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Abstract

In the article, the issue of pipeline thickness calculation with methods based on modern
technologies is considered. According to the coefficient of working conditions of the pipeline, the
calculated resistance to tension (compression) is determined and the thickness of the pipe is calculated
based on the obtained result. Also, as a result of the calculation of the pipe elements, the stress-
deformation state is analyzed along the surface of the pipeline where the technical inspection is carried
out. During the calculations, both the analytical method and modern software are used. A three-
dimensional spatial model of the pipeline is built through the software, and a report on the strength and
stability of the pipeline under the influence of a number of forces is conducted. Also, as a result of the
technical diagnostics of the pipeline, the possibility of future operation of the pipe element is determined.

Keywords: main gas pipeline, strength, stability, stress-strain, calculated resistance, temporary
resistance, yield strength, reliability coefficient, allowable stress.
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Xiilasa

Mogalods miiasir texnologiyalara osaslanan tsullar ilo boru kemarinin galinliginin hesablanmasi
moasalasina baxilmigdir. Boru komorinin is soraiti amsalina uygun olaraq dartilmaya (sixilmaya) hesabi
miiqavimati toyin olunmus vo alinan noatico asasinda borunun galinligi hesablanmigdir. Elaco ds, boru
elementlorinin hesablanmasi naticasindo komorin texniki miiayino aparilmig sothi boyunca gorginlik-
deformasiya voziyyati tohlil olunmusdur. Hesablamalar zamani hom analitik dsuldan, ham do miiasir
program tominatindan istifado olunmusdur. Program tominati vasitasilo boru kemarinin tig6lgiilii foza
modeli qurulmus vo bir sira qlivvalorin tasirindon komorin méhkamliya vo dayanigliga hesabati
apartlmigdir. Homginin, boru komorinin texniki diagnostikasi naticesinds boru elementinin golocokds
istismarinin miimkiinliiyli miiayyon olunmusdur.
Acar sozlor:  magistral gaz komoari, méhkomlik, dayaniqliq, gorginlik-deformasiya, hesabi miigavimat,

milvaggati miigavimat, axma hoddi, etibarliq amsali, buraxilabilon gorginlik.
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AHHOTAIIUSA
B cratee paccMoTpeH Bompoc pacdera TOJIIWHBI TPyOONpPOBOJIAa METOIAMH, OCHOBAaHHBIMH Ha
COBpEMEHHBIX TexXHOJOTrusaX. CompoTuBIeHHE TPyOONpPOBOAA PACTSIKEHHIO (CXKATHIO) OMPEAEISIH II0
ko3 duumeHTy ycaoBuil paboThl U IO pe3ybTaTy PacCUUTHIBAIN TONIIMHY TpyObl. B pesynbraTe pacuera
TaKxe ObUIO ONpeAeIeHO HAPSHKEHHO-AeQOPMAIMIOHHOE COCTOSHIE BJIOJIb TOBEPXHOCTH TPYOOIPOBOAA.
IIpu pacuerax HCHOJB30BAIUCH KaK aHAJUTHYECKUE METOJbI, TAK U COBPEMEHHOE IPOTrPaMMHOE
obecriedenne. C TOMOLIBIO MPOTPAMMHOTO OOecIieueHHsI IOCTPOEHa TpexXMepHas MpPOCTPaHCTBEHHAsS
MOJIeJIb TPYOOIIPOBOJa M MPOBEACH OTYET O MPOYHOCTH U YCTOWYHMBOCTH TPYOOIPOBOAA MOJ JEHCTBUEM
psaga cuin. Takxe B pe3ylbTaTe TEXHWYECKOW TUArHOCTUKH TPyOONpOBOJa OmpejaesieHa BO3MOXKHOCTH
JabHENIIeN SKCILUTyaTaluy 3JIEMEHTa TPYOBI.
KiroueBble cioBa: MarucTpaibHBIM  Ta3ompoBOJ, MPOYHOCTh, YCTOWYMBOCTb, HANPSKEHHO-
neopMHpPOBaHHOE  COCTOSHHME, pacdeTHOE CONPOTHUBICHHWE, BPEMEHHOE
CONPOTHUBIICHUE, MPEAEN TeKY4eCTH, KOd(QPHUIMEHT HAAKHOCTH, JOITyCKaeMOe
HaIpsDKEHUE.
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Giris

