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Tinh toan tudi tho con lai clia bé chita tru thép
c6 khuyét tat dang nut tai ban duéi cing thanh bé

Calculation of residual life of vertical steel tanks with crack-like defect in the first plate

Tom tat

Bai bao gidi thiéu cach du doan tudi

tho con lai clia bé chira tru thép c6 khuyét tat
dang vét niit & tim dau tién thong qua tinh toan
s6 chu ky van hanh con lai ciia bé cho téi khi bi
pha hoai theo cac quy dinh hién hanh ciia Nga.
Piém khac biét ciia cach tinh nay la tinh dén
trang thai ing sudt phiic tap thanh bé, sit dung
cactham s vé d6 bén niit theo chu ky duoc xac
dinh theo iing suat hai phueng va phuong trinh
hiéu chinh cho kich thudc va vét niit cu thé ciia
bé.

Tir khéa: Két cdu thép, bé thép tru diing, khuyét tat, tudi
tho, két cdu ban

Abstract

This paper introduces a method for predicting the
residual life of vertical steel tanks with a crack-like
defect in the first plate by calculating the remaining
operating cycle of the tank until the destruction in
accordance with the current Russia regulations. The
difference of this calculation is residual life considering
the complex state of the tank wall’s stress, using the
parameters of cyclic crack strength defined under
biaxial loading and the calibration function for a
particular size and crack of the tank.
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Vi Lé Quyén

1. Dat van dé

Hién nay, ciing vé&i sy phat trién khong ngirng clia nén kinh té xa héi, nhu
cau st dung khai thac dau khi va cac ché phdm ciing téng Ién nhanh chéng.
Cung voi do, viéc thiét k&, 1&p dat va dwa vao van hanh cac hé théng bé chira
véi dung tich Ién d& dap ng viéc tén chira, van chuyé&n, ddm bao khong bi
that thoat chay nd...1a rat can thiét. Bé chira ngoai chiu tac dong cuia tai trong,
nhiét do, mai trwdng con cé thé b d&nh hwéng béi khuyét tat do cdng nghé, thi
cdng va trong qua trinh van chuyén, diéu nay lam gidm dang k& tudi tho cua
cbng trinh ciing nhw hiéu qua kinh té.

Thanh bé la bd phan chiu lwc chinh, c6 ciu tao gdm nhiéu ban thép han lai
v&i nhau [1]. Ban thép dau tién tiép giap véi day bé chiu trng suét phirc tap do
I& noi chiju tai I6n nhat, bén canh dé ciing 1a noi thudng dat cac van, dwong
dng, voi xa, khi cé khuyét tat tai day s& anh hwéng vé cling bét loi cho két
cu (hinh 1). Vi vay viéc tinh toan duw doan tudi tho clia bé chira khi cé khuyét
tat dang nirt tai ban dau tién 1a rat can thiét, didu nay giup xac dinh giai doan
bao tri, stra chira hop ly, ting hiéu qua kinh té, gidm mirc dd nguy hiém trong
trueong hop xay ra cac tinh hudng khan cép [3-5].

2. Phwong phap tinh toan

Tinh toan danh gia tudi tho clia bé co khuyét tat dang vét nirt trong nhiéu
nam gan day st dung phd bién phwong phap pha hly co hoc dwgc viét béi
phwong trinh Peris [2, 4-10]:

_ n
da/dN=C(AKjy) )

Trong d6: da/dN- Téc dd phat trién vét nit; a — thong sb kich thwdc vét
nt; N — sb chu ky I&p cla tai trong; C,n — cac hé sb xac dinh théng qua thi
nghiém vat liéu 1am bé véi tai trong cu thé; AK, — hé s chénh léch &ng suét
tai dinh clia vét nirt trong mét chu ky chiu tai, AK;Kmax-Kmin, trong @6 Kmax,
Kmin 1a hé sb (rng suét I&n nhat va nhd nhét trong mét chu ky phu thudc vao
tai trong tac dung, kich thuwéc va hinh dang vét nit, déc trwng hinh hoc cta
két cAu bé.

