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Abstract

Engineers frequently design single column pier bridges without a specific pier capliduiéstb corstruction
space, economical design and some other factors. For this, a single column pier, single supptehtsidge
turn over its supports in the same direction as a moving vehicle when it travels along the lane close to the €
of the deck. This mblem is ignored most of the time; in fact, during the investigations of some accidents, th
overturning issue was underestimated, but later, in soms, cagas proved that the particular accident was
caused by the overturning instabilithe bridge studied in this researclts a simply supportedox girder
bridge The sectiorconsistsof three spanwith a total length of (24m+30m+20m) 74mhere at the middle

two single columrpiers withsingle bearing support h@been adoptedihe main objective athe researcis

to analyze the structure to evaluate whether there is any overturning instability present in the bridge. In ca
of instability some contermeasures should be taken. Some schemes should be developed to make the bri
safe enoughio continuethe operation. The selected scheme should be analyzed to visualize the substant
evidence to provéhe effectiveness of the developed scheroe.evaluating the actual condition of the bridge,
finite elementanalyds has been done usimgmputer softiare. The bridge was fourtd haveoverturning
instability after analyzing the original bridge and calculating the overturning coefficient. Where the
ovetturning coefficient vas much less than the standard value. To make the bridge safe, three initia
strengthening schemes have been propotednlarge the pier capo install steel tie plate and stringers and
the last one was to install additional CFST gig@he third one was selected and analyzed in the finite element
analysis softwareand then accordg to the analysis report, the overturning coefficient has been calgulated
which shows significant incremenis the value of the coefficierf84.65% and9.08% increments in support

4L and 7L, respectively and the results come closer to the standardevaFor more increment# is
suggested to increase the digta between additional pietdowever, according to the analysis and evaluation
of the bridge before and after applyitige strengthening schemé can be concluded that the bridge has
achieveda significant amount of resistance against overturning instability by applying the scaeththe
amount of resistance can inereased more by takingme countermeasures.

Key words: Overturninginstability, Schemes,Single-column pier CFST pier Box girder, Overturning
coefficient
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1. Introduction

1.1Research Background

In order to connect people, goods, and transportation, bridges are crucial. They are an essential part of
transportation infrastructure, givingutomobiles, pedestrians, andemvtrains a way to pass over rivers,
mountains, and other barrigts

In addition to their economic benefits, bridges also serve a practical purpose in terms of transportati
Overall, bridges serve a crucial function in linking people and productssadiftsrent locations and are a
vital component of our transportation infrastructure.

However, constructing new bridges including overpasses, viaducts and ramps requires a lot bf spaTe.
cases, there are some already constructed roadways or atlgersbexist which make a barrier to construct
new bridges or sections and leave a little space to place new piers. So, often engineers choose single co
pier for supporting the bridge as single column pier takes less space comparing to the doulpeqier s

A single point support, tresverse double point support, or cover beam with multiple points of support are
installed at the end of the single column pier. According to the requirements of nearby auxiliary roads
crossing sections, the single awin pier support bridge is constructed either straight or curved. Precas
concrete continuous box girders or steghcrete composite continuous beams, available in 3 to 6 spans and
variety of equal or unequal spans, are used as the primary beam gfeacsilnim pier support bridge. To
maintain the transverse stability of a single column pier supporting bridge, the pier adopts cover beam at
joint, sets two supports on the cover beam, and the middle pier adopts pier beam consolidation or hinged.
hinged middle pier is typically set into a fixed hinged support, transverse fixed support, or basin type rubk
support.Singlepier supported bridge's axis is mostly a spatial curvglré bridge supported by a single
column pier is a spatial structudés antioverturning stability ishe primary issue, and its structure, force, and
analytical methods are substantially more complicated than those used for-pieutdapported bridges.

Anti-overturning stability for the single column pier is the nfaitus for this research.

1.2 Research Topic and Purpose

Bridge Strengthening is huge field in engineering and there are a countless number of research opportun
in this sector. Bridge strengthening is a less popular research topic among the resspeciferslly to the
young researchs. But due to the growing demand of the bridge maintenance and investigation requiremer
the importance of strengthening work is getting crucial.

In this research, overturning instability, the most interesting andnoonfactor of bridge failure has been
introduced whichis often ignored. Buthere were some alarming accidents occurred due to this problem
which then considered as other structural issue but then it was proved that the incidents were happened d
bridge overturning instability. This snough to understand the actual necessity for doing researches on bridg
overturning for preventing further accidents. This research will be focused on strengthening a continuous |

girder bridge section of Hainan Rilgxpressway against overturning instability.
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1.3 Significance of the Topic

It is very challenging to strengthen an existing bridge because there are so many factors to consic
Strengthening projects are complex and dependent on the condition of therstrutere there are few
options tochoose what to do to deal with the structural issue while considering the available space a
existing structural capacity. This is in contrast to designing a new bridge, where all materials can be us
according to theurrent circumstances, such as the ground conditions at the site andithieilay of space.
Because bridge strengthening projects have so many limitations we are unable to make big modification:
the way we might would like.

Single column piers areommon in many overpass bridges andducts around the world because they
provide numerous advantages to bridges such as simple foundation, simple construction, and effec
transparency to the horizon. Due to its simple boundary conditions, bridgesvglia column piers are more
vulnerable to overturning accidents. Vehicles leaving their regular lanes are a common cause of th
collisions. In heavy traffic or when carrying greater loads, a bridge's overturning moment restsanc
suddenly be unabléo counteract the overturning monmédsrought on by industrial trucks. The boundary
conditions of the superstructure fail when bearings separate, which increases the probability of the gir
overturning3].

Bridge overturning is a very common stur@l phenomenon especially when it is a single column pier bridge
and the superstructure is supported on single bddtirgis really one of the most dangerous structural issue
which can lead to any fatal accident. To strengthen a bridge against themag tendency we must need to
develop some appropriate methods.

The bearing capacity of the existing bridges cannot reach the same value needed for carrying the cur
traffic load due to rapid growth of vehicles, which caused a number of accideGtsna. The existing
bridges have to be checked carefully and some strengthening schemes should be implemented if necess:
prevent the accidents. But for this clear standards and calculation methods should be maintained. But, ti
haven't been manysearches on bridges' stability agdioverturning or the specifi@ases and frequency of
such accidents. Both domestically and internationally, methods for determining the stability again
overturning are rarely fully specified; in most situations, drdgic captions are provided. Even the existing
JTG D6062015 code for curved bridge overturning reduction in China lacks explicit guidelines and methoc
for doing so, making bridges vulnerable to inadequate overturn resistance during design and overt
incidents during service. Thereforé,s crucial to develop new metltis or techniques for fortifying bridges
against overturning effedgy.

Investigations into antbverturning have been conducted on bridges with a single column of support. It i
necessarto conduct a specific inspection and calculation assessment on the site of single column suppor
bridges with safety issues because there are many of them and some of them do pose a risk of overturnin
accordance with the test and check resultplaam for needle treatment of the dge's current issues is
developed, and timely reinforcement treatment is applied to ensure the brdge&peratiof].

This topic has the potential to do the relevant research for developing new exceptional andadtaeray of

strengthening.
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This topic is important to find out the solution of how to consider the safety and stability factor for anti
overturning design and evaluation of single column pier supported bridge.

This topic will influence the reader to inout how the bridge inspection aadaluation authority finds the
magnitude of such diseases and damages during the inspection and how to apply reasonable strengthe
solution or methods.

This project includes some strengthening design contains a ¢tangblex details about the amverturning
stability of a single column pier supported bridge and the practical application of strengthening treatment !
making the bridge stable.

Strengthening projects are required to deal with many types of mategets)ologies and construction
proces which will help to learn about the new developments of the bridge strengthening design technolog
in this field and it will motivate the researchers to do researches for finding more advanced solutions.

This researclwill help the new researchers to know how to consider and avoid the problems found in th

detection process and reinforcement treatment in the design process of single column supported bridge.

1.4 General Introduction of the TargetBridge

The BeigaoSepaation Interchangenhich is subjectg to strengthen is a part of Hainan Ring Expressway. At
the target part of the bridge has two box girder sections. The older section had been constructed in 1994 w
the later box girder section had been construct@®@1. This research is on the newly constructed box girder
section of the bridgelhe bridge is currently carrying a cladshighway which has 4 lanes for regular traffic
along with two emergency lanes. A small road goes across the bridge under thearestriycted boxigler
section.

Thetotal length of the bridges 266 m including 15 spans (16m + 16m + 16m + 16m + 24m + 30m + 20m +
16m + 16m + 16m + 16m + 16m + 16m + 16m + 16m) supported by 16 piers. The ele¥dlierpiersis

also differentIn this research three spans (24m + 30m + 20m) have been analyzed for checking overturni

instability.

Figure 1 The Deck of the Bridge
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2. Background Study

2.1 Why Bridge Strengthening is Required

Due to the rapid growth of theethand fortransportation, a lot of bridges are being constructed all over the
world. These are capable to carry the new demanding amount of traffic load without any hazard. But there
a number of old bridges those have been constructed during pasteseatypast decades and many of them
still have their lifetime or for some of them we can expandifiseme by repairing.

Between the 18th and 19th centuries, thousands of bridges, made of a variety of materials, were constructe
the US and Canadairiiber was used to construct a significant number of truss bridges in the US at thi:
time[5]. In addition, the first iron bridge in England was built by Abraham Darby Il between 1775 and 1779
which represented a significant advancement in bridge déign

And in late 19th century the theory of reinforced concrete had been introduced and in 20th berdongépt

of reinforced concrete become more advanced. In thelBtid century, with the development industry sector,
vehicles and trains entering intoraulation using the current transportation system. As a result, more
highways, railroads, and bridges were constructed to meet the rising need for transportation.

In addition, with the help of new inventions and discoveries in science and technologg sesthods of
construction and types of materials have been introduced to make the constructi@s pasier while
keeping it economic and environmental as well. Engineers and contractors from all over the world &
working globally to develop more amdore advancements in bridge construction technology.

However, the existing structures cannot deal with this rapid growth of demands for carrying more traffic lo
and not capable for establishing the uninterrupted transportation system although theneaensoseable or

can be used after some repairments. so, we need structures with increased capacity.

On the other hand, many of the old bridges are in really bad conditions and most of them are having sev
structural issues such as deterioration, gackverturning effect due to natural disasters and excelsgive
load There are lots of bridge collapse incidents happened in the past centuries and in the past decades as
and it is remained a major issue even now. Maintaining the functioning ofitlgees during their intended
service life without the risk of failure is one of the issues faceavyers of vast national networks of
highway and railroad bridges. However, there are a number of reasons why bridges do fail. A bridge failure
typically the result of a failure somewhere throughout the bridge's lifecycle, from conception to desigt
construction, and maintenance over the course of its usefil] lif&ridges are prone to failure and there are
many factors which are responsible for thdagmse or structural damage of the bridges. The main three types
of failures are failures due to natlhsasters such as earthquakes, landslides, floods, inefficient design an:
construction mistakes including using inappropriate materials and finallyndremade failures such as
overloading, collision, inefficient inspection and managemenBgtd.he failure also has different types such
as critical cracking, overturning, joint failures, deformation or beams, girders or piers and displacement frc
the aiginal position. In these cases, we must need to build new bridges or strengthen the existimg &tructu

deal with these issues. Considering the environmental damage and cost and efforts while building a r
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bridge we should focus on strengthening tkisteng bridges. If we can increase the load bearing capacity and
solve all other problems anudake the existing bridge stronger to deal with the new demands, it will be
economical and environment friendly and the life span of the bridges will be ext&ydstiengthening the
existing structures engineers can prevent the need for costly andamsemingreplacements of the
structures. Overturning collapse has been regarded as one of the most critical failure modes for single coll
pier bridges in currdrpractices. And this structural failure can be prevented by developing several methoc
for strengthening the briddg@], [9].

Bridge strengthening is a growing concern in many parts of the world as transportation infrastructure ages
deteriorates. Thamportance of maintaining and strengthening bridges has become more apparent in light
catastrophic hdge collapses in recent years, such as the Morandi Bridge collapse in Italy and the FIU bridq
collapse in Florida.

Bridge collapses caused by the ouentng effect are among the most frequent forms of bridge failures. There
lots of cases where overturning effect has been noted while doing inspection of several bridges in Uni
States and Europe, most of them are older bridge.

In response to these eventmany governments have increased their investment in bridge safety an
strengthening programs. Foxample, the American Jobs Plan proposed by then President Joe Biden in 202
includes $115 billion for repairing and rebuilding bridges across the UnitedsS Other countries are also
prioritizing bridge strengthening and safety. In Germany, for example, the government of Germany h
launched a program to repair and modernize more than 1,100 bridges across the country, wihoa foc
improving safety anénsuring the lifespan of the infrastructure.

Despite the progress being made, challenges still é&xsiding constraints can limit the scale and scope of
bridge strengthening projects, and proper maintenance is crucial to prevent deterioration fromgrecur
Additionally, climate change poses a growing threat to transportation infrastructure, with more frequent a
severe weather events creating additional stress on bridges.

Bridge strengthening has become a crucial issue in China in recent years,casiritig's transportation
infrastructure continues to age and deteriorate. The Chinese governmawesssd heavily in bridge safety
and strengthening programs in response to the frequent and severe weather events that can cause brid

fail.

2.2 Recent Researchesor Bridge Overturning Monitoring and Strengthening

The lateral overturning stability of singt®lumn pier curved bridges under asymmetric eccentric stress is
now being studied by a number of researchers. Using the finite elemalysis pogram ABAQUS, Yu
investigated the pier stability of an urban sirgidumn pier viadu¢i0]. Wu et al created simulation models

of 23 singlecolumn pier continuous box girder bridges using the Midas/Civil finite element analysis tool anc
investigated th@rimary elements influencing the stability of curved girder brifigds Using an expressway
separation interchange's continuous beam bridge with a sialglenn pier as an example, Zhao et al.
examined the mechanical causes of transverse instabilityr unggweight and asymmetric eccentric
stres§l?].
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However, challenges remain in achieving the goatb®flan. The scope of the plan is enormous, with more
than 1 million bridges in China to maintain. With continued investment and research, China icare ithp
safety and reliability of its bridges and ensure that they meet the needs of a growing and evolvi

transportation system.
2.3 Study about the AccidentsdDue to Overturning of Single Pier Bridges

2.3.1 The Accidents Due toBridge Overturning Outside China

Although there are a little nhumber of accidents recorded which were caused by bridge ovedutside
China, but the accidents caused by improper handling of overturning stability occur from time Eutiope

has seen problems with overturgibox girder bridges. High wind loads, poor design considerations, and
inadequate maintenance are a few of the elements that contribute to the overturning issue in these struct
Box girders are susceptible to whmtluced stresses because they areatadl thn, especially in areas with
severe winds. Furthermore, poor design specifications and inddempresideration of dynamic impacts can
increase the likelihood of overturning. The stability and resilience of box girder bridges in Europe can |
improved by performing effective maintenance and routine inspections, which are essential for spottit
potential issues and implementing appropriate solutions into taking place.

There was a similar kind of accident happened in Himachal state indnde 29th of July in 2010,which

was actually caused by overturning instability of the bridgeordingtothed ZEENEWS 0 t wo pe
kiled and other two persons were seriously injured due to the collapseonéyear old overbridge
overpasses Dhanrdasantpt-Kingal highway to provide the aWeather connectivity between Rampur and
Kinnaur. The bridge was built by Border Roads Organization (BRO). During the incident Four -teteent
trucks were parked on the bridge in that night.

According tosdiltnhle ainniEtxipalesi nvestigation was fo
initial investigationscast more doubt on the bridge's design than on the materials used in its construction d
to the unique way in which the top portion of the bridge tumett from the base structure and slanted to one
side, impeding the ability of the bridge to support the weight of the vehidiesbridge had a loadearing
capability of 70 tonnes and was categorized as "Road Class 7." Altitougs estimated that theads of the
trucks parked on the bridge were almost equal, but still the bridge collapsed whidotwhat natural. So,

the government of India issued several programs to investigate the similar type otsingliapier curved

and straight bridgeslabver India to prevent further accident like tHisie to a concentration of weight on the
outer side of the bridge's curve, the upper platfosad surface area of the bridge has tilted and toppled, but

the substructure (supp structure pillars) is mained undamaged.
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Figure2 The Bridge Accident in India 2010, due to Overturning (SoyiMeakhaik Ravinder & Kanwar Amit, 2010: online)
2.3.2The Accidents Due toBridge Overturning in China

There are many cases of bridge calegh due to the overturning instability are recordeshamy provinces in
China and it is getting very common in Chin&or example, the Yangmingtang bridge collapsed in
Heilongjiang province. There were the similar cases in Wuxi, Guangdong, Shanghaiahdiiseme others
areas.
The Chunhui bridge overpass in Shangyu, Zhejiang, China, collapsed on Monday, February 21, 2011. Th
persons were hurt after four trucks crashed into the highway. After nearly six years of use, this brid
collapsediL4].
In 2018, a bridge collapse in southern China's Guangdong province killed several people, highlighting tt
need to prioritize bridge strengthening efforts. In response, the Chinese government launched théarhree
Action Plan for Bridge Maintenance and Recongtan" in 2019, wih the goal of improving the safety and
resilience of Chinese bridges.
The plan involves upgrading and strengthening bridges across the country, with a focus on major bridges
those that are critical to transportation infrastructuree overnment has allocated significant funds towards
the effort, with more than 50 billion yuan ($7.7 billion) set aside for bridge strengthening projects in the initi:
phase of the plan.
To achieve the goals of the plan, the government is using ayvafi@pproaches, atuding inspection and
maintenance, repair and replacement, and structural strengthi@asearch and development are also playing
a critical role in bridge strengthening efforts in China.
In recent years a lot of singt®lumnpier, sngle supported bridges have been turned over their supports and

some capsized. And the accidents happened both during construction and during the operation. Some o
related incidents are given below:

2.3.2.1Shenzhen Binhai Avenue Nanyou Interchange

Shenzhen Binhai Avare Nanyou interchange and there are other two bridges Qiaocheng west roa
interchange and Qiaocheng east interchange were constructed in 1999. These three bridges art
threespan singlecolumn pier supported continuous bridg&€he top main beam of the Nanyou

Interchange ramp bridge saw a maximum deflection of 1.53% during the loading test, sinking 60 c
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outside, 63 cm within, and 45 cm outside the beam. The load tests of the other two Bridges al

experienced the same issue at theestame [15].

2.3.2.2Shenzhen Huagiang Overpass
The continuous curved concrete box girder bridge at the third ramp of the Shenzhen Huagia
Overpass abruptly shifted outward and tipped ovethen3rd ofJune, 2000, disrupting traffic on
Sungang Road's ebsund left turn onto Huafu Road. TherAmp bridge had a total length of 415.94
meters and 4 links. It was a en@&y ramp. There were 6 spans in the third link of the main link.
R=255 m for the curvature’'s radius while having a span combination of
22.813m-8B85m+55m+39.938m+55#82mwith a total length of 239.75nThe diameter for the middle
pier is 1.6 m which is a single column pier and the diameter for the interconnecting pier is 1.3 which
double column pigt5].

2.3.2.3A ramp of Jinjin Expressway
On the 15th of July, 2009, Aramp of the mutual interchange of Gangtang Highwhich is located
on the east sidef Tianjin Tanggu Toll Station on the Jinjin, collapsed, causing 5 trucks to plunge
under the bridge and killing 6 persons and injuring 7 otherg JihjinExpressway Gangtang
Interchange's A ramp has a bridge collapse section that is 109 meters long, 8.5 meters wide, 7.5 me
wide, and has a main beam height of 1.3 mgtéfs

2.3.2.4Nanshan Overpass Viaduct
The viaduct at Nanshan InterchanBenggang Road, Qinhuangdao, slantedhen28th ofSeptember,
2010, as a result of inspection. Overloaded vehicles, some of which are arranged along the outer ¢
of the viaduct curve. The bridge deck is 10.1 meters wide, has a-soigtan pier in the mddle, and
a fixed pot support at the center. The total length of the bridge is 130 meters. The Port Authorit
attempted to stabilize the raised bridge with two steel ingots after raising the bridge deck at the cen
isolation belt by around 30 cm. Howeyen its final stages, it also failed.
The automobiles were swiftly and orderly removed from the scene of the accident after it rolled ovi
till the 2&h of SeptemberAt 3:30 in the afternoon, all of the therapy was over. The bridge roll is
gradually redced as a result die vehicles' gradual detodrhe sidedipping condition improved after

the first car crossed the bridge, and fortification measures were then implefb&hted

2.3.2.5Dong-Ramp Bridge in Kaifeng
Onthe 8th ofApril, 2012, three trucksotaling 150 tons parked in the emergency parking lane of the
Dongramp Bridge in Kaifeng, causing the beam body to be unilaterally torsioned and displaced. As

result, the Huolian Expressway's Kaifeng portion was damaged and closed off for 18]hours

2.3.2.6G Ramp of Skengtang Interchange
An overturning accident occurred tme 9th ofDecember, 2014, as concrete was being poured for the
outer guardrail on the secosgan box girder of the G ramp at Shengtang Interchange in the first bid

section of theeast section of the Chongging Yiheng Line. At the bridge's curve, a concrete tanke
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stopped. The upper structure tipped over, forcing the beam to turn over and collapse to the overpas:

the next floor, and the formwork on the exterior progressively wiaape fractureld 5].

2.3.2.7Ramp Bridge at Chengnan Exit of Guangdongliangxi Expressway
On the 19th of June 2015, the ramp bridge at Chengnan exit of Guangdaagxi expressway
suddenly collapsedesulting 1 death and 4 injurie§he collapsed sectionf the bridge was a
continuous beam bridge section with two basic supports and three spans at either end, a total of tt
span combinations of 25 meters (3x25) makes up thmétBrlong section of théridge that has
collapsed. At the outermost ends)gde piers are useavhile the center is supported by double piers.
The height of the related 4 piers were different with the exact heights of 5.5, 6.5, 7.5, and 8.5 mett
respectively. 76.41 tons, 111.46 tons, 102.87 tons, and 108.89 tons, were the ofdigh four huge
and heawyduty trucks respectively those were approaching on the ramp bridge. But all on a sudden,
a result of the bridge's two single column pier supports' overturning instakiléy, overturned
underneath the spgy.

2.3.2.8Jingshan Railway Bridge
The Jingshamailway bridge haswo-way six lane roadways on a superstructure which is a continuous
prestressed box girder section. On the 11th of July, 2@lalaamingaccident occurred in due to the
overturning instability of thentire continuous box girder section of the bridge while five hedwty
trucks were being driven in the opposite direction across the Jingsihaay bridgeon the Ninth

street in the East and West Tianjin development zone.

2.3.2.9Harbin Third Ring Qunl i Viaduct
The Harbn ring Qunli viaduct which had 121.96 meters of total length of the main beam. The bridge
can be classified as the continuous beam bridge where the beaarcamaposite steel concrete beam
On the 24th of August, 2012, 4 headwyty trucks were on the up ramp of the bridge to drive to the
right while carrying 18.625 tons, 153.29 tons, 163.59 tons and 149.68 tons weights respectively.
deadly accident happened due to the overturning instability of the main beam and the beam collap:
resuting the collapseaf the viaduct by turning ovets supports. The accident was fatal and not less

than three people died while more than five have bgared17].

2.3.2.10Chunhui Overpass
On the 21st of February, 2011, a traffic collapse accideppéned on the w@amp of the Chunhui
overpass 7K+966 Nanchun Line in Shangyu City, Zhejiang Province, heading in the direction c
Shaoxing, Ningbo, and Taizhou. There W28 meters (6 x 20 meters) in total length of the bridge.
The centre abutment usessigle column supgt, while the abutments at both ends use double
column piers. The height of tlpgers were2.8 meters3.5 meters, 4.2 mete9 meters, 5.6
meters6.3 meterand 7 metersespectively. Three persons suffered minor injuries as # stine
four trucks that popped up on the ramp at the site with vehicle loadings of 28.52 tons (on the insid
124.44 tons, 125.6 tons, and 110.73 fbrk
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Figure4 Yangmingtang Bridge Collapsed in Harbin in 2012 due to Overturning (S¢Lgde:
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Figure 5 Wuxi Bridge Collapsed due to Overturning in Jiangsu (Sourcef20])
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2.4 Anti -Overturning Calculation of Single Column Pier Bridge

Research on bridge overturning conditions was conducted in 1984 B REIT and R. MANG, who also
invented the antbverturning safety factf®1]. They noted that the ardiverturning safety factor of a bridge is
2.5.

’Vk = M > 2.5

Mvorh

In the ormula:

o= Stability Factor

Mk= The stabilizing moment of thetabilizing force on the overturning fulcrum

Mvorh = The Overturning Moment of the Overturning Force on the Overturning Fulcrum

A deterioration ofthe componerg'strength or bearing capacity is what causes the overturning instability of
the single column pier at the middle, according to the research carried out by Li Panzhi et al. of the Beiji
Municipal Engineering Design Instity#®2], [23]. When the side suppt is empty and the corner angle of the
middle pier support exceeds the limit, timéddle pier hinged singieolumn support beam bridge overturns.
When the end support's stability coefficient falls short of specifications, the load uadeiidfe's secul

critical overturning state is determined by examining the stability of the safety factor.

ke Ba { > 1.5 (Take the Pier Support as the Control)
~ 8, |= 2.5 (The Angle by the Middle Pier Support is 0.03 rad)

In the Formula:

K: Safety factor of overturning stability under checking load

Sq: Overturning vehicle loads for the most unfavorable load case

Sp: Maximum Vehicle Load in Overturning Critical State

According to Yuan Dai Zheng et al. the basic principle for calculating the lateral overturning stability

coefficient is as follows:

e B 7
Fq Df—~
L
Sq//qu : Zd—/ Sd
/]
e
Do Dd s

Figure6 Schematic Diagram for calculatingz€rturning Coefficient

The overturning fulcrum serves as the boundary between Sq and Sd, the two sections of the bridgats mid
The dead weight of the beam body, the second phase dead load of the bridge deck, and the load on the lar
all supportedy the Sq section, which also provides overturning force. The dead weight of the beam body a
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the second phase dead load of the bridge deck are both supported by the Sd componealisomvbitdrs
stability forcg24].

