TINH BO TIN CAY AN TOAN HE THONG CONG TRINH BAU M1 & HO CHUA

Nguyén Lan Huwong'

Tom tat: Tiép cdn véi thiét ké ngau nhién va phwong phdp phan tich h¢ théng dé danh gid dé tin
Cdy an todn Cia céng trinh va hé théng cdng trinh 1& mét cdch tiép cdn méi hién dai cia cdc nude
trén thé gidi. Hién tai o Viét Nam, cdc cong trinh thuy loi, thuy dién dang duwoc thiét ké theo
phwong phap tdt dinh va trong qua trinh tinh todn cé nhiéu han ché, trong nhiéu truong hop khéng
c6 co ¢ dé fim ra nguyén nhan gay dé vé céng trinh. Trong nghién curu nay, tac gia gioi thiéu cach
tinh dé tin cdy an todn ciia tirng cong trinh trong hé thong va Ciia cda hé thong theo hudng tiép cdn
VGi thiét ké ngau nhién cap dé 11 két hop véi phwong phdp phdan tich hé thong.

Tir khoa: thiét ké ngiu nhién, d6 tin cdy ctia hé thong, phan tich hé thong, d6 tin cdy an toan,

cay sy cb cua hé thong.

1. Pit van de.

Mdi cong trinh thiy loi, thay dién 1a mot hé
két cdu trén nén 1am viéc trong dicu kién tuong
tac giita ba moi trudng: nudc - nén - cdng trinh,
Trong mdt cum diu mbi gdm nhiéu cong trinh:
cong trinh dap dang, cong trinh thao Ii va cong
ldy nude, ching lai lién két véi nhau thanh mot
hé két cau 16n hon dé tao thanh ho chira. He két
ciu ndy c6 thé duoc xem nhu 1a mot hé thong
cong trinh dau moi cua hd chira. Trong qua trinh
van hanh hd, su ¢ 16n nhat xay ra d6i voi hé
thong hd chira 1a su ¢b v dap, voi su cb ndy hé
thng s& ngirng hoat dong va gay ra cac thiét hai
I6n cho ban than cong trinh va vung ha du. Hién
tai, & Viét Nam trong linh vuc thiy loi khi danh
gia an toan dap thuong st dung phuong phap
thiét ké tat dinh va tinh hé sd an toan, khi tinh
toan theo phuong phap nay c6 rat nhiéu han ché
va trong nhiéu trudng hop khong cé co s¢ dé
tim ra nguyén nhan gay d6 v& cong trinh [3].
Phuong phap thiét ké ngiu nhién va tinh do tin
cdy 1a phuong phép thiét ké theo xu hudng hién
dai, phuong phap nay tién bo hon phuong phap
thiét ké tat dinh va tinh hé s6 an toan. Céc trang
thai gisi han ciing nhu cic co ché pha hoai dugc
mo phong bang ciac md hinh toan hoic cac mo
hinh tuong tng. Xéac suit pha hoai cia mot bd
phan céng trinh hay céng trinh dugc tinh tir ham
tin cay c6 nhiéu bién ngiu nhién duoc phan tich
trén co s& cac dir liéu quan sat vé cong trinh.
Trong bai bdo nay tac gia gidi thi€u cach tinh do
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tin cdy an toan cua timg phan tir cong trinh
trong hé thong va cia ca hé thong theo hudng
tiép can voi thiét ké ngiu nhién va phuong phap
phan tich hé thong.

2. Tinh d9 tin ciy an toan hé théng cong
trinh

Pé tinh duoc do tin cdy an toan cua hé
thdng, nguoi thiét ké phai dat duoc bai toan va
giai dugc bai toan d6. Cac cong viée dé tién téi
dit bai toan va giai duoc bai toan bao gém: thu
thap cac s liéu vé cong trinh, phan tich thng
ké, tao cac bién ngdu nhién, lap ham tin cay,
phan tich mdi lién két giita cac cong trinh trong
hé thong, tinh do tin ciy cua cac cong trinh va
do tin cdy cta hé thong cong trinh. TUy thudc
vao mic do phuc tap, cic yBu cau tinh toan,
mutc 40 quan trong, kha ning cung cap cac dir
liéu quan sat va dir liéu thiét ké vé cong trinh dé
¢ thé giai bai toan tinh do tin cdy cta cong
trinh va hé théng cong trinh theo céc cip do
khac nhau: cap d6 I, cap do II hoac cap do III.
CAc tinh toan c6 thé thuc hién theo luu do hinh
1, tdy thudc vao mirc d6 phic tap va yéu cau
cua két qua danh gia do tin cay cho hé thdng co
thé tinh toan bang bang tay hodc st dung lién
tiép cac phan mém chuyén dung trén may tinh
dién tir.

