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Fage 113,

VALUE CF THE PRELIMINAEY STRKESS IN SUSEENDEL CCNSTRUCTIONS.

L4 cf tech. sciences Prof. S. A. Il'yasevick, candidates of tech.
sciences N. S. Moskalev, S. S. Mkrchants. USSR, CSRI [ Ywu#4 -
Ceptral Scientific Research Institute] of tle structures im. V. A.

Kucherenkoe.

The specific special feature/fpeculiarities cf suspended
consteuctions, which include nct crly known by all valuable qualities
cf these systems, but alsc some shcrtceuings, require of the
researchers of the compretersive study cf this form of constructions,
teginning frcm material and ending with the whcle systems. In this
case, if we consider characteristic to usual suspended constructions
kipematic variability, bigh value for them it acquires the
preliminary stress, which raises tke ce¢mmon,general/total rigidity of

susgended systeams.

In recent years in TsNIICK im. V. A. Kucherenko, were carried

SRS
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cut the comprehensive experimental-theoretical investigations of the
prestressed suspended ccnstructions. They ircluded the study of
separate cell/elements, tteir juncticn/unit ccrrections, and also the
whcle systems of the coatincs, flat/plane ard

three-dimensional/space.

Jn report are given tasic results cf tie ccnducted
investigations. Is illuminated the wcrk of larce-diameter cables for
alternating loads, the friction clamps, twc-strip guy farm/trusses
and scme three-dimensicral systems with static loads (radially guy,
ccakined and others). Furthermore, it is ccrsidered the role
freliminary stress in stsperded rccves as diring installation, so
alsc in operation, of the making it possible tc create in the process
cf installation the specific intermediate static systems with

directedly adjustakle effcrt/forces.

The investigations cf the prestressed suspended constructions
sere initiated in TsNIISK is. V. A. Kucherenko from the study of
sechanical properties of catles with static anc¢ cyclic loads.
Investigations vere conducted on large-diameter cables to unique
suspension bridges and transfer/trapsitions, nasely: the cables of
tridge Erzhebetin g. Budapest, bridge through harbor in main Kiev and
a bridge-transfer/transiticr of the gas pife through Amu-Dar'ya

Fiver,
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Fage 114,

The testing Lty static lcad underwent tke chennels of the open and
clcsed coiling of different diameters from 38 ¢o 70 mm. The
sgpecimen/samples of corcs were flocded in tite erd sleeves with the
aid of the alloy of TsAM. First cords they inspected with the aid of
extenscmetric instruments fcr purpcse cf determination of their
elastic and inelastic drawing, modslus cf elasticity, compression of
ciameter, creep of allcy in bushings. kcad in this case did not
exceed 0.5-0.6 from breaking strength. Them ccrds subjected to
extension to the rupture pcint. The Lasic results of static tests

fcllowing:

1) Aggregate strength scmewhat e€xceeds stardard, which is
explained by the fact that the strength of sires is understated in

ccmpakison with real;
2) destruction did ncot cccur rear tushings or because of
extracticn frcm bushings. This speaks aktout sufficient strength of

anchoe equipment/devices and alloy cf TsAN;

3) locked ropes hacé a scdulus of defcrmaticn lower than
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calculated. In certain cases the mcdulus of elasticity was stabilized

cnly after 50 cycles of 1lcading.

In the second stage vere ccnducted the testings by cyclic load.

In all vere tested 26 samples cf lcckeé rcges S4.5 mm and 8
specimen/sanmples in diaseter cf susgensions made of the cables of
spiral coiling 64.5 mm in diameter fcr a bridge Erzhebet. Testings
were acnducted in the meachine "Amsler", estétlish/installed into NIS
cf hydroelectric power frcject, which reprccucec load with the

frequency cf 250 cycles per minute.