In the figure:

Fg = The lane load isuniformly distributed load plus a concentrated force, and the most unfavorable

arrangement is adopted according to the code

Df = Moment arm obverturning force Fq

Zd = Center of mass of anbiverturning lateral section
Zq = Center of mass of overturneidde section

Take the moment of overturning fulcrum:

_ZMd_ GdXDd‘FEdX?'FLdX(?—O.ZS)

K >13

- M - B-D B-D -
> Mq GqxDq+EqxT+qu(T—O.25)+quDf

Figure7 Equation for calculating Lateral Overturning Coefficient
In the equation:

Gq = The selfweight of the Sq section

Eq = Selfweight of Bridge Deck Pavement of Sqg section
Lg = Sq section side railing weight

Dq = Gg moment arm

(B-D)/4 = Eg's moment arm

(B-D)/2-0.25=Lq6s moment ar m

Gd = Selfweight of Sd partial section

Ed = Self-weight of Bridge Deck Pavement of Sd section
Ld = Sd section side railing weight

Dd=Gd 6 s nmharme

(B+D)/4 = Ed's moment arm

(B+D)/2-0.25=L d énement arm
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2.5 Relevant Provisions of Bridge Codes in Different Countries

2.5.1The Relevant Provision of the British Standard:

The antioverturning stability of the structure and its components slellaken into consideration in the
failure limit state, according to Section 4.6 of the British "Steel and Concrete Bridges and Combined Bridge
(BS5400) 19782[25].

American Code for Design of Highway Bridges AASHTO 2007

The American AASHTO bridge speigétion states that the vertical force of the mditectional movable
bearing should be greater than 20% of its bearing capacity in order to prevent the bearing from overturning
any bridge limit staf@6].

Code for Design of Highway Bridges in CanaddCAN /CSA-S 600)

According to clause 8.5.4.3, the structure as a whole and each of its individual parts must be symmetric:
resistant to sliding, overturning, lifting, and buckling, and the effects of eccentric loads must be taken in

consideratiof27].

Japan Road and Bridge Association "Road and Bridgénstructions"
According to Japan's criteria for bridges, the effect coefficient of the live load should be 2 when computir
the reaction force on the supgait

The formula for calculating the negatikeaction Ru of the support:

Ru= ZRL+1 + RD

Ru :RD+RW

Figure8 The equation for calculating Negative Reaction of the Support
In the equation:

Rd = Reaction for Dead Load

RL+1 = Maximum support reaction force produced by Live Load
Rw = Support reaction iee caused by wind load

2.5.2The Relevant Provisionsof Highway Bridge Specification in China

There are currently no particular regulations in China that address how to calculate a bridge&stamtiing
stability, and the guidelines for safety allawa and evaluation criteriaealso missing. Currently, the
General Code for the Design of Highway Bridges and Drains is JT&DED.

The stripping of the bridge support is prohibited in Article 3.6.8 and Article 9.7.4 of "Reinforced Concrete ar
Prestresed Concrete Bridge Culvert Design Code" (JTG-R@&24]28].

The following regulations are found in Article 4.1.9 of the discussion draft of the Code for Design of Highwa
Reinforced Concrete and Precast Concrete Bridges and Culvertd6F-212]29]:
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Medium- and smaltspan girders Bridges with integrated sections need to perform a superstructure ani
overturning checking calculation. The superstructure's stability coefficient against overturning must adhere
the following standards:

ocf = ,,k{ > 2.5 (When Applying Lane Load)
Tl = 1.3 (When Applying Vehicle Load)

In the equation:

oqf = Stabilitycoefficient against Overturning

Sk = Standard effect of vehicle load (including impact) that overturnstiperstructure
Ssk = Standard combination of action effects that stabilize the superstructure

The stability coéficient of transverse overturning should not be less than 1.3 under the action of the mo
adverse combination of predicted loads, according to 5.2.1 of the current Code for Design of Railway Bridc
(T B100022017). A reinforced concrete cantilever beandge span structure's longitudinal overturning
stability coefficient shouldn't be less than 1.3 under a vertical load that corresponds to a stress that is gre
than 30% of the permitted value. According to Specification 5.2.1, Sirccasually acceted that the support

is a rigid body, the following mathematical formula is used to determine the stability and overturning momer

The calculating formula is as follows for the lateral edge of the support and the hinge center of the support:
k=EMd 5 1. 3
D:Mq

In the equation:
K = Overturning Stability Coefficient
Md = Resistance Moment

Mgq = Overturning Moment

3. Methodology

3.1Understanding the Structural Characteristics and Behavior of the Target Bridge
Strengthening a bridge is really difficulu@ to the complicated sections and construction process as there ar
lots of constraints for developing the appropriate waych should have clear and possible constructability as
well as the ability to strengthen the bridge and ability to mitigate itieatproblem. In this case the bridge
was a single column pier bridge and is in critical situation of the bridge deck girder to turn over the beari
supports. This is a special problem regarding to bridge instability and most of the time the engitheers &
contractors underestimate this phenomenon and ignore the required checkups during investigation. As a re

the accidets occurred and the number of accidents due to overturning instability is growing day by day.
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Incorrectly calculated antiverturnirg factors, curved bridges with insufficient curve radius, and bridges with
inappropriate bearing settings are the three bridge types that are most prone to overturn. In this case as tl
single column single support bridge, the bridge is prone tdwwég and has the same structural behavior of

the other single pier bridges.

3.2Finding and Evaluating of Actual Problem

To understand the actual problem the actual condition of the bridge while loading is required to be imagin
first. For that severalloading patterns have been designed according to the Chinese standard of minimu
space between two vehicles, between two wheels as well as between vehicles and the Tiremiettse

critical loading condition has been selected.

Tablel The Minimum Distance between Vehicles According to the Chinese Standard

Distance Betweer Two Wheels Two Vehicles The Vehicles and Thi
Barriers
Distanceincm 180 130 050
S, ® ® ®
L Hh ;
) I
S C coC
]

Center Line of the
//_New Section of the Bridge

Center Line of the
Total Bridge Sectiun\

Figure9 Placement of Vehicles on the definedda for Maximum Live Load Effect

Two lanes at the right side have been defined on which two heavy trucks have been placed. The diste
between two lanes is 3.1 m. In this condition the bridge will be subjected to maximum effediwenbberd
This effectcan be caused the overturning of the bridge deck. All the analysis and calculation have be

conducted according to this conditionliok load placement on the defined lanes.
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3.3Developed some Appropriate Schemes to Strengthen the Bridge

During the intial period several possible schemes of strengthening the target bridge against overturni
instability have been proposed for initial review. After considering all the faetbish are vital for
strengthening the bridgéhree possible practical solutiorm schemes have been selected for further
investigation. Drafting of detailing and other relevant drawings have ipeeleto understand the structural

behavior of the bridge after strengthening and find the effectiveness of the schemes.

Finally, among dlthe three schemes one has been selected considering the simple construction methe
weight of the component, transportability and cost effectiveness. And the selected scheme has been subje
to structural analysis and all the calculations have bees aing the final scheme only.

3.4 Sectionsand Elevation Drawing

All the section drawings and other relevant drawings have been made using AutoCAD which is a 2D drafti

and annotation software.

First, all the sections of the existing bridge have lmawn and then according to the actual section drawing

the potential fortifying or strengthening schemes applied on them in separate drawings.
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Figure10 The Elevation of the Total Length of the Bridge

The elevation of the wholeridge has been drawn in accordance with the original drawindesigning data.
In this drawing the exact locations of the piers and the depth of the piles have been visualized
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Figurell The Box Girder Section which is Subjedtto Strengthen Against Overturning

The newly built box girder section with a total span length of 74 m (24m + 30m + 20m) is subjected to tul

overits support due to overturning instability. The section has 4 piers which arg4piprer#5, pier#6 and
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pier#7 and the no. 5 and 6 both piers have single support for holding the box girders. All together there ar
supports: support 4R and 4L are on the top of the pier 4; suppmd 5 are on the top of the pier 5 and 6
respectively; support 7R and 7teson the top of the pier 7.

The deck pavement of the bridge placed on the box girders. There are three different sections have been
for the box girders.

iy}
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Figure12 Box Girder Section -1
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Figurel13Box Girder Section 2
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Figurel4 Box Girder Section-3

3.5 Calculation Method

3.5.1 Calculation Method for Live Load Impact Factor

4L 4
4R

Figure15 The Position and Name of the Bearif@gfore Strengthening
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Figure16 The Positions and Name of the Bearings After Strengtigeni

According to the Chinese standard code JT®0D 2015, thdive load has been considered as lane load.
While gk has been considered as the uniformly dividew lload and the pk has been considered as the
concentrated load. The value of the gk is 10.5 KN/m according to the code. And the standard value of pk

be calculated according to the below table:

Table2 For Calculating pk

TR L (m)

5<L,<50

1,250

P, (kN)

2 (I, +130)

360

First the support bearing 4L has been considered and according to the maximum influence the position of
and gk has been determined. Then according to this pk and gk the impact of the load on the other suppor

the same time has been calculated.

4 1 SHef< 1M i, =0.176 Tnf -0.015 7

Figure17 Equation for Calculating Impact Factor

In the picture
f = Frequency

M = Impact Factor
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pk

NERNRRARN!

Figure18 The Loading Method for pk and gk

Pk = The Concentrated Load
gk = The Uniformly Distributed Load

This k and gk have been placed on th8uence linesof the critical supports and its impact on the other

supportshave beeralculated simultaneously.

3.5.2 Calculation Method for Overturning Coefficient
The calculation has been done according to the Chiede JTG 3362 2018 for finding the overturning

coefficient.
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Table3 Live load Impact

. RS
BgE|
12 | 2 |3 | 32| 4 | sl | 52
Lm 4 | 0 0 s o | o | 4| 0
R CKASEFURAERLRD| 657 | 699 | 3886 | 1608 | 1611 | 3886 | 657 | 699
I Rocnn | -335 | 456 | 1030 | 245 | 508 | 260 | 57 | 273

i | RAGCEER
4 kN| PHRFERTHAT | Rown | 229 | 515 | 1068 | -494 | 618 | 462 | -119 | 314

a3 I=k
PRAEERL Rowi, 51 -58 274 266 -247 503 1031 | -335 456
- 1.0 Rait1.4 Rowi, 11 188 | 1337 | 5328 | 1265 | 2322 | 4250 | 577 | 1081
Fi
s 1.0 Rawit1.4 R, 31 336 1420 | 5381 917 2476 | 4533 490 1138
1 35 1.0 Raiit1.4 Roui 1 576 1082 | 4259 1262 | 2315 | 5330 188 1337
B ,
Ll = R AT R
FasE N Rowl KN'm - | 2628 | 0 0 | 6433 | 0 0 | 2628 | 0
" > Rokinli 1340 0 0 980 0 0 228 0
‘j?E e A 2 R
R *ﬁ]‘f‘ﬁ SRouah | 916 | 0 0 | 1976 | 0 0 | 476 | 0
2:;3 Y Rowisih 232 0 0 988 0 1340 0
| FErE R > Rauli 13 Roeindi |4.39) 3 Rawili 13 Rowianli|3.47| 3 Rawili 73 Rowisili |4.57
E 4 i A K
e SCEE ] S LAR FONIE, [m .
Reki = Under Dead Load
Roki = UnderLive Load
The main condition of checking
If,.t he coefficient is O 2.5; No overturning
| f, the Coefficient is O 2.5; Overturning |Instatl

3.6 Evaluated the Outcomes and Results from the Analysis Software

After doing the analysis of the original bridge and extracted all the data and calculateertiuenong
coefficient to find out the actual condition of the bridge. Then the selected strengthening scheme has b
applied to the analysis software AMidas Civil o.
and after the analysis allghdata including the influence lines and reaction forces have been extracted fror
the software. After extracting traata,the impact of thdive load and finaly, the overturning coefficient of

the bridge have been calculated using same calculation pradsnethod as previous.
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3.7 Designed the Construction OrganizatiorDesignand Overall Plan of Construction
Construction organization design refers to constructing the overall plan of the construction including tt
construction process, construction teicjues, the schedules of working, estimation of construction materials,
estimation of the man power and equipment and the method project management in order to keep tracking
progress of the construction and get a good grip of overall process to enttigapossible risks or taking
some initial measures to solve some unforeseeable issues. In thioplgpére construction plan has been
considered. The process of the construction has been giveClzsrtaThe amount of materials required is

also calalated using the sections drawing of the selected scheme for strengthening the bridge.

4. Schemedor Strengthening the Bridge

The antioverturning design method is currently beidgveloped, and the evaluation criteria for bridge
overturningare still up for debate. A comprehensive investigation of@rerturning design, covering anti

overturning factor, curved bridge geometry, bearing placemef29tc

When designing a bridge, the designer should take all relevant aspects impactngdgie antioverturning
into account. The figure below illustrates how resilience design criteria and structw@lentirning criteria

corresponfR9].
Overturning Process Disposal Method Correspondence
Improve the bearing capacity of key elements (such as
Initial D supports) and avoid using structural arrangements with
nitial amage = | insufficient overturning resistance (¢.g. small radius | == | Robustness |

curved bridges, small net distance between supports).

Redistribution of Internal Ensure that the remaining structures have alternative |
Forces = | effective force transmission paths. =% | Robushess

Add additional anti-overturning constructions to limit
=g the overtuming failure to a small area for convenient | == | Robustness | —
recovery.

Total Overturning of
Superstructure

Figure19 Correspondence between structural-amérturning and resiliece design criteria

For strengthening the bridge which have overturning instalsibtye measures should be considered. There
are several methods one can develop to reduce overturning possibility of a bridge but if the method requ
any construction metid such as removing the box girders or acquiring much more land which is almost nc
possible or very difficult to do or any construction technology whichotstimat economical then the method
would not be considered for strengthening the bridge. So, gltine method or schee developing and
designing period several factors have to be considered such as constructability, cost, effectiveness, installe

or casting process, aesthetics and so on.
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4.1 Enlarging the Single Column Piers of the Bridge

A ﬂj C e—‘
I |
5 e " AT
—I_FER il \-BOXGRDER _Mmem PERCA I-Box GIRDER S MLAReED FER CAP ]-EOX GIRDER — PR GAP
[——FIER WITH ENLARGED SECTION |——PIER WITH ENLARGED SECTION
-riEr
LE Cap LECAP B
O 1 1 Lreues ]—F LES 0
% L C 7F i; ] 7“ N
L A PIER #5 c PIER #6 =
PIER #4 ELEVATION OF THE STRENGTHENED SECTION (1:250) PIER #7

Figure 20 Elevation After Enlarged the Piers

To strengthen the bridge one of the most effective way could be enlarging the pier which will provide tt
space for enlarging the pier cap. The enlarged pier will be effective to set aalditg@aming supports which

will be connected with the box girder. The concrete C50 could be used for the enlargemieas to the
bearings, ISO certified JTPGID1 (HS4016950090) Ongvay Movable support and ISO certified JTHDR
001 (HS4016999090) #xed support can be used on each pier.

Schematic diagram of the layout of the No. 6 pier support of the left bridge

e
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4
|
I

I
T
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180.0+

Figure21 The Positions of Additional Beaxs on Pier 6
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Schematic diagram of the layout of the No. 5 pier support of the left bridge
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Figure22 The Positions of the Additional Bearings on FSer
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Figure23 The Sections of the Enlarged Piers of Pier 5
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Figure24 The Section of the Enlarged Pier of Pier 6

Advantages:

U By enlarging the pier cap, the cressction area othe superstructure and substructure can be

increased.

U Two additional supports can be added on the enlarged area which will counter the overturning effect

the bridge.
U It will increase the loatbearing capacity of the bridge.
U It can reduce the needs of constructing additional piers.

U Itis an effective solution for increasing thearingcapacity of the bridge.
Disadvantages:

U The weight of the concrete of the enlarged portion has to be considered.

U The capacity of the foundation must be improved in order for it to support the additional load as tt

weight of the pier increases.

U This method will severely damage the original structure because for retrofitting work it is required t

drilled the new el bars into the existing concrete to get bettiExchment.

U If foundation needs improved it will be costly and require additional construction time.
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4.2 Using the Steel Te Plate Between the Box Girder and Pier
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ELEVATION OF THE STRENGTHEN SECTION (1:250)

Figure25 Strenghened Section of the Bridge After Installing Steel Tie Plates

Steel Tie plates are useful to strengthen the bridge against overturning instability and this method has b
used in several other cases. Installing steel plates provides the rigid conmettie@en the bridge deck
girders and the pier while reducing tverturning tendency of the bridge. By connecting the pier 5 and pier 6

to the edge of the box girders the overturning instability of the bridgeeceadiiced significantly.
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bl1s 154
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Figure26 Sections of the Pier &d 6After Installing Steel Connections

JETIRTHE2150 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 29


http://www.jetir.org/

© 2024 JETIR August 2024, Volume 11, Issue 8

www .jetir.org (ISSN-2349-5162)
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Figure27 The Sections of the SteEle plates
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Connection of the steel components with pier and box girder (1:20)

Figure28 The Connection Between Steel Components andCibrecrete
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STRINGER 2 (1:5)

Figure29 Steel Stringers and Transverse Beams

STRINGER 3 (1:5)

Advantages:

U Installing the tie platewill be easier than other methods for reducing the overtuinsigbility.

U The tie plates will make rigid connections betweeneiihgeof the grdersand the pier.

0 It will be cost effective.

U The transverse steel beams along with the stringers can make a stronger and stable support system
U The transversbeamswill help the tie plates to reduce overturning by increasing the connecting arec

betweerthe box girders and pier.
Disadvantages:

Installing the stringers will be difficult.
There are PSC cables through the box edges which should be considered while installing the stringe
The height of the strengthening porting will be increased.

Installing Bearings on top of the stingers will be difficult as there is only little space available.

c: c: c: c: c:

This method willdamage the original structure moderately.

4.3Using Additional CFST Pier Along with the Existing Pier

Additional piers will directly provide adtional supports to the bridge deck girders. But in this case the prime
concern is to make the bridge safe against overturning instability so, the additional piers will not transport t
dead load to the ground. TRESTpiers have been suggested due tluoeng the selveight of the additional
piers to make it easy to instalhd to get all the advantages of CFST technolddne additional piers will
have bearing supports on top of thérhe bearings will have only one degree of freedom as they will move

just downward direction.
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Figure30 Strengthened Section of the Bridge After Installing the Additional Steel Piers
-5 cm Asphalt Concrete
ﬁ —10 cm Cast-in-Place Concrete
=
BOX GIRDER:
EXISTING BEARING—] £
ADDITIONAL BEARING \‘“‘“w ——=——ADDITIONAL BEARING
BEARING BASE PLATE—"| Jr EARING BASE PLATE /BOLT9
ADDITIONAL PIER [~ ADDITIONAL PIER
CONNECTING PLATE-~d__ | EXISTING PIER 540 . 1
XA 8 e AR ¥ erre St A\X ADDITIONAL BEARING— | Z »
N\
-STEEL COVER
A 90 44— 180 —4'90 | ~EXISTINGPIER
. STEELPLATE<
» ST ® I —FILE CAP
o = ADDITIONAL BEARINh %
N - === | ——ADDITIONAL PIER
Ve 540 }
ILES
/7*’
N
Fd 120_ ';20-1
SECTION A-A (1:150) SECTION B-B (1:100)

Figure31 The Section View of Pier 5 with Additional Column

Additional Bearing Additional Bearing

Steel Cover Additional Pier Steel Cover

Figure32 Section of the Piers with the position of Bearings
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Figure33 Typical Steel Cover
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Figure34 Steel Cover

Connection Between Additional Pier
and Base Plate (1:20)
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THE EXISTING PIER #5 (1:100)

Figure35 Connection Between Piers with the Pile Cap
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Advantages:

i
i
"
"

c: c: c: c: c:

The additional piers will give additional support to the bridge at the both edges of the box section.
The additional piers will make the bridge safe by reducing the overtunstapility.

The additional piers can be installed on the existing founalatio

The piers will be lightweight but will be so strong both in compression and tension as steel ar
concrete composition is used.

The installation process will bEasie than other methods.

It will be a costeffective methodas CFST columns use more thabPd less steel than traditional
reinforced concrete

As steel surrounds the concrete, it is well plasticized.

Less shrinkage and creep of concrete.

No formwork will be requireds the steel tube will play the roletbe formwork.

Pumping method can be imemented to cast the concrete which will reduce the man power and cost.

The construction process is easier and quicker so it will take less time to install the aldliicn

Disadvantages:

i

i

The piers will only support the bridge against the overturmatability and they will not increase the
load bearing capacity of the bridge.

As there is a limited amount of space, highly precise dimensions of the steel piers and installation a
should be provided.

Special safety measures are required for powrimgrete into the steel piers.

Under maximum loading th&teel used in CFST columns can deviates from the original position more
than the concrete.

The additional stegliers may reduce the aesthetic value of the bridge.

4.4 The Comparison Between the Schmees

Among the three schemes, using additional piers has been selected for further ahalgsiplain the

rationale behind choosing the final scheme a straight forward comparison has been established betweer

three proposed schemes.

Table4 Comparison Between Three Schemes

emes Enlarging the Pier Caj Using Steel Tie Plat( Using Additional
and Stringers CFST Piers
Factors
Materials Concrete Steel Concrete and Steel
Main Construction Enlarging piers ang Installing steel tig Installing 2
Content constructing a pier| plate between pier additional concreté
cap. and stringers whicl filled steel piers.
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will hold the girders.

Durability Medium Medium High

Construction Highly Difficult Low Difficulty
Difficulty Moderate Difficulty

Damage tg Will have Significant| Will Have Moderate Will Have No/Low
Original Structure | Damage Damage Damage
Maintenance Low High Low

Construction Time| Longer Medium Very Short

Cost Expensive Expensive Cheapest
Comparison Resul Not Selected Not Seécted Selected
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5. Detailed Method of Modeling and Analysis

The model has been made t he

the original bridge design. The model has been analyzed after defining the actuahdbading live loads

bridge using bridge
along the predefined lanes. During the modeling of the bridge some modifications have been done. Due
short of time and to simplify the analysis process thespessed cables were not defined. And only one
section (section 3=3) Babeen used in ¢hmodel. Although some details have been igddiut these may not
make any crucial constraints to achieve the main objective of the reséacimodels have been made for
analyzing the bridge before and after strengthening. So, in thpter data for ® model (After
strengthening) has also be given along the dat&' ofddel (Before strengtheninglhe methods and steps of

t he AMi das Civil o has beel

model ing of bridge in

5.1 Creating Nodes

At first the nodes have beeéefined accordig to the original bridge.