2.1. So db tinh dp tin cdy an todn hé thong

Tinh d6 tin cdy an toan cua tirng cong trinh
trong hé thong va ca hé thong duogc thuc hién
theo so dd hinh 1, do tin cay cua h¢ théng duoc
tinh toan theo ba budc.
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Buéc 1: Md phong hé thong.

Cian cir vao c&c quy chuan, tiéu chuan thiét
ké, thi cong, nghiém thu, cac danh gia hién
trang ddi véi timg cong trinh dé xay dung so d6
cay su cd cho ting loai cong trinh va ca hé
thdng cong trinh. C4 thé quy dinh cac cong trinh
trong mot hé thong 1a cic phan tir trong hé
thdng c6 mdi lién két voi nhau theo cac so do
ghép ndi theo mo hinh phan tich hé thong [3].

Budc 2: Xay dung va giai cdc ham tin cay
Clia ting phan tir trong hé thong

(1)Nhdp sé liéu ddu vao

S6 liéu dau vao gdm: cac bién ngiu nhién,
cac ham tai trong, ham sirc chiu tai, ham tin cay
c6 luat phan phdi xac sudt da duge xac dinh.

Ham tai trong: N =N (X,) (1)
Ham stre chiu tai: R = R(Y, ) (2)
Ham tin cay: Z = R(Y,; )N (X,) (3)

Trong d6 (X, )va(Y,) 1a cic bién ngu
nhién c6 luat phan phdi xac suat da dugc xac dinh.
(2) Bién dbi ludt phén phéi xdc sudt ciia cdc
bién ngdau nhién (BNN): X va Y, trong ham

N (X,;) va R(Y, ) vé luat phan phdi chuan.
Ham mat d6 phan phdi chuin ctia cac BNN

(Xi—uxi)?
7 1 - 2
cO dang: f(X,) = g o 4)
(X) oy N2
Ky vong ctia cac bién ngau nhién:
=X =3 (5)
i=1

Do 1éch chuan cia cac bién ngau nhién:

_ L S(x -xY
GXi_\/(n—l)Z(X' X) (6)

i=1

Trong d6: n 14 s6 quan sat vé BNN d6.

(3) Tuyén tinh hod cdc ham tin cdy Z

Néu ham tin cdy Z Ia tuyén tinh cé dang:
Z=a.X +a,X,+a,. X;+...+a,.X, (7)
Ky vong ctia ham Z:

Hz = zai':uxi , (8)
i=1

P 1éch chuin caa ham Z;

o, = > (a.04) 9)

i=1

Néu ham tin cdy Z Ia phi tuyén: Khai trién
chudi Taylor va tinh cac tham sé théng ké cua
ham Z. Céc tham s thong ké tuong tng véi gia
tri ban dau, trong nghién ciru ndy goi 1a diém
thiét ké (BTK) ban dau.

L4y hai s6 hang dau trong khai trién Taylor
ham tin cay c6 dang sau:

2,37 (X,)

Z=Z(Xo)+,

i=1 i

(X=-%?) (10

Tinh cac tham s6 thong ké ham Z, twong ting
V6i cac gia tri ndy 1a toa d6 DTK ban dau Xo
bao gom gia tri ky vong (1), va do léch chuan

ban déu (o, ),

(/Uz)oZZ(X0)+iaZa(X)_(O)'(/UXi_Xio) (11)
@), :Jii(aza(xfo)%)z 12
Xo (X7, X3, X3,..) (13)

(4) Tinh d¢ tin cdy an toan

Do tin cdy an toan tuwong tng voi mot diém
trén ving an toan. Piém nay c6 toa do xac dinh,
trong sach nay goi 1a toa do thiét ké (TPTK).

