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RESILIENT STRUCTURES
OTIIOPHH KOHCTPYKIIUHU

Resilience refers to the ability of a system or structure to withstand and recover from adversity. In the
face of natural disasters, climate change and other unforeseen challenges, resilient structures play a vital
role in ensuring the safety and well-being of communities. It is crucial that we prioritize resilience in
our design and construction practices to create a more sustainable and secure future.

One of the primary reasons why resilient structures are essential is their ability to withstand natural
disasters. Earthquakes, hurricanes, floods, and wildfires pose significant threats to our built
environment. Resilient structures are designed to resist the forces generated by these disasters, reducing
the risk of collapse and minimizing damage. By integrating advanced engineering techniques, we can
design and construct structures that can better withstand the forces of nature.

The collapse of buildings and infrastructure is a leading cause of casualties during earthquakes and
extreme weather conditions. By investing in resilient structures, we can significantly reduce the loss of
life and injuries. Through proper urban planning, evacuation routes, and the incorporation of safety
features like reinforced concrete shelters, we can ensure that our buildings are not only strong but also
provide a safe haven during times of crisis.

Resilient structures are not limited to saving human lives. They also protect the economy and the
environment. When a disaster strikes, the impact extends beyond the immediate loss of life and property
damage. Critical infrastructure failures can disrupt supply chains, interrupt essential services, and
hamper economic recovery. Failure of one bridge caused by earthquake, fire or flood can leave hundreds
of thousands people trapped and with no connection to the rest of the country. By investing in resilient
structures, we can minimize the economic losses associated with disasters and speed up the recovery
process.

If we go back in time, 60 years ago, on 26" of July 1963, Skopje was struck by a devastating earthquake
with a magnitude of 6.1. More than 1070 were killed, more than 3000 injured and countless displaced.
Most of the city was ruined. Obviously, the structures were not so resilient. However, the people of
Skopje were much more resilient. The whole world and the international community responded with
compassion and solidarity, offering assistance and support in the monumental task of reconstruction
coordinated by the United Nations. The reconstruction of Skopje was a colossal undertaking, but it was
also an opportunity for transformation. The city was redesigned and rebuilt, embracing modern
architectural styles. Skopje's rise from the ashes today serves as a symbol of hope and resilience.

Skopje 1963 earthquake is a chronological landmark, evolutional turning point of the Macedonian, as
well as European structural and earthquake engineering. In 1964 at a conference in Skopje, the European
association for earthquake engineering was founded. The first structure in the world with modern base
isolation with rubber bearings was the Pestalozzi primary public school in Skopje, designed and
constructed in the period 1965-1969. At which stage of implementing base isolation are we now? How
many hospitals, fire stations, schools, bridges and other crucial structures are designed and constructed
with base isolation, with appropriate fire resistance and appropriate measures for flood protection?

Investing in resilient structures requires national strategy and collaboration among various stakeholders.
Architects, engineers, policymakers and community members must work together to ensure that
resilience is prioritized in our building codes, regulations and infrastructure planning. Resilient
structures are the backbone of a resilient society. By fostering a culture of resilience, we can create a
more prepared and adaptive society. We can create more resilient world, which we can proudly leave to
the next generations.

Assoc. Prof. Darko Nakov,
SN

President of MASE
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AIICTPAKT

XuIpoTeXHUIKUTE TYHEH CITy AT 3a J1a ja Hacodar Bojara. [1omo0po e ia ce rpamat Bo mpasell, OMIejKu Taka
Ou tobwITe HajKPaTKO PEIIeHHE 3a /1a Ce TIOBP3eMe CO aKyMyJIallyjaTa, HO CeKaKO MMa HCKITYJOIH, U aKO YCIIOBUTE
HE TO JIO3BOJTYBAaT TOj MPaBeLl, OM MMalie TyHeIl CO KpHBHHU. | oOJleMHHaTa Ha OBHE TYHENH, KaKO ¥ HUBHHOT
TIOTIPEeYEeH MPeCceK 3aBUcaT O] HeKOU (haKTOpH, KaKO IITO € KOJIMYMHATA Ha IPOTOK Ha BOJIA HU3 TYHEJIOT, METOJT
Ha TpaJiei-e, BHATPEITHHUOT MPHUTHCOK, TEONOMIKNTE YCIIOBU M CII. HajuecTo monpeyHuoT mpecek € KpykeH U
HIOTKOBHYECT Kaj OBOj THIT HA TYHENH. 3a TYHEIH CO BHATPEIIIEH MPHTUCOK HIeaJIeH IPEceK € KPY KHUOT, J07IeKa
TaK 3a TPaBUTAIIMOHM TyHEIH HajJo0po € J1a ce yroTpedu rmpecek Bo (hopMa Ha MOTKOBHIIA.