The specimen/samples cf closed type ccrds tested under medium
load 8C t with the amplitude cf oscillations #1C t. Suspensions
tested cn special wheel 800 ms in ciameter, arcund which they were
tenst, forming two branctes. Load on suspensicns was 140-110 t #15 t

in amglitude,
In the process of testings, they were carried out tensile
seasurements the strains cf cords, and alsc was record/fixed the gap

cf individual wires as & result of fatigue.

Mcst interesting the fcllcwing results:

i e B A A A S AN
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1. First 10 samples c¢f locked rcpes skcwed relatively low
durability. The breaks cf wires began alreacy after 300 with thousand

cycles, and toward the e€nd cf the testing ir Z sillion cycles in

ccrds were counted to 10-12 breaks of wiree
Face 115.

Ereaks they occurred amainly near bushinge. Tle tasic reason for low
fatigue strength was incorrect technclecgy ¢t alloy pouring, with
shich bushing was nct fpreheated. Purthermore, htrbenium itself,

initially used, render/shcwed unsuccessfula

2. Passage to allcy Ts2M and system of pcuring bushing ,
accepted in Soviet Union, ncticeably raised quality of
sgpecimen/sanples. The breaks cf wires in ccrds tecame more rarely,
cccurred they at a distance frcm bushings, Lut 4 cords not at all had

kreaks for always of testing - 2 millien cycles.

3. Modulus of elasticity cf ccrds sher were not breaks of vire,

always retained its constant value (1.6€-1.70e1(Q¢® k}/c12).

4. Conditional fatigue limit for this lcad conditions was 55-48

kgsca2,

RPETRSSPNORT TRENSP RIS SV i, BUAE S i i
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S. Reduction of specimen/samples Ly trensverse load, produced
for purpose of imitaticn cf transmissicn by ccrds of transverse
[ressure on supporting assesktly, l€d tc sharp reduction/descent in
service life and fatigue strength. So, transverse reduction by the
force of 100 t for the fparticipaticn cf specimen/sample 80 cm in
length, the caused specific lateral ccntracticr of cord 230 kg/cnm2,
led to the ccmplete destruction of cords lcng Lefore 2 million
cycles. In this case, all tle destructicn cf wires occurred on the
Ecundary between the squeezed ard unreduced sections of cord. And
this despite the fact ttat the reducing equipmert/device provided the
uniform applicationsappendix cf reducticn ard smooth tramsition to
the unreduced secticn. The conditicnal limit of fatigue of four

specimen/samples, which had reducticn, did nct exceed 43 kg/cm2,

6. Suspensions, prepared from sultistrand cords 64.5 mm in
diaseter and tested by thcse bent cn wheel €00 sm in diameter with
feak load 140 t, obtained treaks mairly on tent, bent section, which
fit closely to wheel. In 2 sillion cycles cccurred on 12-14 breaks of
sjecimen/sanmgple with maximus vcltage 23.2 kc¢scm? (referred to entire

sectigen/cut on the average).

Investigations revealycetect/exposed tle same range of light
cocatings, the fluctuaticns cf the stresses in which can be caused by

wind impulsive load and in which are possitle fatigue effects.

T
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Eace 116.

Then were carried out testirgs of junction)unit connections in

ccnnecticn with catbtle ccrstructicnse.

The purpose of the wcrk was the develcpment of the assemblies of
catle farm/truss and checking their reliability. The formulation of
the prcblem was caused Lty tte fact thkat to tke assemblies of cable
farm/trusses with unbalanced loads affect tte large in value shearing
forces. But for of perceiving thkem, it is necessary to ensure
sufficient communicaticn/ccnnecticr ketween tte assemblies and the
stressed cable. But since thkis communicaticr/ccnnection depends not
cely cn the amount cf fcrce, which clamps cckle in connection but
alsc from the coefficient ¢f fricticn ketween them, or inasmuch as
with an increase in the transverse reducticr by cable by clamp
grow/rises the danger of its break in clamf wittk alternating loads,
as this was shown in the grecedings/previous testings of separate
cables, in assigned missicn was natural seaich for the largest
fossikle increase in the resisting forces tc the shift/shear between
clamps and cables under tte minimua reducing fcrce. Tests were
carried out with lamellar clamps 120 me in lcng, made from steel of

trands St.3 and St.45 with smocth and corrugated internal surface on
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the cables of spiral ccmmunicaticn/ccnnecticn with a diameter of
31.%; 38.45 mm, and alsc stranded cakle. Tte shift/shear of clamps
was realize/accomplished ty hydraulic jacks, stress force by a

Etclt-dynamcmetric key/wrench.