Chi s6 tin cdy B dwge tinh theo cong thirc:

u
p="2
GZ

(14)

Thuc hién thuat toan lap tim B twong {ng
v6i TPTK. Trong d6 diém xuat phat dugc iy 1a
DTK ban dau. Xac suat an toan cia cong trinh:

Paizs) =#(B) (15)
Trong d6: ¢() gia tri ciia ham phan phodi

chuan.
X&c suat xay ra sy co cua cong trinh:
IDsc(2<o) =1- Pat(Z>0) (16)

Tinh hé so anh huong cia cdc bién ngau
nhién den xac suat xay ra sw co:

0Z(X,)
o _oox T (17)
GZ
Xdac dinh toa do BPTK moi:
X7 (X] %5, X0 (18);
Trong d6: X, = uy, + o.f.0y; (19)
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Tinh lap dé tim diém thiét ké cudi clng va
cac dic trung thong ké cta ham Z. Qua trinh lap
dugc md ta trén so d6 hinh (1), budc 1ap chi
dung lai khi diém thiét ké hoi tu. Sai s0 trong
qua trinh tinh lip do nguoi thiét ké 4n dinh.

Lap ma tran x4c suat 1am viéc an toan cua
cac phan tir trong hé thong dé xac dinh xac suat
lam viéc an toan hoic xac suat sy cd cia ting
phan tir thong qua cac cong thire toan hoc.

Buéc 3: Tim x4c suat 1am viéc an toan cua
hé théng PT theo bai toan cap do 2

Thdng qua ma tran xac suat 1am viéc an toan
cua ting cong trinh xac dinh xac suit 1am viéc
an toan cua ca hé thong.

Hé thong 1am Viéc theo so do ghép noi tiép

Khong xét twong quan giira cac cong trinh
trong hé thong:

Pa':T = H Pait
Xét den tinh tuwong quan cua cac phan to

trong hé thong thi X4c suit an toan nam trong
khoang hai bién rong:

n
i HT ; i
[1P: <P <minP,

(20)

(21)

Hé thong 1am viéc theo so do ghép song song:
Khong xet twong quan gilra cac cong trinh
trong hé thong:

PHT = 1—f[ (1-P) (22)

Xét dén tinh twong quan ciia cdc phin tie
trong hé thong thi Xac sudt sw cé nam trong
khoéng hai bién rgng:

HP' <P <minP}

sc —

(23)

2.2 Tinh dé tin cdy ciia hé théng.

Hién nay c6 nhiéu phin mém dé giai cac
bai todn xac suit thong ké, trong nghién ctu
nay tac gia st dung phan mém BESTFIT, VAP
va Open FTA. Ba phin mém nay dugc gidi
thiéu chi tiét trong gido trinh [1] cua trudng
Pai Hoc Thuy lgi. Dé thuan loi cho qua trinh
tinh toan, tac gia viét chuong trinh dé ghép ndi
3 phan mém doc lap: Besfit, VAP, Open FTA
dé tao thanh mot phan mém téng hop méi co
thé danh gia do6 tin cdy cho ca hé thdng
DTCHT2014, nhu hinh 2.

Khi 1am viéc doc 1ap cac phan mém co cac
cong dung nhu sau: phin mém BESTFIT: udc
lwong hop 1y t6i da ham xac suat thong ké cho
bién ngau nhién tir sé liéu quan tric do dac va
tinh toan cac dic trung thong ké cua cac BNN
d6; phan mém VAP: xir 1y bién ngiu nhién va
giai ham x&c suat thong ké tim do tin cay, cho
két qua do tin cay & cap do II va cap do III;
phan mém Open FTA: tinh x4c suit su cd cua
hé thong.

