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Abstract
Relevance of the topic: As it is known in the end of the last century, Georgia and

other seismically active regionshavesuccessfully implementedso-called Zhezheli
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16-storey frame-panel residential buildings with bending armature under
constructional conditions. Dozens of residential houses in Georgia are presented by
such construction, which provide safe housing for millions of people. The building
was constructedwith prefabricated elements.

After infamous events of 1990, when the economy collapsed and all
factories producing reinforced concrete products were abandoned, many frame
buildings of “Zhezheli” type have remained unfinished. A.Sokhadze Civil and
Industrial Construction Department decided to conduct experimental study and
supportability of such unfinished buildings, i.e. granting life to dozens of buildings.
There are several dozen of such buildings in Tbilisi, whereconstruction process
was suspended on different floors, some of them are demolished (on Tsereteli
Avenue), some are still in the foundation phase (Didi Digomi) and two buildings in
Guramishvili 64are still waiting for a builder. Thus, it is possible to continue
construction and provide thousands of families with accommodation.

The aim of the dissertation: the “Zhezheli” system is presented by a frame building

in which the roofing foil from all four directions is held by the pre-pressured force
of the armoured fittings that are strained between the columns; Straining of cables
takes place on construction site.

The task of experimental research is:

* Study of unfinished construction;

* Investigation of the reliability of existing tense cables;

* Determinationof tensioning values in concrete and armature;

* Assessing the reliability of the systemby determining breaking point of columns
and tiles.

* The study and effects of changes pre-pressured strengths caused by long-term
deformation of concrete.

* As a result of the research, conclusions and recommendations will be presented,
according to which the construction of such type should be completed.

12



Scientific Novelty: Practical application of the completed work is important.
Completion of semi-built buildings will provide the city with substantial
residential place,thousands of people’s requirements for accommodation will be
met, namely refugees who are living in unbearable conditions.

The first chapter of the dissertation discusses the nature and development
characteristics of concrete’s and reinforced concrete structurese’s long-term
deformation — creep. Those scientific studies related to the deformation of concrete
due to creep.

The scientists working on this process: A.Goalishev, I. Livshits, A. Zevin, A.
Saakyan, V. Sizionov, D. Patrov, V. Chernigorov, G. Kiziria, Gvinchidze, D.
Dolidze, Zedgenidze and others, as a result of their research several different creep
theories were created.

Creation and development of several scientists’ creep theories are discussed
in details, that state that deformation due to creep is a type of plasticity
deformation. It develops due to long-term pressure. The development of concrete
creeping deformation is especially important in pre-strained reinforced concrete
structures, since the static scheme of construction, installation and work of
operational elements is different, which results in unreliable results in assessing
the system's tense-deformation state.

Second chapter of the dissertation discusses effective constructive
HNMCsystem with bending armatureunder constructional conditionsof carcass-
panel, its efficiency, the specificsof constructive elements and building practices.

In 1956 in Serbia, Belgrade, the construction materials research institute,
under the guidance of Professor Branco Zhezhel, has developed an efficient,
carcass-paneling constructive system with bending armature under constructional
conditions. A year later after implementation constructions began in new
Belgrade, then in many other cities of Yugoslavia: BanjaLuka, Tuzla, Nishe,
Ossieke, Nivasade, Panc¢evo,Sarajevo and others [27].
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In 1982-86, in Toun3HMUIII under the guidance of A.M. Kimberberga number of
experimental studies have been conducted. Based on the results obtained,
"Temporary Recommendations for Designing Frame-Panel Buildings" has been
drawn up [27].

As a result of experimental studies it has been established that maximum dense
pressure was located in the nodes and maintained before their destruction, the
coefficients of deflection have been found, the form of disposition of pre-pressured
fittings have been developed and their effect oncovering works with respect to
vertical loads. The recommendation was developed that provided substantial
economy of materials compared to current project.

The new constructive system distinguishes itself by high values of basic technical
and economic characteristics. By implementing this system, stainless steel usage
will be reduced to 25 + 40%, labour intensity will be reduced, metal usage by 20 =+
41,6% and construction cost by 40% [24].

The constructive cell of the system is createdby built-in columns, roofing tiles, and
pre-pressured cable fittings. The column and roof tiles are integrated into the
whole diskwith pre-pressured fitting under construction conditions,that are
located in both directions between the roof panels and goes through holes in the
columns. As a result of fitting clamping friction between tiles and columns is
crated, that provides system's combined operation during exploitation.

Analysis of conducted surveys [13,14,17,21,24,27] found that the main building
material used was a high-strength B25, B30-grade concrete and K-7 grade ¥15 mm
cable fittings. In all existing technical solutions the use of such concrete types and
the sizes of the elements as well as application and calculation methods weren’t
justified, that created a major problem in the construction of the roofing system.
The existing normative materials did not allow for the calculation of the specific
system, which further hindered the implication of the system. Due to absence of a
single methodology of calculation of constructive system and its nodes, which
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should have beena descriptor of real work during exploitation, did not allow for
the full usage of building materials’ strength, which led to the higher indicators of
building’s load bearing capacity.

The carcass-link system inconstruction conditionsis very difficult to calculate in
terms of pre-pressured fittings. This is caused by both individual nodes and
constructive solutions, as well as construction technology.

The tense-deformed condition of the pre-pressured frame differs from the
deformed condition of the usual traditional carcass, and hence the calculation
method is different. If for the calculation of usual frame the operational scheme of
nodes is known, in this case such schemes aren’t specified. That is why the
assumptions made are often not justified and are based on engineer experience and
intuition.