AK, cé thé dwoc viét bdi phuong trinh sau:

AK]:YIAO'\/E @)

Trong d6: AG=0p;4x—Omin - S chénh l&ch (rng suét I&n nhat va nhd nhat
trong chu ky; Y - ham sé hiéu chinh K, khéng th(r nguyén, phu thudc vao dac
diém hinh hoc ctia bé, théng sb vét nit va didu kién chét tai.

Véi gia thiét rang chiéu dai vét nat thay doi twr chiéu dai ban dau a toi
chiéu dai t&i han a,, sb chu ky dién ra cho t&i khi két ciu bi pha hoai duoc
tinh b&i cong thirc:

17050 _(1-0.50)
Np= 0,5
(0,5n-1)-C-(0,57 )" .Ac"

©)

Tuy nhién mé hinh tinh toan theo cdng thirc (3) ¢é cac nhwoc diém sau:

- B& cha trong trwérng hop nay dwoc coi nhw mé hinh ly twéng, khong
tinh dén céac vi tri giam yéu ctia ban nhw van, dwéng 6ng hay voi xa;

- Trén thanh bé co trang thai (ng suét phirc tap theo hai phuong gom ting
suat ‘kéo véng va rng suat kinh tuyén [1], do d6 cac tham §6 dac trwng cho
dd bén nit can dwoc xac dinh theo diéu kién chiu ng suat 2 phwong [13].
Bén canh 4o, héng sb6C khoéng la dai lwgng déc lap khi phu thudc vao bac n
do vay khong thé 1a dic trwng clia vat liéu. D& mé ta sw phat trién n dinh cua
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Hinh 2. M hinh bé chira c6 khuyét tat nirt phia mat
ngoai dang elip
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vét nivt c6 thé sir dung phwong trinh sau [14]:

]
*
dN \av )\ K ()

Trong d6 K* 1a hé s6 d6 I&n (rng sudt (rng I&n nhat véi toc
do phat trién vét nit da/dN = 10* mm/chu ky;

Nhuw phan tich dwoc néu trong quy chuén va céc tai liéu
tham khao [4-10] khi tinh toan coi bé chiva nhw tAm ban vo
han gén v&i (rng suat kéo mot phwong. Bén canh do, trong
cong thirc (3) hé sb cudng dd trng suét K xac dinh véi ham
sb hiéu chinh khoéng dbi. Tuy nhién véi sy phat trién cia vét
nrt va thay ddi didu kién chat tai, ham sb nay sé thay déi do
sw giam chu ky trwéc khi bi pha hoai [13,14].

Do d6 phwong phap véi cach tinh hién cé khéng thé danh
gia dwoc da chinh xac d6 bén cla bé chiva véi khuyét tat nit
cu thé dac biét la & ban dau tién noi chiu tai trong 16N nhéat.
Trén co s& da néu, gidi thiéu cach tinh dy doan thoi gian st
dung con lai ctia bé chra tru thép véi vét nirt dang ban elip
& ban thir nhét.

Céc thong sb str dung dé tinh toan:

- Thong sb bé: ban kinh trung binh mét bé », do day thanh
bé t, chidéu cao bé H, chiéu cao chét 1dng trong bé h, chiéu
cao ban dau tién |, trong lwong bé, mai...;

- Thong s6 vét niet: chidu dai vét nit 2a , 6 sau vét nit

b, khoang céach tir day bé t&i vi tri khuyét tat c;

- Chu ky 1ap chiu tai trong mot nam Iay bang so chu ky
ctia nam cubi dang van hanh bé chra.

Khi tinh todn ta s& chap nhan cac gia thiét sau:

- Trong qua trinh phat trién vét nit mdi quan hé gitra
chiéu sau va do dai vét nit 1 khong doi;

- Tinh toan cho vét nirt ndm vudng géc véi (ng suét kéo;

- Vat liéu lam viéc & giai doan dan hoi;

- Tinh toan cho vét nirt cu thé trén thanh bé.