As a result it was revealed, that the ciameter of cabdle, the
fcrm ¢f coiling, the trademark of steel of clamp (its hardness) do
pct have noticeable effect cn tte value of thke coefficient of
fricticn. Testings showed thte sufficiently significant magnitude of
an incidenceydrop in the fricticnal forces with the elongation of
cable with an increase in it of the effortystcrce. to avoid this is
fcssikle raising ccmpressicr of cakle or increasing the coefficient
cf friction. As it was nctec¢ aktcve, ine strcmng reduction of cable is

urdesirable.

Fcr an increase in the fricticnal forces tle surface of the part
cf the clamps, which adjcins tbke cable, it sas made corrugated, that,
hcwever, did not give the effective results. Ancther part of the
clamps was made with fricticnal lipings, lead and bilateral emery. It
sas establish/installed that the agplicaticn/use of lead packing also
is barely effective. Emery fpacking lead to &n ircrease of the
ccefficient of conditioral fricticp 2.5 tises in comparison with
smecth steel, i.ec, K ~#F to C.(6. (Here Me and 2 -

respectively shearing fcrce and total stress ferce of the bolts of
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clamp) . These linings are simple, convenient ard can be recommended

for time/temporary type ccnstructicps.

Eage 117.

An even larger effect was obtained during plotting on the
centact surfaces of epoxy glues, especially during the use as filler
cf corundum cor guartz sand (last/latter trie, scmewhat less was
effective) . Such clamps mairtain/withstcod shearing forces 5.5 times

greater than without glue.

Fcllowing development and investigaticr of separate
cell/elements and elemerts cf suspended corstructions carried out the
studies of the whole systems bcth cf planes and
three-dimensional/space, including thecretical developments, and also

testings of large-size mcdels.

@ne Of the purposes cf the test was the investigation of the
tcle cf the preliminary stress of suspended¢ systems, possibility of
the regulating of the stresses in carriers. The preliminary stress in
susrended systems makes it fossible to tkrinc tocether and for the
sinimum kinematic displacement/movements, i.e., to considerably
decrease main disadvantace in the flexible ccnstructions. Their

second designation/purpcse is a reducticn/descert in the amplitude of
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the oscillation/vibraticns cf the stresses, caused by time/temporary
load. The amplitude of the cscillaticn/vibraticp of stresses A, for
example in string, is determined fice depencence #-4%x/5; where K -
parametric coefficient; # - ratio cf prelisirary stress of string to
calculated; AP - the frequently repeated 1lced, which leads to

fatigue; P - calculated static loac¢.

The ccrrectly assicned cne nultistage freliminary stress makes
it possible to make constructicns cf coatings mcre light/lung and

simultaneously raises tlteir durability and service life.

Birst was studied circular into panel mcdel as frameworks of
which served the two-flange radially arrangedslccated flat/plane
systeas (but in figure), attached cn exterral carrier ring and
intersecting in center. Different ccmbinaticns c¢f loads caused in the
system of effort/fcrce and strain, cr the shcle the well confirmed
calculation formulas. Interesting was thke study of the effect of the
Freliminary stress with increase ir which tke kinematic
displacement/movements cf stspended system sere decreased. Variationms
with the flexural rigidity cf ring shcwed that this rigidity can be
considerably decreased, since frestressinmg 1ealize/accomplished in
tuc-flange systems, leads tc the fact thkat they themselves possess
bigh resistivity during a change in the distance between supports

and, therefore, will redistribute well loads without the noticeable
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strains of carrier ring.