- Luat phan phéi xac suét
- C4c dic trung thong ké clia BNN

I Phan mém két noi |

- Chi s6 tin cay

- Xac suét su c6
- % Anh huéng clia cac BNN

Nhap méi lién két clia cac

cong trinh trong hé théng

| Phan mém két noi |

- X&c suat su c6 cla hé théng

- S0 d6 cay éu c6 clia Hé théng
- % Anh hudng ciia ting su c6 dén

su ¢6 hé thng

|
|
|
|
|
o :
|
|
|

Hinh 2: Tinh d3 tin cdy hé thong bang phan mém: DTCHT2014.
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‘ Budc 1 ‘
‘ Tim luat PPXS va céc dac ‘
trung théng ké cla R, N
‘ R,N 6 PP ‘
chudn
‘ Bién ddi Z vé& ham tuyén ‘
tinh béng khai trién Taylor
‘ Budc 2 ‘
| ; T |
Toa d6 DTK: X " tinh theo cong thiic (13
‘ Tinh p 7 theo Tinh 6 7 theo ‘
‘ cong thic (11)] cong thitc (12) ‘
‘ Tinh B, theo Tinh o 7 theo ‘
cong thiic (14) cong thic (17)
‘ Toa d6 BTK: X* ‘
‘ theo cong thic (19) ‘
‘ =it 1le ‘

. Tinh P theo
Buges cong thitc (20)| [ cong thee (21)

Tinh P}" theo
cong thitc (23)

Hinh 1: Luu do tinh dé tin cdy ciia hé thong theo bai
toan cap do II.

3. Vi du tinh d§ tin ciy clia mdt hé thong
dau mdi hd chira nuérc thiy lgi

3.1 M6 phdng hé thong

3.1.1. Gidi thiéu vé hé thong dau moi ho
chura nuoe

Trong nghién ctru ndy dé minh hoa cho kha
ning tinh do tin cdy cua hé théng theo luu d6
hinh 1, tAc gia tién hanh tinh do tin cy ctia mot
hé thong cong trinh dau mdi hd chia co so dd
bd tri tong thé nhu & hinh 3.

Trong d6 dap dang nudc la dap dit dong
chat. Cong trinh théo li 1a dap bé téng trong luc
tran nudc gom ba khoang tran ¢6 cira van dicu
tiét. Céng liy nudc 1a cong ngam bang bé tong
cot thép co6 mat cit ngang hinh chit nhat dugc
dit truc tiép vao trong dap dat. Ca ba cong trinh
trong hé thong thudc cong trinh cap III. Hé

thong dua vao van hanh khai thac da dugc hon
50 ndm. Theo so do hinh 3, cac céng trinh: dap
dang, tran xa 1i va céng ngam dugc bd tri ngay
trén than dap va déng vai trd nhu mot phan cia

dap dang
“&W\MN - TM

\ PP 1
1 3

Hinh 3: So' d6 bo tri tong thé mot hé thong
cbng trinh dau moi ho chira. 1 - Pdp dat; 2 -
Cong lay nuoc; 3 - Pdp tran Xd .

3.1.2 So do cdy sw co ciia hé thong
Phén tich theo co ché pha hoai dan dén
su cb vo dap cua hé két cau trong cum dau mdi
hd chira nudc b tri theo hinh 3 cho thiy: mot
khi sy ¢ xay ra doc lap dbi véi tran xa It hodc
dbi v6i cong ngam, hodc ddi véi vi tri ndo do
cua dap déu duoc xem 1a d& Xéy ra su ¢ v& dap
hay su c6 hé thong. Mdi quan hé giira su ¢ cia
hai cong trinh tran va cong voi sy ¢d vo dap
trong dau mdi hé thong thé hién & so d6 cay su
cd hé théng hinh 4. Véi cach b tri cac cong
trinh nhu trén hinh 3, hé théng duoc lién két véi

nhau theo hinh thtrc ghép ndi tiép [3].

Su cé ho théng
hofc hofc hofc
|:ﬂ:| [ |
Sui ce ®kp BFt ‘ SU @ trpn ‘ ‘ SU cé céng ngGm ‘

hofc hofc hofc hokc hofc hofc

Nudc tran| | Trugt méi ||Bidn hinh thEm||BiOn hinh

Trun | | Trun bo || X&i déc theo

@nh oEp || halwu | thong thubng | thEm ekc biot| |trugt | [IE ||then céng
hoc hofc hDIEC_ﬂﬂ‘EC
Xaiwir || Xa v tl coa ra] Hang thEm tép|| Hang thEm tép

chen khay| | cfia ding thEm | 1Ung trong | trung trong ndn
thén GEp ®Ep

Hinh 4: Cay sw ¢6 hé thong hé chiva nuée.
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3.2 Xay duwng va gidi ham tin cdy ciia ting cong trong hé thong

3.2.1. S6 liéu tinh todn

-150 -100 -50 0 50

Hinh 5: Tinh ton on dinh truet mdi ha leu ddp bang Geoslope.

