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ABSTRACT: Cable structures are often used as final or incomplete structures in the phases of bridge construction such as 

arch or rope bridges. These bridges are often built with cantilevering, i.e. with subsequent cantilever frames, which are also 

stayed with the cable; therefore, all construction stages are a cable structure that will be analyzed. The method of structural 

analysis of these construction phases and modeling of the strength of the first cable strength is an important step in 

establishing the real state of tension and deficit. In the paper, a standard method of structural analysis of cable structures, 

which can be used to build cable-stayed bridges and arch bridges, has been introduced. The proposed approach is based on a 

simple analysis of many expandable schemes, which follow the actual construction sequence. The aim is to achieve a simple 

final geometry for disability management from the first to the last stage, which is consistent with residential life planning. 

Geometry and internal strength are currently being tested, as well as strong cable strength outside the desideratum with the 

worst number of stressful changes. The results of the analysis, conducted in various case studies, are reported, summarized, 

and noted, to demonstrate the reliability and scope of application of the proposed analysis method. 
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I. INTRODUCTION 

In cable-supported structures, the cable is the basic material. 

It can be used in final planning such as cable-stayed bridges 

or in intermediate construction plans such as arch bridges. 

The most common construction method for these bridges is 

the cantilever i.e. the sequence of cantilever segments, which 

are cable-stayed from towers until the final scheme is 

achieved. In arch bridges the cable-stayed cantilever is 

present only during construction, when the arch segments are 

assembled, in order to avoid centering and till the arch key is 

closed; after that, the temporary cables, already used for 

supporting the arch elements, are removed (Figure 1a). This 

method was first utilized in the construction of the St. Louis 

steel arch bridge over the Mississippi River, planned by J. 

Eads and finished in 1874. Later, in 1952, it was extended to 

build the concrete arches for the bridges of the Caracas-La 

Guaira motorway in Venezuela, to which E. Freyssinet 

contributed. In some cases, only, arch bridges can be 

constructed by using stays as permanent structural elements 

(bowstring bridges). On cable-stayed bridges instead, cables 

are always available as descriptive items and play a role as 

flexible supports of the deck, in service life too. Cable-stayed 

bridges are frequently built by cantilevering that consists of a 

sequence of partial cable structures 

 

Figure 1 Cantilever construction of cable structures 

Cantilever construction is shown in a sequence in which 

geometric formation, restraints, and as a result the pressures 

and patterns of difficulty vary frequently until the final 

setting is reached; this method is used today for concrete and 

steel For arch bridges, this method implies a different 

behavior of arch segments between construction stages and 

the final structure: in intermediate phases, the structure is 

highly regarded for bending times, such as a curved beam on 

flexible foundations, and after the key closure, the arch 

acquires its axial performance in particular. This means that, 

although the shape of the arch was designed as an anti-

funicular curve of the dead material loads, the bending times 

occur in cantilever sections, and the remaining values remain 

in the arch after locking and locking. These bending minutes 

will be applied to those caused by the construction of the 

desk, dead loads placed on top, and moving loads. 

Two requirements have to be fulfilled in the arch bridge: 

achieve the exact geometry of the arch at the end of the 

cantilever construction and to reduce the number of bending 

moments remaining in the finished arch. These goals can be 

achieved by making a simple pressing sequence and by 

finding the right number of forces for the first cable, phase by 

phase. For cable-stayed bridges, the cantilever construction, 

unlike arch bridges, is characterized by a sequence of 

structures statically similar to the final one. The principal 

difference between the partial structures during construction 

and the final one is that a cantilever segment is attached to the 

last stay at each construction phase, modifying the geometry 

and load condition of every stage. This cantilever segment, 

both in prestressed concrete girders and in steel cross-

sections, may imply a stress state heavier than that occurring 

in service life. In the plan of these bridges, the assessment of 

early cable forces and the process of stay stress adjustments 

during manufacture is very important, but constitutes a tough 

task to achieve, in order to reverence the requested geometric 

profiles of deck and towers at the ending of construction. It is 

not simple to state a convenient methodology of initial stay 

force determination for the following reasons: at the end of 

erection, the girder longitudinal profile must satisfy aesthetic 

and functional requirements, possibly presenting a convenient 

pre-camber; the towers must keep the vertical profile, in order 
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to avoid second-order effects and to satisfy architectural 

demands and even though geometrical requirements are 

satisfied in the so-called dead load configuration, after 

erection end, the system of stresses has to be checked to 

avoid high-stress levels in the deck and tower members. 