Istismarda olan boru kemarlarinin gole-
cokda istismarmin mimkiinliyi — neft-qaz so-
nayesinin on vacib masalalorindon biridir.
Mohz bu sababdon, boru kemarlorinin texniki
vaziyyatinin vaxtasirt miayina (diagnostika)
edilmosi zoruridir. Istismar dovriinde bas vera
bilocok galinliq itkilarini nazars alarag, boru
komorlorinds aparilan texniki diagnostika islo-
ri bir sira moarholods aparilir [1]: Hazirhiq isle-
ri; Texniki inspeksiya; Diagnostika; Kamarin
moveud texniki vaziyyati vo goalacok istismar
miimkiinlityii haqqinda yekun aktin tortibi.

Bildiyimiz kimi, neft-qaz madon qurgu-
lar1 istismar edilon vaxtdan etibaron bir sira
xarici vo daxili amillarin tasirlorine moruz ga-
lir. Istismar miiddoeti dovriinde bu tasirlor ke-
morin miixtolif elementlorinds, asason do boru
divarmin qalinhiginda itkilorin yaranmasina
gotirib ¢ixarir [2]. Komarin miixtalif togkiledi-
cilorini (xatti hisso, dirsok, kec¢id vo s.) alagoe-
londiyi gaynaq elementlorinds yaranan qiisur-
lar kamarin istismar miiddatinin azalmasina,
hotta dayanmasina da sobab ola bilar. Biitiin
bu kimi tasirlori nazarotds saxlamaq tigiin vax-
tasir1 boru komorlarinin diagnostik miiayinasi-
nin aparilmasi vacibdir [3]. ©gar boru kamar-
lori movcud standartlarin taloblorine uygun
olaraq miitomadi yoxlanilmazsa, har hanst yii-
kiin tosirindon komarin gozali voziyyato diis-
masi  vo miirokkablosmolorin bas vermasi
qacilmazdir. Hal-hazirda gostorilon problemin
holli ii¢iin praktikada bir sira metodlar totbiq
edilmokdadir. Konstruktiv etibarliligin artiril-
mas1 komords aparilan texniki miiayins islori
naticasinda oldo olunur. Aparilan diagnostika
islori bir sira statik vo dinamik yiiklorin tasi-
rindon komoardas bas vera bilacok potensial toh-
liikalorin askar olunmasinda miihiim rol oyna-
yir. Diagnostik iglorin gdriilmasindo moagsad —
neft-qaz komorlarinin galacok istismar miim-

kiinlityliniin miiayyan olunmasidir. Mahz bu
soboabdon, kemarin istismari zamant boru ko-
morlarinin konstruktiv etibarliginin hesablan-
mas1 masalasi boyiik aktualliq kasb edir.

Isin magsadi

Toadgigatin moagsadi — goriilon diagnostik
islor naticasinda boru kemorinin miixtolif ele-
mentlorinin galiq istismar resurlarinin toyini-
dir. Todgigatlarda “STAAD.Pro” program to-
minat1 vasitasilo proses modellogdirilmis, ri-
yazi hesablamalar naticosindo gaz kamarinin
divarinin qalinligi tayin olunmusdur.

Tadgig olunan magistral boru kamarinin

istismar voziyyatinin tohlili asagidaki ardicil-
ligla aparilmigdir.
1. Boru kamarinin dartilmaya (sixilmaya)
hesabi miigavimatinin tayini. Istismarda olan
magistral boru komorlarinds konstruktiv eti-
barliligin miiayyan olunmasi tigiin méhkomli-
ya vo dayanaqgliliga hesabat aparilmalidir. Bu-
nun Giglin  6nco komarin dartilmaya R Vo si-
xilmaya R% goro (miivaqgoti miigavimat va
axma haddi) normativ miigavimatlorinin mini-
mal giymoti miiayyan olunur. Bu hesabi mii-
gavimatlor gostorilon gaydada hesablanir [4]:

__ RP'm, __ R}m
kike ka'ke

R = min{R;; R,}
Burada: R} - dagilmada normativ miigavimat,
MPa; kqag/sm? ; R} - axma haddi, MPg;
kqg/sm?; m - boru xattinin is soraiti omsali;
ki vo k, - materiala gors etibarliliq amsaly;
k. - boru xattinin toyinatina géro etibarliliq
omsalidir.