Civil 2019 - [C:AUsers\simen\Desktophinfluence line - S\ Thesis Project Dipto] - IMIDAS/Civill

P oNe V¢ Kagelws o0

y &, — r Xope | Byosms Bpevrma, Oy Al
& 3} N KBRS
¢ . AR e B | v ] W — ]H;“.: L GB‘ES‘EL'Z Hwems EH |
= &3 5 2 | T = = 7 o =
BUTE BUSH 98 8% oo gt| T musw | [sa=m UR 98 &% WU ||ae o Erousy EXBH SREE
a
2
8
g
0
22, 0, 0 -f\il
4 g’
RHES: o : -
EE (i, dry ) - I B
0, 0, 0 0
MEHERTS - i &
MEzREsBen B
BR | %A &)
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a
=)
]
1 B mipasscwil b
SOLUTION TERMINATED
YOUR MIDAS JOB IS SUCCESSFULLY COMPLETED.......C:\Users\simen\Desktop\Influence line - f|4\Thesis Project Dipto
TOTAL SOLUTION TIME. 2.04 [sEC]
[[]) [ e=re | awes | | <

Figure36 Creating Nodes

Table5 Table of Nodes Before Strengthening

Nodes X(m) Y(m) Z(m)
1 24.000000 0.000000 -7.265000
2 54.000000 0.000000 -7.160000
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3 24.000000 0.000000 - 7.100000
4 54.000000 0.000000 -6.990000
5 24.000000 0.000000 -5.500000
6 54.000000 0.000000 -5.390000
7 54.000000 0.000000 -1.770000
8 24.000000 0.000000 -1.765000
9 0.400000 -1.575000 -1.695000
10 73.600000 -1.575000 -1.695000
11 0.400000 1.575000 -1.695000
12 73.600000 1.575000 -1.695000
13 0.400000 -1.575000 -1.600000
14 73.600000 -1.575000 -1.600000
15 24.000000 0.000000 -1.600000
16 54.000000 0.000000 -1.600000
17 0.400000 1.575000 -1.600000
18 73.600000 1.575000 -1.600000
19 0.000000 0.000000 0.000000
20 0.000000 0.000000 0.000000
21 0.400000 0.000000 0.000000
22 4.000000 0.000000 0.000000
23 8.000000 0.000000 0.000000
24 12.000000 0.000000 0.000000
25 16.000000 0.000000 0.000000
26 20.000000 0.000000 0.000000
27 24.000000 0.000000 0.000000
28 27.750000 0.000000 0.000000
29 31.500000 0.000000 0.000000
30 35.250000 0.000000 0.000000
31 39.000000 0.000000 0.000000
32 42.750000 0.000000 0.000000
33 46.500000 0.000000 0.000000
34 50.250000 0.000000 0.000000
35 54.000000 0.000000 0.000000
36 58.000000 0.000000 0.000000
37 62.000000 0.000000 0.000000
38 66.000000 0.000000 0.000000
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39 70.000000 0.000000 0.000000
40 73.600000 0.000000 0.000000
41 74.000000 0.000000 0.000000
Table6 Table of Nodes After Strengthening
X(m) Y(m) Z(m)

1 24.000000 0.000000 -7.265000
2 54.000000 0.000000 -7.160000
3 24.000000 0.000000 -7.100000
4 54.000000 0.000000 -6.990000
5 24.000000 0.000000 -5.500000
6 54.000000 0.000000 - 5.390000
7 54.000000 0.000000 -1.770000
3 24.000000 0.000000 - 1.765000
9 0.400000 -1.575000 -1.695000
10 73.600000 -1.575000 - 1.695000
11 0.400000 1.575000 - 1.695000
12 73.600000 1.575000 -1.695000
13 0.400000 -1.575000 - 1.600000
14 73.600000 -1.575000 -1.600000
15 24.000000 0.000000 -1.600000
16 54.000000 0.000000 - 1.600000
17 0.400000 1.575000 -1.600000
18 73.600000 1.575000 -1.600000
19 0.000000 0.000000 0.000000
20 0.000000 0.000000 0.000000
21 0.400000 0.000000 0.000000
22 4.000000 0.000000 0.000000
23 8.000000 0.000000 0.000000
24 12.000000 0.000000 0.000000
25 16.000000 0.000000 0.000000
26 20.000000 0.000000 0.000000
27 24.000000 0.000000 0.000000
28 27.750000 0.000000 0.000000
29 31.500000 0.000000 0.000000
30 35.250000 0.000000 0.000000
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31 39.000000 0.000000 0.000000
32 42.750000 0.000000 0.000000
33 46.500000 0.000000 0.000000
34 50.250000 0.000000 0.000000
35 54.000000 0.000000 0.000000
36 58.000000 0.000000 0.000000
37 62.000000 0.000000 0.000000
38 66.000000 0.000000 0.000000
39 70.000000 0.000000 0.000000
40 73.600000 0.000000 0.000000
41 74.000000 0.000000 0.000000
42 24.000000 1.650000 -1.765000
43 24.000000 1.650000 -1.600000
44 24.000000 -1.650000 -1.765000
45 24.000000 -1.650000 -1.600000
46 54.000000 -1.650000 -1.770000
47 54.000000 -1.650000 -1.600000
48 54.000000 1.650000 -1.770000
49 54.000000 1.650000 -1.600000

5.2 Defining the Material properties
The material properties have been defined according to the Chinese standards and the actual material us
the orginal bridge.
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Figure37 Defining Material properties

Table7 Table of Material Properties Before Strengthening

U:14,0,0

Thermal
Elastic Expansio : Mass
Specificatio Modulus |Poisson| n Dencity Dencity
Number| Name | Type n DB | Dencity (kN/m2 | s Ratio | coefficie (kN/)m"3 (KN/m3
) nt l9)
(L))
1 C35 |Concrete JTGO4(RC)| C35 X |3.15E+07 0.2 |1.00E-052.50E+012.55E+0(
The steeblnd concretenaterial listed below is for the additidfaFSTpiers.
Table8 Table of Material Properties for Strengthening
Thermal
Elastic Expansi : Mass
s .. |Modulus [Poissor]  on Dencity Dencity
No. |Name| Type | Specification | DB |Dencity (N/m |'s Ratio| Coefici (kl\g)m" KN/
2) ent 3/g)
/C])
1 C35 |ConcreteJTG04(RC) C35 |X 3.15E+070.2 1.00E-05|2.50E+01{2.55E+0(
2 Q235 [Steel |JTG D64-2015 (S)|Q235|X 2.06E+080.31 1.20E-05|7.85E+01{8.00E+0(
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5.3 Defining Sections
For creating the elements first, the sections are to be defined. For that the sections have been drafted t
AutoCAD and then imported to the analysis software. Then the sections have been made defined using

iSection Property Calculatoro which wil!/ be des:c

Civil 2019 - [C\Users\simem\Desktop\influence line - BIF\T
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erra o | 15 A ssmstsn - | ewwe |j
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Figure38 Defining the Sections

Only two sections ha been used for modeling the bridge, one section (sect8)rh8s been used to model
the bridge deck and the section named as AEXxi st

Z

S

A(m 2) Asy(m?) Asz(m?) z(+)(m) z(-)(m)

4.537 2.781 0.987 0.591 1.009
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Ixx(m*) lyy(m %) Izz(m*) y(+)(m) y(-)(m)
3.085 1.416 20.497 4.250 4.250
z
y
A(mMm 2) Asy(m 2) Asz(m 2) z(+)(m) z(-)(m)
2.545 2.290 2.290 0.900 0.900
Ixx(m 4) lyy(m 4) 1zz(m 4) y(+)(m) y(-)(m)
1.031 0.515 0.515 0.900 0.900

Figure39 The box girder section-3 and the existing pier section with properties

5.4 Creating Elements
The elements have been created according to the predefined sections. As there are no tapered sections u

this modeling so the only one section (set®83) which has been used to define element between two nodes.

f

}
{
CELIe]; feaafues s
B la is o i

IS

Figure40 Creating the Elements
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Table9 Table of Elements Before Strengthening

b -
Elem Mater |Prop Angl Node| Node |, .. aldle Lu [Tensio LIRS Use Sl
ent | P8 il leny| & | 1 | 2 |MNd| Gy 1n vy | O T i | SOMPIT

([de (m) ns (kN) ens (kN)

al
1 Beam |1 2 0 3 1 Lu 0 0 0 0 X 0
2 Beam |1 2 0 4 2 Lu 0 0 0 0 X 0
3 Beam |1 2 0 5 3 Lu 0 0 0 0 X 0
4 Beam |1 2 0 6 4 Lu 0 0 0 0 X 0
5 Beam |1 2 0 8 5 Lu 0 0 0 0 X 0
6 Beam |1 2 0 7 6 Lu 0 0 0 0 X 0
7 Beam |1 1 0 20 21 Lu 0 0 0 0 X 0
8 Beam |1 1 0 21 22 Lu 0 0 0 0 X 0
9 Beam |1 1 0 22 23 Lu 0 0 0 0 X 0
10 Beam |1 1 0 23 24 Lu 0 0 0 0 X 0
11 Beam |1 1 0 24 25 Lu 0 0 0 0 X 0
12 Beam |1 1 0 25 26 Lu 0 0 0 0 X 0
13 Beam |1 1 0 26 27 Lu 0 0 0 0 X 0
14 Beam |1 1 0 27 28 Lu 0 0 0 0 X 0
15 Beam |1 1 0 28 29 Lu 0 0 0 0 X 0
16 Beam |1 1 0 29 30 Lu 0 0 0 0 X 0
17 Beam |1 1 0 30 31 Lu 0 0 0 0 X 0
18 Beam |1 1 0 31 32 Lu 0 0 0 0 X 0
19 Beam |1 1 0 32 33 Lu 0 0 0 0 X 0
20 Beam (1 1 0 33 34 Lu 0 0 0 0 X 0
21 Beam |1 1 0 34 35 Lu 0 0 0 0 X 0
22 Beam |1 1 0 35 36 Lu 0 0 0 0 X 0
23 Beam (1 1 0 36 37 Lu 0 0 0 0 X 0
24 Beam |1 1 0 37 38 Lu 0 0 0 0 X 0
25 Beam (1 1 0 38 39 Lu 0 0 0 0 X 0
26 Beam |1 1 0 39 40 Lu 0 0 0 0 X 0
27 Beam |1 1 0 40 41 Lu 0 0 0 0 X 0
28 Beam |1 3 0 8 15 Lu 0 0 0 0 X 0
29 Beam |1 4 0 7 16 Lu 0 0 0 0 X 0

5.5Defining the Supports
Suppors are one of the structural components of a bridige hold the bridge deck and transfer the load.

Supports help the bridge deck for doing little movements which helps the bridge to be stable against the lat

impact of external loads.

Tablel0Table of Supports Before Strengthening

Node Dx Dy Dz Rx Ry Rz Rw

1 1 1 1 1 1 1 1

2 1 1 1 1 1 1 1

9 0 1 1 1 0 1 0

10 1 1 1 1 0 1 1

11 0 1 1 1 0 1 0

12 1 1 1 1 0 1 1

Tablel1 Table of Supports for Strengthening
Node Dx Dy Dz Rx Ry Rz Rw
1 1 1 1 1 1 1 1
2 1 1 1 1 1 1 1
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9 0 0 1 0 0 0 0
10 0 0 1 1 0 1 0
11 0 0 1 0 0 0 0
12 0 0 1 1 0 1 0
42 0 0 1 0 0 0 0
44 0 0 1 0 0 0 0
46 0 0 1 0 0 0 0
48 0 0 1 0 0 0 0

5.6 Creating the Links
Links are used for making the connection between the box girders and the supports. Two types of links h

been used onis rigid andother is elastic link.

Creating Elastic and Rigid Links Before Strengthening

Tablel2 Table of Elastic Links Before Strengthening

Shea
B SRx r
Angl| SDx |SDy| SDz |, .| SRy | SRz . |Distance| Distance
No. Nide N;de sz e | (N [(kN |(kN/m r(r‘]‘/'[\'ra (kN | (kNF ] s;%n Ratio | Ratio
(def m) | m| ) [lrad]) | rad)) SDy | SDz
d) Loca
) tion
1 26 |15 |Rigd[0 |0 0 |0 0 0 0 X 105 0.5
2 15 |8 Rigid [0 |0 0 |0 0 0 0 X 105 0.5
3 34 |16 |Rigd|0 |0 0 |0 0 0 0 X 105 0.5
4 16 |7 Rigd (0 |0 0 |0 0 0 0 X 105 0.5
5 13 19 Rigid [0 |0 0 |0 0 0 0 X 105 0.5
6 17 |11  |Rigd|0 |0 0 |0 0 0 0 X |05 0.5
7 14 |10 |Rigd(0 |0 0 |0 0 0 0 X 105 0.5
8 18 |12 |Rigd|0 |0 0 |0 0 0 0 X 105 0.5

Tablel3Table of Rigid LinksBefore Strengthening

Master Node Type Slave Nodes

20 111111 13 17
41 111111 14 18

Creating Elastic and Rigid Links for Strengthening
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Tablel14 Table of Elastic Links for Strengthening

Shar
2 SRx e
Angl| SDx | SDy| SDz .| SRy | SRz . _|Distance|Distance
No. Nolde N‘;de T3e’p e | (kN | (kN | (kN/m r(T']‘/'[\'ra kNem | (v | PP Ratio | Ratio
([de| m) | m) ) [[rad]) | rad]) g SDy SDz
) d)) Loca
g tion
1 18 |12 |Rigd[0 |0 0 |0 0 0 0 X |05 0.5
2 14 |10 |Rigd[0 |0 0 |0 0 0 0 X |05 0.5
3 35 |16 |Rigd|0 |0 0 |o 0 0 0 X |05 0.5
4 16 |7 Rigid [0 |0 0 |0 0 0 0 X |05 0.5
5 27 |15 |Rigd|0 |0 0 |0 0 0 0 X |05 0.5
6 15 |8 Rigd [0 |0 0 |0 0 0 0 X |05 0.5
7 17 |11  |Rigd[0 |0 0 |0 0 0 0 X |05 0.5
8 13 |9 Rigid [0 |0 0 |0 0 0 0 X |05 0.5
9 43 |42 |Rigd|0 |0 0 |o 0 0 0 X |05 0.5
10 (45 |44 |Rigd|o |0 0 |0 0 0 0 X |05 0.5
11 |47 |46 |Rigd|0 |0 0 |0 0 0 0 X |05 0.5
12 |49 |48 |Rigd|0 |0 0 |o 0 0 0 X |05 0.5
5.7Rigid Links
Tablel5 Table of Rigid Links for 8engthening
Master Nodes Types Slave Nodes
21 111111 1317
27 111111 43 45
35 111111 47 49
40 111111 14 18

5.8Releasing Beam End
The beam end release has been used for releasing encooftker 6 s el ement s t o el

in the pies.

Table16 Table of Beam End Releases

Unt | Type |Fag| B | Ry | Fzi | Md | Wi | Mz | Wi |[Fagj | Rg | Ry | Fj | Mg | My | Mg | W

R It N T N N O A N N IO A O A A
Value

I I T O T O I O A N O IO A O A A
Value

5.9 Defining the Lanes
Lanes are provided through the bridge modeler in the context of bridges tavleog/vehicle loads affect a

bridge superstructure. Refererices, which can be layout lines or frarabject pathways, create lanes.
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The lanes are defined due to imposinglivieload. The position of the lanes has been determined considering

the maximum effect due to thee load. After some basic calculationdvanes have been fixed with exact

location. The distance between the middle sectian bfe
t he di

has ben given in the tabié.
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5.10Defining Load
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Many kinds of loads act on a bridge such as dead load, live load, wind load, earthquakeeldaal arml

other applicable loads. Among all kind of loads the dead loadiemdoads are the main concern of this

research. The bridge having overturning tendency while vehicles moves on the bridge deck. So, in t

research only the dead load dnve load havebeen considered for evaluating the condition of the bridge as

well as to develp the strengthening scheme.
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Static Load

The dead load refers to the seiight of the bridge components which are permanently attached to the bridge
such as the girders, tiheams, the piers and so on. In addition to that the other components of a bridge whic
are replaceable such as Cross Barriers should also be defined as dead load. The dead load is a type of

Load and the load of the barrier has been defined as miéoael in this model.
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Figure44 Defining the Load of the Barrier

Live Load

Several standards can be used to defindivieeloads. In this research, the two wheels ofehiele were
spaced apart by 1.8 meters in accordance with Chinese norms. The Chinese code of-20GD®&E been
used in this study for defining vehicle type and among the two types of the vehicles in this code, the clas
heavy truck has been taken.elTlbad cases have been constructed in such a way that two vehicles will serv
as he live load on two designated lanes when the minimum loading case is only one lane loaded and 1

maximum loading case is th@ading of both lanes simultaneously.
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Figure45 Properties of the Vehicle
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Figure46 Constructing the Load Case

5.11Load Combination

In order to achieve the necessary safety and economy in the construction of a structure, a load combinatic
a cdlection of several loading circumstances functioning jointly in the structure. The structure should b
stable against different types of loads. If a bridge can bear the dead load it may collapse due to the impac
live load at a same time. So, a comlbioa of both dead load arltve load has been introducéar structural

analysis in this research.

The load combination is:
1.4xDL+1.0xLL

DL = Dead Load (including the selfeight of the bridge and the load of Cross Barrier)

LL = Live Load (ive Load)
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6. Structural Analysis Before Strengthening

The structural analysis has been conducted two times. One is before applying the strengthening scheme
other has been conducted after applying the strengthening scheme. During theasatysis the prewus
models has been modified significantly to introdtice additional supports according to the strengthening

scheme.

6.1 Beam Forces

Figure47 Bending Moment Diagram Due to Dead Load

Figure48 Bendirg Moment Diagram Due tbive Load (all)
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Figure49 Bending Moment Diagram Due to Load Combination

Figure50 Share Force Diagram for Dead Load

Figure51 Share Force Diagram DueLive Load
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Figure52 Share Force Diagram Due to the Load Combination

The bending moment diagrams and the share forces diagrams look like normal. So, no abnormal behavior
be noticed. As to the overturning possibility, it Mok calculated according to the reaction forces in the next

part.

6.2 Displacement

MIDAS/Civil
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Figure53 Displacement Due to the Load Combination

6.3 ReactionForces

The stability of a bridge depends on the reaction forces. In thiarobséhe bridge has the overturning
tendency which means the deck girder of the bridge has the tendency to tuits sweports and during this
phenomenon the supports at the left side loose connections with the deck girder as the overturningsffect y
the bridge deck girder and try to rotate the girders while vehicles move. As airethdt, particulamoment

no reactions produced from the supports at the left.f@dprces aréhe crucial factors in this research as the
calculation for finding he coefficient of the overturning stability depends on the reaction forces.The 1

verification for overturning stability has been calculated using these reactions forces.

JETIRTHE2150 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | i51


http://www.jetir.org/

© 2024 JETIR August 2024, Volume 11, Issue 8 www.jetir.org (ISSN-2349-5162)

Figure54 Reaction Forces Due to DL

Figure55 Reaction Forces Due tave Load (all)

Figure56 Reaction Forces Due to Load Combination DL 4+ 1.0xLL)

Tablel17 Table of Reaction Forces Before Strengthening
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MX | MY | MZ | Mb
Node | Load | BX (M) |FY (W) | FZ(KN) | e | v e i
1 SW 120717 0 [379629 0 [663.940 0 0
2 sw [-13227] o [347209 0 [-70.204] o0 0
9 SW 0 | o [5135t9 o | o | o 0
10 Sw |53745] 0 (39267 0 | 0 | 0 0
11 SW 0o | o [51357 0 | 0 | o0 0
12 Sw |53745] 0 (399267 0 | 0 | 0 0
1 CB  |9.02506 72.7187258.034 -399.95] 49.6378 -24.176] 0
2 CB  |-0.9948|74.2066234.176 -399.97| -5.3618| 28.8124 0
9 CB 0 |-34.038[-351.78]22.2654 0 |-527.06] 0
10 CB  [330.009-39.424|-360.71[ 225404 0 362995 0
11 CB 0 |-34.038428.739222654 0 [-527.06] 0
12 CB  |-338.94]-30.424/420534 225404 0 362999 0
1 MVC(Max) |123.328 0 1423.91| 946.438 678.305| 46.7153 0
2 MVC(Max) |204.128 0 1389.79 956.405 1100.25 0 0
9 MVC(Max) 0] 81.2225 1339.68 0 0 1119.02 0
10 MVC(Max) |13.5732 93.1972 1321.89 0] 0] 0 0
11 MVC(Max) 0] 81.2225 249.799 0 0 1119.02 0
12 MVC(Max) | 698.873 93.1972 243.76 0 0] 0 0
1 MVC(Min) |[-104.35|-188.81|-78.313 0 -573.91 0 0
2 MVC(Min) |[-194.67| -194.9 | -123.64 0] -1049.3| -56.651 0
9 MVC(Min) 0] 0 -8.041 | -48.065 0 -4E-06 0
10 MVC(Min) | -701.37 0 -17.898( -48.398 0] -75.329 0
11 MVC(Min) 0] 0 -739.93| -48.065 0 -4E-06 0
12 MVC(Min) | -63.132 0 -777.28| -48.398 0 -75.329 0
1 MVC(AIl) | 123.328| -188.81 | 1423.91| 946.438| 678.305| 46.7153| 0
2 MVC(AIl) | 204.128| -194.9 | 1389.79| 956.405| 1100.25| -56.651 | 0
9 MVC(AIl) |0 81.2225| 1339.68| -48.065| 0 1119.02| 0
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10 MVC(AIl) |-701.37|93.1972| 1321.89| -48.398 | 0 -75.29 | 0
11 MVC(AIl) |0 81.2225| -739.93| -48.065| 0 1119.02| 0
12 MVC(AIl) | 698.873| 93.1972| -777.28| -48.398 | 0 -75.329| 0
Combined Reaction Rorce
Load FX (kN) | FY (kN) | FZ (kN)
SW 2E-06 0 9094.03
CB 0 0 629
MVC(AII) N/A N/A N/A
MVC(Max) | N/A N/A N/A
MVC(Min) | N/A N/A N/A

6.4 Calculating the Impact Factor and Total Impact

When a vehicle moves on a bridgerieates some impacts oretbupport. As the vehicles moves and cleang

its position time to time so the impact changes on each support at the same time due to the location of
vehicle. For calculating the impact of the vehiolee support has to be considered for drawing tHaeente

line. And then according to this influence litlee impact on other supports at the same time has to be

calculated. This process shduie repeated for the critical suppdeg, 7L).

Table18 Finding the position for pk ahgk when the influence line is taken

on SupportdL Before Strengthening

Impact
T | Factor 4 1, SHe<f<14Hz B, w=0.176 7lnf -0.015 7
4.52| 1.2507
Positions MIN

Elements Distance Influence gk | pk -1.398386
I 0 -0.241982 1 0 -1.03682

7 0.2 -0.245249 1 0 -1.041861

7 0.4 -0.248516 1 0 -1.046903

8 0.4 -0.248516 1 0 -1.046903

8 2.2 -0.277866 1 0 -1.092171

8 4 -0.306882 1 0 -1.136771

9 4 -0.306882 1 0 -1.136771

9 6 -0.338322 1 0 -1.184727

9 8 -0.368478 1 0 -1.230114

10 8 -0.368478 1 0 -1.230114

10 10 -0.396888 1 0 -1.27201

10 12 -0.423098 1 0 -1.309505

11 12 -0.423098 1 0 -1.309505

11 14 -0.446641 1 0 -1.341664

11 16 -0.46707 1 0 -1.367598

12 16 -0.46707 1 0 -1.367598
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12 18 -0.483896 1 0 -1.38631
12 20 -0.496713 1 0 -1.397025
13 20 -0.496713 1 0 -1.397025
13 22 -0.504901 1 111 -1.398386
13 24 -0.508302 1 0 -1.390296
14 24 -0.508302 1 0 -1.390296
14 25.875 -0.505404 1 0 -1.369896
14 27.75 -0.498822 1 0 -1.342252
15 27.75 -0.498822 1 0 -1.342252
15 29.625 -0.488598 1 0 -1.307226
15 31.5 -0.475232 1 0 -1.265939
16 31.5 -0.475232 1 0 -1.265939
16 33.375 -0.459015 1 0 -1.218933
16 35.25 -0.440316 1 0 -1.166967
17 35.25 -0.440316 1 0 -1.166967
17 37.125 -0.419468 1 0 -1.110699
17 39 -0.396815 1 0 -1.050823
18 39 -0.396815 1 0 -1.050823
18 40.875 -0.3727 1 0 -0.988023
18 42.75 -0.347462 1 0 -0.922975
19 42.75 -0.347462 1 0 -0.922975
19 44.625 -0.321452 1 0 -0.85639
19 46.5 -0.294991 1 0 -0.788895
20 46.5 -0.294991 1 0 -0.788895
20 48.375 -0.268487 1 0 -0.721353
20 50.25 -0.242157 1 0 -0.654108
21 50.25 -0.242157 1 0 -0.654108
21 52.125 -0.216727 1 0 -0.588895
21 54 -0.191819 1 0 -0.52443
22 54 -0.191819 1 0 -0.52443
22 56 -0.169084 1 0 -0.464975
22 58 -0.146996 ‘> 0 -0.406519
23 58 -0.146996 1 0 -0.406519
23 60 -0.126194 1 0 -0.350866
23 62 -0.106208 1 0 -0.296795
24 62 -0.106208 1 0 -0.2%795
24 64 -0.087081 1 0 -0.244481
24 66 -0.068663 1 0 -0.193576
25 66 -0.068663 1 0 -0.193576
25 68 -0.050892 1 0 -0.143972
25 70 -0.033674 1 0 -0.095473
26 70 -0.033674 1 0 -0.095473
26 71.8 -0.018586 1 0 -0.052641
26 73.6 -0.00382 1 0 -0.010453
27 73.6 -0.00382 1 0 -0.010453
27 73.8 -0.002197 1 0 -0.0058
27 74 -0.000576 1 0 -0.001153
7 0 -0.794838 1 0 -1.03682
7 0.2 -0.796612 1 0 -1.041861
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7 0.4 -0.798387 1 0 -1.046903
8 0.4 -0.798387 1 0 -1.046903
8 2.2 -0.814305 1 0 -1.092171
8 4 -0.829889 1 0 -1.136771
9 4 -0.829889 1 0 -1.136771
9 6 -0.846405 1 0 -1.184727
9 8 -0.861636 1 0 -1.230114
10 8 -0.861636 1 0 -1.230114
10 10 -0.875122 1 0 -1.27201

10 12 -0.886407 1 0 -1.309505
11 12 -0.886407 1 0 -1.309505
11 14 -0.895023 1 0 -1.341664
11 16 -0.900528 1 0 -1.367598
12 16 -0.900528 1 0 -1.367598
12 18 -0.902414 1 0 -1.38631

12 20 -0.900312 1 0 -1.397025
13 20 -0.900312 1 0 -1.397025
13 22 -0.893485 1 111 -1.398386
13 24 -0.881994 1 0 -1.390296
14 24 -0.881994 1 0 -1.390296
14 25.875 -0.864492 1 0 -1.369896
14 27.75 -0.84343 1 0 -1.342252
15 27.75 -0.84343 1 0 -1.342252
15 29.625 -0.818628 1 0 -1.307226
15 31.5 -0.790707 1 0 -1.265939
16 31.5 -0.790707 1 0 -1.265939
16 33.375 -0.759918 1 0 -1.218933
16 35.25 -0.726651 1 0 -1.166967
17 35.25 -0.726651 1 0 -1.166967
17 37.125 -0.691231 1 0 -1.110699
17 39 -0.654008 1 0 -1.050823
18 39 -0.654008 ‘> 0 -1.050823
18 40.875 -0.615323 1 0 -0.988023
18 42.75 -0.575513 1 0 -0.922975
19 42.75 -0.575513 1 0 -0.922975
19 44.625 -0.534938 1 0 -0.85639

19 46.5 -0.493904 1 0 -0.788895
20 46.5 -0.493904 1 0 -0.788895
20 48.375 -0.452866 1 0 -0.721353
20 50.25 -0.411951 1 0 -0.654108
21 50.25 -0.411951 1 0 -0.654108
21 52.125 -0.372168 1 0 -0.588895
21 54 -0.332611 1 0 -0.52443