II. OBJECTIVES 

The main objective of this research is to study the basics of 

cable structures and also study their types and uses in real 

life. The detailed objectives are as under 

 Study the basic types of Cable Structures and modern 

examples of these structures. 

 Detailed Explanation of Cable-stayed bridges and 

suspension bridges. 

 Find out the Difference between Cable-stayed bridges 

and suspension bridges 

 Study the Advantages and Disadvantages of Cable-

stayed structures  

 Study Advantages and Disadvantages of Suspension 

Bridges 

 Study The load Bearing Mechanism of Suspension 

Bridges 

III. LITERATURE REVIEW 

IV. SUSPENSION TYPE CABLE STRUCTURES 

A suspension bridge is a kind of bridge where the deck (the 

load-bearing portion) is hung below suspension links on 

vertical suspenders. The principal current instances of this 

sort of bridge were inherent in the mid-1800s. [1, 2] Simple 

suspension bridges, which need vertical suspenders, have a 

long history in numerous precipitous pieces of the world 

This type of bridge has cables suspended between towers, 

with vertical suspender links that move the live and dead 

heaps of the deck beneath, whereupon traffic crosses. This 

plan permits the deck to be level or to bend up for extra 

freedom. Like other suspension bridge types, this sort 

regularly is developed without falsework. 

The suspension cables should be anchored at each finish of 

the extension since any heap applied to the scaffold is 

changed into strain in these primary links. The principle links 

proceed past the columns to deck-level backings and further 

proceed to associations with secures in the ground. The street 

is upheld by vertical suspender links or bars, called holders. 

In certain conditions, the pinnacles may sit on a feign or gully 

edge where the street may continue straightforwardly to the 

fundamental range, in any case, the extension will generally 

have two more modest ranges, running between one or the 

other pair of columns and the expressway, which might be 

upheld by suspender links or their own trusswork. In the last 

case, there will be a next to no bend in the detachable 

principle links. 

The earliest suspension bridges were ropes thrown across a 

gap, with a deck perhaps at a similar level or hung beneath 

the ropes to such an extent that the rope had a catenary shape. 

Precursor The Tibetan Siddha and bridge manufacturer 

ThangtongGyalpo started the utilization of iron chains in his 

rendition of straightforward suspension bridges. In 1433, 

Gyalpo fabricated eight extensions in eastern Bhutan. The 

last enduring steel scaffold of Gyalpo's was the Thangtong 

Gyalpo Bridge in Duksumen course to TrashiYangtse, which 

was at last washed away in 2004 [3]. Gyalpo's iron chain 

spans did exclude a suspended deck connect, which is the 

norm on all cutting-edge suspension bridges today. All things 

considered, both the railing and the strolling layer of Gyalpo's 

extensions utilized wires. The emphasize focuses that 

conveyed the tirade were supported by the iron chains. Prior 

to the utilization of iron chains, it is imagined that Gyalpo 

utilized ropes from wound willows or yak skins [4]. He could 

have likewise utilized firmly bound fabric. 

Chain bridges the first iron chain suspension bridge in the 

Western world was the Jacob's Creek Bridge (1801) in 

Westmoreland County, Pennsylvania, planned by designer 

James Finley.[5] Finley's scaffold was quick to consolidate 

the entirety of the important parts of advanced suspension 

bridges, including a suspended deck that hung by brackets. 

Finley protected his plan in 1808 and distributed it in the 

Philadelphia diary, The Port Folio, in 1810 [6]. 

Early British chain bridges incorporated the Dryburgh 

Abbey Bridge (1817) and 137 m Union Bridge (1820), with 

ranges quickly expanding to 176 m with the Menai Bridge 

(1826), "the principal significant current suspension bridge" 

[7]. The main chain that connects the German-talking regions 

was the Chain Bridge in Nuremberg. The Clifton Suspension 

Bridge (planned in 1831, finished in 1864 with a 214 m focal 

range) is one of the longest of the illustrative bend chain type. 

