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YANALMA HiDROTEXNIiKi QURGULARDA YUKDASIYAN
KONSTRUKSIYARIN TOTQIiQi

Isgaldan azad olunmus orazilorimiz vo
dovlat sorhadlorimizin tam borpast Azarbay-
can dovlatinin vo tarixininin silinmoz gan
yaddasidir. Zongozur dohlizinin agilmasi vo
biitiin Tiirk Diinyasini birlogdiron yolun haqi-
got olmas1 dovlotimizin tarixinds yeni sohi-
folorin yazilmasi demokdir..Bu diinyani bir-
lasdiran ticarat yolu Azorbaycanin Xozor do-
nizinin sahillorinds yerlogon liman orazisinin
dofalorlo boylimasinag, diinya miqyash bir li-
mana ¢evrilmasing gorait yaradir. Bu iso res-
publikamizda xalq tosorriifatinin, asason do
sonayenin inkisafinda, beynalxalq alaqslor-
do, yiik, sornisin daginmalarinda liman hidro-
texniki qurgularin xiisusi ohamiyyato malik
oldugunu gostorir. Bu qurgularda osas hidro-
texniki qurgu olaraq yanalma hidrotexniki
qurgular biitlin Xozar donizinin sahillari bo-
yu osason do gomilorin yanalma mantogolo-
rindo baslica rol oynayir. Osas onu qeyd et-
mok lazimdir ki, doniz noqliyyati digor nog-
liyyat novleri ilo miiqayisada ytik va sornigin
daginmasina gora ucuz baga golir. Eyni za-
manda nazore almaq lazimdir hom boytk
hocmli vo hom do miixtalif qabaritli, Slgiilii
yuklorin daginmasinin hoyata kegirilmoasino
sorait yaradir.

Biitovliikde goétiiriildiikds, liman hidro-
texniki qurgularinda yanalma hidrotexniki
qurgularin rolu qurgularin konstruksiyalarina
g0ro oldugca miixtolifdir. Bunlarin igorisindo
osason yiiksok rostverkli yanalma hidrotex-
niki qurgular1 daha genis totbiq olunur. Bu
qurgular akvatoriyanin kiilok-dalga rejimino
qarst daha dayaniqli vo mohkom olur. Yiik-
sok rostverkli yanalma qurgulari liman hidro-
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texniki qurgularinda osas agirligr gotiiron
konstryksiyalardir. Bu konstursiyalarin yiik-
dasiyan elementlori miixtolif konstruksiyali
svaylardir. Svay iso qruntun gdstordiyi yan
tozyiqo qarsi vo ya onu gobul edon ¢evik di-
varlardir. Bunlar rostverklordon ibarotdir vo
qruntun qurguya gostordiyi yan tozyiqo qarsi
duraraq, yanalma qurgusunun dayaniqligini
tomin edir. Liman qurgularinin dayaniqligini
vo mohkaliyini tomin etmok mogsadi ilo yer-
losdirilon yiiksok rostverkli yanalma qurgula-
rinin ¢evik svaylar saquli vo tifiiqi qlivvels-
rin birgs tosirini qarsilayirlar. Bu svaylar,
rostverklo birlogsmasino goro yuxari ucu sor-
bast vo yerdoyismoli olub sort yerlogirlor.
Qrunt miihitinin har zaman bas vers bilocok
deformativ xiisusiyyastlorinin doyismoasi no-
zora alinmalidir. Ona gora do qrunt miihitinin
deformativ xiisusiyyatlorinin doyismasini no-
zoro alaraq effektli miihondisi hesablama
iisullarini liman yanalma hidrotexniki qurgu-
larinin konstruksiyalarinin hesablanmasinda
nazara almaq lazimdir. Bununla slagadar he-
sablama metodikasini tokmillogdirmok hor
zaman olduqca aktual masolo olaraq qalir.
Ona gorado masalonin dyronilmesi de-
dikds, mexaniki-hesabi model asasinda li-
man yanalma hidrotexniki qurgularinda tot-
biq olunan ¢evik dayaqlarin enins vo enino-
boyuna yaranan deformasiyaya hesablama
metodikasinin iglonmasi nazords tutulur. Bu
metodikanin baglica xiisusiyyatlori yanalma
qurgularin dayaq svaylarinin yiiksak vo algaq
rostverklo {ifiiqi yerdoyigsmaosinin sort baglan-
masl, svayin yan sathi ilo qrunt miihiti ara-
sinda yaranan siirtiinme vo ona qarst miiqavi-
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motin nozors alinmasidir.