Eace 118.

By the increase of prestressings it was pcssible to noticeably
raise the stability of coating, an¢ alsc the stability of index
contowr, which made it fossikle to utilize fcr it high-strength steel

and a simple tubular secticn/cut.

Then it was carriec cut study cf the real work of the
frestressed guy farm/trusses with ugpper carrying belt and vertical
suspensions for purpose cf ccmfpilaticn cn tlke lesis of the conducted
investigation of recommendaticns regarding calctxlation and

ccnstruction cf data ccrstructicne.

Basic partly of these investigaticns weés testing for static load
cf tw¢ versicns of the large-size scdels cf guy farm/trusses
flight/spars on 30 m, which were differing the from each other by

ccnstructicn of the neutral assembly (see b cp figure).

Yesting farm/trusses was carried out fcr lcad 1000 kg/ running
meters In intensity m, applied Ly separate stages on 0.3-0.6 t and
according to fifteen different patterns, including the evenly

distributed on entire flight/span and cne-vay cf load, and also
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concentrated and different combinaticns of thesx.
Are mcst interesting the fclicwing resclts:

1. The connection cf belt/zoneés at midjcint, which impedes their
putual horizontal displacement, ncticeatly 1aises the rigidity of guy
farm/trusses with unsymmetric load. So, witk crne-way load by
times/temporary distributed load for the farm/truss of the first
version (with the disccrnected belt/2cnes) vertical
displacement/movements exceed similar values fcr the second version,

with the ccnnected Ltelt,zcnes.

2. Analysis of graphs cf vertical sagging/deflections of
farm/trusses from acticr ¢f concentrated fcices showed real
fossibility of this load. Eut in this case in crder to avoid the
introduction of the sugplementary distributing struts, it is
expedient to arrange/locate these forces opn thcse sections of the
farm/trusses where they cause the ssallest sagging/deflections. In
the farm/truss of the first version, such s¢cticans are
arranges/located in the middle fligkt/span, é&lsc, near supports. In
the farm/truss of the second versicp - in tte thirds of flight/span,

it is nearer to supfports.

Fage 119,
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3. Comparison of experimental and thecretical values in essence
ccnfirmed correctness of prccedure cf calculaticn of two-flange guy
farm/trusses accepted, which was with us reccomended for further use

in designed practice.

4. Testings showed alsc reliakility of structural solutions of
assemblies of guy farm/trusses accepted, develcfed and investigated

earlier.

5. Preliminary stress of systes significantly decreased
kirematic displacement/sovements with unbalénced loads, in particular

for version with disconnected belt/zcnes.

Thus, together witl the ccnrecticp of essemblies appears
possibility to achieve stakility by the increase of variable

vcltages.

The second the studied systes was a cakle-girder orthogonal grid
(¢l in figure). Such systems can ke used in the coatings of
rectangular plan/layout. Filaments will bear their load, the cross
teams are distributors. Furtheramcre¢, tte ends cf the beams are

fastened on supports so thkat in thes can agpfear the negative vertical
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reaction. If the ends of the teams are tightened and to their
supfports, then because cf tle flexural riqgidity of beams it is

cssible preliminarily tc strain ertire systes.
E P y

Prestressed cable- girder netwcrk render/showed very rigid,
strains in comparison with the freely hangirg filaments decreased
several times. Coating render/shovwed suitakle fcr organizing the
light/lung suspension transgort. Frce the umnsymsetric relative to the
filaments cf loading effective staltilizer render/showed the
transverse horizontal ferm/truss, fcrmed of twc adjacent beams of the
systems of those connected bty grid, cascade. This farm/truss decreases
kcrizontal disp%izngnt of filaments to the side of load. The shear

G

forces of farm/{it transfers tc vertical ccamurication/connections,

arrangeslocated in the flane of supgcrts.