The third chapter of the dissertation discusses the calculation of deformations due
tocreeping using European norms. Concrete and reinforced concrete are
considered, the features of the construction material and its impact on various
loads, the fact that in the calculation of structural elements and the system, the
relationship between tension and strain can be any (linear, nonlinear) if they
correspond to the behaviour of concrete. In special cases (also pre-pressured),
according to the information from special attempts, it is necessary to set the
strength of concrete for a period of less than 28 days and, based on the results
obtained, to study the effect of long-term deformation.

The module of concrete elasticity depends on the filling elasticity module. E,,
relative value of elasticity module (which lays at 0 and 0.4f.,,) * is given in the
tables for different fillers. If fillings are presented by sand or sedimentary rocks,
the elasticity module should be reduced to 10 + 30%. If the filler is basalt, in this
case the elasticity module increases by 20%.

The creep of concrete depends on environmental humidity, size of the element
and concrete structure. The creep is also affected by the age of the concrete when

15



it was first loaded, its duration and the speed of loading. The creeping coefficient
¢(t, ty)depends on thetangent creep module E,, which is equal to 1.05E,,. If there
is no need for greater accuracy, creepeingcoefficient given in the appropriate table
can be used, provided that tension in concrete does not exceed 0.45f (t - is the
first load in case of toage).

The fourth chapter examines the experimental and theoretical studies conducted
in the reinforced concrete frame-link buildings in order to study the reliability of
the system and long-term deformation caused by fittings.

Fulfilment of planned tasks has been made possible by monitoring 10
completed and 2 unfinished 16-storey buildings located in different districts of
Thilisi (Gldani Second, Third and Seventh Microdistricts, Varketili
ThirdMicrodistrict, VazisubaniMicrodistricts and Nutsubidze Plateau)

Review and study of 10 16-storey buildingfound that the buildings do not have
defectsthat aren’t allowed by thenorms. The load-bearing elementsof completed
and operating residential houses include: columns, roofing tiles and monolithic
joints, where pre-pressured fittings are located. Concrete strength was checked
with two different hammers that are based on reversible elasticity method, which
was about 30-40% more than specified by theproject, which was anticipated due to
concrete hardening conditions and due to heterogeneity.

Two unfinished buildings showed interesting results. The bearing elements of
unfinished buildings were checked from the first floor to the 6th
floor,prefabricated as well as monolithic areas, hardness diaphragms,side and
centre nodes were also checked.

In order to determine the reliability of the system as a result of the monitoring of
unfinished construction, taking into account  stability characteristics of
prefabricated and monolithic concrete elements and using engineering software
LIRA-10 two versions of calculating models were developed and tested for the
impact of permanent loads and pre-tension.The model used B25 class characteristic
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concrete (it corresponds to the object’s average parameter) and mechanical
characteristics of high-grade cable steel K—7 of (asserted by the project).

The final results are given in main conclusions.
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3930sbobycmgdgdobismgals 393030960920, ©337853000 BobalBatrosdadamo
563yl 396003Lgd0l BwEGgB0 > Bomo Zogmmghs 3oceobnEgel ogocmol
ByBocdody  396hoomGe  Eo(g0cmggdlbol.  3g37Boges 6930396300,
Godgmoy  odmmgmes  8mgdgo  3Gmgdhgonsh  dgwstegioom  Bsbsemgdol
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Boo3931cm0 196930b 38689093d0b, 5680l 096396930l Bgormwgdl o
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103t 9396bgdes LolihgBols cosbgagal. 3eobli@ngizoneo LobgBobs s oo
3396d930L  gosbog@odgiols gGmosko Bgmmmogel ot  sGLgdmdol 333,
Godgamo  LobigBol  Ggocmméo  Bgdscdols 0Bgéo  76ed  Ymogoemaye
9du3comoiooobol, 56 odemgees LsBgbo Boboemgdol LoBzopol desereodrog
358yg6gd0b LaBroemgdsl, Goboy demeweml Bogysgono 30BLhGd300b Bocogol
16560l Bocmoem B5RggbgdemgdBy.

LBeatogro 98B . Loemoogmgol Lsdgogém 3aemgggde Lobigdsdo
Blgdado 3ghmbgdobs s 39B3ghmbgdel goBmggBgdaboogal Bogystaes, Godys

300093 9obgr oob®s Lobhgdol goGaobosbmds o Igbadmmgdgano
39boos 1339 8bdgo dgherbgdol 308cygbade.

Bogyotogdnamo 35cmg3930l Jge93g30b 9boemo83s oBggbe Lobgdols wocoo
booBgrommds o (h9d60 399 3mbmBonto  Bobobosorgdmgdol 30093 1™
378303qLg30b Jgbodemgdermdgdo /27,28/.

Bocogdyemo  dge0agdob Sobgrogom . mdoemobdo s3gbs sovmdoos 16
botoymosbo Logbmgégdgama Lbobemo, Lzemews, 8 Lotommosbo Lsbewgdo
360L6eEo630, Lobowomm ©> ATC-ob 3gbeds o 3. 98 Lobggdoo
839695ememdo 36dgemgds mgbog §.8mb3mgdo o dogedo, dgmmeboobs o
Ergbgonrols 40 630630 0> CHT d3g46933o.