Bo 0B0j Tpys1 € mpercTaBeHa KOHCTPYKTHBHA aHAIIM3a U TPECMETKa Ha MOArpaiONTe Ha TYHEJIOT, H3BE/ICHa €
HyMepHYKa aHalli3a CO Koja € onpe/IesieHa HaoHCKO-1e(opMalrcKaTa cocTojoa Ha KapIieCTUTe MacH O Kajie
ke ce no0HjaT CTaTHYKK TOJIEMHUHHM MOTPEOHHM 33 JIMMEH3UOHHpame Ha npecerute. [1po0ieMoT Ha HaIllOHCKO-
JedopMmalpcKaTa cocTojoa € MozIeNMpaH co mprMeHa Ha coteep O0asupan Ha MKE, nipexy nBouMeH31oHaHa
aHAJIM3a Ha pAMHHUHCKAaTa coCcT0j0a Ha MedopMaIIiH KaJie TIOBPIIMHCKHUTE CJIOEBU KaKO KOHTHHYHpaHa CPEIHA
ce anpokcumupany co Mohr-Coulomb-oB MatepurjaieH Mojies, Jo/IeKa 3a Kapriectara Cpe/iiHa BO Koja ce u301Ba
TYHENOT € KopucteH mozenotr Ha Hoek-Brown. 3a apMipaHO-OSTOHCKHTE Tpecely € MPUMEHET JIMHEApHO
eJ1acTUYEH MOJICII.
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1. BOBE]

[IpenacouyBamero Ha BomuTe 011 KprBa Peka ce Bpiu npexy mocToeYKH OABOCH JCBHjAIHOHEH TYHE,
KOj ce Haola BO JIEBUOT OOK O] HEj3WHATA JAOJIHHA, TPACHPAH CO TPHU KPUBHHU (I[BE C€ HAOTaaT Mocye
BJIC30T Ha TYHEIIOT, a TpeTaTa MpeJl H3JIe30T Ha TYHENOT).

Bre3HHOT nmen of TYHENOT € HalpaBeH Taka INTO Ke Ce OBO3MOXKH IIOJIECHO KaHATW3Wpame Ha
HaJ0jJeHaTa BoJa O/ peKara, OJHOCHO CMHUPYBamke U HACOUYBame Ha BOJATa KOH TYHEJICKAaTa IIeBKa.
W3nme3HUOT 1en € co Tpane3eH 00K U CO TPEJIMBEH Mpar ¢o MITO Ce HaMalyBa €pO3UBHOTO JICjCTBO Ha
BOJATa.

Xuapojanosummrero TopaHuia, co jaToBUITHATA OpaHa U TaJOKHOTO €3epo ce HaoraaT BO HEIOCpEeIHa
ommuna Ha KpuBa [lanmanka, Ha ampokcuMaTuBHA oxmanedeHocT ox 15 km, u ce dbopmupanu 3a
norpedure Ha paboTara Ha pyIHUKOT TopaHHIIA.

TyHen TopaHuua HOB

Google Earth ] dl N
riage ¢ 122 CNES / Arbus 500 m

Ca. 1. Jlokanuja Ha XUAPOjaJOBHUIITE — ONTOYCH JCBHjallHOHEH TyHEI

3a moTtpebute Ha HOBOTO XxujapojanoBumTe Op 2. (Topanuma 2) npenBuaeH € HOB OOMKOJEH TYHEI
(npenuBen 3a KpuBa peka) koj ce Haora Bo JIeBUOT O0K. HOBHOT TyHen npeTcraByBa MpoI0JKEHUE Ha
MOCTOCYKHOT, OJTHOCHO MCTHOT 3anmo4nyBa Ha Km. 0+800,00 (croj co MOCTOjHHOT TYHEN) U 3aBpIIyBa
BO MHIYCTPUCKHOT 3adar Ha Km. 1+475,05. BkynHarta 10/DKHHA HAa TYHEJIOT H3HecyBa 675 m, o1l Kou
592 m momzemen gen u 83 m wu3ne3Ha rpamba (Op30Tek, cianuiiTe U pusdepma). JujamerapoT Ha
CBETJIMOT OTBOP M3HECYBa 2,6 m, a HAJIOJDKHUOT HAaKJIOH u3Hecysa 4,60 %.

