp, plastic
moment of composite section, and PNA location fdemare tabulated for all seven

cases. In Figure 5-7, location of PNA for severesame illustrated.
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Figure 5-7 Location of PNA: in Web (CASE ), in Flange (CA3lE, and in Deck
(CASE 1lI-VIl) (AASHTO LRFD 2010)

Table 5-4Plastic Moment and PNA Formulas (AASHTO LRFD, 2D10

Case PMNA Condition Y and A,
I Tn Weh PBrEBz2P+EB+PB +F 2= o\ rp-p—p_p-p 1
¥Y¥=1= Jl i C 1 11 iy +1
z g, ]
M, = j—u V- D—T]’]+ma‘,+ Padla + Pyt + Pof.+ P ]
i InTv:.-]: F—E+FI"£E—PU+E. = 11 =D ¢ NN - EER
Flange = : yz[%l"j“ + # ; £ ;-"‘-l-l-‘
My = 22[F+{1.~F) | +1Bd.+ Bd. + Buda + Pd. + R)
m Concrete o 7N == T e
Deck, P+B 423 L’“JEJ,!?,,*E: Y =) Erbeh— &5
Below ks B
P S o .
M, =| R A\ +IPd, + Bd,+ Fd. + Fd_+ Fd, |
% Concrete g
Deck, at Py E.—E.+R+ae[‘i]£+£ k
L S g
h%=[%]+tﬂi.+ﬂa; +Bd, + Bd)]
I
A Concrete = s [ -
Deck, E—E_;.R_,,E?_’[';—' PP B {n's}[f’.-n"'i"r j:-..'l'f’; A”.u—-:|
Ahove 5 s
)UJ..-_ g el |
Below F; M, :[ }2;’* |~[Bd, +B.d, + Pd. + Bd, + Bd|]
W1 Concrete (c ? -
Deck. at £, PrE+YE+P +I§E;—’ll_.’ .
vE ¥E
M, = [ zr" ] + [Pyd.+ 8d. + Bd,+Ed]
VI Concrele o = 5 e ¥ )
Deck, BrE+P4+B +B< ITJ‘” }":ui)["’”’ e ﬁ"”'””]
Above by A
[ Tim )
v, ZE ) u1nd, + Pt + B+ B~ B
% I

As cited in Ko¢ (2013) Pw is plastic force in the wehD&twxFy), Ps is plastic
compressive force in the concrete deck (P.8%sxbe), Pc is plastic force in the
compression flanget{xb:xFy), Pt is plastic force in the tension flangexp:xFy),

Prb is plastic force in the bottom reinforcement (FyrbXArb), Prt is plastic force in
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the top reinforcement (FyrtxArt), Y is distance from the plastic neutral axis to the
top of the webds is distance from the plastic neutral axis to thd-thickness of the
concrete declkd. is distance from the plastic neutral axis to thd-thickness of the
compression flanged: is distance from the plastic neutral axis to thd-thickness

of the tension flangedw is distance from the plastic neutral axis to thd-thickness

of the web,tn is average thickness of haundh,is effective width of the concrete
deck, Fy is specified minimum yield strength of steel, ghtis minimum specified

28-day compressive strength of concrete.”

5.3 Flexural Demands of Steel Composite Girders

To obtain the flexural demands at positive momesgian of bridges structural
analyses are done with using a package programhwikid.arsa 4D. Structural
models of bridges are composed of all frame elesmé&itders are defined as having
a cross-section of composite beam. Four differémictiral model was created in
accordance with the specified properties and dimassin the beginning of this
chapter. Some illustrations of structural bridgedels are presented in the following

figures.

Figure 5-8 Example 3D View of Structural Model created withrta 4D
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Figure 5-9 Example Side View of Structural Model created withvsa 4D

Diamond Semi-Fan
Shaped Type :
Pylon Cables Composite Floor Beam

Composite Edge Girder

Figure 5-10Example Close-up View of Structural Model createth Larsa 4D

While obtaining the internal forces of the framemsénts two different structural
analysis methods are used. These methods aremear-ktatic analysis and moving
load analysis. The basic design philosophy for eabhyed bridges is to carry the
dead load of bridge with post-tension forces orlesaldin other words, the deflection
under dead load should be equal to zero theorgticHherefore, firstly non-linear

static analyses are performed to adjust the délteaf bridge under dead load by
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post-tension forces. After adjusting the deflecsiom the desired values moving load
analyses are performed to be able to determinkvéhébad model demands.