Boru komarinin yerlosdiyi  arazinin
uygun goldiyi kategoriyaya asason tayin olun-
mus is soraiti amsalinin giymatlori cadval 1-do
verilmisdir [5]. Materiala géra va boru Xattinin
toyinatina goro etibarliliq amsallari, miivafiq
olaraq, cadval 2-4-5 asasan segilir [6-8]:
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Cadval 1 — Boru kamarinin mohkamliys, dayaniqliga vo deformasiyaya hesablanarkon is soraiti omsali.
Table 1 — Working condition coefficient while calculating the strength, stability and deformation of the

pipeline.

Boru kamoari vo onun sahssinin kateqoriyasi

Boru kamorinin mohkamliya,
dayanmiqliga va deformasiyaya
hesablanarkan
is soraiti omsal1, m

Daha ohomiyyatli sahslords binalar daxili kompressor stansiyalar daxili, yeralti

qaz anbarlarinda diametri 1200 mm-lik neft borularinin su kegidindo B 060
Magistral boru Xatlorinin su keg¢idlari, domiryol kegidlari, avtomobil yollari,
¢otin kegilon bataqliglar, kompressor stansiyalari ilo Kosismolor, sar buraxma 0.75
Vo gobuletmas montagalorinda | va Il
Il 0.90
v 0.90

Cadval 2 — Materiala gors etibarliq omsali, k;
Table 2 — Reliability factor by material, k;

Borunun xarakteristikalari Materiala gors etibarliq
omsali, K;

Biitov texnoloji tikis xotorsiz tisulla 100% nazaratden keg¢mis yayma poladdan 134
Vo termiki mohkamlandirilmis qaynaqli borular '
Biitov texnoloji tikis iizro 2 torofli elektrik qdvs qaynagi ilo hazurlanmis, 140
yayilmis vo doyiiliib hazirlanmis tikissiz borular '
Ikitorafli elektrik qovs qaymagi ilo hazirlanmis xatorsiz vo ya dagidict olmayan
100% nazarstdon kegirilmis azlegirlonmis vo ya karbonlu poladdan hazirlanmig 1,47
gaynaqli borular
Ikitorofli qovs qaynagi ilo aparilmis az legirlonmis vo ya karbonlu poladdan 155
hazirlanmig qaynaqli borular va digor tikigsiz borular '

Cadval 3 — Materiala gors etibarliliq omsali, k;
Table 3 — Reliability factor by material, k,

Borunun xarakteristikalari Materiala gors etibarliliq
omsali, ky
Az karbonlu tikissiz 1,10
R} /RT < 0,8 iizro azkarbonlu vo az legirlonmis diiz tikisli vo spiralvari tikisli, 1,15
qaynaqli
RZ /R} > 0,8 lizrs yiiksok mohkomlikli poladdan hazirlanmig 1,20

Cadval 4 — Boru xattinin toyinatina gors etibarliliq omsali, k,
Table 4 — Reliability coefficient according to the designation of the pipeline, k,

. Boru xattinin toyinatina gors etibarliliq omsali, k;
Borunun sorti
diametri, mm Qaz boru xatti ti¢iin Neft va neft
P<5,4 MPa 5,4<P<7,AMPa 7,4<P<9,8MPa mohsullari Gigtin
500-5 godor 1,00 1,00 1,00 1,00
600-1000 1,00 1,00 1,05 1,00
1200 1,05 1,05 1,10 1,05
1400 1,05 1,10 1,15 -
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2. Boru kamarinin divarinin
qalinhgmmin tayini. Boru xattinin verilmis P
is¢i  (normativ) tozyiq altinda lazimi

mohkomliyini tomin edon hesabi galinligi &

(mm) asagidaki diisturla hesablanir [9]:
_ _nPD @)

2(R+nP)

Burada: P — is¢i tozyiq, MPa; n — yiiko gors

etibarliliq amsali; D — borunun xarici diametri,

mm; R — polad ii¢lin qirilmada buraxilabilen

garginlik haddidir.