Cable~- girder systems fossess a series cf the advantages main
frcm shich - rigidity and simplicity of perfcrmance. In our opinion,

such systems must find their place in kuildirg.
Eage 120.
The third system which was studied, "Gipar®- a coating in the

fcrm of hyperbolic paratcloid cn square plarslayout. From the usual

érav strings of "Gipar" it differed, by the fact that instead of
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[paired ?) copvex filaments us were suggested tte flexible arches,
capable of working on ccmgressicn (e ip figure). As a result in the
index contcur of this systes, dc nct apgear the bending moments from
full 1cad. It is real/actual, guy is drawn cut cutline/contour inside
building, kut this impece arches. Furtkermcre, arches, possessing
flexural rigidity, are the stabilizer c¢f systes. On model was studied
the defcrmation of system, and alsc the ability of the flexible
arches, fastened with filaments, tc retain stability. System turned
cut to be very light,lurg, rigide 2rches favoratly to make rare,
after cocncentrating rigidity in the smaller rumter of cell/elements.
rigidity render/shcwed tighly uvseful, alsc, in cutline/contour, since
increased the adaptability cf system, the stakility of very arches of
coating. The regulating of stresses, accomplished by the stretching

cf filaments, made it pcssikle to raise the stakility of arches.

The following studied pattern was crucifors filament-arc
coating. System represents Lty itself twc diegcrally directed arches
sith those suspend/hung tc thes alcng perimeter by threads (€ in
figure). Ccnstrucbion was olttained Ly outwardly braceless, needing
vertical supports cnly the angles cf the overlagped location. In this
case, the coating can heve almost ary planfcrm, have any gquantity of
saliert angles. Model fcr the study of system wes made square, since

this fcra best correspcpds tc real buildimgs. Since the arches,

rupring, a total of two, they are cktained jcwerful, which
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facilitates the prcblem of imparting tc them tte stability. The
filaments which serve as if tighterings of arctes, themselves form

entire expanded surface of coatinge.

In cruciform system were investigated sainly the stability of
arched cross pieces and their defcrmaticn, tending from plane with

ponuniform loadinge.

System showed itself very light/lung ard dtrable, suitable to
the overlap cf the largest flight/sfans, anc¢ at the same time, as it
is interesting to note that making it fcssitle to have pure/clean

space on entire perimeter.

Eage 121,

Cross pieces are best to develop ir vertical plene in order to
increase tlte resistivity c¢f arches with nonequilibrium load. In order
tc ensctre the stability of arctkes frcm plane, it is better/best in
all as filaments to use prelisinarily stressed ltigh-strength steel
strings. By the way, this prestressing will free from the need for

giving to system any sugplesentary fcrm of statilization.

The regulating of the stresses was realized in the cross

sesbranesdiaphragm-arched ccating cf pavilicr with size/dimensions
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30x30 m, erected in the athletics grcund of tke stadium of "Pynamo"™
in Mogcow. The tension of sleet diezphragm/sestrene along the
diagomally arranged/located arches made possibkle to include/connect
the significant part of tke secticn/cut of ciaplragm/membrane in the
wcrk cf arches not only fcr elongaticn, but alsc for compression of

the beérding, appearing in arch frcm cne-way lcad.

At this cruciform system has variety with support in center. The
sgecial featurespeculiarity cf this variety was new possibility to
have a building, standirg cr cre gpcint in wskich unlike tent or
usbrella of constructicr alcng perimeter they 2re arrange/located at
saximup altitude, which is grcfitakle, for exasgle, during building

of hangars, hot-houses, corsercial centers, e€tc.