9gdb3ge8gbtnare 339amggdel dgrgace @edpdogme gocsbygol qgaamol
306byEdonmo 3oobyzghgde, oy sobobs 3ocogy Lbgoalbgs 33cmgg00m0
oBlhonBhgdol Bogth 3gByBoggdnem 693mBgbroogdBe, Bmaoghmo Bsomgsbo
Beo398emos (3b60c 2.2-3o.
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006356203930 Bg®remo BebolBentmdol 8gmmeol Bobgogoo LsBmbAsgwm
5 Logdu3emotopom @ohgotmggddy BobolBotroadsdgol 30693y, Gmambyy 4
Bgéhormdo o6 3 Bgrhocmdo RoBogrgdemo gowms. 8emBgbhgdo Lasbzat0dem
33929380 oy 1§96 > Fhoo  goBMroare, oty  Aggnargdeoy
3530503009330 (3bomgdol Bobgogom.
33093930, GoBgmoy 930803309385 BooheGo  gbgdeses 39893
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boboliygRg, Bog06eg560 5630l Goeomdals gogmmghs gooabyaol gocmol
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3bocmo 2.2,
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1. | Teua3HUNIIL 3+6 800 31,0 Qénéo&mso, B20
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Mocmpoexr-I 3,6:4,2 1000 0,84 doemoobo B25
Kypoprmpoexr 1,8:6,6 700 280 UBeooggmbs | B20
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Kues3HUMNIII 3,3:5,7 600 2,85 Bodmgobo, B25
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000 [T (33300030 gogmGH3d30980L godmmgmms g36m 3mEoo
3.1. 3oboemgdo — dghmbe. Loddh30(39.

396060b 3emobo 3138g0b Lodop0lb  Bobgcogoos  Boncagde (3ocrmobrotsol
bessBoyoncmo bodh300b fox o6 b0l bod3040b foupe  5%-o00 gdoagdol
390980
boBgo0l obgcogoon  scmoligdo 63330 gaggdbgds  gomobeotsol fox b
Bubobiosongdgen Lodpzopgh (Bmdoponanl), Gmigmmoy 3o6boBmatmmmns 28
ool Bogbodormybo  bodgbormmdol  Cmax = 22—l Bobgcogoon.

105

3o0630603g30bomgal  Lodotom  bm&dohoygemo  Bobowmmos  frx . Gm3gemoy;
3381")2"5832") 385060336 Soboboomgbwgbb, 300888'3@00 Bb.3.1—3o.
3obLo 3ymérgdnemo d98;mbgggol O™ (30> dméol BoboliBotoododgolol),

bBSBOOQ)UéO BQSBO[’ 8(‘060888860[) 8053@3000, 0380@868@00 Q)OQ)&OSQ)S[)

o dghmbob Lodhzopg ooagbocmos 1528 mgdg, o0mgdgemos 0go
3508360l 3009503096y K1 = 0.85 —obs 358c04g6g300>.
oy onoemgdgmos  dghmbol  Lodthzopel o03g6e frx( @Gmobsmgol
(Bo35m00m00: 396yodg30l MU, BobalBtaroadadgol otmb).
fery=Fem(e) — 8(833) oo 3<t<28 og8y;
fery=fer 228 @gdy.
1036 bho 3603369emmds t<3 EgRY bogotms azebrgL L3gioommnéo

9ol gegzoce-
Ba(i)mSob b08®3033 Q03m3ongbn@oo 33836¢ob (1)0388, (')38386")036”[") Qo
@360060060[) 306)(\068633. o0y

63838606360 200—ooqao@gGoonBoHagboboagbo EN12390 -ob 306)(*)68?)[),
bg@mGob U03¢3038 33333088 bb3oqaobb3o obo3ob Qémb 3806@860
6030000030@00[) 03006)3'3@000:

fcm(t)=ﬁcc(t)fcm (31)
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o) = exp{s[1- B2} (B2

bocoogg fon (£) 060l 3gimbols bodho0b bodgoemes bococoy 3739389 ¢ comol
ol g0l
Fom — 3560l bodh 3030b boBgocmen bcoaceg 37393589 28 comols obo33o0;
Beo(£) — 3mga03096y0, ErerBgcemnyg @03 gocogbaarmns dghebob ooy
£~ 3eabob 9b530 comgqdBe;
S-3mgmog0gbhe.  GmBgamoy  @oBmoceginmmes 139996600 (0389:S=0.2
3999610bo030b, GeBmols bodh 3030 3emolbo CEM 245R, CEM 53.5N oo CEM
535R(Clacc R); $=0.35 39996¢h0bsorg0b bodh30(30b 3emobo CEM32.5R, CEM 42.5N
(Clace N) ; 5=0.38 (3939550 bodgh 3030 3cmobio CEM 32.5N (Clacc ).

g3 (3.1) @0 (3.2)-0c bodagdcmemds o6 dgodamgds, o dghymbol
b8 3039 39393089 o6 JgqbodsBgds 28 comobs bodgz09b.

o 3oo6go03gdodo  gobomgammobBobydgemos gB3gGogneel mdopgds
gmg896¢h30, 35306 6cos q0bocagBemmon bbgs 69 3m3gBrosgogbocs.

390yl Boboemds 5080089 Bggbododgds yagemody woc dodgel, Gmdgmoag
sco0dgthgdo 3g6homaco 5od0330bob.

o LoBopg 3o408g0bob fisy @oaghacmos  zobyégdel  dgoreacoom,
Boobemmgdnemo dghebob bodgop0b ooy @gtdamn 3o4odgedy dgodemgds
303m0035amb qgdnEon:

fet =0.9f ct5p(3.3)
30403308 LoB(h 30300 (gemommgds GmBn o 0cgdnmos hgbash s6gbs o
gmgBg6hols BerBoBy:
fetm = (Bec(®))® * ferm (3.4)
booo a=1, Googs t< 2800989, 0=2/3 Gooopge £ 28 cogdy
foum -0b 3603g6cmeado BeaizgBnemoo 3b&ocn 3.1-3o.
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Bbt‘m@o 3.1.