2. NHXXEHEPCKO I'EOQOJIOIIKHU K APAKTEPUCTUKHU HA KAPIIECTUTE MACH

IIperpanHoTO MECTO Ha OCHOBAa Ha MPETXOHUTE KapTHUpPama M WUCTPAXHHU AYMYeHa U3rPafeHo € Of
CTapoNasic030jCKH TBOPEBHHU, AJTOWUTHU3UPAHU KBAPI-XJIOPUTCKH IIKPHILIK CO MPOOOM Ha KBapIl-
natuti. OBUE KaprecTd Macu Bo noiuHata Ha KpuBa Peka ce mpemokpueHu co nedei amyBujasiHO-
MPOJTyBHjaJIeH HAaHOC.

2.1. Teomopdo/omIKH KAPAKTEPUCTHKHU

Tpacara Ha OOMKOJHUOT TYHEJI 3a jaJoBHUILTE Op.2 € IoLupaHa Ha JieBaTa JOJIMHCKA CTPaHa, U BCYLIHOCT
MpPeTCTaByBa MPOJO/DKEH JeJ Ha JOCEralllHHOT OOMKOJIEH TyHel 3a jajoBuiire Op.l. CuTyanuoHo,
OJ11aJIeueHOCTa O] MaIMHATA € HajMajia BO M3JIE3HUOT /el (10 camMaTa peKa), a HajrojieMa Ha OYeTOKOT
Ha OOHMKOJIHUOT TYHe 3a janoBumte 0p.2 (okomy 160 m). O noBpiMHaTa Ha TEPEHOT, Yuja JIMHHU]ja €
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CO pa3IMYHM HAKJIOHU (HajcTpM HakJIOH co 40° Bo 30Ha Ha MHMIMjanHA OpaHa okomy km. 0+330),
nebenmHaTa Ha HaJCJIOjOT € UCTO TaKa MPOMEHIINBA, 01 okoiry 16,5 m (moueten nexn), 1o okomry 61 m
(BO 30Ha Ha WHHWIMjalHaTa OpaHa), MTO € ONTHO MPH TPETHPAKmETO Ha T.H. ,,[E€OJIOMIKHA TOBap‘ BO
HPECMETKHTE.

2.2. TeKTOHCKU KapaKTEPUCTUKH

Kapakrepor Ha camara peuna gonmaa Ha KpuBa Peka, OounHmTe mmaboku J0J0BH, cocToj0aTa U
MeryceOHHUTE OJJHOCH Ha KapIleCTHTE Macu OUUIIIETHO YKa)KyBaaT Ha HHTCH3UBHA TEKTOHCKA aKTUBHOCT
Ha MO/pavjeTo Kako M Ha caMaTa HCTpakyBaHa Jiokanuja. O morope M3HECEHOTO Ce BOOUYBa JeKa
MpeaMeTHaTa JIOKallija ce Haora BO 30HA Ha TEKTOHCKH ja3on momely Kamenmuko-KpuBopedkara,
onmHocHO Kamenuuko-TopaHnvkara U HalPEYHUTE JAUCIOKAIMH, OJHOCHO PacelHH CTPYKTYPH, HaKOe
BO HeIocpeaHa OIM3HHA U TIOMIMPOKO C€ HAJAOBP3YyBaaT U MarMaTCKUTE U3JMBH O IIOHOBO I'EOJIOMIKO
BpeMe (TaJleoreH) mpeTrcraBeHn co kBapipratutd. Cemak, Tpeba Ja ce HalmoMeHe Jieka HaOelneKaHuTe
WHIMKAIMHA HA TEPEH MpeJl ¢¢ BO KOHCTATHPAHHUTE PACETHHU 30HU YKAXKYBaaT Ha HEAKTUBHU PYNTYPHU
CTPYKTYPH BO JICHEIITHO BpEMe.