Fcllowing from the studied systems vere rationally guying
systeas (’Lin figure), making it fpossiktle ccepletely eliminate from
flight/span compressicn memters, alsc, at tlie same time have
rectilinear mcment-less index contcur. In this system, similar to
tent coating, easily it is crganized drain. System makes it possible
to have a support tc fcurs ard evep to twc jcicots in angles. In these
systeas was studied the kinematic strain of circuit elements, forming
in plan/layout square, the transfcrmaticn cf square into rhomb and
jarameters of filaments and tighktening, enstring minimum "rhombizing"

c¢f sugporting/reference square.
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On the figure (see 3) is shown cne additicmal new pattern of
suspended coverings, investigated in TsSNIXISK iz. V. A. Kucherenko.
These are the combined cutwerdly braceless system on square
plan/layout, used Lenpromstroyproyekt in tte prcject of the coating
cf the main ccmmercial tall of Krasnoyarsk market with size/dimension
42x42 s. The span ccnstruction cf this coating consists of the
ccekination of five radial guying systems - by cne central and four
angular, divided by the flat/plane carrier ring, inscribed into the

plan/layout of the cverlapped area.

Fage 122.

For purpose of the development cf reccumendations regarding the
planning of the coating indicated in institute, were carried out the
ccoprehensive studies of the new system, including a vhole series of

the prcbless main of which ccnsisted cf flollowirtg:

1) the study of the real wcrk of :new systes during a change in
its design diagram, and alsc the se¢parate cellselements at the stage
cf installation and operaticn (study "purely® guy system with the
facked plate/slabs, but alsc the single shell, formed after packing

cf platesslabks and monclithizaticn cf interjlate welds):
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2) the development of the procedure of calculation of coating {

and its cell/elements at different stages;

3) the development of the metlcd cf the fcrmation of the

scnclithic shell of the increased rigidity.

The conducted investigation included tle theoretical and

experimental part and was acccaplished cn large-size model.

Were obtained the follcwing results:

1. Is developed the sufficiently simple prccedure of calculation
cf coating at different staces cf its wcrk. Simplification in the
calculation is realized because of tke separaticn of coating

acccrding to structural/design sign/critericn tc the calculaticn of

central and angular parts taking into account tlieir mutual effect.
The ottained experisental data ccnfirmed ir essence the design

ccnsiderations accepted.

o

2. Is revealed advisability cf transfcrmin¢ guying systea into
? : scnclithic suspended shell vhen substaptially decreased deformation

cf systea, and was noted discharging carrjer ping.
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8. Is revealed advisability of inclusicn into joint operation
sith guy system of floocring slats, for whick it is necessary to
ensure appropriate reinfcrcement cf shell. Fuvrthermore, is made an
alsc whcle series of structural/design reccamendations
(equipment /device of supplementary supgorts for a ring in the places
cf its contact with on-tocard cell/elemerts, ccnstruction of the

ccupling of different parts of the shells, €tcs)e.

4. For preservatiocr cf shell frcm its cracks it is necessary to
sake that prestressed. In irstitute it was ceveloped and it is
exferimentally tested cne cf the pcssible methcés of prestressing of
the shells, having the surfaces of the regative Gaussian curvature
ensuring their solidity and the increased rigidity with different

lcads.

Fage 123.

Recently in institute, it is cevelcped and nov is investigated
alsc a vhole series of the new frestressed guy systeas whose large
part is fulfilled cn rectangular plan/layost. Fcr example, the system
where the spacing forces frcm guy farm/trusses are not caused the

high bending moments in the rectilinear cellselements of index
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cocntouwr because of
stiffening joints,
flex-1ess with the

receive in essence
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the inclusicn irtc the work cf the supplementary
working together with gujy-sets or curvilinear and
basic fcrm cf lcading by the cell/elements which

the thrust cf guy farm/trusses (Fig. 11, j).

All patterns as a whcle ccnsiderakly expané the field of

application of light/lurg suspended rccves, they make it possible by

ccsparatively simple resources to cverlap very significant

flight/spans and to successfully ccmpete with traditional coatings

with the usual flight/spans of indtstrial ard civil buildings.

As a result of investigations, were ccaprised the

reccmmendaticns regarding ccnstructicn and calculation of different

cell/elements and systess cf the prestressed guy constructions, which

must contribute to

the even more wide agplicaticn of these

fregressive forms of ccnstructicnse.
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The patterns of some types of the prestressed suspended rooves.
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