The current Marlow suspension bridges were planned by 

William Tierney Clark and were worked somewhere in the 

range of 1829 and 1832, supplanting a wooden scaffold 

further downstream which fell in 1828. It is the lone 

suspension bridge across the non-flowing Thames. The 

Széchenyi Chain Bridge, (planned in 1840, opened in 1849), 

spreading over the River Danube in Budapest, was likewise 

planned by William Clark and it is a bigger scope rendition of 

Marlow Bridge [8]. 

 
Figure 2 An Old Plan of Cable Bridge over the Menai Strait 

An intriguing variety is Thornewill and Warham's Ferry 

Bridge in Burton-on-Trent, Staffordshire (1889), where the 

chains are not appended to projections as is normal, yet rather 

are connected to the principle braces, which are consequently 

in pressure. Here, the chains are produced using level 

fashioned iron plates, eight inches (203 mm) wide by an inch 

and a half (38 mm) thick, bolted together [9]. 

Wire-cable. The main wire-cable suspension bridge was the 

Spider Bridge at Falls of Schuylkill (1816), an unobtrusive 

and brief footbridge assembled following the breakdown of 

James Finley's close by Chain Bridge at Falls of Schuylkill 
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(1808). The footbridge's range was 124 m, in spite of the fact 

that its deck was just 0.45 m wide. 

The improvement of wire-link suspension bridges dates to 

the brief basic suspension bridge at Annonay worked by 

Marc Seguin and his siblings in 1822. It crossed just 18 

m.[10] The primary lasting wire link suspension bridge was 

Guillaume Henri Dufour's Saint Antoine Bridge in Geneva of 

1823, with two 40 m ranges [10]. The first with links 

gathered in mid-air in the cutting-edge strategy was Joseph 

Chaley's Grand Pont Suspendu in Fribourg, in 1834. 

In the United States, the principal significant wire-link 

suspension bridge was the Wire Bridge at Fairmount in 

Philadelphia, Pennsylvania. Planned by Charles Ellet Jr. 

what's more, finished in 1842, it had a range of 109 m. Ellet's 

Niagara Falls suspension bridge (1847–48) was deserted 

before fulfillment. It was utilized as a framework for John A. 

Roebling's two-layer railroad and carriage bridge (1855). 

The Otto Beit Bridge (1938–39) was the principal current 

suspension bridge outside the United States that worked with 

equal wire links. 

 
Figure 3 Iron Suspension Bridge 

V. STRUCTURE 

Bridge fundamental segments. Two towers/columns, two 

suspension links, four suspension link secures, different 

suspender links, the bridge deck. 

Structural examination. The primary cables of a suspension 

bridge will frame a catenary; the links will rather shape a 

parabola in the event that they are accepted to have zero 

weight. One can see the shape from the consistent increment 

of the angle of the link with direct (deck) distance, this 

expansion in inclination at every association with the deck 

offering a net vertical help power. Joined with the moderately 

straightforward imperatives set upon the genuine deck, that 

makes the suspension bridge a lot less difficult to plan and 

break down than a link remained bridge in which the deck is 

under pressure. 

VI. VARIATIONS 

Under spanned. In an under-spanned suspension bridge, the 

primary links hang completely beneath the bridge deck yet 

are as yet moored into the ground likewise to the ordinary 

kind. Not many bridges of this nature have been worked, as 

the deck is innately less steady than when suspended beneath 

the links. Models incorporate the Pont des Bergues of 1834 

planned by Guillaume Henri Dufour; James Smith's 

Micklewood Bridge;[11] and a proposition by Robert 

Stevenson for a bridge over the River Almond close to 

Edinburgh [11]. 

Roebling's Delaware Aqueduct (started in 1847) comprises 

three segments upheld by links. The lumber structure 

basically shrouds the links; and from a speedy view, it isn't 

quickly evident that it is even a suspension bridge. 

 
Figure 4 Micklewood Bridge 

Suspension cable types. The main suspension cables in older 

bridges were often made from a chain or linked bars, but 

modern bridge cables are made from multiple strands of wire. 