22 54 -0.332611 1 0 -0.52443

22 56 -0.295891 1 0 -0.464975
22 58 -0.259523 1 0 -0.406519
23 58 -0.259523 1 0 -0.406519
23 60 -0.224672 1 0 -0.350866
23 62 -0.190587 1 0 -0.296795
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24 62 -0.190587 1 0 -0.296795
24 64 -0.1574 1 0 -0.244481
24 66 -0.124913 1 0 -0.193576
25 66 -0.124913 1 0 -0.193576
25 68 -0.09308 1 0 -0.143972
25 70 -0.061799 1 0 -0.095473
26 70 -0.061799 1 0 -0.095473
26 71.8 -0.034055 1 0 -0.052641
26 73.6 -0.006633 1 0 -0.010453
27 73.6 -0.006633 1 0 -0.010453
27 73.8 -0.003603 1 0 -0.0058 Min
27 74 -0.000577 1 0 -0.001153 -0.182489
7 0 0.710159 0 0 0.867462
7 0.2 0.704322 0 0 0.85728

7 0.4 0.698484 0 0 0.847097
8 0.4 0.698484 0 0 0.847097
8 2.2 0.646001 0 0 0.75%563
8 4 0.593853 0 0 0.664699
9 4 0.593853 0 0 0.664699
9 6 0.536709 0 0 0.565336
9 8 0.48085 0 0 0.468542
10 8 0.48085 0 0 0.468542
10 10 0.426735 0 0 0.375237
10 12 0.374823 0 0 0.286337
11 12 0.374823 0 0 0.2863F
11 14 0.325571 0 0 0.202761
11 16 0.279441 0 0 0.125424
12 16 0.279441 0 0 0.125424
12 18 0.236885 0 0 0.055252
12 20 0.198374 1 0 -0.006851
13 20 0.198374 1 0 -0.006851
13 22 0.164326 ‘> 0 -0.059932
13 24 0.135278 1 0 -0.103135
14 24 0.135278 1 0 -0.103135
14 25.875 0.113025 1 0 -0.133038
14 27.75 0.094669 1 0 -0.15527
15 27.75 0.094669 1 0 -0.15527
15 29.625 0.079789 1 0 -0.170453
15 31.5 0.068087 1 0 -0.179302
16 31.5 0.068087 1 0 -0.179302
16 33.375 0.059207 1 111 -0.182489
16 35.25 0.052816 1 0 -0.180703
17 35.25 0.052816 1 0 -0.180703
17 37.125 0.048569 1 0 -0.174625
17 39 0.046128 1 0 -0.164937
18 39 0.046128 1 0 -0.164937
18 40.875 0.045149 1 0 -0.152324
18 42.75 0.045292 1 0 -0.137466
19 42.75 0.045292 1 0 -0.137466
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19 44.625 0.046218 1 0 -0.12105
19 46.5 0.04758 1 0 -0.103752
20 46.5 0.04758 1 0 -0.103752
20 48.375 0.049054 1 0 -0.08627
20 50.25 0.050267 1 0 -0.069261
21 50.25 0.050267 1 0 -0.069261
21 52.125 0.050978 1 0 -0.053486
21 54 0.050655 1 0 -0.039482
22 54 0.050655 1 0 -0.039482
22 56 0.049307 1 0 -0.028193
22 58 0.046801 1 0 -0.018926
23 58 0.046801 1 0 -0.0189%
23 60 0.043408 1 0 -0.011662
23 62 0.03911 1 0 -0.006158
24 62 0.03911 1 0 -0.006158
24 64 0.034023 1 0 -0.002272
24 66 0.028212 0 0 0.000174
25 66 0.028212 0 0 0.000174
25 68 0.021766 0 0 0.001343
25 70 0.014763 0 0 0.001401
26 70 0.014763 0 0 0.001401
26 71.8 0.008054 0 0 0.00064
26 73.6 0.001024 1 0 -0.000765
27 73.6 0.001024 1 0 -0.000765
27 73.8 0.000225 1 0 -0.000956
27 74 -0.000576 1 0 -0.001152
7 0 0.157303 0 0 0.867462
7 0.2 0.152958 0 0 0.85728

7 0.4 0.148613 0 0 0.847097
8 0.4 0.148613 0 0 0.847097
8 2.2 0.109562 0 0 0.755563
8 4 0.070846 0 0 0.664699
9 4 0.070846 0 0 0.664699
9 6 0.028627 0 0 0.565336
9 8 -0.012308 0 0 0.468542
10 8 -0.012308 0 0 0.468542
10 10 -0.051498 0 0 0.375237
10 12 -0.088486 0 0 0.286337
11 12 -0.088486 0 0 0.286337
11 14 -0.12281 0 0 0.202761
11 16 -0.154017 0 0 0.125424
12 16 -0.154017 0 0 0.125424
12 18 -0.181633 0 0 0.055252
12 20 -0.205225 1 0 -0.006851
13 20 -0.205225 1 0 -0.006851
13 22 -0.224258 1 0 -0.059932
13 24 -0.238413 1 0 -0.103135
14 24 -0.238413 1 0 -0.103135
14 25.875 -0.246063 1 0 -0.133038
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14 27.75 -0.249939 1 0 -0.15527
15 27.75 -0.249939 1 0 -0.15527
15 29.625 -0.250242 1 0 -0.170453
15 31.5 -0.247389 1 0 -0.179302
16 31.5 -0.247389 1 0 -0.179302
16 33.375 -0.241696 1 111 -0.182489
16 35.25 -0.233519 1 0 -0.180703
17 35.25 -0.233419 1 0 -0.180703
17 37.125 -0.223194 1 0 -0.174625
17 39 -0.211065 1 0 -0.164937
18 39 -0.211065 1 0 -0.164937
18 40.875 -0.197473 1 0 -0.152324
18 42.75 -0.182758 1 0 -0.137466
19 42.75 -0.182758 1 0 -0.137466
19 44.625 -0.167268 1 0 -0.12105
19 46.5 -0.151332 1 0 -0.103752
20 46.5 -0.151332 1 0 -0.103752
20 48.375 -0.135324 1 0 -0.08627
20 50.25 -0.119528 1 0 -0.069261
21 50.25 -0.119528 1 0 -0.069261
21 52.125 -0.104464 1 0 -0.053486
21 54 -0.090137 1 0 -0.039482
22 54 -0.090137 1 0 -0.039482
22 56 -0.0775 1 0 -0.028193
22 58 -0.065727 1 0 -0.018926
23 58 -0.065727 1 0 -0.018926
23 60 -0.05507 1 0 -0.011662
23 62 -0.045268 1 0 -0.006158
24 62 -0.045268 1 0 -0.006158
24 64 -0.036295 1 0 -0.002272
24 66 -0.028038 0 0 0.000174
25 66 -0.028038 0 0 0.000174
25 68 -0.020423 0 0 0.001343
25 70 -0.013362 0 0 0.001401
26 70 -0.013362 0 0 0.001401
26 71.8 -0.007414 0 0 0.00064
26 73.6 -0.001789 1 0 -0.000765
27 73.6 -0.001789 1 0 -0.000765
27 73.8 -0.001181 1 0 -0.000956
27 74 -0.000576 1 0 -0.001152

After finding the positions of placing pk and gk, the impact of these loads on the other influencevines ha

be calculated.
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Table19 Calculating Total Impact on Support 5

Total Impact 925.8978

94.294644 677.2868462

Influence on Bearing 5 |Duplicate Value Reductior] Impact

-0.024715 1 0

-0.012206 1 -0.0242429287
0.000305 1 -0.0078143900
0.000305 0 0.0000000000
0.112693 1 0.6677669122
0.223808 1 1.9885682375
0.223808 0 0.0000000000
0.344228 1 3.7298167097
0.459758 1 5.2791027632
0.459758 0 0.0000000000
0.568652 1 6.7527072271
0.669164 1 8.1277010619
0.669164 0 0.0000000000
0.759547 1 9.3811486617
0.838055 1 10.4901144208
0.838055 0 0.0000000000
0.902942 1 11.4316692995
0.952462 1 12.1828842582
0.952462 0 0.0000000000
0.984867 1 12.7208171251
0.998413 1 13.0225388604
0.998413 0 0.0000000000
0.989536 1 12.2373715062
0.964294 1 12.0273425375
0.964294 0 0.0000000000
0.924667 1 11.6280234140
0.872636 1 11.0637971700
0.872636 0 0.0000000000
0.81018 1 10.3590406840
0.73928 1 9.5381308344
0.73928 0 0.0000000000
0.661916 1 8.6254506554
0.580069 1 7.6453831814
0.580069 0 0.0000000000
0.495717 1 6.6222991350
0.410842 1 5.5805753947
0.410842 0 0.0000000000
0.327424 1 4.5446011504
0.247443 1 3.5387532807
0.247443 0 0.0000000000
0.172878 1 2.5874025082
0.105711 1 1.7149318672
0.105711 0 0.000000000
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0.04792 1 0.9457182362
0.001488 1 0.3041446493
0.001488 0 0.0000000000
-0.031571 1 -0.1975298680
-0.053088 1 -0.5558847552
-0.053088 0 0.0000000000
-0.064629 1 -0.7729489568
-0.067758 1 -0.8692745614
-0.067758 0 0.0000000000
-0.064042 1 -0.8664202240
-0.055047 1 -0.7819577318
-0.055047 0 0.0000000000
-0.042337 1 -0.6394391737
-0.027479 1 -0.4584232045
-0.027479 0 0.0000000000
-0.013564 1 -0.2425455086
-0.000318 1 -0.0820363217
-0.000318 0 0.0000000000
0.001063 1 0.0004891791
0.002419 1 0.0022863378
-0.024715 1 5.4167689272
-0.012206 1 -0.0242429287
0.000305 1 -0.0078143900
0.000305 0 0.0000000000
0.112693 1 0.6677669122
0.223808 1 1.9885682375
0.223808 0 0.0000000000
0.344228 1 3.7298167097
0.459758 1 5.2791027632
0.459758 0 0.0000000000
0.568652 1 6.7527072271
0.669164 1 8.1277010619
0.669164 0 0.0000000000
0.759547 1 9.3811486617
0.838055 1 10.4901144208
0.838055 0 0.0000000000
0.902942 1 11.4316692995
0.952462 1 12.1828842582
0.952462 0 0.0000000000
0.984867 1 127208171251
0.998413 1 13.0225388604
0.998413 0 0.0000000000
0.989536 1 12.2373715062
0.964294 1 12.0273425375
0.964294 0 0.0000000000
0.924667 1 11.6280234140
0.872636 1 11.0637971700
0.872636 0 0.0000000000
0.81018 1 10.3590406840
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0.73928 1 9.5381308344
0.73928 0 0.0000000000
0.661916 1 8.6254506554
0.580069 1 7.6453831814
0.580069 0 0.0000000000
0.495717 1 6.6222991350
0.410842 1 5.5805753947
0.410842 0 0.0000000000
0.327424 1 4.5446011504
0.247443 1 3.5387532807
0.247443 0 0.000000000
0.172878 1 2.5874025082
0.105711 1 1.7149318672
0.105711 0 0.0000000000
0.04792 1 0.9457182362
0.001488 1 0.3041446493
0.001488 0 0.0000000000
-0.031571 1 -0.1975298680
-0.053088 1 -0.5558847552
-0.053088 0 0.0000000000
-0.064629 1 -0.7729489568
-0.067758 1 -0.8692745614
-0.067758 0 0.0000000000
-0.064042 1 -0.8654202240
-0.055047 1 -0.7819577318
-0.055047 0 0.0000000000
-0.042337 1 -0.6394391737
-0.027479 1 -0.4584232045
-0.027479 0 0.0000000000
-0.013564 1 -0.2425455086
-0.000318 1 -0.0820363217
-0.000318 0 0.0000000000
0.001063 1 0.0004891791
0.002419 1 0.0022863378
-0.024715 1 -0.5876912466
-0.012206 1 0.0000000000
0.000305 1 0.0000000000
0.000305 0 0.0000000000
0.112693 1 0.0000000000
0.223808 1 0.0000000000
0.223808 0 0.0000000000
0.344228 1 0.0000000000
0.459758 1 0.0000000000
0.459758 0 0.0000000000
0.568652 1 0.0000000000
0.669164 1 0.0000000000
0.669164 0 0.0000000000
0.759547 1 0.0000000000
0.838055 1 0.0000000000
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0.838055 0 0.0000000000
0.902942 1 0.0000@0O000
0.952462 1 6.2540203138
0.952462 0 0.0000000000
0.984867 1 12.7208171251
0.998413 1 13.0225388604
0.998413 0 0.0000000000
0.989536 1 12.2373715062
0.964294 1 12.0273425375
0.964294 0 0.0000000000
0.924667 1 11.6280234140
0.872636 1 11.063791700
0.872636 0 0.0000000000
0.81018 1 10.3590406840
0.73928 1 9.5381308344
0.73928 0 0.0000000000
0.661916 1 8.6254506554
0.580069 1 7.6453831814
0.580069 0 0.0000000000
0.495717 1 6.6222991350
0.410842 1 5.5805753947
0.410842 0 0.0000000000
0.327424 1 4.5446011504
0.247443 1 3.5387532807
0.247443 0 0.0000000000
0.172878 1 2.5874025082
0.105711 1 1.7149318672
0.105711 0 0.0000000000
0.04792 1 0.9457182362
0.001488 1 0.3041446493
0.001488 0 0.0000000000
-0.031571 1 -0.1975298680
-0.053)88 1 -0.5558847552
-0.053088 0 0.0000000000
-0.064629 1 -0.7729489568
-0.067758 1 -0.8692745614
-0.067758 0 0.0000000000
-0.064042 1 -0.8654202240
-0.055047 1 -0.4205101820
-0.055047 0 0.0000000000
-0.042337 1 0.0000000000
-0.027479 1 0.000000000
-0.027479 0 0.0000000000
-0.013564 1 0.0000000000
-0.000318 1 -0.0018792357
-0.000318 0 0.0000000000
0.001063 1 0.0004891791
0.002419 1 0.0022863378
-0.024715 1 -0.5876912466
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-0.012206 1 0.0000000000
0.000305 1 0.0000000000
0.000305 0 0.000000000
0.112693 1 0.0000000000
0.223808 1 0.0000000000
0.223808 0 0.0000000000
0.344228 1 0.0000000000
0.459758 1 0.0000000000
0.459758 0 0.0000000000
0.568652 1 0.0000000000
0.669164 1 0.0000000000
0.669164 0 0.0000000000
0.759547 1 0.0000000000
0.838055 1 0.0000000000
0.838055 0 0.0000000000
0.902942 1 0.0000000000
0.952462 1 6.2540203138
0.952462 0 0.0000000000
0.984867 1 12.7208171251
0.998413 1 13.0225388604
0.998413 0 0.0000000000
0.989536 1 12.2373715062
0.964294 1 12.0273425375
0.964294 0 0.0000000000
0.924667 1 11.6280234140
0.872636 1 11.0637971700
0.872636 0 0.0000000000
0.81018 1 10.3590406840
0.73928 1 9.5381308344
0.73928 0 0.0000000000
0.661916 1 8.6254506554
0.580069 1 7.6453831814
0.580069 0 0.0000000000
0.495717 1 6.6222991350
0.410842 1 5.5805753947
0.410842 0 0.0000000000
0.327424 1 4.5446011504
0.247443 1 3.5387532807
0.247443 0 0.0000000000
0.172878 1 2.5874025082
0.105711 1 1.7149318672
0.105711 0 0.0000000000
0.04792 1 0.9457182362
0.001488 1 0.3041446493
0.001488 0 0.0000000000
-0.031571 1 -0.1975298680
-0.053088 1 -0.5558847552
-0.053088 0 0.0000000000
-0.064629 1 -0.7729489568
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-0.067758 1 -0.8692745614
-0.067758 0 0.0000000000
-0.064042 1 -0.8654202240
-0.055047 1 -0.4205101820
-0.05504 0 0.0000000000
-0.042337 1 0.0000000000
-0.027479 1 0.0000000000
-0.027479 0 0.0000000000
-0.013564 1 0.0000000000
-0.000318 1 -0.0018792357
-0.000318 0 0.0000000000
0.001063 1 0.0004891791
0.002419 1 0.0022863378

The impact on the other suppohave been calculated in the same way and all the results have been filled int

the table for calculating the coefficient.

6.5 Calculation of the Coefficient Before Strengthening

First the influence line due to thiee load has been considered at begrlL and 7L as these two bearings
will act critically when overturning phenomenon will occur. And the positions for placing gk and pk has bee
found by calculating the i mpaWWhie dglaahg the pk andmk o ke c r
influence line of bearing 4L the impact of these loads on the other influence lines of rest of the bearings he
been calculated and then the data has been filled to the calculation table for calculating the overturn

coefficient and same process has been donbearing 7L

Table20 The Calculation of Overturning Coefficient Before Strengthening
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Support Bearings

Project
] R | 5 b 1 | TR

Distance from the corresponsing bearifig, 0 15 |0 0 0 315

(m)
R(Gk)Dead Load StancerdV 0428949 1648371 3688 1774 33308109 844714 44474
Suppon Eﬁect)
Vertical | Standard Value Effects of Failg RAL -383.8529 255.0534 925.897§ 971.4666 -529.8053 -190.969
ForceinKN - Supports Corresponding to thy , , _ _ _
Vot Unfavoratle Velide Load RIL 5741583 12.0917 11018647 847.2167 -343.4267 -134 474
1.0 R(Gki)+1.4 R(Qki,AL) 405.5008 521.9119 4984.4348 4690.8641 82,7439 -222.8824
Ist . .
verificsation 1.0 R(GK)+L.4 R(QKTL) 13,0733 181.7648 5230.7885 4516.9143 3436747 -143.790
Does not meet the requirements
4w Gk lik\.m) 050269 0 0 0 140004
o howoviATh[ot Aol s34 of o o 60L55
Destabilzaon Efect A WoviASP[oth0 0 o 0 0] 4235%
ond Hwoki Ak wov]Azn0d693
verification Stab”lty Factor
hwoki tAky wov]AIn[lu428
Checking Result Does not meet the requirements

According to the calculation the evaluation of the bridge can done using two verification methods. Afte
calculatingthe overturning coefficienif the value is much less than 2.5 then the bridge or structure will be
considered having overturning instability. On the otteand,if the calculated value of overturning coefficient

is greater than or equal 0, the bridgewdt be safe.

In this case according to the table the value of overturning coefficient calculated which is very smaller th,
2.5. So, itis very easy to make the statement that the bridge is having significant amount of overturnir

instability and require immediate treatment to mitigate the risks.
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7. Structural Analysis After Strengthening

After finishing the analysis of the existing bridge another model has been designed which includes the sche
for strengthening the bridge. This second midtden analyzed and the result has been described in this
chapter. Due to apply the strengthening scheme some changes have been ddes, isupports and so on.
So, only the items which has been modified have been given in this caagtir the unchaged items such

as the data about elements can be found in the previous chapter.

7.1 Beam Forces

Figure57 Bending Moment Diagram Due to DL After Strengthening

Figure58 Bending Moment Diagram Due tdve Load After Strengthening
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Figure59 Bending Moment Diagram Due to The Load Combination After Strengthening

Figure60 Share Force Diagram Due to Dead Load After Strengthening

Figure61 Share Force Diagram Dueltove Load After Strengthening
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Figure62 Share Force Diagram Due to the Load Combination After Strengthening

The bending moment diagrams and the share force diagrams look like normal,lBmmoah behavior can
be noticed.

7.2 Displacement

Figure63 Displacement Due to the Load Combination After Strengthening

7.3 ReactionForces

These reactions forces have been considered carefully to calculate the coeffioiartuhing instability of
the bridge as like the previous calculation.
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Figure64 Reaction Forces Due to DL After Strengthening

Figure65 Reaction Forces Due tave loadAfter Strengthening

Figure66 Reaction Forces Due to the Load Combination After Strengthening

JETIRTHE2150 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | i71


http://www.jetir.org/

© 2024 JETIR August 2024, Volume 11, Issue 8 www .jetir.org (ISSN-2349-5162)

Table21 Table of Reaction Forces After Strengthening

MX MY MZ Mb

Node | Load X (KN) |FY (kN) | FZ(N) | v | ovem) | kv | kvenr2)

1 sw |67.0752 0 [174953 0 368.913 0 0
2 SW |-67.075] 0 [171.454 0 -361.54] 0 0
9 SW 0 0 |512756 0O 0 0 0
10 sSwW 0 0 |[395.856 O 0 0 0
11 SW 0 0 |[512756 0O 0 0 0
12 SW 0 0 [395.856 0O 0 0 0
42 SW 0 0 |[1809.76 0 0 0 0
44 SW 0 0 [1809.76 0 0 0 0
46 SW 0 0 |1655.44 0 0 0 0
48 SW 0 0 |1655.44 0 0 0 0
1 CB 502602] 0 [0.00015 0O 276431 0 0
2 CB 5026 0 000014 0O -27.09] 0 0
9 CB 0 0 |-92918] 0 0 0 0
10 CB 0 0 |-75.837| 5581973] 0 0 0
11 CB 0 0 |169.76 0 0 0 0
12 CB 0 0 |[135.161 5.581973] © 0 0
42 CB 0 0 |412589 0O 0 0 0
44 CB 0 0 |-15489] 0 0 0 0
46 CB 0 0 |-145.2 0 0 0 0
48 CB 0 0 [380.138 0O 0 0 0
1 | MVC(Max) |137.308] 1E-06 |0.00082] 0.000005 | 755.192 3E-06 0
2 | MVC(Max) |92.8505 1E-06 |0.00084] 0.000005 |500.464] 2E-06 0
9 |MvcMax) | 0 0 [109279 0 0 0 0
10 | MVC(Max) | O 0 |1037.41 0.2683 0 |1.1E-05 0O
11 | MVC(Max) | © 0 255677 0O 0 0 0
12 | MvCcMax) | © 0 | 251.15] 0.2683 0 |11E-05] 0O
42 |MvcMax) | 0 0 3679310 0 0 0 0
44 | MVCMax) | © 0 [144181] 0O 0 0 0
46 | MVC(Max) | © 0 [139863 0 0 0 0
48 | MVC(Max) | © 0 |[361208 0O 0 0 0
1
2 | Mvc(Min) [-137.31] -1E-06 | -8E-05 | -0.000005] -740.09] -2E-06 | 0
9 | MvCMin) | © 0 |-64.668] 0 0 0 0
10 | MvCc(Min) | © 0 |-85.416/-27.919541 0 |-1E-05] 0
11 | MVC(Min) | 0O 0 |-365.28] 0O 0 0 0
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12 MVC(Min) 0 0 -332.4 | -27.919541] 0 -1E-05 0
42 MVC(Min) 0 0 -391.33 0 0 0 0
44 MVC(Min) 0 0 -45.486 0 0 0 0
46 MVC(Min) 0 0 -67.723 0 0 0 0
48 MVC(Min) 0 0 -382.54 0 0 0 0
1 MVC(AIl) |137.308 1E-06 | 0.00082 0.000005 | 755.192 -3E-06 0
2 MVC(AIl) |-137.31| -1E-06 | 0.00084] -0.000005| -740.09| -2E-06 0
9 MVC(AII) 0 0 1092.79 0 0 0 0
10 MVC(AII) 0 0 1037.41|-27.919541] 0 -1E-05 0
11 MVC(AII) 0 0 -365.28 0 0 0 0
12 MVC(AII) 0 0 -332.4 |-27.919541 0 -1E-05 0
42 MVC(AII) 0 0 -391.33 0 0 0 0
44 MVC(AIl) 0 0 1441.81 0 0 0 0
46 MVC(AII) 0 0 1398.63 0 0 0 0
48 MVC(AII) 0 0 -382.54 0 0 0 0
1 1L|i1(;:3+ 265.711 1E-06 |244.935 -0.000006|1461.41] 3E-06 0
1.4 DL+
2 LL(all) -265.71| -1E-06 | 240.037| 0.000006 | -1432.2| 2E-06 0
1.4 DL+
9 LL(all) 0 0 1899.12 0 0 0 0
10 1.4 DL+ 0 0 1692.92( -25.688687 0 1.3E-05 0
LL(all)
1.4 DL+
11 LL(all) 0 0 1262.34 0 0 0 0
12 1.4 DL+ 0 0 | 10448|-25688681 0 |1.3E-05| O
LL(all)
1.4 DL+
42 LL(all) 0 0 3552.81 0 0 0 0
1.4 DL+
44 LL(all) 0 0 4047.27 0 0 0 0
1.4 DL+
46 LL(all) 0 0 3792.68 0 0 0 0
1.4 DL+
48 LL(all) 0 0 3283.26 0 0 0 0
Combined Reaction Rorce
Load FX (kN) | FY (kN) | FZ (kN)
SW 1E-06 0 9094.03
CB 0 0 629
MVC(all) N/A N/A N/A
MVC(Max) N/A N/A N/A
MVC(Min) N/A N/A N/A
1.4 DL+
LL(all) N/A N/A N/A

7.4 Calculating the Impact Factor and Total Impact

The previous calculation method is repeated and the value of total impact has been determined by conside

the influence lines of the critical supports (4L, 5a, 6a, 7L).