5.4 Analysis and Design Results

Four steel girders have been designed accordifgA®HTO LRFD specifications
for span lengths of 420 to 550 m for positive momgion. Designs have been
carried out according to Strength | limit stateleSted cross-section dimensions are
tabulated in Table 5-5. Moreover, every cross sactias a common 25 cm thick
concrete slab over the steel girder.

Table 5-5Designed Section Dimensions w.r.t. AYK-45 Loading

Span bro
Dt (mm) | D (mm) | tv (mm) | b (mm) | tx (Mm) tro (MM)
(m) (mm)
420 1915 1600 15 500 30 600 35
470 1950 1635 15 500 30 600 35
500 1990 1675 15 500 30 600 35
550 2015 1700 15 500 30 600 35

where DRis total depth of section including concrete slabs depth of the webytis
thickness of the weblds width of the top flanges tis thickness of the top flange,
br is width of the bottom flange and s thickness of the bottom flange.

In the following tables, ultimate moment valuesambéed with using Strength | limit
state (M) and nominal flexural resistance capacities)(&re presented for all span
lengths and live load models.

According to results tabulated below,,Malues are very close for HL-93 truck
loading and grouped truck loading. Moreover; Wlues of H30-S24 truck loading
are little bit greater than those of AYK-45 trudating. M values are same for the
same span lengths because designs are performedIyoAYK-45 loading in order

to evaluate the performance of AYK-45 truck loading
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Table 5-6Myand M, values for AYK-45 Loading

Moments (kN.m)

Span Length (m

420 470 500 550
Mbc 1865 | 1870 2100 2002
Mbw 1829 | 1687 1395 1745
MLL+im 12018 11618 | 12821 12397
M _ane 2291 | 2715 2700 2724
Mu (Strength | Limit State) 21351 21171 | 22373 2232(
Mn 27060 27719 | 28480| 2896(
Table 5-7Myand M, values for HL-93 Loading
Moments (kN.m) Span Length (m
420 470 500 550
Mbc 1865 | 1870 2100 2002
Mbw 1830 | 1687 1395 1745
MLL+im 8669 | 8352 9111 8911
M Lane 2130| 2523 2512 2554
Mu (Strength | Limit State) 17360| 17239 | 17938 18161
Mn 27060 27719 | 28480| 2896(
Table 5-8Myand M, values for H30-S24 Loading
Moments (kN.m) Span Length (m
420 470 500 550
Mbc 1865 | 1870 2100 2002
Mbw 1830 | 1687 1395 1745
MLL+im 14424| 13899 | 15151| 14647
M Lane 2291 | 2713 2701 2724
Mu (Strength | Limit State) 24089| 23764 | 25025| 2488(
Mn 27060 27719 | 28480| 2896(
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Table 5-9Myand M, values for Grouped Truck Loading

Moments (kN.m) Span Length (m
420 470 500 550

Mbc 1865 | 1870 2100 2002

Mbw 1829 | 1687 1395 1745

MLL+im 8783 | 8425 9822 9285

M Lane 2291 | 2715 2700 2724

Mu (Strength | Limit State) 17672| 17540 | 18961| 1878(
Mn 27060 27719 | 28480| 2896(

5.5 Chapter Summary

In this chapter, nominal resistance capacity of posite edge girder is expressed.
Capacity is calculated by using Table 5.2 in AASHIRFD (2010) specifications.
Furthermore, structural analysis and design resaés presented in this chapter.
Structural analysis is performed with a packagegmm which is Larsa 4D.
Structural bridge models (main span lengths 4204 500m and 550m) are
created with frame elements. Edge girder desigrositive moment region is carried
out for AYK-45 loading only and same cross-sectisnused for other live load
model analysis to be able to evaluate the perfocmarf AYK-45 truck loading.
According to structural analysis and design resiMiisvalues are very close for HL-
93 truck loading and grouped truck loading. MoreoW, values of H30-S24 truck
loading are little bit greater than those of AYK-##6¢ck loading. Mvalues are same
for the same span lengths because designs argmeddor only AYK-45 |oading.