This not only adds strength but improves reliability (often 

called redundancy in engineering terms) because the failure 

of a few flawed strands in the hundreds used pose very little 

threat of failure, whereas a single bad link or eyebar can 

cause the failure of an entire bridge. (The failure of a single 

eyebar was found to be the cause of the collapse of the Silver 

Bridge over the Ohio River.) Another reason is that as spans 

increased, engineers were unable to lift larger chains into 

position, whereas wire strand cables can be formulated one 

by one in mid-air from a temporary walkway 

Suspender cable terminations. Poured sockets are used to 

make a high-strength, permanent cable termination. They are 

created by inserting the suspender wire rope (at the bridge 

deck supports) into the narrow end of a conical cavity which 

is oriented in line with the intended direction of strain. The 

individual wires are splayed out inside the cone or 'capel', and 

the cone is then filled with molten lead-antimony-tin 

(Pb80Sb15Sn5) solder 12]. 

VII. FORCES 

Three sorts of forces work on any bridge: the dead load, 

the live load, and the unique load. Dead load alludes to the 

heaviness of the actual bridge. Like some other design, a 

bridge tends to fall essentially as a result of the gravitational 

forces following up on the materials of which the bridge is 

made. Live load alludes to traffic that gets across the bridge 

just as expected natural factors like changes in temperature, 

precipitation, and winds. Dynamic load alludes to ecological 

variables that go past typical climate conditions, factors like 

abrupt whirlwinds and quakes. Every one of the three 

components should be mulled over when fabricating a bridge. 

The standards of suspension utilized for an enormous scope 

likewise show up in settings less sensational than street or rail 

bridges. Light link suspension may demonstrate more 

affordability and appear to be more exquisite for a cycle or 

footbridge than solid brace upholds. An illustration of this is 

the Nescio Bridge in the Netherlands, and the Roebling 

planned 1904 Riegelsville suspension passerby bridge across 

the Delaware River in Pennsylvania [13]. The longest 

common suspension bridge, which traverses the River Paiva, 

Arouca Geopark, Portugal, opened in April 2021. The 516 

meters bridge hangs 175 meters over the river [14]. 

that has much in common with a tubular bridge. 
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Where such a bridge traverses a space between two 

structures, there is no compelling reason to develop 

uncommon pinnacles, as the structures can moor the links. 

Link suspension may likewise be expanded by the inalienable 

solidness of construction that shares much for all intents and 

purposes with a rounded bridge. 

VIII. EXAMPLES 

Followings are few real-life examples of Suspension Bridges 

 
Figure 5 Union Bridge(England/Scotland, 1820), 

 
Figure 6 Ben Franklin Bridge (USA, 1926) 

 
Figure 7 Golden Gate Bridge (USA, 1937) 

IX. CABLE-STAYED STRUCTURE 

A cable-stayed bridge has at least one pinnacles (or arches), 

from which cables support the bridge deck. Particular 

highlights are the cables or stays, which run straightforwardly 

from the pinnacle to the deck, ordinarily framing a fan-like 

example or a progression of equal lines. This is rather than 

the cutting-edge suspension bridge, where the cables 

supporting the deck are suspended upward from the primary 

cable, secured at the two closures of the bridge and running 

between the pinnacles. The cable-stayed bridge is ideal for 

ranges longer than cantilever bridges and more limited than 

suspension bridges. This is the reach inside which cantilever 

bridges would quickly become heavier, and suspension 

bridge cabling would be all the more expensive. 

 
Figure 8 Cable-Stayed Bridge 

Cable-stayed bridges were being designed and constructed 

by the late 16th century [15], and the form found wide use in 

the late 19th century. Early examples, including the Brooklyn 

Bridge, often combined features from both the cable-stayed 

and suspension designs. Cable-stayed designs fell from favor 

in the early 20th century as larger gaps were bridged using 

pure suspension designs, and shorter ones using various 

systems built of reinforced concrete. It returned to 

prominence in the later 20th century when the combination of 

new materials, larger construction machinery, and the need to 

replace older bridges all lowered the relative price of these 

designs [16]. 