Yanalma hidrotexniki qurgularin kons-
truksiyasinin tikintisindo genis totbiq olunan
yuksok rostverkli dayaq qurgularimin kons-
truksiyasini xarakterizo edon parametr - sort-
lik omsali qeyri-xotti qanunla dayisir. Bu
prizmatik dayaqlar qrunt miihitindo hom sa-
quli, hom do iifiiqi ytliklorin birgs tosirine is-
layir. Yanalma qurgularinin prizmatik dayaq
svaylarmin yan sathlorinds siirtlinmoya qarsi
hoaddi miigavimati do nozors aliriq. Bunun osa-
sinda kontakt oyimo masalalori riyazi ifads
olunmusdur. Toklif olunan hesablanma me-
todikas1 hor iki hali, ham “svay-qrunt”, hom
do “divar-qrunt” hallarinin birgas tesirini 6ziin-
do oks etdirorok hesablamaga imkan verir.

Y analma hidrotexniki qurgularin dayag-
larinin yiiksok vo algaq rostverkli svay kons-
truksiyalarinin boyuna-ening vo enina ayilmo
hallarina baxilmisdir. Islonon metodikaya
osason baxilan masolo dordiincii tortibdon adi
diferensial tonliklora goro geyri-xatti model
osasinda verilmisdir. Bu metodikalar xiisusi
hallarda mdvcud olan iisullarla miiqayiso
edilmis va diizgiinliiyli yoxlanmisdir. Qeyri-
xottilik parametrinin miixtalif qiymotlorindo
vo yan miigavimatlor , mosolonin baxilan
hallori ayri-ayr1 muslliflor torafinden verilon
hallor ilo iist-iisto diismiisdiir. Bu masalolor
yanalma qurgularin tikintisindo hidrotexniki
qurgularin dayaqlarinda totbiq olunan svay
oziillorin layihalondirmasi, tikintisi va etibar-
I1 istismar1 yeni, effektli hesablama iisullar
totbiq etmoyo imkan verir.

Yiiksok svay rostverkli liman qurgulari
vo onlarm salinmasi iigiin sorait vo imkanin
oldugu hallarda bu qurgulardan istifads olu-
nur. Yiksok svay rostverkli yanalma qurgu-
larinin zaif qrunt soraitinds totbiqi masalosi-
nin yegano effektiv hoallidir. Yiiksok svay
rostverkli liman yanalma qurgular1 osas li¢
hissadon: yuxari hisso (bura rostverk do da-
xildir), asag1 hisso svay blindvra vo svay di-
vardan ibaratdir.Rostverq qurgu tava va tir-
lordon hazirlanir. Onun biitiin elementlori va-
hid konstruksiya soklindadir vo yanalma qur-
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gusuna tosir edon qilivvalori hamisin1 gabul
edir vo svaylar arasinda paylayir. Svaylar da
bu yiiklori svay otrafinda yerlogon qrunt mii-
hitina Otliriir.

Yanalma hidrotexniki qurgularin daya-
ginin yeralt1 hissasinin boyuna-enins oyilme-
yo hesablanmasinda yanalma qurgularin da-
yaginin kontakt mosalosinin diferensial tonli-
yini miayyon edok. Bunun ii¢lin dayagin
yeralt1 hissasinin ixtiyari kosiyini gotiirok vo
homin kasik ii¢iin oyici moment vo kosici
qiivvonin ifadslorini yazaq (sokill):

M(x)=M, +Qyx+

(1)

+M,,(x)+N[Y, -Y(x)],
O(x)=0y+0,(x)+

14 en ! (2)
+NY'(x)—- O (x)— NY'(x).

Burada My (x)va QO 4 (x) — uygun olaraq
qrunt miihitinin dayagin oyilmasina qarst
gostordiyl iimumi reaktiv miigavimatdon ya-
ranan dyici moment vo kosici qiivvadir; O
(x) — dayagin ixtiyari kosiyinde yalniz enina
quivvalordon yaranan kosici qiivvadir.

Y

A; =K=K-|const

o

Sakil 1.Dayagin a§a§1 ucu gaya qruntunda
sart barkidilmis vaziyyatds olan halda.

(2) ifadosini X - o goro diferensialla-
yiriq:
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d 3)
= EJY" (x) = 4, GONY" ().