Bg(i)msob b0803030bo o @8030063030'3@0060[) Soboboooogb@f)bo

bodh30(30L Bobgrogeo dghmbol 3emolgdo oboemogho 3y
8030)[505‘3@36360,
806306036360
fx | 121 16| 20| 25| 30 35 | 40 | 45 50 55 | 60 70 | 80| 90
f cx,cuBke 15| 20| 25| 30 | 37 45 | 50 | 55 60 67 | 75 85| 95| 105
fem, 20| 24 | 28 | 33 | 38 43 | 48 | 53 58 63 | 68 78 | 88| 98 | fom= fx+8 (333)
fem 1, |1, 12,12 12 (32 |3, |3, |41 |42 (44|46 |48 ]| 50| faem=0,3x
6 19 |2 |6 |9 5 18 f.. =0,30xf2"* <C50/
f. =212 -In(l+(f,, /1
> C50/60
f ctko,05 L, |1, |1, {1, |2 (22 ]2, |2 129 {30 |31]32 |34 35| far05=0.7x fctm5%-00
1 3 5 8 0 5 7 '386)‘3633@3(’0030.
f ctko,95 2, 12, 12, |3, |3, |42 (4 |4 |53 |55 57160 |63]| 6,6 fcko95=1.3x fem95% -00»
0 5 9 3 8 6 9 '386)‘3633@3(’0030.
Eem 27 129 | 30| 31| 33 34| 35| 36 37 38 | 39 41 | 42| 44 | Em=22[(fm)/10]03
€a(%) Lo |22 |2 |22 ]2 |2 |24 (25 |26(27 28|28 | ¢ (%)=07f2% <28
8 9 0 1 2 5 3 4 5
0b.65b.3.2
ecu(% 3,5 32 (30| 28|28 28 | 0bbob3.2 fux=50 dg3;
£cul(%)=2,8+27[(98-
fem)/1007*
€2 (%) 2,0 22123 24|25 2,6 | 0b.65b.3.3 ch250383;
£:2(%)=2,0+0,085(f c;)-50)%53
£c0(%)=2,8+27[(98-
fem)/100]4
Ecuz(%) 3,5 3129 27|26 2,6 | ob.bob.3.3 fx=50 833;
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£aua(%)=2,6+35[(90-
fa)/100]4

n 2,0 1,75 | 1,6 | 1,45 | 1,4 | 1,4 | fx>503g3;

n=1.4+23.4[(90- f«)/100]*

£e3(%) 1,75 1,8 19| 20]22| 23| obbob.3.4fx>50 833;
£c3(%)=1.75+0.55[(f cx-
50)/40]

gcus(%) 3,5 31[29| 27 (26| 2,6 | ob.bob.3.4fx>50 833;

£0ua(%)=2,6+35[(90-
fa)/100]4

3.2. Qéa 30000 q>303m63a800

63¢m60b Q)é)&goq)o q)gogméaoeoo Q03m3oq)363@00 dobs b@énd@néo%g
(doémoooq)oq) 33303[}363@33). onoQggbo, 6)0083@08 800833‘3@00 6006)33630

30[}00030@0[)606363@00 bogémm 383005383360[) Qémb. 03oboob, olobo
boéoémo Qo%nb@q:gb, 0d 388005383030, oy 3m6b¢63d300 88666006006)80
30080@0 3380053330[) onoQagboboaoE 80@056360[} 30306 0>.

63(50050[5 Qé&goqmobob 300@‘3@0 Q03m3oq>363@oo 33303[}36@0[}
Q)é)g&)@d)&()b 300@3@83. E.m Q)é)g&)@d)&()b quan@ob aoob@ambomo
8603368@«)60 (6)“)88@03 3@8606)8006[) 0 o 04 fem )5 3306)8000b
388‘)3[582’8@83 8008883@00 Bbé)oq) 3.1-3do. oy 388‘)3[’82’8@‘” d3030 ob
Qosoqzogdo dosgbo, q)é)&goq)m?)ob 300@‘3@0 UEQ)o 333@06)@3[} 10+30%—3q)3. oy
33803[}363@0 o640l 6030@@0, Y| 333005333030 Q)é)&goq)m?)ob 300@‘3@0 086)@360
20%-00o.

Qég 30@0060[) 800@'3@0[) 33@0@360 Qémao 330&@860
300030@0[}306363@0 ogmb 388@.3860060@:

Eqn(t) = (fcm(t)/fcm)O'SEcm (3.5)
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b3 Ecm (£) @0 fom (£)9650b c065g39000930L Benconemo oo 3gtyesbols 39393989
Bobomemds Boopygdnem t-otesdo.
Eom ©5 fom— 0693500030b 8cmoncmo oo 3g¢ymbob 3183508
LoB¢h 30139 28 copols 3l 330,

PBBIGEDVS [ (£)/fim 398m000gmogds ogersdnems 3.1-0o6. 3nobesbols
309930309600 B00gds (oo 0,2-0b  dghemboboorgol, Gemdgmbog o g3l
3856930, 03 (herem0 0-0b Geaogboy oggb 38o6gdo.