Bang 1: Cac chi tiéu co Iy cia dat ddp ddp
va dat nén dap.

Dungf}r('mﬂg Goc ma ) Hé sb
. . .z |tunhién ctal| Luc dinh o
Cac lop dat dht sat trong tham
T (KN/MY) [ @, (d9) |C, (KN/M?)| K, (ms)
Lol Il 19.78 20 23 1x10°
PTS[ 1798 2 2,3
Lo |1 18515 15 22 1,4x10°
P [ 18515 15 2.2
Lop3 | 18,63 12 22 4x10°
s| 1,863 1.2 2,2
« .. | n|l 19,205 22 0 2x10°
Nén d
NPT T 19,205 2.2 0
Lang tru) |, 21 35 0 1x107
thoat
e | o 2,1 35 0

150 200

+35

+20,0

Hinh 6: So do tinh todn én dinh ddp tran

Bang 2: Cdc ddc trung thong ké cia cdc BNN c6 Wudt phan phéi chudn.

Tén BNN Kg,\r; ;flu Ky vong toan: u D6 léch chuan: o

Cao d0 dinh dap Y g (M) 37,6 1,54
Cao d¢ muc nude ho Ymn (M) 35 1,25
Van toc gio V (m/s) 13,86 1,36
H¢ s6 trung binh mai thuong luu m 3,53 0,35
D§ nham A cuia da xay bao vé mai thuong luu A (m) 0,05 0,00492
ba séng trung binh D (m) 3120 264
GOE Cuel hu:or}g gi6 so v&i phuong vuong goc vai a (d9) 0,21 211
tuyén cong trinh

Cao d¢ day dap Y (m) 0,2 2,08
Chiéu cao nudc dénh do gi6 h, (M) 0,00319 0,00105
Chiéu cao song leo h, (M) 0,95 0,15

Bang 3: Cac BNN trong tinh dé tin cdy cua tran

TT Tén BNN Ky hiéu BNN Ky vong toan: Do léch chuan: o
1 |Dung trong cta bé tdng Yot (KN/m®) 24 0,12
2 |Chiéu dai ngudng tran L (m) 17 0,85
3 |Cao cjc} muc nudc hd i Y mn (M) 35 1,25
4 |Hé s0 ma sat gitra dap va nén 0,65 0,065
5 |Luc dinh don vi ctia nén da o (KN/mz) 166,7 25,14
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Bdng 4: Cdc BNN trong tinh todn dg tin cdy cia cong

Tén BNN Ky hiéu BNN Ky vong toan: u Do léch chudn o
Cot nude thim Hi 28 2,5

Chiéu dai cong tinh toan Lq 131,20 13,12
Gradien tham cho phép [J (U)]gh 1,15 -

3.2.2. Ham tin cdy va Xac sudt Iam viéc an toan.

Véi so d6 cay su cb hinh 4, viéc 1ap va giai
cac ham tin cay dd duoc trinh bay chi tiét trong
bai bao “Phan tich do tin cy cua dap dat” [1]
va sach chuyén khao “Co s¢ tinh d tin cay an

toan dap” [2]. Trong bang 5 s€ trinh bay cac
ham tin cay twong tmg véi cac co ché sy cd co
thé xay ra v&i cac cong trinh trong hé thong va
két qua tinh toan d tin cdy cho timg co ché sy
c6 do.

Bang 5: D¢ tin cdy cua cdc co ché sy co.