In chapter 6, reliability analysis and results presented.
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CHAPTER 6
RELIABILITY EVALUATION

6.1 Reliability Model

Engineering design parameters (loads and resigtamzade uncertainties, generally.
These uncertainties lead to not satisfy the deseguirements. In Figure 6-1,
fundamentals of the reliability analysis is showmo main random variables of the
engineering design, load (S) and resistance (R)pagsented on figure with their
randomness expressing in terms of their megrandur, standard deviationss and

or, and corresponding density functiog&j and &(r), respectively.

fR(r}

Failure Region

A

Probability Density Function

Y

Ms s\Ry IR R.S

kSOS kﬁ Or

Figure 6-1 Fundamentals of Reliability Analysis

The expression of reliability can be made with @tabty of survival as well as

probability of failure,
p; = P(failure) = P(R < S)
= "1y fu@)dr]fs(s)ds (6-1)
= [ Fr(s)fs(s)ds
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in which Fr(s) is the cumulative distribution function of resiste R determined at s.

Equation 6-1 is considered the primary equatioreliability-based design concept.

Practically load and resistance terms are not iexdéent variables. They depend on
various basic random variables like load effectatemal properties, etc. The specific
design performance criterion, which is called linsiate function (performance

function or failure function), is defined in terro$ these basic random variables as

the following:

M=R-5=g9X) =gX.X; ... X3) (6-2)

in which M is the safety margin and is the random variable vectoM is a
performance indicator for the desigmhe failure boundary or limit state is the case
where X)=M=0. Failure surface creates a boundary betweenvsilirand failure

zones. Figure 6-2 shows this phenomena on a goagtvé dimensional state space.

Hy RQ=0
Fallure boundary
SAFE {limlt state function)
(R>Q)
FAILURE
(R<Q)

45°

Figure 6-2 Safe Domain and Failure Domain in 2-D State Space

96



Probability of failure is calculated by solving tf@lowing integration,

Pr =f f fy (g, %5, ) dx,dx, .. dx, (6-3)
g9()<0

wherefX(x1x2,...xn) is the joint probability density function for thmasic random
variables. The integral is taken over the faillegion. However, there are two main

problems with calculation of probability of failure

= |ack of data for obtaining joint probability densftinction

= difficulty of evaluation of multiple integrals

To overcome these difficulties approximate methads introduced. In this study,
MVFOSM (Mean Value First Order Second Moment) hasrbintroduced and used

for reliability analyses.
6.1.1 Mean Value First Order Second Moment Method

The MVFOSM s stated for the first time in the stuaf Cornell (1969, as cited in
Haldar and Mahadevan, 2000). This method dependsaylor series approximation
from the first order. Approximation is carried oatound the center of the mean
values of random variables for failure function.eféfore, the mean and standard
deviation of the failure function, i.eug andoy are used to compute the reliability
index term. The reliability index is an indicatdr mrobability of failure as well as
probability of survival. In Figure 6-3, the phydicaeaning of the reliability index is
shown, it is the shortest distance in the spacedidiced variables. Reliability index

is commonly denoted by the Greek lefferand is formulated as the following:

_H 6-4
p=2 (64
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Limit state function g(Z,, Z,)

>
0 - / A

Hy—Hg ﬁ // \ He— s
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Figure 6-3 Reliability Index Defined as the Shortest Distamcthe Space of

Reduced Variables

Probability of failure can be defined with usindiability index as the following

manner if random variables are normally distributed
Pr=0(-p)=1- () (6-5)

in which @ is standard normal cumulative distribution funotidn Table 6-1,
reliability indices from 0 to 6 and their correspamy probability of failures are
tabulated.

Table 6-1Reliability Index and the Corresponding Probapitif Failure

Reliability Index,f Probability of Failure, P

0 0.5

0.159

0.0228

0.00135

0.0000317

0.000000287

| O | W N =

0.000000000987
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If failure function is considered as linear, it Wide expressed in terms of basic

variablesX1,2,... Xn as the following;

g(X) = Qy + a1X1 + -+ aan (6'6)

Mean value of failure function can be expressed as;
Mg = glux) = ap + aypx, + - + anpix, (6-7)

and variance of the function is expressed as;

n

n
dg g
0; = ajiog, + - +azox + z Z a—Xia—XjCov(X,-_,Xj) (6-8)

i=1 j=1,j=#i

whereCov(X:,X)) is covariance oK; andX;, and is equal t@xixjoX:oXj, in which

pXiXj is correlation coefficient betweéfi andX;.