Table22 Finding the position for pk andkgvhen the influence line is taken
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on SupportdL After Strengthening

f |Facor || % 1SHasf<I4Hz B, u=0.176 Thf~0.0157
4516 | 1.2507
Positions MIN

Elements Distance | Influence gk | pk 1032908
7 0 -0.240026 1 111 -1.032908
7 0.2 -0.240008 1 0 -1.028221
7 0.4 -0.239992 1 0 -1.023537
8 0.4 -0.239992 1 0 -1.023537
8 2.2 -0.23974 1 0 -0.981168
8 4 -0.238833 1 0 -0.937489
9 4 -0.238833 1 0 -0.937489
9 6 -0.236273 1 0 -0.885858
9 8 -0.231193 1 0 -0.829179
10 8 -0.231193 1 0 -0.829179
10 10 -0.222759 1 0 -0.765829
10 12 -0.209958 1 0 -0.693698
11 12 -0.209958 1 0 -0.693698
11 14 -0.192255 1 0 -0.611979
11 16 -0.168083 1 0 -0.517044
12 16 -0.168083 1 0 -0.517044
12 18 -0.138634 1 0 -0.412856
12 20 -0.099107 1 0 -0.286819
15 27.75 0.005111 0 0 0.013978
15 29.625 0.004073 0 0 0.011139
15 31.5 0.005229 0 0 0.0143
16 31.5 0.005229 0 0 0.0143
16 33.375 0.004671 0 0 0.012774
16 35.25 0.00449 0 0 0.012279
17 35.25 0.00449 0 0 0.012279
17 37.125 0.004015 0 0 0.010979
17 39 0.003604 0 0 0.009855
18 39 0.003604 0 0 0.009855
18 40.875 0.003143 0 0 0.008595
18 42.75 0.002693 0 0 0.007364
19 42.75 0.002693 0 0 0.007364
19 44.625 0.002236 0 0 0.006115
19 46.5 0.001778 0 0 0.004863
20 46.5 0.001778 0 0 0.004863
20 48.375 0.001332 0 0 0.003643
20 50.25 0.00087 0 0 0.002379
23 58 -0.000035 1 0 -0.000096
23 60 -0.000025 1 0 -0.000069
23 62 -0.000032 1 0 -0.000088
24 62 -0.000032 1 0 -0.000088
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24 64 -0.000026 1 0 -0.000071
24 66 -0.000022 1 0 -0.000061
25 66 -0.000022 1 0 -0.000061
25 68 -0.000017 1 0 -0.000046
25 70 -0.000011 1 0 -0.00003
26 70 -0.000011 1 0 -0.00003
26 71.8 -0.000006 1 0 -0.000017
26 73.6 -0.000001 1 0 -0.000003
27 73.6 -0.000001 1 0 -0.000003
27 73.8 -0.000001 1 0 -0.000002
27 74 0 0 0 0

7 0 -0.792882 1 111 | -1.032908
7 0.2 -0.788213 1 0 -1.028221
7 0.4 -0.783545 1 0 -1.023537
8 0.4 -0.783545 1 0 -1.023537
8 2.2 -0.741428 1 0 -0.981168
8 4 -0.698656 1 0 -0.937489
9 4 -0.698656 1 0 -0.937489
9 6 -0.649585 1 0 -0.885858
9 8 -0.597986 1 0 -0.829179
10 8 -0.597986 1 0 -0.829179
10 10 -0.54307 1 0 -0.765829
10 12 -0.48374 1 0 -0.693698
11 12 -0.48374 1 0 -0.693698
11 14 -0.419724 1 0 -0.611979
11 16 -0.348961 1 0 -0.517044
12 16 -0.348961 1 0 -0.517044
12 18 -0.274182 1 0 -0.412816
12 20 -0.187712 1 0 -0.286819
15 27.75 0.008867 0 0 0.013978
15 29.625 0.007066 0 0 0.011139
15 31.5 0.009071 0 0 0.0143
16 31.5 0.009071 0 0 0.0143
16 33.375 0.008103 0 0 0.012774
16 35.25 0.007789 0 0 0.012279
17 35.25 0.007789 0 0 0.012279
17 37.125 0.006964 0 0 0.010979
17 39 0.006251 0 0 0.009855
18 39 0.006251 0 0 0.009855
18 40.875 0.005452 0 0 0.008595
18 42.75 0.004671 0 0 0.007364
19 42.75 0.004671 0 0 0.007364
19 44.625 0.003879 0 0 0.006115
19 46.5 0.003085 0 0 0.004863
20 46.5 0.003085 0 0 0.004863
20 48.375 0.002311 0 0 0.003643
20 50.25 0.001509 0 0 0.002379
23 58 -0.000061 1 0 -0.000096
23 60 -0.000044 1 0 -0.000069
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23 62 -0.000056 1 0 -0.000088
24 62 -0.000056 1 0 -0.000088
24 64 -0.000045 1 0 -0.000071
24 66 -0.000039 1 0 -0.000061
25 66 -0.000039 1 0 -0.000061
25 68 -0.000029 1 0 -0.000046
25 70 -0.000019 1 0 -0.00003
26 70 -0.000019 1 0 -0.00003
26 71.8 -0.000011 1 0 -0.000017
26 73.6 -0.000002 1 0 -0.000003
27 73.6 -0.000002 1 0 -0.000003
27 73.8 -0.000001 1 0 -0.000002
27 74 0 0 0 0 0.000008
7 0 0.712115 0 0 0.871374
7 0.2 0.704121 0 0 0.860038
7 0.4 0.696126 0 0 0.8487

8 0.4 0.696126 0 0 0.8487

8 2.2 0.624279 0 0 0.74687

8 4 0.553085 0 0 0.646347
9 4 0.553085 0 0 0.646347
9 6 0.475543 0 0 0.537773
9 8 0.400506 0 0 0.434219
10 8 0.400506 0 0 0.434219
10 10 0.328889 0 0 0.337466
10 12 0.261555 0 0 0.249328
11 12 0.261555 0 0 0.249328
11 14 0.199496 0 0 0.171524
11 16 0.143431 0 0 0.105983
12 16 0.143431 0 0 0.105983
12 18 0.094809 0 0 0.05407
12 20 0.05349 0 0 0.018376
15 27.75 -0.001356 0 0 0.001043
15 29.625 -0.001081 0 0 0.000831
15 31.5 -0.001388 0 0 0.001066
16 31.5 -0.001388 0 0 0.001066
16 33.375 -0.00124 0 0 0.000952
16 35.25 -0.001191 0 0 0.000916
17 35.25 -0.001191 0 0 0.000916
17 37.125 -0.001065 0 0 0.0008B
17 39 -0.000956 0 0 0.000735
18 39 -0.000956 0 0 0.000735
18 40.875 -0.000834 0 0 0.000641
18 42.75 -0.000715 0 0 0.000549
19 42.75 -0.000715 0 0 0.000549
19 44.625 -0.000593 0 0 0.000456
19 46.5 -0.000472 0 0 0.000363
20 46.5 -0.000472 0 0 0.000363
20 48.375 -0.000354 0 0 0.000271
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20 50.25 -0.000231 0 0 0.000177
23 58 0.000009 1 111 | -0.000008
23 60 0.000007 1 0 -0.000005
23 62 0.000009 1 0 -0.000006
24 62 0.000009 1 0 -0.000006
24 64 0.000007 1 0 -0.000005
24 66 0.000006 1 0 -0.000004
25 66 0.000006 1 0 -0.000004
25 68 0.000004 1 0 -0.000004
25 70 0.000003 1 0 -0.000002
26 70 0.000003 1 0 -0.000002
26 71.8 0.000002 1 0 -0.000001
26 73.6 0 1 0 -0.000001
27 73.6 0 1 0 -0.000001
27 73.8 0 0 0 0

27 74 0 0 0 0

7 0 0.159259 0 0 0.871374
7 0.2 0.155917 0 0 0.860038
7 0.4 0.152574 0 0 0.8487

8 0.4 0.152574 0 0 0.8487

8 2.2 0.122591 0 0 0.74687

8 4 0.093262 0 0 0.646347
9 4 0.093262 0 0 0.646347
9 6 0.06223 0 0 0.537773
9 8 0.033713 0 0 0.434219
10 8 0.033713 0 0 0.434219
10 10 0.008577 0 0 0.337466
10 12 -0.012227 0 0 0.249328
11 12 -0.012227 0 0 0.249328
11 14 -0.027972 0 0 0.171524
11 16 -0.037448 0 0 0.105983
12 16 -0.037448 0 0 0.105983
12 18 -0.040739 0 0 0.05407
12 20 -0.035114 0 0 0.018376
15 27.75 0.002399 0 0 0.001043
15 29.625 0.001912 0 0 0.000831
15 31.5 0.002454 0 0 0.001066
16 31.5 0.002454 0 0 0.001066
16 33.375 0.002192 0 0 0.000952
16 35.25 0.002107 0 0 0.000916
17 35.25 0.002107 0 0 0.000916
17 37.125 0.001884 0 0 0.000819
17 39 0.001691 0 0 0.000735
18 39 0.001691 0 0 0.000735
18 40875 0.001475 0 0 0.000641
18 42.75 0.001264 0 0 0.000549
19 42.75 0.001264 0 0 0.000549
19 44.625 0.001049 0 0 0.000456
19 46.5 0.000835 0 0 0.000363
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20 46.5 0.000835 0 0 0.000363
20 48.375 0.000625 0 0 0.000271
20 50.25 0.000408 0 0 0.000177
23 58 -0.000017 1 111 | -0.000008
23 60 -0.000012 1 0 -0.000005
23 62 -0.000015 1 0 -0.000006
24 62 -0.000015 1 0 -0.000006
24 64 -0.000012 1 0 -0.000005
24 66 -0.00001 1 0 -0.000004
25 66 -0.00001 1 0 -0.000004
25 68 -0.000008 1 0 -0.000004
25 70 -0.000005 1 0 -0.000002
26 70 -0.000005 1 0 -0.000002
26 71.8 -0.000003 1 0 -0.000001
26 73.6 -0.000001 1 0 -0.000001
27 73.6 -0.000001 1 0 -0.000001
27 73.8 0 0 0 0

27 74 0 0 0 0

The Impacts on all the supports have been calculated according to the position of gk and pk on the influe

line of support 4L.

Table23 Calculating Total Impact on Support 7L

Total Impact -3.909E+01

-2.8583280 -29.7132

Influence on Bearing 7L | Duplicate Value Reduction| Impact

0 1 0

-0.000001 1 -0.000000657
-0.000001 0 0.000000000
-0.000001 0 0.000000000
-0.000006 1 -0.000041367
-0.000011 1 -0.000100462
-0.000011 0 0.000000000
-0.000017 1 -0.000183853
-0.000022 1 -0.000256080
-0.000022 0 0.000000000
-0.000028 1 -0.000328308
-0.000033 1 -0.000400536
-0.000033 0 0.000000000
-0.000037 1 -0.000459631
-0.000043 1 -0.000525293
-0.000043 0 0.000000000
-0.000034 1 -0.000505595
-0.000045 1 -0.00058727
0.001046 1 -0.001144975
0.001602 1 0.000000000
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0.002138 1 0.000000000
0.002138 0 0.000000000
0.002688 1 0.000000000
0.003237 1 0.000000000
0.003237 0 0.000000000
0.003778 1 0.000000000
0.004332 1 0.000000000
0.004332 0 0.000000000
0.004826 1 0.000000000
0.005398 1 0.000000000
0.005398 0 0.000000000
0.005616 1 0.000000000
0.006287 1 0.000000000
0.006287 0 0.000000000
0.004897 1 0.000000000
0.006145 1 0.000000000
-0.100561 1 -2.558662004
-0.13188 1 -1.526245389
-0.149839 1 -1.84981247
-0.149839 0 0.000000000
-0.162738 1 -2.052431391
-0.171664 1 -2.195737889
-0.171664 0 0.000000000
-0.181023 1 -2.315800171
-0.193985 1 -2.462363485
-0.193985 0 0.000000000
-0.211826 1 -2.398158891
-0.238178 1 -2.659319471
-0.238178 0 0.00000000
-0.241747 1 -0.315126556
-0.245457 1 -0.158735010
0 1 0.000000000
-0.000001 1 -0.000000657
-0.000002 1 -0.000001970
-0.000002 0 0.000000000
-0.000011 1 -0.000076824
-0.00002 1 -0.000183196
-0.00002 0 0.000000000
-0.000029 1 -0.000321742
-0.000039 1 -0.000446499
-0.000039 0 0.000000000
-0.000048 1 -0.000571256
-0.000058 1 -0.000696013
-0.000058 0 0.000000000
-0.000063 1 -0.000794506
-0.000075 1 -0.000906130
-0.000075 0 0.000000000
-0.000059 1 -0.000879866
-0.000078 1 -0.000899564
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0.001814 1 -0.001984623
0.002779 1 0.000000000
0.003709 1 0.000000000
0.003709 0 0.000000000
0.004663 1 0.000000000
0.005616 1 0.000000000
0.005616 0 0.000000000
0.006555 1 0.000000000
0.007516 1 0.000000000
0.007516 0 0.000000000
0.008373 1 0.00000@O0
0.009364 1 0.000000000
0.009364 0 0.000000000
0.009742 1 0.000000000
0.010906 1 0.000000000
0.010906 0 0.000000000
0.008495 1 0.000000000
0.010661 1 0.000000000
-0.207093 1 -5.269249416
-0.294852 1 -3.295852461
-0.367314 1 -4.347889590
-0.367314 0 0.000000000
-0.436229 1 -5.276193953
-0.500839 1 -6.152940808
-0.500839 0 0.000000000
-0.56614 1 -7.005957550
-0.634989 1 -7.886808256
-0.634989 0 0.000000000
-0.703167 1 -7.907894831
-0.779849 1 -8.763951707
-0.779849 0 0.000000000
-0.78011 1 -1.030138978
-0.798314 1 -0.518077448
0 1 0.000000000
0 0 0.000000000
0 0 0.000000000
0 0 0.000000000
0.000002 1 0.000000000
0.000003 1 0.000000000
0.000003 0 0.000000000
0.000004 1 0.000000000
0.000006 1 0.000000000
0.000006 0 0.000000000
0.000007 1 0.000000000
0.000009 1 0.000000000
0.000009 0 0.000000000
0.00001 1 0.000000000
0.000011 1 0.000000000
0.000011 0 0.000000000
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0.000009 1 0.000000000
0.000012 1 0.000000000
-0.000278 1 0.000000000
-0.000425 1 0.000000000
-0.000568 1 0.000000000
-0.000568 0 0.000000000
-0.000714 1 0.000000000
-0.000859 1 0.000000000
-0.000859 0 0.000000000
-0.001003 1 0.000000000
-0.00115 1 0.000000000
-0.00115 0 0.000000000
-0.001281 1 0.000000000
-0.001433 1 0.000000000
-0.001433 0 0.00000000

-0.001491 1 0.000000000
-0.001669 1 0.000000000
-0.001669 0 0.000000000
-0.0013 1 0.000000000
-0.001631 1 0.000000000
0.08291 1 2.109552081
0.148795 1 1.521412693
0.224701 1 2.452435447
0.224701 0 0.000000000
0.308274 1 3.499600485
0.395248 1 4.619439809
0.395248 0 0.000000000
0.482236 1 5.761702578
0.565523 1 6.879755906
0.565523 0 0.000000000
0.634373 1 7.090840960
0.694699 1 7.854212512
0.694699 0 0.000000000
0.700762 1 0.456150656
0.706684 1 0.000000000
0 1 0.000000000
0 0 0.00@00000
-0.000001 1 0.000000000
-0.000001 0 0.000000000
-0.000003 1 0.000000000
-0.000005 1 0.000000000
-0.000005 0 0.000000000
-0.000008 1 0.000000000
-0.000011 1 0.000000000
-0.000011 0 0.000000000
-0.000013 1 0.000000000
-0.000016 1 0.000000000
-0.000016 0 0.000000000
-0.000017 1 0.000000000
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-0.00002 1 0.000000000
-0.00002 0 0.000000000
-0.000016 1 0.000000000
-0.000021 1 0.000000000
0.000491 1 0.000000000
0.000752 1 0.000000000
0.001003 1 0.000000000
0.001003 0 0.000000000
0.001262 1 0.000000000
0.001519 1 0.000000000
0.001519 0 0.000000000
0.001773 1 0.000000000
0.002033 1 0.000000000
0.002033 0 0.000000000
0.002265 1 0.000000000
0.002533 1 0.000000000
0.002533 0 0.000000000
0.002636 1 0.000000000
0.00295 1 0.000000000
0.00295 0 0.000000000
0.002298 1 0.000000000
0.002884 1 0.000000000
-0.023621 1 -0.601009887
-0.014177 1 -0.248187812
0.007226 1 -0.045641396
0.007226 0 0.000000000
0.034783 1 0.275837923
0.066073 1 0.662236890
0.066073 0 0.000000000
0.097118 1 1.071538633
0.124519 1 1.455304569
0.124519 0 0.000000000
0.143032 1 1.581105021
0.153028 1 1.749580276
0.153028 0 0.000000000
0.153498 1 0.100480672
0.153828 1 0.000000000

As like previous, thempacts on other supports have been calculated usingathe method and all the data

has been filled into the table for calculating the overturning coefficient after strengthening the bridge.

7.5 Calculation of the Coefficient After Strengthening
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Table24 The Calculation for OverturninStability After Strengthening

Project 4L 4R 5a 5 5h 6a 6 6h L R
Distance from the corresponsing bearing, l 0 315 0 1.65 33 0 1.65 33 0 3.19
R(Gki)(Dead Load
Standard Value 682.5167 419.8388 2222.349  175.0000 1655.0680 20355780 172.0000 1510.2370 531.0167 320.018]
Effect)
Standard Value
E”‘-‘;J;;;;:"ed R 88,1417 -203.0346 620047 0.00003496 3787840  7.64490.00005552 398.4079 -39.0859 368.341]
Corresponding to
the Most R (5a) 235.8111 -536.9228 -173.4738 0.00004973 743.0780 -117.86490.00003877 4252406 -0.8889 47.0644
Unfavorable Vehicl R (68) 485043 524614 1149897 0.0000339] 435.1580 -178.60140.00005453 666.7628 117439 -667.2744
Loads R(1L) -387.126969 410.79322 34.594901 5.07176E-0p 502.72095 -61.249111 3.976E-0p 306.96597 206.49349 -606.880:
LOR?(giiklll)lf)lA 279.1184 1355904 21355424  175.0000 2185.3669 2046.2809 172.0001 2068.0080 476.296% 835.695
10R(GK)+L4 . )
RIOK5a) 1012.6523 -331.8531 1979.485 175.0001 2695.3773 1870.5671 172.0001 21055739 529.7722 385.9084
Lt Verification TR (Gi(i)+ T
'R(Qki 6a). 7504221 493.2853 2061.3634  175.0000 2264.289] 17855357 172.0001 2443.7049 547.4582 -642.1664
10 R(GK)+L4
RIOKTL 1405389 994.9493 2270.781 175.0001 2358.8773 1949.8292 172.0001 1939.9894 820.1076¢ -529.6144
Hw Gki- li(kN.m) 0] 1322.4921 0 288.79 5461.7244 0 283.8 4983.782 0 1008.051
K owov]AZjn[utA 0f 63955886 0 5.7682E-0p 1249.990 0 9.16E-05 1314.746 0| 1160.274
Howov{AZpltofA 0 1691.306] 0| 8.20589E-0p 2452.1579 0] 6.398E-05 1403.294 0| 148.2532
H wov]AZichotA 165.2546( 0| 5.60569E-0p 1436.0211 0/ 8.998E-05 2200.317 0| 2164.915
HowovlAZp[ofA | 1293998 0 8.3684E-0p 1658.979 0 6.56E-0% 1012.987] 0 1911.673
wwoki tAky wdviAzn]t3.0584
2nd Verification
HwGki tAky wdvlAiZplolt23439
HwGki tAky wdvlAZcloltA2373
WwGki tAky wdvlAzr]oltA3439

First the influence line due to thiee loadhas been considered at bearing 4L, 7L and the two newly defined
bearings no. 5a and 6a as these four bearings will act critically when overturniogngimem will occur. And
the positions for placing gk and pk has been ca
the loads pk and gk on the influence line of bearing 4L the impact of these loads on the other influence lir
of rest of thebearings have been calculated and then the data hadilkeskrio the calculation table for

calculatirg the overturning coefficient and same process has been done for bearing 5a, 6a and 7L respectiv

After evaluating the calculate@sults,the previais result can be compared to the new calculation which is
calculated after applying thecheme. According to the outcomes it can easily be understand that afte
applying a strengthening scheme the value of the overturning coefficient has been comersio these
standard value as the coefficient values fofedént bearings are near 2.5. For getting the precise result to
clearly state that the bridge is safe some counter measures can be implementedeamddification in the
strengthening scheme canm@o Some effective modificatistmavebeen described in the next which will help

to reduce the calculation difference.
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7.6 Suggestions for Getting safest value of overturning coefficient

After applying the selected strengthening scheme, the significdittren in the overturning coefficient has
been achievedihe value of the coefficient on the critical supports were very near to the standard value whic
is 2.5. But to make the structure safest some counter measures can be taken to reduce this calcul:
difference.

If the distance between the two additional piers is increased by moving the additional piers outward, the va
of the coefficient can be increased to 2.5 or more than Batmaking the connection between the additional
piers and the bogirders composite schemes can be used such as a coamokgcheme 2 and scheme 3 can

be chosen where the steel stringer will connect the additional piers with the girder and the existing pier.

Table25 Suggestion Scheme for i@asing the Overturning Coefficient

Project 4L &R ha 5 5h fa 6 tb L R
Distance from the corresponsing bearing, 0 3.15 0 31 6.2 0 31 6.2 0 315
R(Gki)(Dead Load Standard Value Effec{ ~ 682.5167 419.8388 2222.349  175.0000 1655.0680 2035.5780 172.0000 1510.2370 531.0167 320.018
Standard Value
E“escutspsx:"ed R 2881417 -203.0346 620047 000003496 3787849  7.64490.00005550 398.4079 -39.085 368.3414
Corresponding to
the Most R (%) 2358111 -536.9226 -173.4738 0.00004978 743.0780 -117.86490.00003877 4252406 -0.8889 47.0641
Unfavorable Vehic R (63) 485043 52.4618 -114.9897 0.00003397 435.1580 -178.60160.00005458 666.7624 11.7439 -687.274
Loads R(1L) -387.126969 410.79322 34594901 5.07176E-0p 502.7209% -61.24911] 3.976E-05 306.9659] 206.49349 -606.880
l'OR?éEkESM 219.1184 1355904 21355424  175.0000 2185.3669 2046.2809 172.0001 2068.008) 476.2963 835.695
LOR(Gki)+1.4 ] !
QK54 1012.6523 -331.8531 1979.4857  175.0001 2695.3773 1870.567] 172.0001 21055739 529.7727 385.9084
1st Verification TOR, Gi(i)+ T
.R(Qki 6a). 7504221 493.2853 2061.3634  175.0000 2264.2891 1785.535] 172.0001 2443.7049 547.4587 -642.1664
LOR(Gki)+1.4
RO 1405389 994.9493 2270.7819  175.0001 2358.8773 1949.8292 172.0001 1939.9894 820.107§ -529.6144
Passed
Hw Gk fi(kN.m) 0| 1322492 0 5424 10261421 0f 5337 9363469 0| 1008.051
Howov]AZn[0tA 0] 639.55880 0] 0.000108372 2348.4664 0] 0.0001721 2470.128 0] 1160.274
Howov]AZplrotA 0 16913061 0] 0.000154171 4607.083 0] 0.0001202 2636.491 0] 148.2532
Howov]AZlehoth | 1652546 0| 0.000105319 2697.979 0| 0.000169] 4133.929 0] 2164915
Howov]AZr[0tA | 12939980 0] 0.000157224 3116.8699 0] 0.0001233 1903.189 0] 1911.673
Hwek fAky wdviAzn] ot3.4798
2nd Verification
Hwek EAky wdvlAZploltAh356
Passed
Hwoki fAky wdvlAZcloffAh137
Hwek fAky wdvlAZt]oftAh356
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8. Construction Organization Design

In this chapter the process of construction will be discussed anmbtis¢ruction steps for constructing the
additional CFST piers will be listed incanstruction flow chart. Then the estimation of required construction

materials has been added in the last part.

8.1 Initial Survey

Before manufacturing the steel tubes for additional CFST piers, the precise survey data is required. First
location of he Additional piers will be marked and then the exact haightiired for the additional piers
should be determined by leveling. Any obstacles on the pile caps should be identified and categorized as
additional piers will be constructed directly on thie caps. If needed, excavation should be done for

exposing the pile caps. The survey about the available space for placingaas&gquipment is necessary.

8.2 Fabrication of Steel Tube

Steel plates will be used for manufacturing the steel tubelokbr spirally and straight seam welded steel
tubes. And in ase of seamless steel tubes, a solid round billet of steel should be used for manufacturing
steel tubes. Joints assembly should be taken place in the factory or in the workshop. Beforgitisldin

important to remove the rusting on theer surface of the steel tubes

8.3 Casting of The Concrete

The inner concrete must have satisfactory strength, durability, workability, rigidity and no segregation ¢
corrosion. Prior to construction thermyete mix proportion design should be tested. The inneacdf the

steel tubes must be cleaned for casting the concrete into the steel tubes.

After casting the concrete, the quality of the concrete filling must be checked. For checking there are seve
methods, but the most common methotiasmmering. Use a hammer for striking on the outer surface of the
steel tubes which will create noises. According to different types of noises the flaw of the concrete can
located. In case of abnormality, thera#onic equipment can also be used to address the noises mor
precisely. For curing the flaw, a hole in the tube should be made and the highhstemgnt should be
introduced. After the process seal the hole and thus the flaw will be mitigated.
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8.4 Construction Flow Chart

Initial Survey

4

Mark the exact location
for installing the piers

!