2.3. JINTONOUIKH COCTAB HA TEPEHOT

OcHoBaTa Ha TEPEHOT BO 30HATA HA TpacaTa Ha OOMKOJIHHOT TYHEN € MPEMOKPHEHa CO JIeITyBHjaIHH
Hacyiaru co mporeHera jaebenuna 0,5-2,0 m. M3pgaHoiu Ha OCHOBHATa KaprecTa maca PeTKo ce
3a0erexaHy 1Mo MOBPIIMHATA, OCBEH Kaj 3aCEKOT 3a JIOKAJIICH AT OJ1 JIcCHA CTpaHa Ha pevHaTa JOJIMHA
(30Ha BO Omm3wmHA Ha reodusnyku mpoduia 4), co mMTO BO TOJIEMa Mepa Ce YCIOKHETH YCIIOBUTE 3a
MPOIIEHKa Ha cOocToj0ara Ha ocHOBHATa Kapma. O OBOj 3aCeK W MCTPAKHUOT PACKON Ha KPajoT O
o0ukonHUOT TyHen MP-3, Ha nnabuna 1,3 m e 70jIeHO 10 OCHOBHA KapIia aiOuT — KBapIl - MyCKOBUTCKHU
mkpmienl. On TMOYeTOKOT Ha OOMKONHWOT TYHEN IMapalieJHO Ha WHHUIMjalHAaTa OpaHa MO OBOj
JISTyBHjaJIeH HAJICIIOj CO CIIMYHA MOKHOCT C€ OYeKyBaaT KapIiH Of] TUIOT Ha THajceBH. [lemyBUyMOT e
W3rpajicH o] JpOOHHA, HE3HAYUTEITHO MIPALTMHECTA U 3arIMHeTa, CpeHO 30MeHa, 1o 6oja kadejasa. [1oj
HUCTHOT CC€ OYCKYyBa 30HA Ha (1)PI3I/I‘-IKO'XGMI/ICKI/I U3MCHETU FHajCCBI/I WM IKPUIOA KOM C€ O0CTa
MCIYKaHH, Ha MeCTa JI0 3ipO0CHH, CO U3IBOSHOCT BO ,,M" OJIOKOBH.

2.4. XuaporeoJoONIKH KapaKTePHCTHKHU

HuBenerara Ha TyHEIOT BO LEJIOCT € IPOEKTHPAaHAa HAJ EBEHTYaJIHOTO MAaKCUMaJIHO HHMBO Ha
MOA3EMHUTE BOAM, TAKa J1a HABIIEI'YBAKE BO U3AAHCKU 30HU IIPU UCKOIOT HEMA MOXKHOCT Jia CE CIIy4YH.
EnnHCTBEHO € MOXHA I0jaBa Ha BIIAXKEHE U Kalemhe oK €BEHTYAJIHH paceiud M Io3HadajHaTa
MCIYKaHOCT BO MOEIWHHU 30HM NpH BIaXHH nepuoau. OBa ykaxkyBa Ha moBoiHH X.I'. ycroBu Ha
TPETUPAHHOT TEPEH, IITO Ba’KU U 32 M3JIE3HUOT JIeJ Ha TYHEJIOT, KaJie CO peryJialyja Ha peyHOTO KOPUTO
MOJKAT J1a C€ CO3JanaT IOBOJIHU YCIIOBH 33 OJIBElyBAKk-€ HA BOJUTE.

3. I'EOTEXHUYKU ITAPAMETPU

TyHe0T BO HajroJieM /el € INIAaHUPAHO Ja ce U30Ke BO KapleCTH MacH Ha allOUT- €MHI0T-XJIOPUTCKHUTE
mikpuiny. Kapnute Bo 30HaTa Ha TYHENOT C€ MPOICHETH KAaKO MOJYKAMEHHWTH, KOH MOBPIIWHATA
TEKTOHCKH HMCIYKaHU. 3a MOHATAMOIIHUTE MPECMETKH, KAKO BPESIHOCTH 32 (PU3HUKO-MEXAHUUKUTE U
JjakocTHO-AeOopMaOHITHUTE MMapaMeTPH Ha 3acTalleHUTe MaTepUjaid Ce YCBOSHHU M JaJIcHH BO Tabela
opoj 1:

TyHesoT ke Ouje 00J105KeH CO KOHCTaHTHA JieOeMHa Ha obJiorata o] apmupan o6eton ox 30 cm.
Kapakrepuctukure Ha OETOHOT ce CIeJHUTE:

Bonymencka texuna y = 25,0 KN/m?®

Mapka Ha 6etoH (kimaca) MB30 (C25/30)

Monyn Ha enactuanoct E = 3,15*107 kPa

IToaconoB koedunmenT v=0,2.
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Ta6ena 1. YcBoeHu mapaMeTpy Ha MaTepHjajIiTe

[MTapamerap PPRDRd/GM Sep’ Sep
MarepujaneH Mojenl Mohr-Coulomb | Mohr-Coulomb | Hoek-Brown
VYcioBu Hpenupanu Jpenupanu Hpenupanu
Bonymencka Texxuna [kN/m3] 24 25 26
Koxesuja [kPa] 50 180
AT0I Ha BHATPEIIHO TpUeme [0] 30 30
Monyn Ha enactuanoct E’ [kPa] 100000 400000
[ToaconoB koedurueHT [/] 0,25 0,25 0,25
oc [MPa] 30
GSI [1] 30
mi [/] 8
D[] 0,7
Ei [kPa] 12320000
Erm [kPa] 1048525

4. HYMEPHUYKA AHAJIN3A U PE3YJITATHU

3a ;a ce M3BpUIM KOHCTPYKTHBHA aHAINM3a M IPECMETKA Ha MOArpaa0dHTe Ha TYHENOT, U3BEICHA €
HYMepHYKa aHallu3a co Koja € orpe/iesieHa HallOHCKO-IeopManycKaTa cocToj0a Ha KapIecTUTe MacH,
O] KaJie Ke ce Jo0MjaT CTAaTUYKU TOJIEMUHH TIOTPeOHY 32 TUMEH3NOHUpamke Ha npecenute. [I[podaemor
Ha HAMOHCKO-AedopMaluckaTa coctojoa € MoJenupaH co mpuMeHa Ha codTeep, 6asupan Ha MKE,
NpEeKy JBOJUMEH3MOHAIHA aHajM3a HAa paMHUHCKaTa cocTojO0a Ha JedopManiu Kaje MOBPIIUHCKUTE
CIIOEBM KaKO KOHTHHYHpPaHa CpeauHa ce anpokcumupanu co Mohr-Coulomb-oB marepujanen mozern,
JI0ZIeKa 3a KapIiecTaTa cpelrHa BO Koja ce m30MBa TyHENoT € KopucteH mozenor Ha Hoek-Brown. 3a
apMHpPaHO-0ETOHCKUTE MPECEIH € MPUMEHET JITHEAPHO eJIacTHYEeH MOJIEI.

MpckaH 6eToH MB25, 5¢cm
Beton MB30, 30cm

(p]

O-x
N .

N T
3l8 L) 93,30
™ N X Lieskosog ®300 3a
A 92%66 / n3bucTpeHn Boau
P NNV N
©.0580 260 ,30.05
3,30
L

Ca. 2. Jlokanuja Ha XUApOjaJIOBUIITE — ONITOYEH JIEBHjallMOHEH TyHEI

3a moTpeOu Ha aHanM3aTa, HAJIPBO ce JedUHUpa TeOMETpHjaTa Ha MOJEIOT BO IOMPEUYEH MPECEK.
Ananu3ata € chpoBejieHa 3a €CeH KapaKTepCUTHYEH IONPEUYCH MPECeK 3a HajBHCOKO BEPTHKAIHO
OTITOBaPYBaE 0J1 HAJICJIO] ¥ TOA BO YCIIOBH Ha CTATUYKH U CEU3MUUKH BIIMjaHHja:

ToBapHa komOmHarmja 1: CoIlCTBeHa TeXHHA Ha MOArpajgdara + BEPTHKAJICH NPUTHCOK O]
KapIecrara Maca + XOpH30HTaJIEH IPUTUCOK OJ1 KapIecTaTa Maca u
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- Toapna komOuHanmja 2: ComncTBeHa TeXHWHA Ha MoArpandara + BEpPTUKAICH TNPHUTUCOK Of
Kapriectara Maca + XOpPWU3OHTalleH MPHUTHUCOK OJI Kaprectarta mMaca + BIHjaHUE OJ 3€MjOTpec Kako
NICEY0CTaTUUKa IPECMETKA.