“In case g([X)is nonlinear, the result of the mean and standaediation would not
be exact, and approximate values of those can ba&ingd by using a linearized
function, which is constructed by expanding faildtenction in Taylor series
centered at the mean values and keeping only theardi terms(Kog,2013).”

Therefore, linearized function will be expressethviine following formula;

n 6
9(X) = g(uy) +za_§(Xi — Uy;) (6-9)
i=1 !
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wheredg/dX: is evaluated at mean values. Approximate valuegycénd oy are

obtained with

Hg = g(ﬂxl' ""‘an) (6-10)

i=1j=1

IIZ

aX 29 ¢o v(X;, X;) (6-11)

6.2 Failure Function

The most basic form of the failure function of stural design can be defined with g
= R - Q, where R is flexural resistance capacity @ns load effect. If g is less than
zero, then structure will fail. In that case, thelability of failure is expressed as
PF=P(R-Q<0)=P(g<0).

Load effect Q is expressed as the following:

Q=D, +D,+D; + D, +LL (1+IM) GDF (6-12)

in which D1, D2, D3 and D4 are dead load componeuitss live load, IM is impact
factor (dynamic load factor) and GDF is girder wimition factor. For detailed

information about load components, please ref@hapter 3.

For the nominal flexural resistance capacity R @sifpve moment region, please
refer to Chapter 5.
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6.3 Target Reliability Index

After determining all needed values like demandsistances, statistical parameters
and choosing reliability index calculation methaal,target reliability index,Sr
should be chosen calibrate the load and resistéasters. The main aim of the
calibration of load and resistance factors is tovgle a uniform reliability indices in
order to calculatg8 as close as possible to that. Hence, calibration of LRFD
provides an advantage of obtaining uniform religbiindices for different spans,
and load effects (Moses, 2001).

When the total expected cost of a structure is mized, then optimum target
reliability is determined. The total expected cosftolves the cost of project design
and construction, and also the expected cost hiréaiThe cost of failure involves
both the cost of replacement or repair and the obsthortage of use. Moreover,
legal costs (liability in case of injuries) areluded in the cost of failure. In bridges,
there are several different components. For exampddles, girders, pylons,
pavement and expansion joints are some of the coempe of a cable-stayed bridge.
It is obvious that failure of a cable or a girdatl wot have the same consequences
with failure of pavement or an expansion joint. fidfere, considering the economy,
it is reasonable to separate the bridge compometatswo as primary and secondary
elements. Target reliability index for primary cooments is higher than that for
secondary components. As the main consideratiothisf study, girders are the
primary and repairable components of cable-stayethés (Nowak and Szerszen,
2000).

According to Table 6-2, repairable components afd® have target reliability index
equal to 4.32 for 50-years life time and 4.16 f00-years life time (Inyeol and et. al,
2013). Since life-time of bridges is taken as 78fgdn this studypr is selected as
4.30 by considering the descending trend of thgetareliability indices in Table 6-2

between 20-years and 200-years life times.

In Turkish LRFD method, target reliability index mentioned as 4.20 for gravity
loads and 75-years life time period.
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Table 6-2Target Reliability for Design Life by Classificati of Structural
Components (Inyeol and et. al, 2013)

Based on

1-year Time Period Target Reliability Based on Design Life

Class Structural Component
Target  Probability

o . 20 year 30 year 50 year /i 200 year
Reliability  of Failure 0 year O year 50 vyear 100 year 200 vear

Ordinary Bridge

. 4.75 .00%10° 4, . 3.89 3.72 3.54
(Ref) (100 year) 4.75 1.00=10 4.11 4.01 89 54
Replaceable Components 4.66 1.58x10° 400  3.90 378 3.60  3.42
(20 year)
j  Replaceable Components 4.74 1.0510° 410 400 388 371 3.3
(30 year)
Replaceable f_“omponents 185 632410 421 112 4.00 383 3 66|
(50 year)
Repairable Components
2 5.11 1.58x107 4.52 4.43 4.32 4.16 4.00

Permanent Components

6.4 Load and Resistance Factors

In this study, only resistance factor is calibratedad factors are used as similar
with  AASHTO LRFD Specifications. Strength | limittate load factors are
summarized in Table 6-3. Resistance factor foruitakdesign in AASHTO LRFD
Specifications is 0.90. In this thesis study, défe calibrated resistance factors are
introduced for different span lengths for AYK-4536+S24, HL-93 and grouped
truck loadings. Furthermore, comparison of AYK-#ading resistance factors with

other live load models’ resistance factors is itigesed.