The earliest known surviving example of a genuine cable-

stayed bridge in the United States is E.E. Runyon's to a great 

extent unblemished steel or iron Bluff Dale Suspension 

bridge with wooden stringers and decking in Bluff Dale, 

Texas (1890), or his weeks sooner however demolished 

Barton Creek Bridge between Huckabay, Texas and Gordon, 

Texas (1889 or 1890) [17, 18]. In the 20th century, early 

instances of cable-stayed bridges incorporated A. Gisclard's 

strange Cassagnes bridge (1899), in which the level piece of 

the cable forces is adjusted by a different even tie cable, 

forestalling huge pressure in the deck, and G. Leinekugel le 

Coq's bridge at Lézardrieux in Brittany (1924). Eduardo 

Torroja planned a cable-stayed water channel at Tempul in 

1926 [19]. Albert Caquot's 1952 cement decked cable-stayed 

bridge over the Donzère-Mondragon trench at Pierrelatte is 

one of the first of the cutting-edge type, yet had little impact 

on later development [19].  

X. DESIGNS 

There are four significant classes of apparatus on cable-

stayed bridges: mono, harp, fan, and star [20].  
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 The mono design utilizes a solitary cable from its 

pinnacles and is one of the lesser-utilized instances of the 

class.  

 In the harp or parallel design, the cables are almost equal 

so the tallness of their connection to the pinnacle is 

corresponding to the separation from the pinnacle to their 

mounting on the deck.  

 In the fan design, the cables all interface with or ignore 

the highest point of the pinnacles. The fan design is 

basically better with a base second applied than the 

pinnacles, yet, for commonsense reasons, the changed 

fan (additionally called the semi-fan) is liked, 

particularly where numerous cables are important. In the 

adjusted fan game plan, the cables end close to the 

highest point of the pinnacle however are dispersed from 

one another adequately to permit better end, improved 

ecological security, and great admittance to singular 

cables for maintenance [21].  

 In the star design, another moderately uncommon design, 

the cables are dispersed separated on the pinnacle, 

similar to the harp design, however, interface with one 

point or various firmly divided focuses on the deck [22]. 

 
Figure 9 Mono Design 

 
Figure 10 Harp Design 

 
Figure 11 Fan Design 

 
Figure 12 Star Design 

XI. VARIATIONS 

Side-spar cable-stayed bridge. A side-spar cable-stayed 

bridge utilizes a focal pinnacle upheld just on one side. This 

design permits the development of a bent bridge 

Cantilever spar cable-stayed bridge for more extremist in 

its design, the Puente del Alamillo (1992) utilizes a solitary 

cantilever spar on one side of the range, with cables on one 

side just to help the bridge deck. In contrast to other cable-

stayed types, this bridge applies an extensive upsetting force 

upon its establishment and the spar should oppose the bowing 

brought about by the cables, as the cable forces are not 

adjusted by contradicting cables. The spar of this specific 

bridge frames the gnomon of a huge nursery sundial. Related 

bridges by the modeler Santiago Calatrava incorporate the 

Puente de la Mujer (2001), Sundial Bridge (2004), Chords 

Bridge (2008), and Asset de l'Or Bridge (2008). 

Multiple range cable-stayed bridgeable-stayed bridges with 

multiple ranges include fundamentally more testing designs 

than do 2-length or 3-length structures 

XII. CONCLUSION 

XIII. Comparison between Cable-stayed Structures 

and Suspension stayed Structures 

Cable-stayed bridges and suspension bridges may have all the 

earmarks of being comparative yet are very extraordinary on 

a basic level and in their development. 

In suspension bridges, enormous principle cables (ordinarily 

two) hang between the pinnacles and are secured at each 

finish to the ground. The primary cables, which are allowed 

to proceed onward course in the pinnacles, bear the heap of 

the bridge deck. Before the deck is introduced, the cables are 

under pressure from their own weight. Along with the 

fundamental cables more modest cables or poles associate 

with the bridge deck, which is lifted in areas. As this is done, 

the strain in the cables increments, as it does with the live 

heap of traffic crossing the bridge. The pressure on the 

primary cables is moved to the ground at the safe havens and 

by downwards pressure on the pinnacles. 