oy 6 60b oo Lodbhg Lodotm, Hgd3g6otenme gegecmnmgdol
3993013096¢h0 3g0demgde dogommon (heaemo 10107 + K1

3.3. 3™(33°™Md o Yogbo
dahebol  epgocemds 0  dogbs  osdmzocogdnemos  ofgenl
fgBosBedoBy, qemgdgbhob Bmdab oo dghmbob LGmdhnody. mgermbsty
sbiggg 3oacrmgBols obegbb 3gdmbob obozo, Eeegbo BobBy Jogarmoc esbrogh
ogotoge, Bobo  bobadmmogmds 0 ophgotomgals Bescogdel Loy,
oo33omdol 3maa00060 @6 o)  eoBe30c0gdnemos bgd oty 3ocomdols
BenconernBy E, Eeodgamoly 0003 1,05E a0l thenamo. ooy o6 ool bigogsen concon
boBbhg. Bgodarmgdo gobotagdemme emizgocemdol 3maaozagbhob Bobgcogoon,
Gedgrmoy deopgByemos  béocn 3.130, 08 Joedoon, Gemd d3yFdogo dodgs
2960630 o6 scogdehgde 045 fu(t . 3otgammo ophgotbmgal fo ~obool
3g3onbgq30Bo).

breopgs otm =00 dghobol eoggocemdols gmgepo0gbho £oc(e0; £) Fcodogo

83938530 dodgabols 6, Gendgemnyg £y ol gob 3By dencogdnamo, (heoamos:

Ecc(00;t) = @(05t)g - (6/E ) (3.6)

vy 33938030 dodgo dghebBo L obogobob o§o6dgdl 0.45fu(to)- b  BoBb
gopgoEmds ool o@oBoage. sbgmo Boommn dodgs godamgds  agenl
aoopgbmgol Jggan, Bogowmomswe, 6 06odghmbols BobolBotcpododya
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9eg996,9330. obgo 3gBumbgagado eagcemdol otBEegogedel 3mameEgEho
B> g5Bemomgacmeh ey dnemom.
@i(0;ty) = @(o;tg)exp(1.5(Ko — 0.45))  (3.7)

bocooy @i (05 t) 960l  (3m(33000md0l 966G 3050  3mgego(309btho, EmBgemoy;
33e00b @ (0; £5)-b.

ko — dodgqdol ago6hcomds Oe/fon(to),

0. — 83938530 dodgo:

fum(t=) — o8y 0(30b baBgcrmen F6aBgEgammd cootg06ma0l Emb.

6b.3.1-8g Beaggobocmo 3oodghtgdo JggbodsBgds Hgdgespntel —40°C wo+
40°C  LsByoamen aq3otaomdoon hgBosbemdal W%=40% s W%=100%.
o ¢ (09; tg) 3(3390™d0L bsdmemmem 3mgazazagbhos.
6./ fom(to) — ago6scocmdomo dodgo;
6. - 83788530 dodgo.

NN
248 \ .
3 N,
N @7‘ e
5 R g c20128
L Cosran
\ T~ T CaussT
10 ~\\ .._‘_‘_'_'--__-_._ C35/45
Ee—— : Ll T
"-.__‘_-
= e
20 TR C10/85
C90/105
30
a0 %
\ 100 300 500 700 900 1100 1300 1500
100 N 7 bk

60 50 40 30 20 10 O

60b.3.1. Bad)msob Sméao@néo 8db3@nb¢beoob 306006860.

BmesonBob 3”3%030360"[’ aoammsq:ob 38mmq>o.

fem (to) — 03(h306030L ™ML bedyocmm Lodt 3039 3933089;

to — dghmbol obs 30 30639em0 OHZ0EHMZ0L EH™U;

ho — 306000 3emdo — 24, /u, Loy Ac-gobogo 339000L a3o6rmda;

u — 33990l 396039hE0, GmIgemo(z gobodységdmoc 960l gob 3nogboemo.
S, N oo R-39996¢hob 3emobo.
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$©9bob  doemosbo Q:go;;méaoeoo dgc0ggdo ™o 3™33mbgbhobogob;
3033068&)[5 ng'gméaoeoo o ng'gméaoeoo, 808@6383@0 33836¢ob
30@6)0@030000. 8083o6360b q:gogméScBoo 300006)@3& 53@0, Lobod
bméBOSQ)Q)SBo 53@0[} 8086)0(300 803306)363@ 63(500630. 03obonob, 8obo
do&omso bsBocemo 3emobeogde oq:év{m@ obo3do  dghmbol 0633ob 9990093
0300 6o dqodmmqde d®ebBamlb Gmaméy dqhmbol Loddh 0p30L BEHMOq0
J 39 00 Q059 303 996 h3os 303

ognbgi300.
Bbéo@o 3.2

Bad)msob aoagoéabob 5(\03050@360 oo03obno_30@o 3Q350 £.q4%-30

OErMB0m0 (h96056mds %-3o
fer 20 40 60 80 90 100
/T ck,kyba
20/25 0.64 0.6 0.5 0.31 0.17 0
40/50 0.51 0.48 0.4 0.25 0.14 0
60/75 0.41 0.38 0.32 0.2 0.11 0
80/95 0.33 0.31 0.26 0.16 0.09 0
90/105 0.30 0.28 0.23 0.15 0.05 0

5800 90blBgRs sboemgsBeos dghobol g3ggs, dgeorgdoos dgam dgheborsb.
Y0960 8orew0s60 gamEBI 30 £cy308c90003emds FgBogab0G :
£oy = £oa + Eca (3.8)
boceofg £ca 60l 303gorgbols cgae G300,
£ca— §0B07)60 o960l 0gRGI(300.
Lodeacmene 358mBEmdol ogamEdo(300b bowoog £ca (oo Kneao.
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Loy €ca0 — 090 (3bEocmo 3.2-ob (vomgdd Lodyoemm 36033bgemmds
39609(300L 3mgo30(3096hoL 30%).
8080036)0060[) 3@350[} nggméaoeoob 805300006)360 6o

£ca(t) = Bt ts) * Ky * £cq0 (3.9)
on)oB Ky, 960l 3°°3°3°B°360°’ é)mag@oe Q03m3oq>353@oo 338030[) 30’)8088 ho,
33[506030[50@ Bbé)oq) 3.3- ob 8obgq>3000.