TT | Cochésucd Ham tin cay XA4c suat 1am
viéc an toan
1 | Nudc tran dinh déap Z, =Yy Y, =Yy - (Ymn +h, +h, ) P, =0,766
2 | Truot mai ha luu n n n P, =0,9906
Z,=R.[) (N,-W,)tgg + > Cl. - > T] 2 ’
e =R (N -Wh)tgg + > Cli -2,
3 | Xoitaictara Z, :[ ]chénkhay Jcmh:‘khay ,=0,9918
4 Xo6i chan khay Z :[ ] -J n;ax P3_2 _ 0,8820
5 | Hinh thanh hang tham ~ ; P ~1
trong than dép Zia= [‘] kcp] —Jrg “
6 | Hinh thanh hang tham ~ ) P ~1
trong nén dap Zip= [‘]kcp] —Jre v
7| Tran bj truot Z, (ZG W, ).f +C.A->"P Ry ~1
8 | Tran bi lat Z, =S M, > M, P, ~1
9 | X6i doc thian cong B [J (n )] _Hy P~1
] " L

3.2.3. D¢ tin cdy an toan Ciia cdc cong trinh

- X4&c suat an toan cua dap:

Py =1-[(1-R)+(1-P,)+(1-P,,)+

+(1-P,)+(1-P,,)+(1-P,,)]=0,6304

- X4&c suét an toan cua tran:

=N =1—[(1— R)+(1- P6)] ~1
- X4c suat an toan cta cong;
=1-[(1-P)]~1

3.3 Tinh d¢ tin cdy ciia hé thong

Céc cong trinh trong hé théng 1am viéc theo
so d6 ghep noi tiép, néu khong xet twong quan
gitra cac cong trinh trong hé thong 4p dung cong
thirc (20) tinh xéac sut lam viéc an toan cua hé
thong:

Pa|t_|T

=PJ.Py.PS =0,6304.

Tra bang cac gia tri cia ham phan phdi chuan
[3], voi PJT =0,6304 xé4c dinh dugc dd tin cay
ctia hé théng §=0,34.

3.4 Phan tich két qua

X4&c suat 1am viéc an toan cua hé théng
P"T =0,6304 hay chi s tin cdy ctia h¢ thong
B =0,34 déu nhé hon xic sudt an toan cho
phép trong cac tiéu chuan tinh toan [3], [5], [7].
Pay 1a mot chi sb do tin cay thap, khi xét theo
cac tiéu chuan ndy c6 thé két luan hé théng co
kha ning bi su c¢b do xdy ra sy ¢d ciia mot trong
4 nguyén nhan sau: nudc tran dinh dap, truot
mai ha luu, x6i tai chan khay va X0i tai cira ra,
trong d6 sy ¢ nude tran dinh dap co xac suat
lam viéc an toan thap nhat P, =0,766. Tran va
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cong lam viéc an toan voi do tin cdy cao, X&c
SUAt an toan xap xi bang 1.

4. Két luan va Kién nghi.

Bai bao trinh bay cach xdy dung phuong
phap danh gia do tin cdy cho hé thdng cong
trinh dau mdi hd chtra nudc thiy loi bang cach
tiép can xac suat & muc do II két hop mé hinh
phan tich hé thong, va tng dung tinh toan do tin
cay cho mot hé théng thuy loi nham chirng minh

TAI LIEU THAM KHAO.

kha nang thuc hién duoc cua phuong phap tinh.
Dé tinh dd tin cay cho h¢ théng cd thé sir dung
cac bude tinh nhu trong luu d6 hinh 1 hodc sir
dung lién tiép cac phan mém c6 san duoc két
ndi boi cac phan mém ghép ndi hinh 2.

Cac noi dung cua bai bao 1a nhirng két qua
nghién ctru maéi va la tai liéu tham khao mang
tinh thoi sy cho cong tac nghién ctru an toan hd
dap ¢ Viet Nam.
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Abstract:

CALCULATION IS ANUMBER OF RELIABILITY
AND SAFETY SYSTEM HEADWORKS RESERVOIR

Access to stocha design and analysis methods to evaluate system reliability and safety of the
work system is a new approach to modern countries in the world. Currently in Vietnam, the
irrigation works, hydropower is designed according to the method of calculation and in the process
has limitations, in many cases there is no basis to find out the cause of collapse works. In this study,
the authors show you how to calculate the reliability of each work safety in the system and the

whole system design approach with level 11 randomized method combined with systematic analysis.
Keywords: probabilistic design, reliability of the system, analysis system, safety probabilistic,

failure of plant systems.
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