3. Yeralti magistral gaz komarindo
texniki miiayino islorinin  aparilmasi.
Texniki diagnostika islorinin aparilmasinda
osas moagsad — boru komorinin potensial
tohliikoli hissolorini askar etmok, qiisurlarin
tohliiko daracalorini qiymatlon-dirmak,
tohliikali hissolorin prioritetini miioyyon edib
gabaglayici tomir iglori apar-maqdan ibaratdir
[10]. Mdvceud texniki tapsiriga osason,“Astara-
Qazimommod” yeralt1 magistral qaz komorinin
187-ci km sahosindo layiho tozyiqi Piay=5,5
MPa, maksimum icazo verilon is¢i tozyiq
1soPisi=1,8 MPa qobul edilmisdir. Borunun
xarici diametri D= 1220 mm, poladin markas1
iso 17T'1C-Y-dur. Texniki diagnostika zamani
gaz komorindo “Olympus 27-MG” markali
ultrasos prinsipli gqalinligdl¢on cihaz vasitasilo
instrumental 6lgma islori yerina yetirilmisdir.
Todgigatlarda oldo olunmus faktiki
molumatlar osasinda boru xsttindo mdveud
daxili tozyige miivafiq minimal buraxilabilon
qalinliglar hesablanmig vo faktiki minimal
galinliglarla miigayiso olunmusdur. Belsliklo,
instrumental 6lgmolor, minimal qalinliglar va

istismar yiiklori osasinda qaz komorinin
tohliikosiz  istismarmin  miimkiinliiyli  fakt:
Oyronilmisdir.
Masalanin halli

Tadgig olunmus boru xattinin tohliikasiz
istismar ehtiyatlarinin giymotlondirilmasi, on-

larda miisahids olunmus sathi qiisur va ¢atis-
mazliglar nozors alinmagla birbasa 6lgmalor
noticasinds miioyyan edilmisdir. Faktiki mini-
mal en kasik galinliglar1 isa daxili tozyiq altin-
da moéhkomliys hesabatinin naticalarins asasen
aparilmisdir.

“Astara-Qazimommod” yeralti magistral
gaz komarinin  L=187,74-cii km-do acilmis
surfda P=1,8 MPa tozyiq altinda aparilan 6l¢ii
islori naticasinda kemorin miixtalif yerlorinds
divarinin qalinlig1 miiayyon olunmusdur:

e ustdo — 12,18; 12,24; 12,36; 12,45;
12,40; 12,58; 12,65 mm (8 ora = 12,18 mm).

« yanda — 11,96; 11,95; 11,80; 11,91;
11,96; 11,93; 11,98 mm (6 orta = 11,80 mm).

- altda — 9,85; 9,64; 9,49; 9,19; 9,25;
9,30; 9,38; 9,48 mm (8 orta = 9,19 mm).

Homginin, borunun yan va alt sathinds
dorinliyi 5+6 mm olan korroziya yaralart va
layli korroziya mohsullar1 agkar olunmusdur.

Komorin en Kkasiyinin verilmis sortlor
daxilindo tolob olunan minimal galinhigmnimn
hesabi giymati belo toyin edilmisdir:

_ mPD 11181220
2(R+n-P)  2(260,87+1,11,8)

Komarin alt sothindo aparilan olgi
islorindo alinan naticonin (korroziya yaralari
nozors alinmagla) hesabi qiymotlo miiqayisasi
naticasinda bu hissonin artiq istismara yararsiz
oldugu miioyyon edilmisdir.

= 4,6 mm

Konstruktiv modelin
Komorin méhkomlik vo dayanaqliliq analizi
standart STAAD.Pro Connect Edition
program tominati vasitasilo yerino
yetirilmisdir [10-11].