Table 6-3Summary of Load Factors (AASHTO LRFD, Strengthrit)

Load Type | Load Factor
DC 1.25
DW 1.50
LL 1.75
IM 33%
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Applied resistance factor calibration procedure tbe cross-section dependent
method is stated step by step in following:

= All necessary statistical parameters and infornmafay loads and resistance
are calculated and gathered.

= AYK-45 live load model flexural demands at mid-spare determined by
structural analyses for four different span lenditesative procedure)e———

» For each span length, composite girders are dessigni reaching the targe

—

reliability index which is 4.30. (M>M,) (iterative procedure)e

= HL-93, H30-S24 and grouped truck live load moddlekural demands at
mid-span are determined by structural analysefotordifferent span lengths
with the same cross-sections designed for AYK-4fling. (IVh ? M,)

» Reliability indices are calculated for HL-93, H3@45and grouped truck live
load models.{ ? 4.30)

» Resistance factor calibration is performed forliak load models and span

lengths with satisfying the following limit equatidor design.

oM, = M, (6-13)

This procedure provides to evaluate the performafhecew Turkish live load model

AYK-45 among the well-known and real life live mdsiéor cable-stayed bridges.
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Another applied resistance factor calibration pdure for the cross-section
independent method is stated step by step in fotlgw

= All necessary statistical parameters and infornmafay loads and resistance
are calculated and gathered.

» For each span length and live load model flexueahands at mid-span are
determined by structural analyses.

= Directly B’s are calculated for different values from 0.60 to 0.95 with using
equation 6-16. To eliminate the cross-section’satffon the results the
following formulae are applied.

Original formula of reliability index is;
Mp-M,

= —'—O'n2+0'u2 (6-14)
By obtaining M, from equation 6-13;
M
M, = ?“ (6)15

By putting Egn. 6-15 into Eqn. 6-14, reliabilitydex formula is eliminated from the
cross-section effect. Note that the componentsegiaith cross-section in the are

also eliminated.

Mu_py

B = h (6-16)

This procedure provides to introduce different lmalied resistance factors for
different span lengths for AYK-45, H30-S24, HL-93dagrouped truck loadings.
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Reliability analyses and calibration results arespnted on the following figures and
tables for the constant cross-section which wagded for AYK-45.

Table 6-4Reliability Index and Calibrated Resistance Favtalues for AYK-45

Span Length (m) | Reliability Index @) Calibrated Resistance Factaon (
420 4.30 0.79
470 4.30 0.77
500 4.30 0.79
550 4.30 0.78

Table 6-5Reliability Index and Calibrated Resistance Favtalues for H30-S24

Span Length (m) | Reliability Index @) Calibrated Resistance Factop (
420 4.15 0.9
470 4.18 0.86
500 4.2 0.88
550 4.21 0.86

Table 6-6Reliability Index and Calibrated Resistance Favtalues for HL-93

Span Length (m) | Reliability Index @) Calibrated Resistance Factop (
420 4.5 0.65
470 4.46 0.63
500 4.46 0.63
550 4.42 0.63
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Table 6-7Reliability Index and Calibrated Resistance Favtalues for Grouped
Truck Loading

Span Length (m)| Reliability Index @) Calibrated Resistance Facton (
420 4.48 0.66
470 4.44 0.64
500 4.38 0.67
550 4.37 0.65
4.5
4.4 X X X X
4.3 * * * *
x 4.2 O . . =
©
£ 41
z , ® AYK45
5 3052
350 W H30524
3 HL93
o

3.8
X TRUCK DATA
3.7

3.6

3.5

400 425 450 475 500 525 550
Span Length (m)

Figure 6-4 Reliability Index versus Span Length for all Livead Models
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Figure 6-5Resistance Factor versus Span Length for all Loaed Models