Burada g4(x)=P(x) — qrunt miihitinin qurgu-
nun dayagima gostordiyi imumi reaktiv mii-
gavimatidir.

Qruntun reaktiv miigavimatinin toyin
olunan qiymatini (3) ifadosinds nozors aliriq.
Qurgunun dayaginin yeraltt hissasinin boyu-
na-enino ayilmads diferensial tonliyini yazi-

r1q:
B
EJY" (x) = —{Khb(%j Y(x)+

+(mfx+ m, ) —NY"(x)}.
Bu tonliyi do sado sokildo asagidaki kimi

yaziriq:
Y"” (x) xﬂ Y (x)
4)
—myx Fme —v Y"(x)
Asagida baslangic sorhod sortlori daxilinds
(x=0) baxilir:

Y(0)=Yy; Y'(0)=6,;

Y"(0) =Mx; Y"(0) =0, — V6, )
(5) ifadolori baslangic sorhod sortlori da-
xilinds (4) tonliyini holl edirik. Bunun iigiin
sorhad funksiyasinda istifads edirik vo Pikar
ardicil yaxinlagma tisulu ilo qurulur.
Yanalma hidrotexniki qurgularin dayagi-
nin yeralt1 hissasinin ixtiyari kosiyi ti¢iin don-
mo bucagini, ayici momenti vo kasici qlivvoni
asagidaki diisturlar vasitasilo hesablanir:

0,(x) =Y, 4 (x)+ 6,4, (x)+ M. (x)+ ©
+0,8, (X)—meg (x)—m s (x);

M, (x) = Y,4/(x) +0,40(x) + M g}(x) + ;
+0,$1(x) = megl(x) — m s pl(x);

40

0,/ (=Y, #"(W+vg (v |+
[ (x)+v ¢2(x)]+M [4(x) +
+v2¢;(x]+Q,,[ 1)+ (x) |-
—m, | f) +V () |-
—m, | Hl0)+V () |.

(8)

Yanalma hidrotexniki qurgularin dayaq-
larinin ¢evik svaylarinin vo divarlarin defor-
masiyaya hesablanmasi ligiin ¢oxparametrli
mexaniki model asasinda malum sorhad sort-
lori daxilinds diferensial tonliyin holli sorhad
funksiyas1 vo Pikar ardicil yaxinlagma iisulu
ilo hoyata kecirilir. Noticods svayin ixtiyari
kasiyi li¢lin ayinti, ddonma bucagi, ayici mo-
ment vo kasici qiivve kimi parametrlori yu-
xarida gostorilon diisturlar vasitssils toyin et-
mok miimkiindiir..
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Yanalma hidrotexniki qurgularda
yiikdasiyan konstruksiyarin totqiqi

XULASO

Liman hidrotexniki qurgularinda yiiksok
rostverkli yanalma hidrotexniki qurgulari da-
ha genis totbiq olunur. Bu qurgular akvatori-
yanin kiilok-dalga rejimino qars1 daha daya-
niqlt vo méhkom olur. Yiiksok rostverkli yan-
alma qurgulart osas agirlig1 gotiiron konstryk-
siyalardir. Bu konstursiyalarin  yiikdasiyan
elementlori miixtolif konstruksiyali svaylardir.
Liman qurgulariin dayaniqligin1 vo mohke-
mliyini tomin etmok magsadi ilo yerlosdirilon
yiiksok rostverkli yanalma qurgularinin ¢evik
svaylar1 saquli vo iifiiqi qiivvelorin birgs to-
sirini qarsilayirlar. Bu svaylar, rostverklo bir-
logmasina gora yuxari ucu sorbast vo yerdayis-
moli olub sart yerlosirlor. Qrunt miihitinin hor
zaman bag vera bilocok deformativ xiisusiy-
yatlorinin doyismasi nozoro alinmalidir. Bu-
nunla slagadar hesablama metodikasint tok-
millosdirmok hor zaman aktual masalo olaraq
qalir. Yiiksok rostverkli dayaq qurgularinin
konstruksiyasini xarakterizo edon parametr -
sortlik omsali geyri-xatti ganunla doyisir. Tok-
lif olunan hesablanma metodikasi hor iki hali,
hom “svay-qrunt”, hom do “divar-qrunt” hal-
lariin birgs tosirini 6ziinds oks etdirarok he-
sablamaga imkan verir.