Modellasdirilmis 1220 mm-lik magistral
gaz komorinin sado sxemi sokil 1-do
verilmigdir. “Astara-Qazimommad”  yeralt1
magistral gaz komoarinin 187,74-cti km-do
istifado olunan metalin xiisusiyyatlori codval
5-do gostorilmisdir.

yaradilmasi.
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Sakil 1 — Qaz kamorinin sadslosdirilmis modeli
Figure 1 — A simplified model of a gas pipeline

Cadval 5 — Metalin xiisusiyyatlori
Table 5 — Properties of metal

Gostaricilar Faktiki Olctilori
Sixhq , ton/ m® 7,849
Elastiklik modulu, E ,

KN/ sm? 20000
Stirtismoa modulu, G,

kN/ sm? 7722
Puasson amsali 0,3
Axiciliq haddi, Fy,

kN/ sm? 24,5

Max Von Mis
Nmm2
<=84.1
0
103
g |
121
10
139
1l
158
a

176

Totbiq olunan yiiklarin paylanmasi

Totbig olunan riyazi modelds, metal
kiitlo daxil olmagla, komordo yaranan isgi
tozyiq nozoro alinmigdir. Yiiklorin paylanmasi
sxemi sokil 2-do gostorilmisdir.

Sakil 2 — Totbiq olunan yiiklorin kemarin sathi
boyu paylanmasi

Figure 2 — Distribution of applied loads along the
surface of the pipeline

Gorginlik-konsentrasiya zonasimin miiay-
yan edilmasi

Totbiq olunmus yiik kombinasiyasinin
tosirindon boruda yaranan axma haddinin
maksimal giymotinin 379 MPa oldugu
milyyon edilmisdir.

Max Von Mis
N/mm2
<= 116

132
149
165
182

3

231

297

Sakil 3 — Boru kamari elementlorinds yaranan garginlik haddinin giymatlondirilmasi
Figure 3 — Estimation of stress limit in pipeline elements
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Komarin konstruktiv. modeli STAAD.
Pro program tominatinda modellosdirilmis,
metal c¢okisi vo komords yaranan isci tozyiq
nozors alinarag, tohlil olunmusdur. Gostoril-
mis diagramda geyd olunan rogamlar komoarda
yaranan garginliyin artmasi istigamatindo sira-
lanmigdir. Komorin asagi hissasinds alinan
garginliyin axma haddinin (379 MPa) metalin
fiziki xtisusiyyatlorino uygun goalon axma hod-
dindon (350 MPa) boyiik olmasi sababindan,
komords yaranan gorginliyin buraxilabilon
gorginlik haddindan boyiik oldugu miiayyan
edilmisdir (sokil 3).

Natica

“Qaz Ixrac” Idarssino moxsus “Astara-
Qazimommod” yeraltt magistral qaz komorinin
187,74-cti km-do agilan surfda boru kamarinin
xatti hissasinds “Olympus 27MG” markal ult-
rasos prinsipli galinligélgon cihazi ilo defek-
toskopiya islori aparilmigdir. Monitoring pro-
sesindo komarin sathinds holqovi istigamoatdo
olgiilor aparilaraq, faktiki divar galinliglarmin
borunun st sathindo 12,18 mm, yan sathinds

11,80 mm, alt sothinds isa 9.19 mm oldugu
miioyyan edilmisdir. Komorin alt sathindo 5+6
mm korroziya yaralar1 askar olundugundan,bu
hissads galinligin faktiki qiymotinin 3,19 mm
oldugu askarlanmisdir. Boru kamoarinin riyazi
hesablamasindan alinan hesabi galinlig: faktiki
galinlig1 ilo miigayiss olunaraq (3,19< 4,60),
komorin istismara yararsiz oldugu gonastinas
golinmisdir. Komorin  konstruktiv.  modeli
STAAD.Pro program tominatinda modellasdi-
rilmis, metal ¢okisi vo komordo yaranan isci
tozyiq nazors alinaraqg tohlil olunmusdur. Ali-
nan gorginliyin axma haddinin (379 MPa) me-
talin fiziki xisusiyyatlorine uygun galon axma
hoddindan (350 MPa) boyiik olmasi sobabin-
don, komards yaranan garginliyin buraxilabi-
lan gorginlik hoddindan bdyiik oldugu miiay-
yan edilmisdir.

Maraglar miinaqisasi
Miislliflor bu magalads arasdiriimast to-

lob olunan maraglar miinagisosinin olmadigini
qeyd edirlar.
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