According to tables and figures presented abovea{-A% truck load is more reliable
than the HL-93 and grouped truck load. Howeverjsitnot conservative than
H30-S24 truck load. Another interpretation is th#t-93 truck load and real life

truck traffic load in Turkey give very similar rdtsi
The results on the following tables and figuresohglto cross-section independent

analyses and studies. Reliability analyses areopmadgd for a different sets of

resistance factors i.e. from R=0.60 to R=0.95.
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Table 6-8Reliability Indices for Different Sets of ResistanFactors (AYK-45)

Live Load (LL) Span Length (m)
& Resistance Averagep

(R) Factors 420 470 500 550
LL: 1.75; R:0.60 4.76 4.7 4.77 4.73 4.74
LL: 1.75; R:0.65 4.63 4.56 4.63 4.59 4.60
LL: 1.75; R:0.70 4.49 4.42 4.5 4.45 4.47
LL: 1.75; R:0.75 4.36 4.29 4.36 4.31 4.33
LL: 1.75; R:0.80 4.22 4.15 4.22 4.18 4.19
LL: 1.75; R:0.85 4.09 4.01 4.09 4.04 4.06
LL: 1.75; R:0.90 3.95 3.87 3.96 3.9 3.92
LL: 1.75; R:0.95 3.82 3.73 3.82 3.77 3.79

1 X
0.95 W<

v 09 e

2

E 0.85 Ke

@ 08 e — 420m

§ 0.75 ke W 470m

é 0.7 e 500m

g 0.65 DN X 550m

g 06 2 B X Target Value

Z_“ 0.55

0.5 K

3.5 3.66 3.82 398 414 43 446 4.62 478 494 5.1

Reliability Index

Figure 6-6 Resistance Factor versus Reliability Index (AYK-45
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Table 6-9Reliability Indices for Different Sets of ResistanFactors (H30-S24)

Live Load (LL) Span Length (m)
& Resistance Averagef
420 470 500 550
(R) Factors
LL: 1.75; R:0.60 4.88 4.83 4.88 4.85 4.86
LL: 1.75; R:0.65 4.76 4.7 4.76 4.72 4.74
LL: 1.75; R:0.70 4.63 4.57 4.63 4.59 4.61
LL: 1.75; R:0.75 4.5 4.44 4.5 4.46 4.48
LL: 1.75; R:0.80 4.37 4.31 4.37 4.33 4.35
LL: 1.75; R:0.85 4.25 4.18 4.25 4.2 4.22
LL: 1.75; R:0.90 4.12 4.05 4.12 4.07 4.09
LL: 1.75; R:0.95 3.99 3.92 3.99 3.94 3.96
1 A/
0.95 Ko
S 09 | 2
©
£ 085 KO-
]
< 0.8 ke ¢420m
é 0.75 — e W470m
£ o7 DN 500m
g 0.65 Ko X 550m
% 0.6 sk B X Target Value
0.55
0.5 %
3.5 3.66 3.82 3.98 4.14 4.3 4.46 462 478 494 5.1
Reliability Index

Figure 6-7 Resistance Factor versus Reliability Index (H3@)S2
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Table 6-10Reliability Indices for Different Sets of ResistanFactors (HL-93)

Live Load (LL) Span Length (m)
& Resistance Averagef
(R) Factors 420 470 500 550
LL: 1.75; R:0.60 4.54 4.47 4.53 4.44 4.50
LL: 1.75; R:0.65 4.39 4.32 4.38 4.29 4.35
LL: 1.75; R:0.70 4.24 4.16 4.23 4.13 4.19
LL: 1.75; R:0.75 4.09 4.01 4.08 3.97 4.04
LL: 1.75; R:0.80 3.94 3.85 3.93 3.82 3.89
LL: 1.75; R:0.85 3.79 3.7 3.78 3.66 3.73
LL: 1.75; R:0.90 3.64 3.55 3.63 3.51 3.58
LL: 1.75; R:0.95 3.49 3.4 3.48 3.35 3.43
1 X
0.95 m»

§ 0.9 SE—

3 085 S

% 0.8 ;> #420m

& 075 - W 470m

é 0.7 S, 500m

g 0.65 SIS X 550m

S 06 S-S X Target Value

S 0.55

0.5 X
32 342 364 386 408 43 452 474
Reliability Index

Figure 6-8 Resistance Factor versus Reliability Index (HL-93)

110




Table 6-11Reliability Indices for Different Sets of ResistenFactors (Grouped
Truck Load)