Trinh tw tinh toan dwoc thwe hién nhw sau:

1. Xac dinh (ng suét vong o, va trng suét kinh tuyén o,
tai vung c6 chira khuyét tat, hé s 2 phwong 7=02/07[13];

2. Xac dinh hiéu sb ng suét vong 16n nhét:

min

max
-c
2

Aor=0c
7702 5)
Trong dé: 0,™, 0,™" : (rng suat vong 16n nhat va nhé

nhét trén thanh bé phu thudc vao tai trong trong thoi gian

mét chu ky;

3. Bang phuong phap thwe nghiém [13] trén mau vat liéu
bé& nhw hinh 1 xac dinh cac tham sé chu ky bén nit: cac hé
sb cudng dd (ng suét téi han K; hé sé cwong d6 bén mai
K; hé sb bén nit chu ky n; hé s6 cuwéng do (rng suat K* (rng
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e
Thé tich bé, cfl Ham s6 hiéu chinh ¥; phu thudc vao vj tri vét nit
m’ Giira cac voi xa Cach 1,5 l1an dwong kinh éng xa
5000 0.2 0,4207 +0,06057(h/ H) 0,4371+0,03776(h/ H)
+2,118(b/1)~0.05378(h/ H) +2,094(b/1)-0,02763(h/ H)*
+0,03873(h/ H)(b/ 1) —1,727(b/ z)2 +0,02526(h/ H)(b/ 1) — 1, 568(b/ t)z
0.4 0,4733 +0,0155(h/ H) 0,318 +0,02907(h/ H)
+1,962(b/1)~0,0172(h/ H)? +2.701(b/1)-0,02953(h/ H)?
10,0196 (W H)(b/ 1) 1,512(b/ 1)° | +0,02897(h/ H)(®/ 1) 2,045(b/ 1)°
0.6 0,4738 +0,06118(h/ H) 0,2868 +0,01917(h/ H)
+1,914(b/1-0,045(h/ H)? +2,883(b/1) ~0,01104(h/ H)?
10,0116k )/ §) — 1,401(b/ 1) 10,0153 H)(b/ 1) — 2,087(b/ 1°
08 0,3888 +0,1868(h/ H) 0,2799 + 0,04145(h/ H)
+2,125(b/1)~0,1401(h/ H)? +2,987(b/1)~0,01869(h/ H)*
+0,03575(/ H)B/ 0~ L6096/ 0| +0,04545(h/ H)(b/ 1) — 2, 174(b/ 1)

v&i van toc phat trién vét nirt (da/dN)*=10 mm/chu ky, trong

didu kién (rng suét hai phwong véi hé sé hai phwong 1) xac
dinh trong muc 1.

Ao ra
2

K=

[(1+77)—(1—17)cos Za]Yj
(6)
Trong d6 a géc tao béi vét nirt va phwong clia ng suét
I&n nhét

4. Xac dinh ham sb hiéu chinh Y;7(b/t.c,h/ H) phu thudc
vao vi tri vét nt va kich thudc cla bé chira. Trong bang 1
dwa ra céac biéu thirc ctia ham sé hiéu chinh K cho bé chira
c6 thé tich 5000m3.

5. Tinh toan d6 sau khéng mé rong b; va d6 sau téi han
b clia vét nirt

()

(8)

Trong dé: oy dd b&n mai; 0,™®: ng suét vong I&n nhéat
trong viing cé khuyét tat; t: do day thanh bé.