Yanalma hidrotexniki qurgularin da-
yaqlarinin yiiksok vo algaq rostverkli svay
konstruksiyalarinin boyuna-enina va enina
oyilmo hallarma baxilmisdir.Islonon metodi-
kaya osason baxilan masslo dordiincii tortib-
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don adi diferensial tonliklors goro qeyri-xatti
model osasinda verilmisdir. Bu metodikalar
xtuisusi hallarda movcud olan tisullarla miiga-
yiso edilmis vo diizgiinliiyli yoxlanmisdir.
Yanalma hidrotexniki qurgularin dayaqlari-
nin ¢evik svaylarimin vo divarlarin deforma-
siyaya hesablanmasi {i¢lin coxparametrli me-
xaniki model asasinda malum sarhad sortlori
daxilindo diferensial tonliyin holli sorhad
funksiyas1 vo Pikar ardicil yaxinlagma iisulu
ilo hoyata kegcirilir. Noticodo svayin ixtiyari
kosiyi li¢lin oyinti, dénma bucagi, ayici
moment vo kasici qlivve kimi parametrlori
(6), (7), (8) diisturlar vasitasilo toyin etmok
miimkiindiir..

Acgar sozlar: Yanalma qurgulari, rost-
verk konstruksiya,cevik svay, divarlarin de-
formasiyasi, mexaniki model,ayinti,donma
bucagi,ayici moment,kasici qiivva.

HUoparumos 111.X., 3aiinnos E.3.

AzepOaiiykaHCKUI YHUBEPCUTET
APXUTEKTYPBI U CTPOUTENBCTBA

HccnenoBanue HecyluMX KOHCTPYKIM i
B IPUYATbHBIX THIPOTEXHUYECKUX
COOpY:KeHHUs!

PE3IOME

Bricokopemieryarsie mpuyanbHbIe TH-
POTEXHUUYECKHE COOPYKEHHSI TIOTYUHIIN U~
POKOE pacIpOCTPaHEHHUE B TIOPTOBBIX TUIPO-
TEXHUUYECKUX COOPYKEHUSAX. JTU COOpYKe-
HUs OoJiee yCTOWYMBBI U HaJIe)KHBI K BETPO-
BOJIHOBOMY pPEKHMMY akBaTopuu. Bricokope-
HIETYAThIE MPUYAIBHBIE COOPYXKEHUS SIBIIS-
I0TCSI KOHCTPYKLHUSAMU, HECYILIUMU OCHOBHOM
Bec. Hecymummu d11eMeHTaMu 9TUX COOpYyxKe-
HUW SBJIAIOTCS CBau Pa3iIMYHOM KOHCTPYK-
1. 'nbkxue cBau BICOKOpPEIIETYaThIX MPHU-
YaJIbHBIX COOPYKE€HHH, YCTAHABIMBAECMBIE
U1 00€eCTIeYeHUsI yCTOMYMBOCTH U KECTKOC-
TH IIOPTOBBIX COOPYKEHUH, BBIICPKUBAIOT
KOMOMHHUPOBaHHOE BO3/ICHCTBUE BEPTUKAIIb-
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HBIX ¥ TOPU3OHTAIIBHBIX CUJI. DTH CBaU KECT-
KO 3aKpEIICHBI, TPU 3TOM MX BEPXHUN KOHEI]
SIBJIIETCS CBOOOJIHBIM U MOABM)KHBIM OJ1aro-
Japsi COeMHEeHHIo ¢ pemeTkond. Heobxomu-
MO YYHUTHIBATh HM3MEHEHHUS AcPOpMaIOH-
HBIX CBOMCTB I'pyHTa, KOTOPBIE MOT'YT IPOUC-
XOOUTH B 10001 MoMeHT. B 3TOM OTHOIIIE-
HUU COBEPILIEHCTBOBAHUE METOJUKH pacyeTa
BCET1a OCTAETCs akTyalbHOM 3a1auen. [1apa-
METpP, XapaKTePU3YIOUIUN MPOCKTUPOBAHUE
BBICOKOPEIIETYAThIX ONOPHBIX KOHCTPYK-
Ui, — K03()PUIHMEHT KECTKOCTU — U3MEHS-
€TCs 110 HEJIMHEWHOMY 3akoHy. IIpennoxen-
Has METOJMKa pacyeTa MO3BOJISIET YUYUTHI-
BaTh 00a ciyyasi, oTpaxas KOMOMHUPOBaH-
HOE BO3JICHCTBUE KaK CIyyas «CBas-IPyHT»,
TaK M CIIy4asi «CTEHKa-TPYHT»
PaccmaTpuBanuce ciyyan npoaoiabHO-