Live Load (LL) Span Length (m)
& Resistance Averagep
420 470 500 550
(R) Factors
LL: 1.75; R:0.60 4.53 4.46 4.55 4.5 4.51
LL: 1.75; R:0.65 4.38 4.3 4.4 4.35 4.36
LL: 1.75; R:0.70 4.23 4.15 4.25 4.2 4.21
LL: 1.75; R:0.75 4.08 3.99 4.1 4.04 4.05
LL: 1.75; R:0.80 3.93 3.84 3.96 3.89 3.91
LL: 1.75; R:0.85 3.78 3.68 3.81 3.74 3.75
LL: 1.75; R:0.90 3.63 3.53 3.66 3.59 3.60
LL: 1.75; R:0.95 3.48 3.38 3.51 3.44 3.45
1 3

_ 095 <e

2 09 P

©

E 0.85 <

§ 0.8 <e ¢420m

'§ 0.75 e W 470m

£ 07 e 500m

‘g 0.65 1Ibe X 550m

% 0.6 ¢ e X Target Value

(@)

0.55
0.5 X
32 342 364 386 408 43 452 474
Reliability Index

Figure 6-9 Resistance Factor versus Reliability Index (Gralipreick Load)

According to tables and graphs presented aboveatbeage calibrated resistance

factors for the target reliability index that i8@.may be considered as;
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= AYK-45; R=0.76

» H30-S24; R=0.82

» HL-93; R=0.66

» Grouped Truck Load; R=0.67

6.5 Chapter Summary

In this chapter, reliability concept basics arelaxyed. Moreover, reliability analysis
and design results are shown. In reliability analydean Value First Order Second
Moment (MVFOSM) method is used. This method depends Taylor series
approximation from the first order. For reliabilialculations failure function is
determined as g=R-Q where R is flexural resistaragacity and Q is load effect. If
g<0, then failure will occur. For this system, ®trgeliability index is selected as
4.30 and as load factors AASHTO LRFD (2010) Strerdgtimit state load factors
are used. The two different reliability analysisgedures are applied. The first one is
cross-section dependent method to investigate ¢én@mmance of AYK-45 truck
loading and the second one is cross-section indigpeénmethod to introduce
different calibrated resistance factors for difféarespan lengths for AYK-45,
H30-S24, HL-93 and grouped truck loadings. Accaydim reliability analysis results
for cross section dependent method AYK-45 is makalle than HL-93 and
grouped truck live load model which represents ammeene situation in real life
traffic. HL-93 truck load and Turkish truck survewata give very close results. It
may be concluded that HL-93 truck load is not coveiere enough to design special
type of bridge like cable-stayed bridges. It maysb#able for only ordinary highway
bridges. According to reliability analysis resuligr cross section independent
method the average calibrated resistance factothdatarget reliability index that is
4.30 may be considered as;

AYK-45; R=0.76

H30-S24; R=0.82

HL-93; R=0.66

Grouped Truck Load; R=0.67

In chapter 7, a summary of whole study and conolydiomments are presented.
Moreover, some recommendations are made for fistuidies.
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CHAPTER 7
CONCLUSION

7.1 Summary and Concluding Comments

Highway bridges were usually designed accordingLE® method in Turkey.

However, as design method many countries in thddmoese LRFD. Therefore,
Turkish General Directorate of Highways starteduwy with METU to prepare a
design guide based on load and resistance facsigrdenethod. In this guide, load
and resistance factors are calibrated considehiegdonditions of Turkey. Moreover,

a new live load model is suggested in this guid&bg (2013) which is AYK-45.

The bridge span lengths, in this study, are 42@10, m, 500 m and 550 m. Four
cable-stayed steel composite bridge girders aregymies and analyzed at positive
moment region with respect to different four liveadl models, namely AYK-45,
H30-S34, HL-93 and grouped truck load. AASHTO LR#8&sign requirements are
used to design the girders. Different than AASHTRHFD, resistance factors are
selected as 0.60, 0.65, 0.70, 0.75, 0.80, 0.89, &@ 0.95. Live load factor is fixed
at 1.75. Dead load factors are fixed at 1.25 farcstiral and nonstructural elements
(DC) and 1.50 for wearing surface (DW). Designs @@gormed for only AYK-45
loading to compare this new loading model with vkelbwn live load models and
real traffic load. Moreover, seven different resigte factor is used to determine the
calibrated factor that provides the target relibiindex (4.30) for all live load

models considered in this study with a cross-sedhdependent method.