Detect any obstacles
for construction work

During Steel Manufacturing

v

Determine the steel tubes manufacturing process

|
I |

Welded steel tubes
with straight seam

Seamless steel tubes \EL

Manufacture the bolts and other steel plates

&

Fabricate the steel tubes and the steel plates

4

Apply Hot-Dip Galvanization
on outer surface of the tubes.
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During Construction

J

Expose and prepare the top surface of the pile cap

d

Set the lower nuts and washers to correct level
before installing the piers

J

Install the piers and the upper nuts of bolt 8

==

Check the level of the piers

-

‘ Attach hose adapter to the piers with bolts‘

&=

‘ Attach concrete hose to the hose ad apter|

d

|Pump until concrete reaches on top of the piers‘

After Construction

4

Close the casting hole by sliding
the hose adapter to the side

d

Check for any construction flaw

4

When the concrete get hardened enough,
remove the hose adapter

&

Install the steel covers by bolts

L

Install the steel connection between the
steel covers by welding

Figure67 Construction Flow Chart
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8.5 The Estimation of Materials

(|

Figure68 The Diagram of a Bolt
Table26 Types of Bolts

Model| Hose S Depth of theg Total [DiametenqUltimate| Ultimate
No. | Model Head (K) | Length (L)] (d) [Pull (KN|Share (KN

Bolt1| M8 | RM-8 [20mm| 10 mm 50 mm | 10 mm| 28.3 11.4

Bolt No.

Bolt2 | M8 | RM-8 [20mm| 10 mm 60 mm | 10 mm| 28.3 11.4

Bolt3 | M30 | RM-30{40 mm| 10 mm 80 mm | 30 mm| 231.2| 175

Bolt4 | M14 | RM-20{20mm| 10mm | 150 mm| 16 mm| 66.3 | 47.2

Bolt5 | M20 | RM-20{40mm| 10mm | 260 mm|22 mm| 135.4| 76.4

Bolt6 | M14 | RM-14|{20mm| 10mm | 140 mm| 16 mm| 66.3 | 47.2

Bolt7 | M10 | RM-10{20 mm| 10.1mm | 110 mm| 12 mm| 34.5 18.1

Bolt8 | M16 | RM-16{20mm| 10mm | 330 mm| 18 mm| 90.5 49

Bolt9 | M12 | RM-12{20 mm| 10 mm 150 mm| 14 mm| 46.1 26.3

Table 27 Estimation of Steel in Bolts

Amount of Steel Bolts

CFST| Bolt Model Amount|weight of a] Weight in
Piers | Type of Bolts| single bolt (Kg)
Bolt 7| M10 160 0.12 19.2
Pier1| Bolt8| M16 56 0.68 38.08
Bolt9| M12 4 0.206 0.824
Bolt 7| M10 160 0.12 19.2
Pier2| Bolt8| M16 56 0.68 38.08
Bolt9| M12 4 0.206 0.824
Bolt 7| M10 160 0.12 19.2
Pier 3| Bolt 8| M16 56 0.68 38.08
Bolt9| M12 4 0.206 0.824
Bolt 7| M10 160 0.12 19.2
Pier4| Bolt8| M16 56 0.68 38.08
Bolt9| M12 4 0.206 0.824

Grand Total 232.416
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Table28 Estimation of Steel in Piers

Steel Calculation of the Piers

CFST| Area |Height|Volume|DensityWeight
Piers | (m3) | (m) (m3) [kg/m3| (kg)

Pier 1]0.0553] 5.46 | 0.3019| 7850 | 2369.9
Pier 2]0.0553] 5.46 | 0.3019| 7850 | 2369.9
Pier 310.0553] 5.35 | 0.2958| 7850 |2322.1

Pier 40.0553] 5.35 |0.2958| 7850 |2322.1
Total | 1.1954] Total | 9384

Table29 Estimation of Steel In Steel Plates

Calculation of Steel Plates
CFST| No. of [ Length] Width [ Height|Volume|Density| Weight

Piers | Plates| (m) (m) (m) (m3) |(kg/m3| (kg)
Pier 1 2 1.8 1.5 0.02 | 0.054 | 7850 | 847.8

Pier 2 2 1.8 1.5 0.02 | 0.054 | 7850 | 847.8

Pier 3 2 1.8 1.5 0.02 | 0.054 | 7850 | 847.8

Pier 4 2 1.8 15 0.02 | 0.054 | 7850 | 847.8

Total 3391.2

Table30 Estimation of Steel in Steel Covers

Calculation of Steel Covers
. Area | Height|Volume| Density|Weight
S| No.| Location
(m2) | (m) | (m3) [(kg/m3)[ (kg)
ON CFST 1.0.028584 0.6 0.017153 7850 134.652]
1 ON Pier 5 | 0.056863 1.2] 0.068234 7850 535.649]
ON CFST 20.028584 0.6/ 0.017153 7850 134.652]
ON CFST 30.028584 0.6 0.017153 7850 134.652]
2 ON Pier 6 | 0.0568643 1.2| 0.068234 7850 535.6491
ON CFEST 40.028589 0.6 0.017153 7850 134.652]
Total | 1609.9

Table31 Estimation of Steel in Connecting Plates

Calculation of Steel Connecting Plates
No. of | Length| Width |Thicknesy Volume | Density | Weight

Plates| (m) (m) (m) (m3) | (kg/m3) (kg)
2 028 | 0.4 0.04 |0.00448| 7850 | 70.336
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Table32 Estimationof Total Steel

Total Weight of Steel
CEST | Steel| Steel |Connecting

Piers | Plates| Covers| Plates
9384.023391.20 1609.91] 70.336 |232.42
Grand Total (kg)
14687.88

Bolts

Table33 Estimation of Concrete

Calculation of Concrete
CFST| Area |Height|Volume

Piers| (m2) | (m) (m3)
Pier 110.5809 5.46 | 3.1716

Pier 21 0.5809| 5.46 | 3.1716

Pier 31 0.5809 5.35 | 3.1077

Pier 410.5809 5.35 | 3.1077

Total | 12.559

Conclusion

The reduction of a br iakigndiéast techriclrchallenge in brglge iengiseerandy, i
particdarly for bridges with single column piersThe overturningnstability of a box girder section dhe
Hainan Ring Expresswagonsising of three spans with a total length of (24m + 30m + 20m) H&m,been
analyzed. Fom the analysis repgrthe presentondition of the bridge has been evaluated according to the
Chinese standards for overturning by calculating the overturodgficient. The calculated overturning
coefficient was 0.4693 for support 4L and 1.428 for supporivhich was much less thanetlstandard value

of 2.5, and this proves the briddms theendency to turn over its supp®rThe priority of the research was to
reduce the overturning possibility by increasing the coefficient. To achieve the, target initial design
schemes wererpposed. The first scheme was to enlarge the piernrsstdll two additional supports. The
second scheme was to install dedttie plates and some steel stringers with transverse beams beneath the b
girder. And the third scheme was to install 4 addalo@FST piers with 4 additional supports. After
consideringactors such as cost, construction difficulty and so on the third sciieaiig selectedAccording

to the structural analysis of the strengthened makielcalculated coefficies are3.0584, 23439, 2.2373 and
2.3439 for support 4L, 5a, 6a and 7éspectively where 5a and 6a are additional supports on additional
CFST piers By evaluating the outcomes of tlamalysis,the increments in the value of the overturning
coefficiens arecalculated tdoe 84.6%% for critical support 4L and9.08% for critical support 7LSo, it can

be concluded that the significant reductinroverturning tendency of the bridge has been achieved using the
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applied schemeDue to lack of time and some other constraihts iodel has been simplified. Although a
significant ircrement in coefficient value can be noticiédhe calculated coeftients of support 5a, Gand7L

can be increased morthe bridge will be more stabl&o, a possible countermeasure has been pespos
which is to increase the distance between two additional CFST lpy@8<2m which has increased the value

of the coefficientby more than 2.5. Throughout this research, the mstbbdridge strengthening against
overturning instability hee beendescibed to determinewhetherit is safe or not, and if notvhat type of
measurs should be taken to make the bridge safetfaffic. The researchas been conducted understand

the importance of bridge strengthening against overturnidg@agive motivéion for further researcim this

field. In addition to this, the methods of strengthening developed and proposed in this thesis paper can

appliedto similar kinds of bridges with overturning instability.
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Appendix-A
Table34 Table of Section Properties Before Strengthening
Sh Perimeter|Perimeter
N Type |iap | Name Area| Asy | Asz | Ixx | lyy | lzz |Cyp|Cym|Czp|Czm| Qyb | Qzb ouen) | (imen
0. 6 (M'2) | (m2) |(m2)|(m4) | () () | (m) | (m) | (m) | (m) [(m"2) | (m"2) () ()
Design|{VA |, .
1 SectonLU 3 é 3 |4.538 (2.7805]0.987 |3.085 |1.4158(20.5 [4.25 {4.25]0.59 {1.009 |1.137 {10.729 {19.729 8.1307
User Existin
2 |Define [SR Pier g2.545 2.2902 (2.29 |1.031 {0.5153|0.515 0.9 0.9 |0.9 (0.9 |0.27 (0.27 |5.6549 0
d
User
3 |Define [SB |Bearing0.672 {0.5603|0.56 |0.064 |0.0377|0.038 |0.41 |0.41]0.41 [0.41 |0.0841/0.0841 (3.28 0
d
User Bearin
4 |Define |SB for 6 g0.962 0.8017{0.802 |0.129 {0.0867|0.069 [0.46 10.46|0.52 |10.52 ]0.1352(0.107 |3.93 0
d
Design|{VA |,, .
5 SectionLU 2 & 2 |5.558 (4.298910.91 |3.874 |1.6776(21.1 [4.25 [4.25]0.62 |0.981 |1.3846(5.783 [19.729 7.9766
Design|{VA |, .
6 SectionLU 1é1 (8.118 |7.0446|3.006 |4.524 {1.9079|23.28 |4.25 |4.25(0.69 [0.908 [0.4126|3.5314 |19.729 0
7 taperec?_/ﬁ 3 é2 [5.55814.2989(0.91 |3.874 |1.6776/21.1 |4.25 |4.25(0.62 [0.981 |1.3846|5.783 [19.729 7.9766
8 gapere\L/C 263 (4538 |2.7805(0.987 |3.085 |1.4158|120.5 |4.25 4.25(0.59 [1.009 |1.137 [10.720 [19.720  [8.1307
Table35 Table of Displacements Before Strengthening
DY RX RY Rz RW
Node | Load DX (m DZ (m
™ (m) M | (rad) | (rad) | (rad) | (radim)
1 SW 0 0 0 0 0 0 0
2 SW 0 0 0 0 0 0 0
3 SW -1E-06 0 -0.000008 | O 0.000007 0 0
4 SW 0 0 -0.000007 | O 0.000001 | O 0
5 SW -6.4E05 0 -0.000082 | O 0.000061 0 0
6 SW 0.000007 | O -0.000075 | O 0.000006 | O 0
7 SW 0.000045 | O -0.000222 | O 0.000297 0 0
8 SW -0.00044 0 -0.000248 | O 0.000131 (0 0
9 SW -0.00104 0 0 0 0.000683 | O 0
10 SW 0 0 0 0 -0.00029 | O 0
11 SW -0.00104 0 0 0 0.000683 | 0 0
12 SW 0 0 0 0 -0.00029 | O 0
13 SW -0.00097 0 0 0 0.000683 | 0 0
14 SW -2.8E05 0 0 0 -0.00029 | O 0
15 SW -0.00041 0 -0.000248 | O 0.000131 |0 0
16 SwW -6E-06 0 -0.000222 | O 0.000297 0 0
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17 SW -0.00097 | O 0 0 0.000683 | O 0
18 SW -2.8E05 0 0 0 -0.00029 | O 0
19 SW 0 0 0 0 0 0 0
20 SW 0.000123 | O 0.000273 | O 0.000683 | O 0
21 SW 0.000124 | O -0.000031 | O 0.000685 | 0 0
22 SW 0.000052 |0 -0.002561 | O 0.000563 | O 0
23 SW -0.00014 | O -0.004308 | O 0.000237 | O 0
24 SW -0.00036 |0 -0.00447 | O 0.000132 0 0
25 SW -0.00051 | O -0.003203 | O 0.000381 0 0
26 SW -0.00049 |0 -0.00131 | O 0.000348 0 0
27 SW -0.0002 0 -0.000248 | O 0.000131| 0 0
28 SW 0.00007 0 -0.002213 | O 0.000599 | O 0
29 SW 0.000097 | O -0.004983 | 0 0.000649 | O 0
30 SW -4.4E05 0 -0.007246 | O 0.000416| 0 0
31 SW -0.00027 | O -0.008192 | O 0.000035| 0 0
32 SW -0.00051 | O -0.007515 | O 0.000361 0 0
33 SW -0.00068 | O -0.005411 | O 0.000638 0 0
34 SW -0.00069 | O -0.002579 | O 0.000662 0 0
35 SW -0.00048 |0 -0.000222 | O 0.000297 0 0
36 SW -0.0025 0 -0.000376 | O 0.000108 | 0 0
37 SW -0.00022 | O -0.001226 | O 0.000148 | 0 0
38 SW -0.00032 |0 -0.001641 | O 0.000013 0 0
39 SW -0.00044 | O -0.001137 | O 0.000214 0 0
40 SW -0.00049 |0 -0.000025 | O 0.000293 0 0
41 SW -0.00049 |0 0.000116 | O -0.00029 | O 0
1 CB 0 0 0 0 0 0 0
2 CB 0 0 0 0 0 0 0
3 CB 0 0.0000 | -0.000001 | 0.000004| O 0 0
01
4 CB 0 0.0000| O 0.000004| 0 0 0
01
5 CB -5E-06 3.90000 -0.000006 | 0.000037 0.000005 0.000003| O
6 CB 0.000001 3.90000 -0.000005 | 0.000036| O 0.000004 0
! CB 0.000003 2'20002 -0.000016 0.000417| 0.000022 | 0.000011 0
8 CB -3.2E05 2.20002 -0.000018 0.000465 0.00001 | 0.00001 | O
9 CB -7.7E05 0 0 0 0.000051| 0 0
10 CB 0 0 0 0 0.000022 0 0
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11 |cB 77805 |0 0 0 0.000051 | 0 0
12 |cB 0 0 0 0 000022 | © 0
13 | CB 73805 |0 0 0 0000051 | 0 0
14 |cB 2E-06 0 0 0 000022 | 0 0
15 | cB 3.1E05 2.50001 0.000018 | 3 104gg| 000001 | 0.00001 | O
16 |CB 0 3'10001 -0.000016 |, 500417 0.000022 | 0.000011] ©
17 | cB 73E05 |0 0 0 0.000051 | 0 0
18 | cB 2E-06 0 0 0 £ 000022 | 0 0
19 | CB 0 0 0 0 0 0 0
20 | CB 0.000009 | 0 0.00002 |0 0.000051 | 0 0.00003
0.0000 i 0.00002
21 | cB 0.000009 | O 0.000002 | § 100015| 0:000051 | 0.000001]
0.0000 § 0.00002
22 | cB 0.000004 | o 0.000192 | ) 100715| 0:000042 | 0.000006|
0.0001 § 0.00002
23 | cB 11E05 | oF 0.000322 | ) 100500| 0000018 | 0.00001 |
0.0002 § 0.00001
24 | CB 27605 | of 0.000334 | | 00004| 0-00001 | 0.000013)
0.0003 § - 0.00001
25 | cCB 38605 | o 0.000239 | § s00seal 5.000026 | ©-000013) o
0.0004 § - 0.00001
26 | CB 36E05 | of 0.000097 | § s00421] 5.000026 | ©-000012
0.0005 i
27 | cB 15605 | of 0.000018 |  soosgg| 000001 | 0.00001 | 0.00001
0.0006 i 0.00000
28 | cCB 0.000005 | 2y 0.000165 | 3 100504] 0-000045 | 0.000007|
0.0006 § 0.00000
29 |cB 0.000007 | 07 0.000372 | ) 105,4| 0000049 | 0.000004)
0.0006 § 0.00000
30 |cCB 3E:06 | 0.000542 | ) 10053l 0000031 | 0.000001]
31 | cB 0.00002 | 200061 4000613 | ¢ 0.000003 | 0.00000
: 59 : 0.000536| %" 0.000002 &
0.0006 i ] ] -
32 |CB -3.8805 |, -0.000562 | () 500524 0.000027 | 0.000004 g.ooooo
0.0006 - - -
33 | CB 51605 | O 0.000404 | 0.0005 [ ¢ (oo ot g.ooooo
0.0005 - - -
34 | CB 52605 | oF 0.000192 | ) go0agal 000005 | & o000 2.00001
0.0004 i ] ] -
35 |CB -3.6E05 | g5 -0.000016 | , 500417| 0.000022 | 0.000011 g.ooom
36 | CB 18805 | 900031 4000027 | -0.00036| 0.000008 | 0.00001
' 94 : : ' 0.000013 o
0.0002 i ] -
37 | cB 17605 | oF 0.000091 | ) 100pgq| 0-000011 | & (0 - 8.000(1
0.0001 : - -
38 |CB 24805 | g7 -0.000123 | 1, 560207 0.000001 | 009001} 4 50002
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3
0.0000 - - - i

39 |CB SSE0S gy | 0009985 16 000111 0.000016 | 0.000006| o200
0.0000 i i i °

40 | CB STB0S g | 10000002 | 4 5656019 0.000022 | 0.000001 8'00002

41 | cB 37605 |0 0.000009 |0 000022 | © 000002

1 | MveMax) | o 0 0 0 0 0 0

> | MVC(Max) | 0 0 0 0 0 0 0

3 | MVC(Max) | 0.000001 8'20000 0 0 0.000006 | 0 0

4 | MvCMax) | 0.000002 | 0°%| 0 0 0.000011 | 0.000001] 0

5 | MVC(Max) | 0000055 | o:°°°°| 0.000002 |0 0.000052 | 0 0
0.0000

6 | MvcMax) | 0000102 | 30 0.000002 |0 0.000096 | 0.000007| 0
0.0006

7| MvC(Max) | 0.000661 | 0% 0000007 | 0.000923( 0.000284 | 0.000023 O
0.0006

8 | MVC(Max) | 0.000376 | 2 °°°|0.000005 | 0.00103 | 0.000462 | 0 0

9 | MVC(Max) | 0.000418 |0 0 0 0.000613 | 0 0

10 | MVC(Max) | 0 0 0 0 0.00017 |0 0

11 | MVC(Max) | 0.000418 | 0 0 0 0.000613 | 0 0

12 | MvCMax) | 0 0 0 0 0.00017 |0 0

13 | MVC(Max) | 0.000398 | 0 0 0 0.000613 | 0 0

14 | MVC(Max) | 0.000016 | 0 0 0 0.00017 |0 0
0.0004

15 | MVC(Max) | 0.000312 | 5 °°*| 0.000005 | 0.00103 | 0.000462 | 0 0
0.0004

16 | MVC(Max) | 0.00059 | 90991 0.000007 | 0.000923 0.000284 | 0.0023| 0
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17 | MVC(Max) | 0.000398 0 0 0.000613 | 0 0

18 | MVC(Max) | 0.000016 0 0 0.00017 |0 0

19 | MVC(Max) | 0 0 0 0 0 0

20 | MVC(Max) | 0.000311 0.000245 |0 0.000613 | 0 0.00002
21 | MVC(Max) | 0.000311 0.000003 | 0.000026| 0.000614 | 0 500001
22 | MVC(Max) | 0.000268 0.000787 | 0.000246| 0.000538 | 0 0

23 | MVC(Max) | 0.000144 0.00152 | 0.000468| 0.000312 | 0 0

24 | MVC(Max) | 0.000162 0.001957 | 0.000657| 0.000061 | 0 9:00000
25 | MVC(Max) | 0.000234 0.001944 | 0.000814) 0.000081 | 0 2-00000
26 | MVC(Max) | 0.000331 0.001324 | 0.000938| 0.00052 | 0 000000
27 | MVC(Max) | 0.000453 0.000005 | 0.00103 | 0.000462 | 0 o 00000
28 | MVC(Max) | 0.000522 0.001174 | 0.001113| 0.000578 | 0 900001
29 | MVC(Max) | 0.000484 0.001885 | 0.001169| 0.000511 | 0 000001
30 | MVC(Max) | 0.000371 0.002165 | 0.001198 0.00032 | 0.0000® g.ooom
31 | MVC(Max) | 0.000219 0.002095 | 0.001198| 0.000128 | 0.000007| o200
32 | MVC(Max) | 0.000086 0.00176 | 0.001171| 0.000112 | 0.000011 o200
33 | MVC(Max) | 0.000038 0.001431 | 0.001116| 0.00015 | 0.000015 o 7°°%
34 | MVC(Max) | 0.000034 0.000849 | 0.00103 | 0.000197 | 0.000019 %%
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35 | MVC(Max) | 0.00003 0.000007 | 0.000923 0.000284 | 0.000023 %%

36 | MVC(Max) | 0.000064 0.00109 | 0.000802| 0.000294 | 0.000026| 0.00004
0.00004

37 | MvC(Max) | 0.000166 0.001449 | 0.00065 | 0.000146 | 0.000026)

38 | MVC(Max) | 0.000238 0.001233 | 0.000464| 0.000097 | 0.000021| 0.00005
0.00005

39 | MVC(Max) | 0.000279 0.000656 | 0.000245( 0.00016 | 0.000013) o
0.00005

40 | MVC(Max) | 0.000288 0.000005 | 0.000026( 0.000171 | 0.000001] J

41 | MVC(Max) | 0.000288 0.00015 |0 0.00017 |0 500006

1 | MvCMin) | 0 0 0 0 0 0

2 | Mvcin | o 0 0 0 0 0

3 | MVC(Min) | -1E-06 -0.000003 | , 500009 0.000007 | 0.000001| ©

4 | MvCMin) | -2E-06 0.000003 | -0.00001| & (oo | 0 0

S MVC(Min) | -6.5805 -0.000029 |, 500086 0.000062 | 0.000006| ©

6 | MvC(Min) | -0.00011 0.000028 |  1o00as| 0-0001 | O 0

7 | Mveiny | -0.00069 -0.000085 | 0 000416 | 0 0

8 | MvC(Min) | -0.00044 -0.000089 | 0 0 000409 | 5.000019 ©

9 | Mvcin) | -0.00085 0 0 000215 | 0 0

10 | MVC(Min) | 0 0 0 000375 | 0 0

11 | MVC(Min) | -0.00085 0 0 000215 | 0 0

12 | MVC(Min) | 0 0 0 000375 | 0 0

13 | MVC(Min) | -0.00079 0 0 000215 | 0 0

14 | MVC(Min) | -3.6E05 0 0 000375 | 0 0

15 | MVC(Min) | -0.00038 -0.000089 | 0 0.000409 | 5.000019 ©

16 | MVC(Min) | -0.00065 -0.000085 | 0 0000416 | 0 0

17 | MVC(Min) | -0.00079 0 0 000215 | 0 0
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18 MVC(Min) | -3.6E05 0 0 0.000375 0 0

19 MVC(Min) | O 0 0 0 0 0

20 MVC(Min) | -0.00033 0 -0.000086 0.000215 0 (2).00006

21 MVC(Min) | -0.00033 260000 -0.000027 0.000215 | 0.000001 8.00005

22 MVC(Min) | -0.00033 (;.40001 -0.002278 0.000199 | 0.000012 2.00005

23 MVC(Min) | -0.00033 (;.10003 -0.004126 0.000144 | 0.000021 2.00005

24 MVC(Min) | -0.00037 280005 -0.004739 0.000112 | 0.000026 2.00004

25 MVC(Min) | -0.00044 2.0008 -0.003878 0.000329 | 0.000027 -0.00004

26 MVC(Min) | -0.00048 (ié)OlO -0.002087 0.000467 | 0.000025 g.OOOOB

27 MVC(Min) | -0.00049 8.90011 -0.000089 0.000409 | 0.000019 2.00003

28 MVC(Min) | -0.00047 8.60012 -0.002269 -0.00026 0.000014 8.00002

29 MVC(Min) | -0.00044 0.0013| -0.004508 0.000134 -0.00@1 | 0.00002
52 5

30 MVC(Min) | -0.00041 (;.50013 -0.006159 0.000074 | 0.000006 2.00002

31 MVC(Min) | -0.00038 2.70013 -0.006761 0.000131 | 0.000003 g.00001

32 MVC(Min) | -0.00036 0.0013| -0.00607 0.000334 0 0.00001
29 4

33 MVC(Min) | -0.00036 0.0012| -0.004371 0.000512 0 0.00001
61 1

34 MVC(Min) | -0.00033 0.0011| -0.002159 0.000559 0 0.00000
63 8

35 MVC(Min) | -0.00026 0.0010| -0.000085 0.000416 0 0.00000
31 7

36 MVC(Min) | -0.00023 0.0008 | -0.001453 0.000191 0 0.00000
29 5

37 MVC(Min) | -0.00031 0.0006 | -0.002462 0.000021 0 0.00000
07 2

38 MVC(Min) | -0.00047 3.20003 -0.002505 0.000143 0 0
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39| MVC(Min) |-0.0006 | 0.0001 | -0.001469 | 0 000324 | © 0
40| MVC(Min) |-0.00064 | 0.0000 -0.000026 | 0 000378 | 0 000001
41 | MvVC(Min) |-0.00064 |0 -0.00088 | 0 000375 | 0 -0.00002
1 |[mvean |o 0 0 0 0 0 0
> | mvc@l |o 0 0 0 0 0 0
0.0000 i i i
3 | MVCA) | -1E06 | oy | -0.000008 | 4 5434009| 0.000007 | 0.000001] °
0.0000 i
4 |mvc@an 2806 | 299%01.0,000008 | -0.00001| 3 ogqq | 0000001 O
0.0000 i i i
5 |MVCAI) | -6.5805 g, ") -0.000029 | 4 ho0086 0.000062 | 0.000006 ©
0.0000 i
6 | mvcn |-0.00011 | 39990000028 | 5 (o oa-l 00001 | 0.000007| 0
7 |mvc@n |-0.00069 | 299981 000085 | 0.000923 : 0.000023 0
: 02 : : 0.000416 | %
8 |mvc@l) |[-0.00044 | 299981 5000089 | 0.00103 | 0.000462 | 0
: 19 : : : 0.000019
o |mvcal |-00085 |0 0 0 0.000613 | 0 0
10 | Mvc@al |o 0 0 0 000375 | © 0
11 | Mvc(al) |-000085 |0 0 0 0.000613 | 0 0
12 | mvc@n | o 0 0 0 000375 | 0 0
13 | MvC(Al) |-000079 |0 0 0 0.000613 | 0 0
14 | MvC@All) |-36805 |0 0 0 000375 | 0 0
15 | Mvc(al) |-0.00038 | 9:9994| 4 000@9 |0.00103 | 0.000462 | : 0
: 49 ' : : 0.000019
16 | Mvcal |-000065 | 299941 5000085 | 0.000923 0.000023 0
: 45 ' : 0.000416 | %
17 | Mvceal |-000079 |0 0 0 0.000613 | 0 0
18 | MvC(Al) |-36805 |0 0 0 000375 | © 0
19 |Mvcal |o 0 0 0 0 0 0
20 | MVC(AIl) |-0.00033 |0 0.000245 | 0 0.000613 | 0 0.00006
2
21| MVC(AI) | 000033 | 00000 0000027 | 0,000026) 0.000614 | o000y 0.00005
22 | MVC(Al) |-0.00033 | 0.0001|-0.002278 | 0.000246) 0.000538 | - 0.00005
o 0.000012 |
23 | MVC(AI) |-0.00033 |7 o |-0.004126 | 0.000468| 0.000312| 7 (oo 0
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71 1
24 MVC(AIl) | -0.00037 2;30005 -0.004739 | 0.000657| | 450112 | 0.000026 g.oooo4
25 MVC(AIl) | -0.00044 2.0008 -0.003878 | 0.000814 , 550329 | 0.000027 ~0-00004
26 MVC(AIl) | -0.00048 290010 -0.002087 | 0.000938 J 130467 | 0.000025 g.ooooa
27 MVC(AI) | -0.00049 | 0.0011|-0.000089 | 0.00103 | 0.000462 | - 0.00003

99 0.000019| ,,
28 MVC(AI) | 0.000522 | 0.0012|-0.002269 | 0.001113| 0.000578 | . 0.00002

96 0.000014 o
29 MVC(AI) | 0.000484 | 0.0013|-0.004508 | 0.001169 0.000511 | -0.00001 | 0.00002

52 5
30 MVC(AIl) | -0.00041 (;.50013 -0.006159 | 0.001198 0.00032 | 1 15006 (i.ooooz

) - 0.00002
31 MVC(AI) | -0.00038 | 0.0013|-0.006761 | 0.001198 0.000007

67 0.000131 1
32 MVC(AIl) | -0.00036 | 0.0013|-0.00607 | 0.001171| . 0.000011| 8-00002

29 0.000334 5

- - 0.00002
33 MVC(AI) | -0.00036 | 0.0012|-0.004371 | 0.001116 0.000015

61 0.00512 9

- - 0.00003
34 MVC(AI) | -0.00033 | 0.0011|-0.002159 | 0.001033 0.000019

63 0.000559 4

- - 0.00003
35 MVC(AI) | -0.00026 | 0.0010 | -0.000085 | 0.000923 0.000023

31 0.000416 7
36 MVC(AI) | -0.00023 | 0.0008 | -0.001453 | 0.000802| 0.000294 | 0.000026| 0.0000!