Co moMoIIT Ha HYMEPHUYKHOT MOJIET CE ONpEIe/ICHN Halperama Ha OKOJIHATA CpeInHa KOU JIeNTyBaaT Bp3
noArpaabara, a 0Jf HUB MIOHATAMY C€ KOHTPOJIUPAAT CTATHYKUTE TOJEMHHH BO MPECEIUTE: HAMaIHH
MOMEHTH, aKCHjalHa M TpaHCBep3aiHa cuia. VICTo Taka, MpEeCMETaHU Ce M BKYIHHTE MOMECTYBamba,
OJTHOCHO JIe(hOpMaITUKUTE, CO MITO ce JOOHMBA IEJOCHA CIIMKA 32 COCTOjOaTa Ha MCKOMOT U TyHEJICKaTa
o0uora.

Kaj oBOj kapakTepucTHYeH IPOQUI HAJCIOjOT UMa BUCHHA 011 83,3 M, cOCTaBEH O/ MOBPIIMHCKH CIIO]
O]l TIeCOKIMBO - mpamuHecTa apodbuna (PPRDRA/GM) co mokuocT ox 6,0 M, TEKTOHCKH HCIyKaHH,
HaMecTa MEKH U TPOLIHH, ATOUT-eMUAO0T-XJIOPUTCKUTE KUK (Sep’) co MokHOCT ox 15,0 M 1 anbut-
EMUI0T-XJIOPUTCKUTE MIKpWIHU (Sep) co MokHocT on 52,3 m. Ha cienHure CMKM € TpUKaKaHa
reoMeTpHjaTa Ha HyMEPHUUKHOT MOIEN, KaKo M AUCKPETHU3alMjaTa CO KOHCYHU SJICMEHTH.

50,00 150.00

0.00 50.00

100.00 |

0.0

Ca. 3. HpeCMeTKOBCH MOJ€CJ Ha KapaKTECPUCTHUUCH HpO(l)I/IJ'I CO KOHCYHHU CIIECMCHTHU
HymepuukaTa aHain3a € HaljpaBeHa 3a HeKOJIKY (ha3u:
- @a3a 1: naMNMjaHA cocToj0a Ha Hallperama BO MAaCHBOT TIpeJI Ipaioda;

- @aza 2: uckoIl Ha TYHENOT 1 u3Bea0a Ha OeToHCKa 0bJora u
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- ®a3a 3: nceyno—cTaTUYKA aHaIK3a Ha cocTojbaTa o aza 2.

Cenm3muukara CWiia BO aHajm3aTa € 3eMEHa IMpeKy KOe(pHUIMEeHTH Ha CEM3MHYKO 3a0p3yBame BO
xopu3oHTaIeH npaser ax=0,15(g) u Bo BepTukanen npasern ay=0,075(Q).

WHuunmjanHata cocToj0a Ha HaNperama € CUMYJIUpaHa Bo IpBarta (aza Bo Koja ce Jo0ueHH e(heKTUBHU
HopMaiHu Hamperama o 3102 kPa, a Bo 30HaTa Ha TyHENOT HcTHTE ce ABmxkat okory 2000 kPa.
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Cartesian effective stress u'w (scaled up 2.00%10° times)

Maximum value = 6.023*1073 kN/m2 (Element 8 at Node 9183)

Minimum value = -3102 kN/m?2 (Element 218 at Node 42)

Ca. 4. annujanHa coctoj6a Ha HaIlperama BO OKOJIHATA CPEIMHA

Bo mponomkeHne ce naieHM pe3yiaTaTHTE O]l aHAIN3aTa BO CTATWYKH M CEM3MUYKH YCJIOBH, a Ce
olHecyBaaT Ha agedopManuMuTe Ha OKOJHATa Kaprecra maca, Jedopmanuure Ha moxarpazaodara,
BEPTUKAIHUTE U XOPU3OHTAJHUTE HANperama, Kako M Hallperamara Ha CMOJIKHYBAabE.