Bt t,) = — " (3.10)

(t—t5)+0.04 /hg

bocosy t 960l dghmbols oo 30 9330 353 33em930L B
£ — 3gtheobol b 30 cggddo g93gotgdob $ogbol sBygdabol.
hg = 3060d0000 BaB> =258, bacoo(y Ac-3o6033900b 0goer0mB0;
u — 293gogdob 3960dg¢hHo.

RH
£.q = —0.85((220 + 110a,44;) * cxt(—ags; fc—"‘) x*107%%1.55 [1 — (—)3]

fcmo RHO

boo femo60b3398330L Lodyocmmboddh 3039 Ig3.
femo=10833;  age1 =4 N 30m0bob (39396d0boomgal;
@ gs2 = 0,12 N 30m0bob (39896¢0boog0l;
RH — 53060030000 h96006mds %;
RH, — 100% (yg6056053.

doaonéo 3@860[) QSCBMé)aOBOD 8060[)08@36)860 388@860 CB(")&)S':]Q)SBOO)

Ecu(t) = Buy(t) * €y (), (3.11)
Eu(0) =2.5(fck — 10)10_6 (3.12)
Bee(t) =1 —cxp(—0.2t°3) (3.13)

bacoogg t 960obatoe, owg-®aBol Gocwgbrmds.

3oBLhGgool  9GoBGagoge  3oobgathodgiobsl  “dodge-cogogeataBapgosl”
3eoholicosBem gocogdryegds BoRggbgdos 63b.3.2-8g.
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oo g.0odoemolbdo  90-00bo Bemoob ®gdeg ImBbooto  BoBoldgégdal
3900930 360300 sboemo 3mE3bo 8g-2 o 39-3 39(g3mE00l EOBabgdOL
Leodod O Bmombmgl swggbo—godmaggdsl.

Loobhgéoglen  dggggoe  oPggbs  ondmoghgdgmds ™o 3mE3YLId
(60b.4.9, b0b.4.10). og, Locody cowgboy ®oes (30b 9393 gob gécoo dg9-7 oo dob
339600 39-3 LoGoyemodeg dg6ygghomo 3mE3nLo, GmBgamboy 96 goohbos
065396000 Loobyjobtrn  3mBbozopes,  3396dgdol  Bmgogémo  bobocmgdo

©013mbmmomgdgemod o gogodymmo VB0 Y3390 3MEmBonbogob
(6ob.4.11)
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bob. 4.11. 30050(5006)0530 @03[}63@333@3350:33383 d.m?m@obao

©odmogegdgme  3mG3Lgdol  8Boo  gemgdgbhgdo  893mbBAgdnemo  odbo
306rg9mo Lotromosb 39-6 Loboymol Bomgmom, Gmgme; sboBymdo olg
dmbmemomyo 38bgde, d93mbacos dlggg gobodecs o dyo 3396dgdn, Lobolhol
00036033900, v dmo oBggbgdemgde 8mygoboemos 2 3béroemdo. Gmzmey;
392 (3bGoemoob BobL, dmbohmE0bzol 3ggzoe  FBocoe  gemgdgbhgdal
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boa(l) 3030[) 3oboboom83@830

dgqLodedqgde oo

033030)030@33[) 36)008{1(1)009

3om35cm0lBobgdnemb.
3bocmo 4.2,
oboBy. dmbmemon. Bobolbots
goobyegol dghmbols d9h™bols 30330
Ne 0goCmo a3 3039, bodh 3039, doemgdo,
h, L3 8m3dgdo, 3 3983398y, 3093398y, 36
33s 33
1 h =22 4,4X5,8 39,0 17,0 240...450
2 h =22 6,0X6,0 30...35 19,0 266...528
3 h =22 6,0X6,0 35,0 32,0 250...480
4 h =22 4,2X4,2 245 19,0 254...493
5 h =16 4,2X4,2 31,5 19,9 143...284
6 h =16 4,2X4,2 25,1 25,5 350...380
7 h =22 6,0X6,0 30...35 19,0 266...528
dodcogdotag LoBLotaymmasbo  3mE3nbog 0gegg BogmBstgmdom  dbggg

@0303863@00. 386006860
boaosob(bé:mb Bowosbgso.

bob. 4.12. 38ocoo 3@33356350[) 3330063350[) 36)00(33[50

83(‘060’)8030[)0 QO 8@66)0@0 606300’)06860[)
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LobiygBol  LooBgeomemdol  cosborozgboe  ooBcogtgdgamn  3eE3gbol
BcmBoghmEr0bz0L geegaoe SboBymd oo dmbemmoo geeg8gbhgdde Bomgdymo
3960l L3030l Bobobiosmgdemgdol googoemolBobgdon o boobgobewm
3830n(hgénmo 36Gmatods LIRA-SAPR-13 3g3ggmdoos 3gogdbs Losbzo60dm
Beoogamols mo gotosbho o goBmopgocos dBogdmgBgre @oBgatmgRLe o
BobolBatho dodgqdol 893mgdgeoqdedy, Gedemol grogagdo BotBmoggbocmo
bJgBgRbs oo yEoorgdBy.