29

- 0.00004
37 MVC(AI) | -0.00031 | 0.0006 | -0.002462 | 0.00065 | 0.000146 | 0.000026 ,

07
38 MVC(AIl) | -0.00047 g.zooos -0.002505 | 0.000464 | 155143 | 0-000021 0.00005

- - 0.00005
39 MVC(AIl) | -0.0006 0.0001 | -0.001469 | 0.000245 0.000013

- 0.000324 5

- - 0.00005
40 MVC(AIl) | -0.00064 | 0.0000 | -0.000026 | 0.000026 0.000001

17 0.000378 8

- 0.00006

41 MVC(AIl) | -0.00064 |0 0.00015 |0 0.000375 | © 5
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Table36 Table of Beam Forces Before Strengthening

E

Ie . Z? Tors | vroment- | Mom I\B/Ilc-Jme U \I\//Ivc-)me
m| Load Part Axial ey Share- | ion y ent-z nt Momen nt
e (U el fl‘:;\' (kN*m) %\I (KN*m EkN*m) (kN*m
n N) 2) )
t

1| sw 18] | 37g576| © | 12072 | 0O 64402 |0 0 0 0
1| sw M | Grep0s O | 12072 |0 663.94 |0 0 0 0
2> | sw 4] | jue107| 0 | 1323 |0 69.05 0 0 0 0
2 | sw M2 | G4rp0el O | 1328 |0 71.29 0 0 0 0
3 | sw 5] | 3egag7| O | 12072 | O 45088 |0 0 0 0
3 | sw M8 | Grgsgel O | 12072 |0 64402 |0 0 0 0
4 | sw 6] | 335048 © | 1323 | O 47.88 0 0 0 0
4 | sw M | Guer0q] 0 | 1323 |0 69.05 0 0 0 0
5 | sw 18] | jaseag| © | 12072 |0 0 0 0 0 0
5 | sw 5] | Gegagr | O | 12072 |0 45088 |0 0 0 0
6 | sw 7] | 310000/ 0 | 1323 |0 0 0 0 0 0
6 | sw 6] | 3asog O | 1323 |0 47.88 0 0 0 0
7 | sw 20] | 0 0 | 3027160 41086 |0 0 0 0
7 | sw J21] | o 0o |-98178 |0 9.08 0 0 0 0
8 | sw 21 | o 0o |-98178 |0 9.08 0 0 0 0
8 | sw 22 | o 0 |-57341 0 279026 | 0 0 0 0
9 | sw 22) |0 0 |-57341 0 279026 | 0 0 0 0
9 | sw J23] | o 0 |-119.66 | 0 417639 | 0 0 0 0
5| sw 23] |0 0 |-119.66 |0 417639 | 0 0 0 0
5 | sw J24] | 0 0 |33400 |0 374751 |0 0 0 0
1| sw I24] | 0 0 |[334.09 |0 374751 |0 0 0 0
1| sw J25] | 0 o |7s7.8s |0 150364 |0 0 0 0
2 | sw I25] | 0 0o |78784 |0 1503.64 | 0 0 0 0
> | sw J26] | 0 0 |124159]0 25552 | 0 0 0 0
é SwW I26] |0 0 |124159| 0 25552 | 0 0 0 0
2 | sw J271 | o 0 | 1695340 84291 |0 0 0 0
411 SwW 127] | -120.72( 0 | 14504 O -8570.9 | 0 0 0 0
411 SwW J(28] | 120.72| 0 | J5p5gs| O 28126 | 0 0 0 0
s | sw 28] | -12072| 0 | j55p g5 | O 28126 |0 0 0 0
s | sw J29] | -12072| 0 | -897.46 | 0 135049 | 0 0 0 0
Ll sw 29] |-12072| 0 | -897.46 | 0 135049 | 0 0 0 0
e | sw J30] | -12072| 0 | -472.07 | 0 391835 |0 0 0 0
Llsw I30] | -120.72| 0 | -472.07 | 0 391835 |0 0 0 0
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Llsw J31 | -12072| 0 | -46.68 |0 4891 0 0 0 0
s | sw 31 |-12072|0 |-4668 |0 4891 0 0 0 0
Ll sw J32) | -12072| 0 | 37871 |0 426844 | 0 0 0 0
s | sw 32] |-12072|0 |37871 |0 426844 | 0 0 0 0
o | sw J33] | -12072| 0 | 8041 |oO 2050.66 | 0 0 0 0
2 | sw 33 |-12072|0 |8041 |0 2050.66 | 0 0 0 0
> | sw J34] | 12072 0 | 1229.49| 0 17623 |0 0 0 0
2 | sw 34] |-12072| 0 | 1229.49 0 17623 |0 0 0 0
2 | sw J[35] | -120.72| 0 | 1654.88 | 0 71706 |0 0 0 0
g SW 135] | -107.49| 0 | (470500 -7155 0 0 0 0
2 | sw J36] | -107.49| 0 | Jo16 4| O 21816 |0 0 0 0
2 | sw 136] | 107.49 | 0 | 01647 | O 21816 |0 0 0 0
2 | sw J37] | -107.49| 0 | -562.72 | 0 976.78 | 0 0 0 0
2| sw 37] |-107.49| 0 | -562.72 | 0 976.78 | 0 0 0 0
2] sw J[38] | -107.49| 0 | -108.97 | 0 232015 | 0 0 0 0
2 | sw I38] |-107.49|0 |-108.97 |0 232015 | 0 0 0 0
2 | sw J[39] | -107.49| 0 | 34478 |0 184851 | 0 0 0 0
2 | sw 39] |-107.49| 0 | 34478 |0 184851 |0 0 0 0
2 | sw J[40] | -107.49| 0 | 753.16 |0 12778 |0 0 0 0
2 | sw 40] |-107.49| 0 | 753.16 |0 12778 |0 0 0 0
2 | sw J41] | -107.49| 0 | 79853 |0 4812 |0 0 0 0
2 | sw e |-142 |o |o 0 0 0 0 0 0
2 | sw Ji5) | 135 |0 |o 0 0 0 0 0 0
2 | sw M | 200 [0 |o 0 0 0 0 0 0
o | sw 6] | 2 o |o 0 0 0 0 0 0
1| cB 3] | -258.03| 72 903 | 2418 | -48.15 -387.95 | 0 0 0
1| cB o) | 25803 72 | 003 | 2418 | 4964 -399.95 | 0 0 0
2 | cB 4] | -234.18 ;‘1" 099 |-2881]5.19 -387.36 | 0 0 0
> |cB J2) | 23418 01 | 099 | -2881|5.36 -399.97 | 0 0 0
3 |cB 5] |-258.03| 72 | 903 | 2418 |-3371 2716 |0 0 0
3 |cB J3] | -258.03 ;g 9.03 | 2418 | -48.15 -387.95 | 0 0 0
4 |cB 6] |-23418| 7% | 099 |-2881|36 -268.63 | 0 0 0
4 | cB J4] | -234.18 ;‘1" 099 |-2881]5.19 -387.36 | 0 0 0
5 | cB 8] | -258.03 ;g 9.03 | 2418 |0 0 0 0 0
5 | cB Js] | -258.03| 15 | 0.03 | 248 | 3371 2716 |0 0 0
6 | cB 7 | -234.18 ;‘1" 099 |-2881|0 0 0 0 0
6 | cB J6] | -234.18 ;‘1" 099 |-2881]|36 -268.63 | 0 0 0
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7 | cB I20] | 0 0% | 7696 | 1108. | 3078 1081.36| 0 -1198.66 | 0
66
7 | cB J21] | 0 gg' 7356 | 1184. | -0.68 1054.13| 0 118482 | 0
82
8 | cs 21 | o 0% | 7356 | 1184. | -0.68 1054.13| 0 -1184.82 | 0
82
8 | cB 22 | o 08 | 4296 | 1060. | 209.06 809.05 | 0 -1060.29 | -0.01
28
9 |cB 22 | o o% | -42.96 | 1060. | 209.06 809.05 | 0 -1060.29 | -0.01
28
9 | cB J23 | o gg' 896 | -921.9] 312,91 536.75 | 0.02 021.94 | -0.04
1lce 23] | o 08 | 896 |-0219|31201 536.75 | 0.02 921.94 | -0.04
S |cs 24 | o o% | 2504 | 7835 | 28076 264.44 | 0.1 783.73 | -0.21
2
T |cs 4] | 0 on | 2504 | 7835 | 28076 264.44 | 0.1 78373 | -0.21
2
T lce J2s) | o oy 5004 | 6451 | 11261 786 | 057 646.36 | -1.22
4
2 |ce 25 | 0 oy 5004 | 6451 | 11261 786 | 057 64636 | -1.22
4
2 lce J26] | 0 on | 9304 | 5067 |-19154 | -28017 | 3.34 513.85 | -7.09
6
e 6] | 0 0% 9304 |5067 |-19154 | -28017 | 3.34 513.85 | -7.09
6
1lce 27 | o 0% |127.04 | 368.3 | 63169 | 552471048 | -400.7 | -41.32
8
5| cs 27) | 003 |46 |-131 |4537 |-642.28 |-58.3 | 1948 |-409.7 |44.08
4 8
»lce 28] | 903 |46 | -9912 | 3240 | -21081 | -510.89 | 3.34 31649 | 7.56
4 5
e 28] | 003 |46 |-9912 |3240 | 21081 | -510.89 | 3.34 31649 | 7.56
4 5
1lce J29] | -9.03 |46 | -67.25 | 1943 | 101.12 -493.48 | 0.57 193.02 | 1.3
4 2
1l I29] | 003 |46 |-6725 |194.3 | 101.12 -493.48 | 0.57 193.02 | 1.3
4 2
1l J[30] | -9.03 |46 |-3537 | -6458| 29353 -476.07 | 0.1 6437 |022
4
Ilee 30] | 903 |46 |-3537 |-64.58| 29353 -476.07 | 0.1 6437 |022
4
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Ilcs J31 | 903 |46 |35 | 6515 | 366.41 -458.66 | 0.03 65.15 0
4

e 31 |-903 |46 |35 |6515 36641 -458.66 | 0.03 65.15 0
4

1 ) 194.8

tlce Js2] [ -9.03 |46 |2838 | 319.75 44125 | 0.1 19466 | -0.22
4

é cB 32] | 903 |46 | 2838 é94'8 319.75 -441.25 | 0.1 194.66 | -0.22
4

1 ) 324.6

s |ce J33] [ 903 |46 |6025 |° 153.56 -423.85 | 0.59 32328 | -1.33
4

2 ) 324.6

> |cs 33 | 903 |46 6025 |° 153.56 -423.85 | 0.59 32328 | -1.33
4

2| cs Js4] [ -9.03 |46 |9213 | 3>*°| 13215 | -406.44 | 3.43 44659 | -7.75
4

2 | cB 34] | 903 |46 |9213 |43 | 13215 | -406.44 | 3.43 44659 | -7.75
4

2 |ce J35] | 003 |46 | 124 2840 | 537.4 -389.03 | 19.96 | 538.9 4517
4

2 : 496.5

2 |ce 135] | 803 |78 |-12017 | 53623 | -417.84| 19.96 | 538.9 42.35
85

2 |cs Jse] [ -803 |78 | 7617 | 5% | -16354 | -10245 | 3.43 642.2 7.27
85

g CcB I36] | 803 | 78. |-76.17 234'9 16354 | -102.5 | 3.43 642.2 7.27
85

2 |ce a7 | 803 |78 | 4217 | 1733|7314 212,95 | 0.59 77456 | 1.25
85

2| cs 137) | 803 |78 |-a217 | 1733 | 7314 212.95 | 0.59 77456 | 1.25
85

2| cs jse] | 803 |78 | 817 | ott® | 17383 528.35 | 0.1 911.91 | o021
85

2 |ce 18] | 803 |78 |-817 |o® 17383 528.35 | 0.1 911.91 | o021
85

2 ' 1050.

2 |cs J9) | 803 |78 | 2583 | 0°* | 13851 843.74 | 0.02 1050.11 | 0.04
85

2 ' 1050.

2 |ce 139] | 803 |78 |2583 |10°0 13851 843.74 | 0.02 1050.11 | 0.04
85
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2 | cB J40] | -803 |78 |s5643 |17 | 955 1127.6 | 0 117463 | 0.01
6 78 62
2 | ca 40] | -8.03 | 78. | 56.43 | 1174 | 955 11276 | 0 1174.63 | 0.01
7 62
85
e Ja1] | 803 |78 | 5983 | 1188 | 308 1159.14| 0 1188.46 |0
7 78 45
2 |ce e | o o |o 0 0 0 0 0 0
2 |ce Js] | o o |o 0 0 0 0 0 0
2 |ce m | o o |o 0 0 0 0 0 0
2 |ce J6] | 0 o |o 0 0 0 0 0 0
MVC(Ma
Ll 3] | 6859 |0 |13659 |0 556.7 918.04 | 0 0 0
X
MVC(Ma
Ll J1 | 6859 |0 | 13659 |0 573.91 946.44 | 0 0 0
X
MVC(Ma
2| 4 | 1091 |0 | 23063 |56.65 | 10162 926.24 | 0 0 0
X
MVC(Ma
2| J2] 1091 |0 | 23063 | 5665 | 1049.3 956.4 | 0 0 0
X
MVC(Ma
N 5] | 6859 |0 |13659 |0 38974 642.72 | 0 0 0
X
MVC(Ma
N J3 | 6859 |0 |13659 |0 556.7 918.04 | 0 0 0
X
MVC(Ma
N 6] | 1091 |0 |230.63 |56.65 | 704.72 642.33 | 0 0 0
X
MVC(Ma
N J4 | 1001 |0 | 23063 |56.65 | 1016.2 926.24 | 0 0 0
X
MVC(Ma
5 1 8] | 6859 |0 |13659 |0 0 0 0 0 0
X
MVC(Ma
5 1 Js] |e8s9 |0 |13659 |0 389.74 642.72 | 0 0 0
X
MVC(Ma
5 | 71 | 1091 |0 | 23063 |5665 0 0 0 0 0
X
MVC(Ma
5 | J6] | 10901 |0 | 23063 |56.65 | 704.72 642.33 | 0 0 0
X
MVC(Ma
7 ( I20] | 0 0 |12175 | 2749 | 433 0 0 252339 | 0
9 28
MVC(Ma 2724
N J21] | o 0 |12175 | 3% |0 0 84.8 2373.82 | 153.45
X
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MVC(Ma 2724,
M 1] | o 0o |12175 | 3% |0 0 84.8 2373.82 | 153.45
X

MVC(Ma 2503.
M 221 | o 0 |1929 |[250% 25352 0 48561 | 22658 | 831.02
X

MVC(Ma 2503.
° | 2] | o 0 |1929 |[25%% 25352 0 48561 | 22658 | 831.02
X

MVC(Ma 22609.
o | 23 | o 0 |37342 | 52%% |a0aa38 |0 537.56 | 2057.04 | 1025.96
X

1 | Mvc(ma 2269.
0|y 23] | 0 0 |37342 | 52%% |a04a38 |0 537.56 | 2057.04 | 1025.96
X

1 | Mvc(ma 2045.
o |y J24] | 0 0 |s6014 | 20 427701 |0 54164 |1819.9 | 1044.83
X

1 | Mvcva 2045.

Iy 4] | o 0 |s6014 |20 427701 |0 54164 |1819.9 | 1044.83
X

1 | MVC(Ma 1832.

Iy J2s] | o 0 | 74619 | ;5% | 34072 | 13132 | 54138 | 1509.87 | 1047.79
X

1 | MVC(Ma 1832.
2 |y I25] | 0 0 | 74619 | ;5% | 340724 | 13132 | 54138 | 1509.87 | 1047.79
X

1 | Mmvc(ma 1630.
2 |y J26] | 0 0 |o241 |30% | 169596 |[68556 | 53553 | 142262 | 1058.91
X

1 | MVC(Ma 1630.
3 | 6] | 0 0 |o241 |10% | 160506 | 68556 | 53553 | 142262 | 1058.4
1 | Mvcva 1439,
3 |y 27 | o 0 | 108582 22°% | 37783 1282.22| 489.14 | 1313.01 | 1160.29
X

MVC(Ma

1 ( I27] | 10435 | 32 | 5998 | 2602 | 30588 12358 | 489.14 | 1313.01 | 1019.85
4|y 69 39

1 | MVC(Ma 32.
4|y J[28] [ 10435 | 32 | 9265 | 1426 |1390.93 | 1149.87| 4997 | 119056 | 103559
X

1 | MVC(Ma 32.
5 | 28] | 104.35 | 50" | 9265 | 1426 | 139093 | 1149.87 499.7 | 1190.56 | 103559
X

MVC(Ma
é ( J[29] | 104.35 23' 199.71 2357' 2963.84 | 1063.93| 501.97 | 1028.28 | 1038.38
X)

MVC(Ma
: ( 29] | 10435 | 32 | 10971 | 22°7 | 296384 | 106393| 50197 | 1028.28 | 1038.38
X)

MVC(Ma

L ( J0] | 10435 | 32 | 33128 | 1098 | 408837 |978 |5027 | 86844 | 1039.61
6 | 69 46

MVC(Ma

L ( I30] | 10435 | 32 | 33108 | 109 | 408837 |978 |5027 | 86844 | 103961
7 % 69 46

MVC(Ma
. | ( JB1] | 10435 | 32 | ag0.86 | 577 | 444045 | 89226 | 5028 | 717.94 | 1030.87
X

MVC(Ma
: | ( 131] | 104.35 | 3> | 4086 | 3*"7 | 444045 | 89226 | 5028 | 717.94 | 103087
X

MVC(Ma
; | ( J[32] | 104.35 23' 641.18 g05'8 398633 | 894.26 | 502.69 | 578.05 | 1040.17
X

MVC(Ma
. | ( 132 | 10435 | 3o | 6ar18 | 39°® | 308633 | 894.26 | 50260 | 57805 | 104017
X

1 | MVC(Ma 32.
5 | 4 J(33] [ 10435 | 3 | 804.16 | 6727 | 2786.78 | 9173 |50191 |449.79 | 10419
X
2 | MVC(Ma 32.
o |5 (33] | 104.35 | 50 | 80416 | 672.7 278678 | 917.3 | 50191 | 449.79 | 10419
X
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MVC(Ma

2 | ( J34] [ 10435 | 32 | 060.99 | 0% | 132357 | 04033 | 49943 | 34207 | 105268
X
MVC(Ma

2 | ( 34] | 10435 | 32 | 960.99 | 2*®3 | 132357 | 940.33 | 499.43 | 34297 | 105268
X
MVC(Ma

2 | ( Jss] | 10435 | 32 | 1102.05 | 2> | 580.05 963.36 | 488.31 | 271.13 | 1097
X
MVC(Ma

g | ( I[35] | 147.26 13896 26.76 270'1 525.31 1017.43| 488.31 | 271.13 | 945.58
Ny .
MVC(Ma

g | ( J[36] | 147.26 13896 128.96 ‘1134'4 182247 | 358.96 | 535.63 | 182.81 | 1028.07
. .
MVC(Ma

2 | ( 136] | 147.26 | 20 | 12806 | 7o | 182247 | 358.96 | 53563 | 18281 | 102807
Ny .

2 | MVC(Ma 186

3 | 5 J037) | 147.26 | 10| 20478 | 300 | 312955 |0 540.71 | 75.08 1044.19
Ny .

2 | MVC(Ma 186

4|y 137) | 14726 | 5% | 20478 | 309 | 312955 |0 540.71 | 75.08 1044.19
Ny .
MVC(Ma

2 ( 338 | 147.26 | 180 | 49016 | 1947 | 332174 |0 537.42 | 523 1048.42
X) .39 2
MVC(Ma

2 ( 38] | 147.26 | 8% | 499.16 | 1947 | 332174 |0 537.42 | 523 1048.42

5 | 39 2

2 | MVC(Ma 186

5 | 5 J(39] | 147.26 | 10| 73394 | 9172 | 217994 | 0 4856 |0 1126.29
Ny .

2 | MVC(Ma 186

5 | 5 [39] | 147.26 | 50| 733.94 | 9172 | 217994 |0 4856 |0 1126.29
. .

2 | MvC(Ma 186

5 | J40] | 147.26 | 10 | 96365 | 866 | 16247 0 84.8 495.5 1894.69
. .

2 | MvVC(Ma 186

7 15 [40] | 147.26 | 0 | 96365 | 8.66 | 162.47 0 84.8 495.5 1894.69
y .

» | Mvc(Ma 186

715 J41) | 147.26 | 10 | 989.82 | 0 217.19 0 0 81515 | 2171.28
y .

» | MvC(Ma

2 e | o o |o 0 0 0 0 0 0
X)

5> | Mvc(Ma

2 J1s] | o o |o 0 0 0 0 0 0
X)

> | Mvc(Ma

o m | o o |o 0 0 0 0 0 0
X)

> | Mvc(Ma

Jj6] | 0 o |o 0 0 0 0 0 0
9 |y
1 [ MVCMin |y | - 188 | -118.26 | -46.72| -657.96 | 0 0 0 0
1296.11

) 81

1 [ MVEMIn | gy | - 188 | -118.26 | -4672 | -67831 | 0 0 0 0
) 1296.11| 1
MVC(Min - ) ) i

2 |) 14| 726050 184 | -218.72 | 0 10656 | 0 0 0 0
MVC(Min - ) ) i

2 || A2 | pe050| 194 | 21872 | 0 11003 |0 0 0 0

3 | MVC(Min |50 - 188 | -118.26 | -46.72| -460.63 |0 0 0 0
) 1296.11| 1

3 | MVC(Min | 55 ) - 188 | -118.26 | -46.72| -657.96 | 0 0 0 0
) 129611 o
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MVC(Min - ) ) .