Load and resistance statistical parameters, namiely factor and coefficient of
variation are determined for the reliability ana@ysMean Value First Order Second
Moment Method (MVFOSM) is used to compute the f®lity indices. Moreover,
probability distribution types of those are detered. To determine the statistical
characteristics and values, available local damlasl international database where
local one is not available is used. For exampleddead statistical parameters are
obtained from an international study which is Noggk999) study.
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Live load statistical parameters are determinech wising a truck survey data
conducted in Turkey in years 2005, 2006 and 201@hwtontains axle distance and
weight information of about 28,000 trucks. 2005 @006 truck survey data used by
Arginhan’s study (2010) and Kog's study (2013)tHrs study, the survey results of
the year 2013 are added to the database used byhargand Kog. For the future
projection purposes three different cases; ovenafiper-tail and extreme are
evaluated. However, overall case is investigatechixge overall case reduces the
reliability index and overall case covers the whelevey data. This means that

results are more realistic for overall case thanetktreme case.

In new design guide for highway bridges of Turkégrget reliability index is
selected as 4.30 for calibration of load and rasist factors. However, reliability
index is targeted as 3.50 in the USA for the sammgse. In Figure 7-1, the
calibrated resistance factors are shown for a#l inodels of this study. These results
corresponding t@t=4.30 are obtained from “overall” case. Accordinghis graph,
resistance factor of AYK45 live load model is chamggbetween 0.75 and 0.77.
However, resistance factor of H30-S24 live load etasl changing between 0.80 and
0.83. As a result, the average calibrated resistéactor based on local parameters
may be taken as 0.75 and 0.80 for AYK-45 and H30;3@spectively. Moreover,
HL-93 and grouped survey truck load model show veimilar behavior. The
calibrated resistance factor is changing betwe&® @&nd 0.68 for them with a
suggested average value of 0.65. If two bridges<hviniave main span lengths of
450m and 550 is designed with AYK-45 loading ané thentioned load and
resistance factors are used in design, then aramé$afety level that has a reliability
index of 4.30 is provided for both of them. Pleasee that calibrated resistance
factors seem that there is a little fluctuatiomirbridge to bridge. The main reason
of this is not to design the bridge completelybifdges designed completely, then
these fluctuations had disappeared. Since the maajoof this study is not to design
a cable stayed bridge, these little fluctuatioresadlowed.
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Figure 7-1 Calibrated Resistance Factors Correspondirigtd.30 (Based on

Statistical Parameters Obtained from Overall Casif’e Load)

In Figure 7-2 and 7-3, the cross-section depenstenty results are presented. Based
on these graphs the most conservative truck loadd3i3-S24 since it the heaviest
truck among the live load models of this study. WAYK-45 has a reliability index

of 4.30, H30-S24 has a reliability index of 4.22lwihe same girder cross-section.
However, AYK-45 is more reliable than HL-93 and gped truck live load model
which represents the extreme situation in real tiiédfic. Furthermore, this study
shows that HL-93 truck load and Turkish truck syrdata give very close results. It
may be concluded that HL-93 truck load is not coveieve enough to design special
type of bridge like cable-stayed bridges. It maysb#able for only ordinary highway
bridges.
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7.2 Recommendations for Future Studies

The studied subject in this thesis needs to beateddor different bridge types, like
post-tensioned concrete bridges, reinforced coadratiges, suspension bridges and
arch bridges. Furthermore, this study needs toxparaled for other types of bridge
girders. Other than positive moment region faildoe to flexure, axial tensile, axial
compression, eccentric compression, negative monegndn failure due to flexure

and shear failure need to be investigated.

Calibrating of design parameters nationally neemlde studied with local data.
However, yield strength of steel data is obtaineanf international sources in this

study. Therefore, using local data is very impdrtariuture studies.

The calibration process is performed for only liwad in this study. However, there
are other types of loads taking into considerafmmdesign process, namely wind
load, temperature load, earthquake load. Therefor&yture studies these types of

loads need to be considered for different limitega
This study needs to be expanded to other compowémsdges rather than girders.

As instance to other components of bridges, bracipgers, pier caps, abutments,

foundations, piles may be considered.
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