M0 4800 52.00 56.00 60.00 100 68.00 nw 760 80.00 8100 88.00 92.00 96,00 100.00
1 L I S T | L I SN W BT 1ol L1
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Total displacements |u| (scaled up 500 times)
Maximum value = 9.633*107 m (Element 1166 at Node 4136)
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Total displacements u, (scaled up 500 times)
Maximum value = 6.877%107 m (Element 1159 at Node 4825)
Minimum value = -6.694*10°% m (Element 1155 at Node 4131)

B)

Ca. 5. a) Bkynau, 0) BepTHKaIHH U B) XOPU30HTAIHH e()OPMAIN BO OKOJHATA CPEANHA BO CTATHUYKH yCIOBH
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Total displacements u, (scaled up 80.0 times) Total displacements u, (scaled up 80.0 times)
& — 1073
Total displacements |u| (scaled up 80.0 times) Maximum value = 8.796*10 m (Element 2 at Node 4109) Maximum value = 6.882*10" m (Element 1 at Node 4111)
i 3
Maximum value = 9.680%10° m (Element 4 at Node 4098) Minimum value = -9.595*10°% m (Element 4 at Node 4099) Minimum value = -6.699*10 m (Element 4 at Node 4096)

Ca. 6. a) Bkynnu, 6) BepTHKaJIHU U B) XOPU30OHTAIHU Ie(OpMAaIi BO 00JI0TaTa CpeiiHa BO CTATUYKU YCIOBU
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MakcumanauTe aeopManui BO OKOJHATa CpPEeIMHA CE jaByBaaT HEIMOCPETHO OKOIY HCKOIOT Ha
TYHEJOT.

BxymauTe nedopmanmn Bo OKOJTHATA CpeAriHa n3HecyBaaT 9,63 mm, BepTukanaute 9,56 mm, momeka
xopuzoHTaIHUTE 6,69 mm. OBue aedopmanmy ce oueKyBa J1a ce peannu3upaaT pH CaMoOTO MPOOHBALE
Ha TYHEJICKHOT OTBOP.
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Total displacements |u| (scaled up 50.0 times)
Maximum value = 0.01230 m (Element 4 at Node 4099)

Ca. 7. Bkynuu nedopMaivi Ha TyHEJICKaTa 00J0ra (CEM3MUYKH YCIIOBH)

5. 3AKJIYYOK

Hyw™mepuikute Mozienu MpeTcTaByBaaT BayKHa ,,alaTKa 38 MPOSKTHPAHE Ha TYHEIICKUTE KOHCTPYKIIHH,
u nenec Metonot Ha Koneunn EnemenTr mmpoko ce nmpuMeHyBa npu NpecMeTKa Ha JeopMaIuuTe Ha
TYHEJICKHTE 00JIOTH, cOocToj0aTa Ha Halperama BO Kaprara OKOJY TYHEJICKHOT OTBOp, Kako W Ha
CTaTUYKHUTE TOJIEMUHH MOTPEOHM 3a IMMEH3HOHHpame Ha (uHaiHaTa TyHeJcka obsora. Cenak oBue
IPEeCMeTKH MOXaT Ja JajaT PeaJHd pe3ylTaTH caMo JOKOJIKY HM30paHMOT KOHCTPYKTHUBEH MOJEN
peaHo TO OJICIMKYBa OJHECYBameTo Ha MaTepujanot. [Iporpamckuot maker (Plaxis3D) ru kopuctu
NPETHOCTUTE BO HEIMHEAPHUTEC TEXHUKM HAa KOHEYHH EJIEMEHTH W IUIACTUYHOTO MOJICIHMpame Ha
MOYBEHH MaTepHjaJlu U KapIy 3a pelllaBambe Ha poOsIeMHTe O CTaOMITHOCTA, KalaluTeT Ha HOCUBOCTA,
WCKOII Ha MOJ3€MHH KOHCTPYKIMU BO ()a3u U APYTH T€OTEXHUIKH MTPOOTIEMH.

Bo Tpynot jacHo e nokakana notpebara oJ] IpruMeHa Ha HyMEPHUUKUTE MOJIEIN OUIejKu MHOTY JIECHO
MO2KE J1a e MPOLIEHH 1 JOKaXKe CTAOMIIHOCTA Ha TYHEJIOT M CEeKaKo KOHTpoJiaTa Ha (ha3ute Ha U3rpaada
KO0ja € 01 OTPOMHO 3HAUEHe.
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