 

Figure 13 Suspension Bridge & Cable-Stayed Bridge 

In cable-stayed bridges, the pinnacles are the essential 

burden-bearing designs that communicate the bridge burdens 

to the ground. A cantilever approach is regularly used to help 

the bridge deck close to the pinnacles, yet lengths further 

from them are upheld by cables running straightforwardly to 

the pinnacles. By design, all static even forces of the cable-

stayed bridge are adjusted so the supporting pinnacles don't 

will in general shift or slide thus should just oppose level 

forces from the live loads. 

Advantages. 

 Longer principle ranges are attainable than with some 

other sort of bridge.  
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 Less material might be needed than other bridge types, 

even at ranges, they can accomplish, prompting a 

decreased development cost.  

 Except for the establishment of the underlying 

impermanent cables, practically zero access from 

underneath is needed during development thus a stream 

can stay open while the bridge is worked previously.  

 They might be better ready to withstand seismic tremor 

developments than heavier and more unbending bridges.  

 Bridge decks can have deck areas supplanted to extend 

roadways for bigger vehicles or add extra width for 

isolated cycling/person on footways 

Disadvantages. 

 Considerable solidness or streamlined profiling might be 

needed to forestall the bridge deck from vibrating under 

high breezes.  

 The generally low deck firmness contrasted with other 

(non-suspension) kinds of bridges makes it harder to 

convey hefty rail traffic in which high thought live loads 

happen.  

 Some access beneath might be needed during 

development to lift the underlying cables or to lift deck 

units. That entrance can regularly be kept away from 

cable-stayed bridge development. 

XIV. EXAMPLES 

Following are few real-life examples of Cable-Stayed 

Bridges 

 

Figure 14 Brooklyn Bridge 

 

Figure 15 Arthur Ravenel Jr. Bridge 

 

Figure 16 Jiaxing-Shaoxing Sea Bridge 

The bridge is an eight-lane structure that spans 10,100 

meters. It was opened on 23 July 2013 and is currently the 

longest cable-stayed bridge in the world. 

XV. CONCLUSIONS 

Advantages. 

 Longer principle ranges are attainable than with some 

other sort of bridge.  

 Less material might be needed than other bridge types, 

even at ranges, they can accomplish, prompting a 

decreased development cost.  

 Except for the establishment of the underlying 

impermanent cables, practically zero access from 

underneath is needed during development thus a stream 

can stay open while the bridge is worked previously.  

 They might be better ready to withstand seismic tremor 

developments than heavier and more unbending bridges.  

 Bridge decks can have deck areas supplanted to extend 

roadways for bigger vehicles or add extra width for 

isolated cycling/person on footways 

Disadvantages. 

 Considerable solidness or streamlined profiling might be 

needed to forestall the bridge deck from vibrating under 

high breezes.  

 The generally low deck firmness contrasted with other 

(non-suspension) kinds of bridges makes it harder to 

convey hefty rail traffic in which high thought live loads 

happen.  

 Some access beneath might be needed during 

development to lift the underlying cables or to lift deck 

units. That entrance can regularly be kept away from 

cable-stayed bridge development. 

XVI. Recommendation 

These are Few Recommendations that can be helpful in civil 

engineering regarding Cable-Stayed Bridges & Suspension 

Bridges 

 Cable-Stayed Bridges have a lot more prominent 

firmness since the cables can deal with more pressing 

factors. They are additionally substantially more 

impervious to natural changes like the continuous events 

of tremors. Such sorts of bridges set aside less effort to 

develop and are affordable too since they require fewer 
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materials and fewer structure hours. Cable-Stayed 

Bridges are liked over customary steel suspension chiefly 

due to the decrease in minutes in the hardening supports,  

 While the development of traditional suspension bridges 

for additional inland applications in the US is suspicious, 

new efficient sorts of bridges utilizing 'high-strength 

wires are persistently being created. In any event, one 

German designing firm has set up workplaces in the US 

to showcase those new designs. With the proceeded with 

tension on thruway specialists to construct more efficient 

bridges, all things considered, a few of those new bridge 

types will be utilized. Data contained in different reports 

ought to be helpful in understanding the potential upkeep 

issues introduced by those new bridge types and in 

figuring systems to adapt to those issues. 
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