4| 18] | 106050 1994 218.72 | 0 73894 |0 0 0 0
MVC(Min - 104 | - ]

4 A4 | 1rs0.50 1994 218.72 | 0 10656 |0 0 0 0
MVC(Min - )

5 18] | 1p06.11| 188 | -118.26 | -46.72| 0 0 0 0 0
) 81

5 | MVC(Min | 55 ) - 188 | -118.26 | -46.72 | -460.63 0 0 0 0
: 129611 ")
MVC(Min - 104 | -

5 ) 17 | 126050 1994 218.72 | 0 0 0 0 0 0
MVC(Min - 104 | - )

5 /) 36 | 126059 1994 218.72 | 0 73894 |0 0 0 0
MVC(Min ) - i - ) ]

7 I120] | 0 14652 101533 | © 35386 | hyg7 71| O 814.94 | -2171.29

7 | MVC(MIn | 5541 | o 162 | -990.77 | -8.24 | -257.68 | 0 -493.05 | -1894.7
) Le: 2238.05

g | MVC(MIn | 591 | o 162 | -990.77 | -8.24 | -257.68 | 0 -493.05 | -1894.7
) Le: 2238.05

g | MVEMIn | 5501 | 0 162 | -777.5 | -87.21| -391.1 ; 0 0 -1126.34
) Le: 1701.06

9 | MVE(MIn | 1521 | 0 162 | 7775 | -87.21] -391.1 ; 0 0 -1126.34
) Le: 1701.06

g | MVC(MiIn | 555 | o 162 | -561.87 | 185.1 | -823.78 -1104.4 | -0.02 -4.81 -1048.71
) 45 5

o | MVEMIn gy | o 162 | -561.87 | 185.1 | -823.78 | -1104.4 | -002 | -4.81 -1048.71
) 45 5

o | MVEMIN | 51247 | 0 162 | -373.11 | 2938 | -12565 | -511 |-012 | -703 -1046.13
) 45 4

i MVC(MIn 1o | 0 162 | -373.11 | 293.8 | -1256.5 |-511 |-0.12 | -70.3 -1046.13
) 45 4

i MVC(MIn | 525 | o 162 | -215.25 | 4132 | -1689.2 | -116.4 |-0.67 | -175.64 | -1044.12
) 45 4

% MVC(Min |55 | o 162 | -215.25 | 413.2 | -1689.2 | -116.4 | -0.67 | -175.64 | -1044.12
) 45 4

2| MVEMIn 5261 | o 162 | -91.71 | 5432 | -2136 0 3% | -292.01 | -1028.39
) 45 6

L | MVEMIn yiag) | o 162 | -91.71 | 5432 | -2136 0 395 | -292.01 | -1028.39
) 45 6

é MVC(Min | 5571 | o 162 | -20.84 | 6832 | -3256.1 | 0 2552 | -382.12 | -948.31
) 45 5

L MVC(Min | o7 | 12333 20. | : 5459 | 33346 | 0 2552 | -382.12 |-1093.4

4]y o> | 110609 | 2

o | MVEMIN ) 5i2g) | 12333 | 20. | -957.86 | 669.2 | 18207 | O 2.94 | -459.52 | -1052.09
) 47 3

é MVC(MIn | 1og] | .123.33 | 20. | -957.86 | 669.2 | -1829.7 | 0 -2.94 -459.52 | -1052.09
) 47 3

é MVC(MIn | 509] | -123.33 | 20. | -796.69 | 801.6 | -1370.1 | 0 043 | -57558 | -1041.81
) 47 4

é ;V'VC('V”” I[29] | -123.33| 20. | -796.69 | 801.6 | -1370.1 |0 043 | -57558 | -1041.81

47 4
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& | MVEMIn 1 530 | -123.33 | 20. | 63196 | 9428 | 11064 | O 007 | -71348 | -1040.16
) 47 6
L | MVCMIn 130 | -123.33 | 20. | 63196 | 942.8 | 11064 | O 007 | -71348 | -1040.16
) 47 6
L MVCMIn | g3) | -123.33 | 20. | -472.28 | 1002. | 84274 | O 002 | -863.03 | -1039.87
) 47 86
L | MVCMIn 1 yi30) | 12333 | 20. | -472.28 | 1002. | 84274 | 0O 002 | -863.03 | -1039.87
) 47 86
& | MVCIMIN | 5r32) | -123.33| 20. | -3255 | 1251 | -805.97 |0 006 | -1023.15 | -1039.59
) 47 62
o | MVEMIn 1 yi35) | 12333 | 20. | 3255 | 1251 | -805.97 | 0O 006 | -1023.15 | -1039.59
) 47 62
o | MVEMMIn | g33) | -123.33 | 20. | -198.67 | 1419. | -896.19 | O 037 | -1192.47 | -1038.29
) 47 12
(2) MVC(MIn | 133 | .123.33| 20. | -198.67 | 1419. | -896.19 | 0 -0.37 | -1192.47 | -1038.29
) 47 12
o | MVCIMIN | 51341 | -123.33 | 20. | -100.15 | 1595. | -1313 0 311 | -13634 | -1035.12
) 47 3
2 | MVCMIN | 1134) | -123.33| 20. | 10015 | 1595. | -1313 0 -311 | -13634 | -1035.12
) 47 3
2 | MVCMin | j35) | -123.33 | 20. | -96.88 | 1779. | 34002 | O -26.89 | -1490.16 | -1018.55
) 47 76
g ;V'VC(’V"“ I[35] | -26224| 0 | Jo4s 9, | 1604. | -32369 | O -26.89 | -1490.16 | -1162.09
92 56
2 ;V'VC('V“” J[36] | -262.24| 0 | -854.87 | 1807. | -2203.7 | -7964 |-436 | -1603.74 | -1058.65
81
2 ;V'VC(’V“” I[36] | -262.24| 0 | -854.87 | 1807. | -2203.7 | -79.64 | -4.36 | -1603.74 | -1058.65
81
2 ;V'VC('V”” J[37) | -262.24| 0 | -64574 | 2023. | -1605 -462.02 | -0.75 | -1791.63 | -1046.19
04
2 ;V'VC(’V“” I[37] | -262.24| 0 | -645.74 | 2023. | -1605 -462.02 | -0.75 | -1791.63 | -1046.19
04
2| MVCMIn | y3g) | 26224 | 0 | -432.36 | 2249. | 10062 | joggq5| 013 | -2028.38 | -1026.13
) 68 :
g MVC(MIn | 1381 | 26224 | 0 | -432.3 | 2249. | -1006.2 lo3s15| 013 | -2028.38 | -1026.13
) 68 :
2| MVCMIn | g30) | 262.24| 0 | 22647 | 2487. | 41084 | J..0o,| 002 | -224083 | -831.04
) 64 :
é MVC(MIn | 139 | 06224 | 0 | -226.47 | 2487. | -410.84 170334 002 | 224083 | -831.04
) 64 :
2| MVCMIn | ga0) | 26224 | 0 | 16851 | 2711 | 32146 | 5o 0| O -2353.13 | -153.45
) 47 :
2 | MVEMIN T 1ia0) | -262.24| 0 | 16851 | 2711 | 32146 | o0 0| O -2353.13 | -153.45
) 47 :
2 | MVC(Min - -
71 Jal) | 26224/ 0 | -16851 | 2736. | 51998 | D405 O -2506.79 | -0.01
g ;\/IVC(Min I[8] | -0.01 0 0 0 0 0 0 0 0
é ;V'VC(M"‘ s |00 o o 0 0 0 0 0 0
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S ;V'VC(M”‘ m [-002 |0 |o 0 0 0 0 0 0

S ;V'VC(M”‘ Ji6] | -002 [0 |o 0 0 0 0 0 0

1 [ Mve@l) (18] | Jo0611 188 | 136.50 | -46.72| -657.96 | 91804 | 0 0 0

1 [ MVCl) | I | Joe611 188 | 136.59 | -46.72| 67831 | 94644 | 0 0 0

2 | MVCAN) [ 114 | 1o60.50 104 | 23063 | 5665 | 10656 | 92624 | 0 0 0

2 | MVCA |32 | 1o6050 104 | 23063 | 5665 | 11003 | 9564 | 0 0 0

3 | MVCAN) [ 115] | Jp0611 18818 136.59 | -46.72| -460.63 | 642.72 | 0 0 0

3 [ Mve@ | I8 | aee11 18818 136.59 | -46.72| -657.96 | 918.04 | 0 0 0

a | mve@ |18 | 6050 1994 230.63 | 56.65 | -738.94 | 64233 | 0 0 0

a | v |4 | o600 1994 230.63 | 56.65 | -1065.6 | 926.24 | 0 0 0

5 [ MVCA) | 18] | ]pg611 18818 136.59 | -46.72| 0 0 0 0 0

5 [ MVCA | 5] | ]0e611 18818 136.59 | -46.72| -460.63 | 642.72 | 0 0 0

6 [Mve@) |17 | se0s50 1994 230.63 | 56.65 | 0 0 0 0 0

6 [ MvC@l) | 6] | 6050 1994 230.63 | 56.65 | -738.94 | 64233 | 0 0 0

7 | mve@n | o) | o 162 | 2149 | 35386 | : 0 252339 | -2171.29
o2 | 1015.33| 28 : 2297.71 : :
) 2724, -

7 | mve@ny | a1 | o 162 | -99077 -257.68 84.8 2373.82 | -1894.7
P 26 2238.05
) 2724, -

8 | Mvcl |11 | o 162 | -990.77 -257.68 84.8 2373.82 | -1894.7
P 26 2238.05
) 2503. -

8 | Mvcl | J22] | o 162 | -777.5 2535.2 48561 | 22658 | -1126.34
P 97 1701.06
) 2503. -

9 | Mvcl |21 | o 162 | -777.5 2535.2 48561 | 22658 | -1126.34
P 97 1701.06

9 | Mvcl |23 | o 162 | -561.87 | 5700 | 404438 | -1104.4 | 537.56 | 2057.04 | -1048.71
45

1 ) 2269.

5 | mve@n |23 |o 162 | 561.87 | 5700 | 404438 | -1104.4 | 537.56 | 2057.04 | -1048.71
45

1 ) 2045.

o | mven | a4 | o 162 | 56014 | 20%% | 427701 | 511 | 54164 | 18199 | -1046.13
45
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1 MVCAl) | 1124] | o 162 | 560.14 5845' 427701 | -511 | 54164 | 18199 | -1046.13
45
1 ) 1832.
T [ mven | a2s) | o 162 | 746.19 | 1997 | 3407.24 | 131.32 | 541.38 | 150987 | 1047.79
45
1 ) 1832.
2 | mven | izs) | o 162 | 746.19 | 1997 | 3407.24 | 131.32 | 54138 | 150987 | 1047.79
45
1 ) 1630.
2 | mvean | aze) | o 162 | 9241 | 2930 | 2136 685.56 | 535.53 | 1422.62 | 1058.91
45
1 j 1630.
L | mvcn | iize] | o 162 | 9241 | 2930 | 2136 685.56 | 535.53 | 1422.62 | 1058.91
45
1 ) 1439,
5 | Mvean |2 fo 162 | 1085.82 | 7o°0 | -32561 | 128222 480.14 | 131301 | 1160.29
45
1 32. | - 1602.
o | mvea@n |27 | 12333 35 | o 0 300% | 33346 | 12358 | 48014 | 131301 | -1093.4
o | mven | ore) | 12333 | 32 | 057.86 | 1426 | 18207 | 1149.87| 4997 | 119056 | -1052.00
LI mven |28 | -123.33| 32 | -057.86 | 1426 | 18297 | 114987|499.7 | 1190.56 | -1052.09
1 32. 1257.
s | MvCal) | J29] | -123.33 | 32 | 796.60 | 2277 | 206384 | 106393 50197 | 102828 | -104181
1 32. 1257
e | Mvcal) |29 | -123.33| 32 | -796.60 | 22°7 | 206384 | 106393 50197 | 102828 | -104181
& [ Mveean | o) | 12333 | 35 | -631.96 | ;oo | 408837 978 | 5027 | 86844 | -1040.16
Dl mveen | izo) | -12333| 35 | -631.96 | ;000 | 408837 [978 | 5027 | 86844 | -1040.16
LI mvean | a1 | 123.33| 35 | 48086 | 1002 | 444045 [ 89226 | 5028 | -863.03 | 1039.87
86
o[ Mveean |31 | -123.33| 32 | 48086 | 1002 | 444045 | 89226 | 5028 | 86303 | 1039.87
86
o[ Mvean | J[s2) | 12333 | 35 | 64118 | 1251 | 3086.33 [ 894.26 | 502.60 | -1023.15 | 1040.17
62
o [ Mveean |32 | -123.33| 32 | 64118 | 1251 | 3086.33 | 89426 | 502.60 | -1023.15 | 1040.17
62
o [ mveean | ass) | -12333| 32 | Boaas | 1419, 278678 | 9173 | 5014 | 119247 | 10419
12
2 | mvcal) |33 | -12333| 32 | 80416 | 1410. | 278678 | 917.3 | 50191 | -1192.47 | 10419
12
(23 MVC(All) | J[34] | -123.33 23' 960.99 | 1595. | 132357 | 940.33 | 499.43 | -1363.4 | 1052.68
3
| MvC(al) | 1[34] | -123.33| 32 | 960.99 | 1505. | 132357 | 940.33 | 49943 |-1363.4 | 1052.68
3
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i MVC(Al) | J[35] | -123.33 23' 1102.05 | 1779. | -3400.2 | 963.36 | 488.31 | -1490.16 | 1097
76
2 186 | - )
MVC(AIl) | I[35] | -262.24 1604. | -3236.9 | 1017.43| 48831 | -1490.16 | -1162.09
2 39 | 104692 12
g MVC(Al) | J[36] | -262.24 13896 -854.87 | 1807. | -22037 358.96 | 535.63 | -1603.74 | -1058.65
: 81
g MVC(Al) | I36] | -262.24 13896 -854.87 | 1807. | -2203.7 | 358.96 | 535.63 | -1603.74 | -1058.65
: 81
g MVC(Al) | J[37] | -262.24 13896 -645.74 | 2023. | 3129.55 | -462.02 | 540.71 | -1791.63 | -1046.19
: 04
i MVC(Al) | 1[37] | -262.24 13896 64574 | 2023. | 3129.55 | -462.02 | 540.71 | -1791.63 | -1046.19
: 04
2 186 - -
MVC(AI | J[38] | -262.24 499.16 | 2249. | 3321.74 537.42 | -2028.38 | 1048.42
4 39 o 1038.15
2 186 : -
MVC(AI) | I[38] | -262.24 499.16 | 2249. | 3321.74 537.42 | -2028.38 | 1048.42
5 39 o 1038.15
2 186 : -
MVC(AI | J[39] | -262.24 733.94 | 2487. | 2179.94 4856 | -224083 | 1126.29
5 39 o 1723.34
2 186 : -
MVC(AI) | I[39] | -262.24 733.94 | 2487. | 2179.94 4856 | -224083 | 1126.29
6 39 o 1723.34
2 186 : -
MVC(AI | J[40] | -262.24 963.65 | 2711. | -321.46 84.8 -2353.13 | 1894.69
6 39 p 2340.01
2 186 - -
MVC(Al) | I[40] | -262.24 963.65 | 2711. | -321.46 84.8 235313 | 1894.69
7 39 a 2340.01
2 | mvely | 1) | 262.24 | 188 | 9gos2 | 2736, | 51908 | : 0 -2506.79 | 2171.28
7 24| 39 82 | 2rse. : 2408.53 : :
2 [ mvcen g 001 |0 o 0 0 0 0 0 0
2 [ mven | sy | 001 |0 o 0 0 0 0 0 0
2 [mve@n [ | 002 |0 o 0 0 0 0 0 0
2 [ mven | el | 002 |0 |0 0 0 0 0 0 0
1.4DL+ . -
LI LA |18 | 7as6a| 12¢ | 34555 | 3385 | 47586 | 55852 | O 0 0
1.4DL+ . :
L LAy |90 | 7an 3| 12¢ | 34555 | 3385 | 1813 575.79 | 0 0 0
1.4DL+ . -
2 | L || sese.3a 120 | 26237 | -4034| 132337 | 56910 |0 0 0
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1.4DL+ ; -
2| LLcan N2 | 670147 19299 -282.37 | -40.34 | 1366.47 587.72 | 0 0 0
1.4DL+ ; -
3 LL(AIl) 51 | 297414 17274 34555 | 33.85 | -1231.2 391.01 | O 0 0
1.4DL+ ; -
3 | Lican I3 | 751664 17274 34555 | 33.85 | -1758.6 558.52 | 0 0 0
1.4DL+ ; -
41 LA 6] | 654383 19299 -282.37 | -40.34 | 917.74 39472 | 0 0 0
1.4DL+ ; -
4 | LLcAn 4 | 668633 19299 -282.37 | -40.34| 1323.37 569.19 | 0 0 0
1.4DL+ ; -
5 LL(AID 8] | g741.48 17274 345.55 | 33.85 |0 0 0 0 0
1.4DL+ ; -
5| LLan B | 707414 17274 34555 | 33.85 | -1231.2 391.01 | 0 0 0
1.4DL+ ; -
6 | LLeal 71| 6221 42 19299 -282.37 | -40.34| 0 0 0 0 0
1.4DL+ ; -
6 LL(AIl) J6l | 654383 19299 -282.37 | -40.34| 917.74 39472 | O 0 0
7| A | 2o | o %. | 1678. | -10429 | 15139 | 0 -2656.05 | -2605.54
LL(All " | 2764.16 : : - : _
63 12
1.4DL+ - -
7 J21] | 0 99. | -2666.4 | 1668. | -322.87 1475.78| 101.76 | -2250.42 | -2273.65
LL(AII)
63 63
1.4DL+ - -
8 I21] | O 99. | -2666.4 | 1668. | -322.87 1475.78| 101.76 | -2250.42 | -2273.65
LL(AIl)
63 63
1.4DL+ - ) -
8 J22] | 0 99. 1589. | 7241.29 1132.68| 582.74 | -1484.4 -1351.61
LL(AIl) 1795.92
63 04
1.4DL+ - ) -
° I22] | O 929. 1589. | 7241.29 1132.68| 582.74 | -1484.4 | -1351.61
LL(AIl) 1795.92
63 04
1.4DL+ - -
° J[23] | 0 99. | -854.3 | 1512. | 11138.3 | 751.45 | 645.09 | -1296.48 | -1258.5
LL(AIl)
63 84
o | LA 23] | 0 99. | -854.3 | 1512. | 11138.3 751.45 | 645.09 | -1296.48 | -1258.5
0 | LL(AI) o "
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L) 14bL+ ) g 1o 99. | 1174.95 | 1449. | 10772 37022 | 65011 | -1181.58 | -1255.64
0 | LL(AN)
63 53
1 | 1.4DL+ - :
24] | 0 99. | 1174.95 | 1449. | 10772 370.22 | 650.11 | -1181.58 | -1255.64
1| LAl
63 53
1 | 1.4DL+ - :
J2s] | o 99. | 2081.06 | 1399. | 6351.44 | -150.69 | 650.45 | -1115.67 | 1255.65
1| LAl
63 09
1 | 1.4DL+ - :
I25] | 0 99. | 2081.06 | 1399. | 6351.44 | -150.69 | 650.45 | -1115.67 | 1255.65
2 | LL(Al
63 09
1 | 1.4DL+ - :
Jp26] | 0 99. | 2977.41| 1361. | -6408.7 | 430.44 | 647.32 | -1069.8 | 1260.76
2 | LL(Al
63 37
1 | 1.4DL+ - :
I26] | 0 99. | 2977.41| 1361. | -6408.7 | 430.44 | 647.32 | -1069.8 | 1260.76
3 | LL(AN)
63 37
1 | 1.4DL+ - j
27 | o 99. | 385432 | 1335. | -16502 | -773.46 | 614.23 | -1032.12 | 13345
3 | LL(AN)
63 64
1 | 1.4DL+ 32. |- j
i | iy | 1en | s2e83] 32 | Sogg o 1290, | -16900 74334 | 61423 | -1032.12 | 128553
1 | 14D+ 32. | - 1257.
i | Limy | 281 | s20.83| 32 | s 10| 55 | 64283 | -71525| 60432 | 90451 | 1263.29
1 | 1.4DL+ 32. | - 1257.
5 | Ly | 1281 | 32983| 33 | Sia010| 55 | 64283 | -71525| 60432 | -00451 | 1263.29
é if‘(ih; J[29] | -329.63 ?g 306,61 1§37' 5588.86 | -690.87 | 60316 | 963.71 | -1248.35
1 | 1.4DL+ 32. | - 1237.
6 | Ly |29 | 329.83| 33 | Loy |45 | 5588.86 | -690.87 | 603.16 | 96371 | -1248.35
1 | 1.4DL+ 32. | - 1227.
6 | Lian | 3001 | 32963| 33 | 14 7| 75 | 108027 | -6665 | 60338 | 95202 | -1247.88
1 | 1.4DL+ 32. | - 1227.
7 | Lian | 1801 | -32963| 33 | 1476 | 75 | 108027 | -6665 | 60338 | 95202 | -1247.88
1 | 1.4DL+ 32. 1228,
7 | Liap | 36U | 2963|353 | -636.98 | ;3 | 126889 | -64213| 6034 | 95274 | 1247.85
1 | 1.4DL+ 32. 1228,
8 | Li(ap | 13U | -329.63| 37 | -636.98 | ;3 | 126889 | -64213| 6034 | 95274 | 1247.85

JETIRTHE2150 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 120


http://www.jetir.org/

© 2024 JETIR August 2024, Volume 11, Issue 8 www .jetir.org (ISSN-2349-5162)

: if(ih; J(32) | -320.63| 55 | 1339.34| 12%% | 11207.1 | -617.76 | 603.37 | 966.17 | 1247.89
. if(ih; 132 | -329.63| 55 | 133934 | 22%% | 112071 | 617.76 | 603.37 | 966.17 | 1247.89
o | Li(ap |33 |-329.63| 33 | 21751 | oo | 6430.05 | -593.38| 60311 | 092.34 | 1248.42
o | LA | 133 |-s20.83| 53 | 21750 | go° | 6430.05 | -593.38| 60311 | 00234 | 1248.42
o | Lia | %034 | -s20.83| 33 | so0z.as| 17°% | -4227.8 | -569.01| 60411 | 103679 | -1253

i iﬁih{' I[34] | -329.63 ?g 3003.46 ﬁg“' 42278 | -569.01 | 60411 | 1036.79 | -1253

i maﬁ; J[35] | -329.63 ?g 3812.9 1337' -14871 611.4 | 613.91 | 1079.82 | -1285.49
: if(i,'[; 135] | -a76.42 | D3| L oo | 2379 | aaes2 | 635.94 | 613.91 | 1079.82 | -1335.23

2 | 1.4DL+ 113 1410

2 | LLAn J[36] | -476.42 | o | speE B3| o -5927.7 287.33 | 647.55 | 1118.45 | -1260.2

2 | 1.4DL+ 113 1410.

3 | LL(AN) I[36] | -476.42 28 | 255553 | 2 -5927.7 287.33 | 647.55 1118.45 -1260.2

2 | 1.4DL+ 113 1453.

3 | LL(AN) 371 | -476.42 | o | 162173 | 24 5225.35 298.13 | 649.68 | 1174.48 | 1254.77

2 | 1.4DL+ 113 1453.

4 | LLeain I[37] | -476.42 | 5" | 169173 | 24 5225.35 298.13 | 649.68 | 1174.48 | 1254.77

ol Liay | ey | areaz| 3 | -es2es | (31O | 7a77.65 | 730.68 | 645.04 | 128295 | 1258.41
: Ly | 188] | -476.42 U3 | 68283 | 2010 | 747765 | 73068 | 64504 | 128295 | 1258.41
S| Liay | dse | areaz| 53 130050 | 1950 | 5307.77 | 118124| 56274 | 147016 | 13516
o | Liay | 1ee | areaz| 53 130050 | 1950 | 5307.77 | 118124| 56274 | 147016 | 13516
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2 | 1.4DL+ 113 1654.
6 | LL(AI) J[40] | -476.42 o8 2289.8 86 -578.02 157864 | 101.76 2239.08 2273.65
2 | 1.4DL+ 113 1654.
7 | LLan I[40] | -476.42 o8 2289.8 86 -578.02 1578.64| 101.76 2239.08 2273.65
2 | 1.4DL+ 113 1663.
7 | LLan J[41] | -476.42 o8 2389.49 84 -1283.3 1622.79| 0 2642.02 2605.54
2 | 1.4DL+
8 | LL(AI i8] |-201 |oO 0 0 0 0 0 0 0
2 | 1.4DL+
8 | LL(AI J[15] | 1.89 0 0 0 0 0 0 0 0
2 | 1.4DL+
9 | LLcan) 71 |-295 |0 0 0 0 0 0 0 0
2 | 1.4DL+
9 | LL(Al J[16] | 2.8 0 0 0 0 0 0 0 0
Table37 Table of Displacements

DX (m) DY (m) DZ (m) RX ([rad]) RY ([rad]) RZ ([rad]) RW (rad/m)
1 SW 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
2 SW 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
3 SW -0.000001  [0.000000 -0.000000  [0.000000 -0.000004 0.000000 0.000000
4 SW 0.000001 0.000000 -0.000000  [0.000000 0.000004 0.000000 0.000000
5 SW -0.000036  [0.000000 -0.000003  [0.000000 -0.000034 0.000000 0.000000
6 SW 0.000035 0.000000 -0.000003  (0.000000 0.000033 0.000000 0.000000
7 SW 0.000228 0.000000 -0.000000  (0.000000 -0.000281 0.000000 0.000000
3 SW -0.000241  (0.000000 -0.000000  (0.000000 0.000129 0.000000 0.000000
9 SW -0.000832  [0.000000 0.000000 0.000000 0.000672 0.000000 0.000000
10 |sw 0.000227 0.000000 0.000000 0.000000 -0.000300 0.000000 0.000000
11 |sw -0.000832  (0.000000 0.000000 0.000000 0.000672 0.000000 0.000000
12 |sw 0.000227 0.000000 0.000000 0.000000 -0.000300 0.000000 0.000000
13 |sw -0.000768  [0.000000 0.000000 0.000000 0.000672 0.000000 0.000000
14 |sw 0.000199 0.000000 0.000000 0.000000 -0.000300 0.000000 0.000000
15 |sw -0.000220  (0.000000 -0.000000  [0.000000 0.000129 0.000000 0.000000
16 |sw 0.000180 0.000000 -0.000000  (0.000000 -0.000281 0.000000 0.000000
17 |sw -0.000768  [0.000000 0.000000 0.000000 0.000672 0.000000 0.000000
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