Bmgardo geBmygbgdyae ogm mdogghdy swgeyare gsbedpeangdyare
8oB3g690emd0) 0 Booemo 3molol dogotomagobo sGBotyéol K—7 —ob
89460 3160 Bsboliosorgdemgdo (Gegméryy IGegqhoos 560l Bowmgdyeno).

I gooshyo. goobytgol cgocms hy = 22018; B25 jemolol dghesbo; Ry =
14.5835; Voo = 8+ 12 36/8 qgocms  o6Bobrgdemo oges  B8A — 1 3emsbols
26856000 (68330 docog 150x150 83 doy0m); c3oemsdo: E=30,0-108 83s;
Lggdho 40x40 b8; B25 3emobob Ry, = 14.583; Ep= 30,0-10° 835;  8ebeocmooyédo
bo3960 4x2203 B25; Ry, = 14.533s Ep=30,0-10° 33s; (6ob.10).

e VAR O

6ob.4.13. aoQobnésob osoqmb 300@3@0

IT go&osbo
3oobnegolb ggoems he = 22 18; B30 3emobol dghmbo; Ry = 17 830; Vger = 8 +

12 36/8% qgoems 963orgdyemo oym B8 A — 1 3emolol 963500 (m3oge docy
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150x150 33 d0300>); ogocmodo: Ep= 32,5-10%330; obobymdo Lgghgdo: 40x40 L3; B35
3emobolbdghmbobogob Ry, = 19,5330; Ep= 34,5-10° 83s;  dmbmemoomyéo bo 3960
(40x22083) ¥gfymbo jemboos B30; Ry, = 145835 Ej=30,0-10° 830.
6039 3060060l Loobgocdm Lggds dm(3gdnemos bob.11-3g.

o) %)

gogeol @asGdih e fofalfatgpadidpen dgodngabio aGddom

bob. 4.14. 8mcgemol boobgdo60dm liggdgdo:

o) I go60sbho; 8) II gotasbdo.
Lobhg3ol Lodgemmdal oboggboce, 3obgoboemger Bgg30L 0dachsz00L
4 3560060 (bob.12), Gm3gmoe3 Iggootge 30639 ghdmmbyH 306056Hhb.
06350l Lbgoolbgs  3oBotanmgdon Rodtroo  go8mbggyemo  6mgggzel
d980obgg3930 o Fomo Iggagde, Bo&dmggboemos Bmgme; boboBgddy olggg
3b&ocmol Lboboo, 396dme, Gmegboy 963odycol Bodés dmbeos dbmemmeo
gm0 odoboyemgdec  (6ob.12 TI Rod6ro), gpm&dszool  dogdlodocmyo
3oR39693gemo X o ¥V gédgdol 803560 3go0g9bd 3,983 o dobadocmyéo

0,001783, ber638g300> olid33980 Roconbgo 3gocg96L 4 L.

03603000, o40dnmmo dog060l dliger Bodesl HEogo3gem dggaodg 96
dogyog06m, (0b.60b.4.17) 6 306009hmbol gemgdgbho  Lobolhol JgLododaboco
obogbl dodgqdal gooboBoemgdsl 8g8mdgem gamgdgbhgedy, Gy 3ggbgds ogocmols
©gpmEIo3eol  96ohmeal  Bogerol  3gdmbgggedn,  Bogyemmol,  3ogérod
5380ymaz0emgdl olsdggdo Rocnbgol 306rmdsl. 6o(3 Iggbgds 39Lodg 3o60obhb,
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dgmig 25056080
By by 3B s By
a6 famEdnmdo

6ob.4.16. qgoemol gapm&as(300l Liggds Igmeg gotosbio (Bogl. Bocybgo 3,8883).

dodggdob 303369ememdgdo SbaBymd oo Brberaemoo 16330 sGBonEol
Bogéhols AgBcoga BogboBscmo 3gocaghl

bob.4.17. 5635¢60b Bogeoom docgdyemmo Bowmybgs (354L.15,133)
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60b.4.18. osoqmb @odobn@—@aosméaoéabn@o bdaaabo oéaoﬁnéob Soéﬁobob

od oéao(bnémb Boééxo 306bm6303@@o oooobo33 db&r0coob dbememmeo 3’30
30@30, 33@38850 300338‘3@00 505033533 (12,13,14,15,16), aodboao@:]éo
3°Q’°°Q’8°Q’32’° Qaédob d0do6ron 830053330 3@0@006‘360 306)006@0[}
3o0og0mgdol, o3 SbHMHIL go6onwl 0ol dgLobgdermd  Loldgdal
IBymdEr00ob godmygobs o6 Jgydemos gémo Lgghol oeggemog 963odyégdol
Boééob, 8°6Q’ ogmb ab 338mb333o 30603060 ob 330 doemdo. bb3oq>obb3o db0co0b
oéaodméob Boééobob dbememmce 306o306)o doemols 806@0 Roob 336350[} boaédg
Loglgooo Lo 38060lod  03obomgol, Gm3 o6 dmbroglh gocsbyégol  ogocmols
0bod3988g gthoco Boybgo 96 Lgghecoob Boenégbo.

dodo 0dolo, Gm3 306 30Lymm—3obgemmgobo  Lobhgds  96BodnEal
©o3033000  Lodgbgdemm  306mdgedo  Loedgmmdol  ogoembLod&oboo
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s623bs0Bgeoms,  ghoogydgamems, Goboy 9Bkl Bsmo 35 Bewosbo
9du3comoozoob 36Goghozo.