'O U MIOTNIEPEYHOr0 U3rnda BHICOKUX M HU3KHUX
CBalHbIX KOHCTPYKUUWA IPUYAIBHBIX THAPO-
TEXHHUYECKHUX COOpYKEHUU. B cooTBeTCTBUM
C HCIIOJIB3YEMOM METOIOJIOTHEN, pacCMaTpH-
BaeMasi 3ajgava Oblma TpeACTaBlieHAa Ha
OCHOBE HETTMHEITHOW MOJIENN 110 OOBIKHOBEH-
HBbIM U PepeHInaNIbHbIM YPaBHEHUSIM YET-
BEPTOTO TOPSIIKA. DTHU METOJOJIOTHU CpaB-
HUBAJIMCh C CYLIECTBYIOIIMMU METOJAaMHU B
YaCTHBIX CIy4asX, U MPOBEPsIACh UX TOY-
HOCTb. Jlis1 pacuera aedopmanuu THOKHX
CBall ¥ CTEHOK NMPUYATHHBIX THIPOTEXHUYEC-
KUX COOpYXeHHH pemeHne auddepeHun-
aJIbHOTO YPAaBHEHMSI B HM3BECTHBIX I'paHUY-
HBIX YCJIOBUSIX OCYIIECTBIISIOCH C UCTIONB30-
BaHWEM TPAaHUYHON (YHKIIMH ¥ METOJIa IOC-
JenoBaTenbHOro npubnmxkenus [lukapa Ha
OCHOBE MHOIOMAPAMETPUUYECKON MEXAHU-
yeckol mozenu. B pe3ynbpTare, ¢ MOMOIIBIO
dbopmyn (6), (7), (8) MOKHO ONIPEIEITUTH Ta-
KH€ apaMeTphbl, Kak MPOTuo, yroi MoBOpOTa,
M3rU0ArONINi MOMEHT W TOMEepeyHas cuiia
JUTSI IPOU3BOJIBHOTO CEYEHUs CBAH.

Knrouegwie cnoea: [lpuuanvuvie ycmpoti-
cmea, pewiemyamas KOHCMPYKYus, 2uOKas
ceas, oOegopmayus CMeHKU, MexaHuieckas
MoOenb, npo2ub, yeon nosopoma, uzeudaro-
WUl MOMEHmM, NonepedHas Cuid.
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Azerbaijan University of Architecture
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Study of load-bearing structures
in berthing hydraulic structures

RESUME

Vysokorechetchye mooring hydrotech-
nical structures have been widely distributed
in port hydrotechnical structures. These
structures are more stable and reliable in the
wind-wave regime of the water. High lattice
mooring structures are structures that carry
the main weight. The load-bearing elements
of these structures are of different constructi-
ons. Flexible piles of vysokorechetchatyh
mooring structures, installed to ensure the
stability and rigidity of port structures, withs-
tand the combined effect of vertical and hori-
zontal forces. These piles are rigidly fixed,
while their upper end is free and movable
thanks to the connection with the grid. It is
necessary to take into account the changes in
deformation properties of the soil, which can
occur at any moment. In this regard, the im-
provement of the calculation method always
remains an urgent task. The parameter that
characterizes the design of vysokoreshetcha-
tyh supporting structures — the stiffness coef-
ficient — changes according to a nonlinear
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law. The proposed method of calculation al-
lows to take into account both cases,
reflecting the combined effect of both the
"pile-soil" and "wall-soil" cases.

Cases of longitudinal and transverse ben-
ding of high and low pile structures of berth
hydraulic structures were considered. In ac-
cordance with the methodology used, the
problem under consideration was represented
using a nonlinear model of fourth-order ordi-
nary differential equations. These methodo-
logies were compared with existing methods
in specific cases, and their accuracy was veri-
fied. To calculate the deformation of flexible
piles and walls of berth hydraulic structures,
the differential equation was solved under
known boundary conditions using a boun-
dary function and the Picard successive ap-
proximation method based on a multiparame-
ter mechanical model. As a result, parameters
such as deflection, rotation angle, bending
moment, and shear force for an arbitrary pile
cross-section can be determined using
formulas (6), (7), and (8).

Keywords: Mooring devices, lattice
structure, flexible pile, wall deformation,
mechanical model, deflection, rotation angle,
bending moment, shear force.
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