6. Kha nang chiu lwc cla két cAdu chdm dut khi hé sé
cwéng do (rng suét tai diém sau nhét cla trén bé mét vét nit
dat t&i gia tri t&i han K dan dén sw phat trién khéng ngirng
cla vét nirt; do sau bé mat vét nit dat gia tri tdi han by,

Tinh toan sb chu ky chiu tai an toan con lai cho téi khi két
cAu bj pha hoai theo phwong trinh:

Ji bey

_ 1 db
n
Ky bo 1074 {Aaleﬂb-YlJ
%
K

9)

Trong d6 k, = 3.4 hé sé an toan phat trién vét nit

7. Tinh toan thoi gian st dung con lai clia bé chira (ndm)
N

T=N7
nam (10)

Trong dé T — thoi gian st dung an toan con lai clia bé c6
khuyét tat; N — s6 chu ky chiu tai an toan con lai; N, - $6
chu ky chiu tai trong 1 ndm gan nhét.

3. Vi du tinh toan

Tinh toan thoi han st dung con lai ctia bé chira 5000m*
c6 khuyét tat dang vét nit tai ban dau tién.

Bé c6 théng sé nhw sau: ban kinh R = 11,4 m; chiéu cao
bé& H = 12 m, chiéu cao ban thép dau tién | =1,5 m; d6 day
ban thép dau tién t = 8,7 mm, dd day ban th hai 6,7 mm, do
day ban thir ba 5,7 mm, dd diy cac ban tir 4 dén 8 14 4,7 mm.

Chiéu cao muyc chat Idng I&n nhéat cho phép 11,36 m;
trong thwc t& muc chét 16ng cao nhét trong bdn chiém 95%
muc chat Idng cho phép, mwc chét 16ng thap nhét chiém 65%
muc chét Idng cho phép.

Trong lwong mai va cac thiét bi ¢b dinh G, = 32,6 kN;
trong lwong thanh bé tir khoang cach 0,7m so v&i day Gy,
875,022 kN; ap lwc dw py = 0,002 MPa; ap Iwc chan khéng
tiéu chuén p, = 0,0015 MPa:;ty khéi chat 16ng p = 820 kg/m?;
tai trong tam thoi 0,0018 MPa; vat liéu lam bé cé cwdng do
kéo durt tieu chudn f, = 483 MPa, gi&i han chay f, =294 MPa.

Vét nirt tai vi tri githa cac 6ng xa co thdng sd nhw sau:
khoang cach tir day bé t&i vét nirt ¢ = 0,7 m; d6 sau ban dau
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b =2 mm; dd dai vét nirt 2a = 12 mm.

V&i mue chét 1éng cao bang 65% muc chat 16ng cho
phép ta c6 cac (ng suét tai vét nit 1a o, = 73,6 MPa; o = -
2,7 MPa; n=-0,037.

V6&i myc chét 1dng cao bang 95% muwc chét 16ng cho
phép ta c6 cac (ng suét tai vét nivt 13 0, =109,52 MPa; o,
=-2,7MPa; n =-0,025.

Xac dinh hiéu s (ng suét vong I&n nhét:

Ao,= 0, - g,™" = 35 92 MPa;

Xac dinh cac tham sb bén nit chu ky bdng phwong phap
thwe nghiém [13] : cac hé sb cwdng do tng suét téi han K=
53,1 MPa.m®5; hé sb cwéng d6 bén maéi K; = 18,62 MPa.m®?;
hé sb dic trung bé&n nirt chu ky n =4.08; hé sb cwdng do tng
sudt I&n nhat rng v&i van toc phat trién vét niet 10 mm/chu
ky K* = 27,6 MPa.m°5; do b&n méi o; = 191 MPa.

Xac dinh ham sé hiéu chinh Y, theo bang 1 bang phwong
phap néi suy voi c/l = 0,7/1,5 = 0,467 va muc chat I6ng cao
nhat h/H = 0.95.

Phwong trinh hiéu chinh cho vét niit gitka cac éng xa:

Y1=0,478735 +1,962]25(b/0,0087)71,475(b/0,0087)2

T (2) ta c6 hé sb chénh léch (rng suét tai dinh cla vét
nirt trong mot chu ky:

0,478735 +1,962125(b/0,0087 )
AK, = 43,658 -zb 5
—1,475(b/0,0087 )
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