Googmbyy  Loobghpopom  636m80s  seBgomo  “ggggamol
bobiygBols 35635l 16 Latommasbo Logbmggdgemo Lsbengdo, GmBermgdos
356 37:360em0 oges Lgoldneo Gga0mbgbobisongol, Gerzméyy Bg8mos 530603690
d.0pd0emolBoyy ogem 539810 o Ge8rghody sogymo agBmegBIdgmo @GRS,
800089 393 33mg3930L Bohpgdobs @0 Bowgdnmo esbaygdgdol s6oemoBol

33@8&)@ 38830d@00 Q)030l)3360(7)2

doéomoQo ool 335350

1. d ooboqmbao ,,\58\58@0[) bdaaom 08863@0 Q)O Sdl)BQ)UO(bOBOx)aO 88(‘0(30
386(‘02}860[) 8(*)606(*)6)06880 830%3860, 6)(‘08 83@0@86860 QOﬁOSU@ 60806)86[’0

©5 (©38cmBeo00gdcD dgheb30 Lod 30130l cgoebsBEolioos 36 gBzotogdymmo,
Jo6ogors 30-35 Bewolb 3gdogy  €30653ghcbol  gemgBgbhgddo  Lodeh3oel
8obobosmgdemgdo 3386omos 25-30%-00m, oy @owAGIm0s sgomo
3300939%0b 5656m0800> CwohgEodnEo3o.

2. oodoBymo  dogotogdol  33amggRBs  agoBggbs, o8  Bogbgosgore
bobaGdamogo  GBmob  3eBBogammmdsdo  YIgogeemynGgmm  adRgbombo,
0Bo6BBgd96 Lodthorgdhe LoBhzopgh, wopggemos 3eesBoobogsb, Lsedgmecm
560l Bo36 396930,

3. dodgqdo dghebBo oo 9EBoyysdo sboBymd Focesbygol gomgdls s
bggtrgd30 Lodtmgdhym Loooeol heaemos oo [33cmoengdgdo aomstgbgdnmo o6
5630b, 030 BsBg5m0 9db3emedooobsmgol baodgeoms.

4. 808(‘033@83@00 6800’)60[) B(’)B3DQC‘OBOU QS%C‘O&)BDBOOW 8080’)6383@0
dodggdol BgBzotogds BobolBotrosdodyem 3530630, 33emgggdds shgghs Eheod
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39emBob [3o330edols 56330560 gogmmghs 40350l Lowowgdy 3530630 o6
3580839305, 30BlyGNg(300b Boogol N6oGBg gogemgbs 36 Beybwgos.

5. Bogyotgdnmo 30830nhg6mmo 9du3geedg6hob 3gmgzece @owbdnéos,
Gm8 ogbEymgdymo ,gggmol , Lobhgdol 16 Lotommosbo Lobmgdol
8396gpemedol  obiymgds  dgbodamgdgmos  Bmbmemooo 356 3obnmo
3g6emdgdols Blgsglioc, 356 33900 69308963(30930b 3o0g5emabBaBII0w.

6. ogmomoe > 9du3gEedgbhnmo 35993980, Gedgmop SboBymd oo

300600@000‘36) SQSSSSQSBHO 30@363@0 63¢m60b boa(b 3oBolj
3050[)000086@330000 ©° boosﬂosém 3003303@8(4)3@0 36)0086)030 LIRA-SAPR-13

—ol oobBsgom,  Bemgandy dgbnmees, 36 35bnemm-33mmo  Lobhgdol
bo0Bgomemdols E3bEBI®, 3385ymogoemgdl BsbBg Boygbydyem Bemabeghgdl o
5c03lyg8L Bob 7306ohgbeadgdl Lol Goombgdobisogol.
©0ogBmoghgdge  3eeIbgddy  Bohogdymo  Bmbofymtobgzol  dgcegagdel
boogndggemBy  godrmggom  dgBrogz  G93c3gbspogdl  Bobo  Lsdeaemeseo
0sbgemgdobsogals

1. 3g30B80gl > 030kl  onBmogBggmoe  3mG3nlgdl  dagd
39605369810 3EBHgY0L 080 39-39go60 30 Bsbobosogdemgde @ Bebrogh
6bgbemo bado6 33emgdol BrogmBatgedol wghsmyGo gbBogams, Germdmol
Bobgrogo0 g960boBgthgds LsBgBgdgme Lotorgamgdols Gocoagbesds.
2. bobhgBob Gmgeto gmtonm, sbgag 3c830mhgEm go9630603gd0l mogol-
oogdg  comgdl  (gdbognto  BoggGlopghol, Lsddgbgdenem  ogoz-hob,
bodeogoamoder 00 LoBthgBggmes  B3ggdemmdol  og3erhsdgbhe oo
Bq008bgog9emedsl 3598q3b obgag 83gEqdememdols 36z,
3. oonf;oghgdgmo  3mG3gbgdol  83ghgdewmds  mos  obEmgl
Bcobeoemoomo 306 30bmao bobihgBom, GmBgamo YBENBggmymal 3gbedgdel

333@6003 ljooaaqmo SleB@nod)oBoob.
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