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1. Mé dau

Bai toan d6 nhay cua cac tham sb thiét ké dugc nghlen Ccuu trong cac cong trlnh [2,4,6,7...]. Tuy
nhién trong céc cong trinh d6 viéc tim ra tham sé thiét ké theo hai quan diém tién dinh mang lai hiéu
qua chua cao vi qué trinh tinh toan va phan tich 1a teong d6i phuc tap.

Trong cac cong trinh trén, phiém ham ddp ung duogc chon 14 cdc ham trong luong, gid thanh,
Chuyen vi hay ham rang budc xac sudt,.

DPéi voi nguoi thiét ké cong trinh thl an toan Ia vin dé quan trong Ngudi ta cAn nghién ciu sy
bién thién cua chit luong cong trinh khi cac tham sé thiét ké thay dbi riéng ré hay dong thoi.

Do tin cay 1a chi tiéu an toan quan trong nhat cia cong trinh. Néu ta chon phiém ham dap ng cua
bai toan 1a d6 tin cay thi 101 giai cua bai toan do nhay sé& giup cho viéc danh gia chit lugng cong trinh
theo tirng tham s thiét ké, tir d6 cai tién phwong an thiét ké mot cach nhanh chong va hop 1y.

Trong bai bao nay, tac gia xin gidi thiéu phwong phap xac dinh d6 nhay cua cac tham s thiét ké
trong d6 phiém ham dap ung 1a do tin cay cia cong trinh va phuong phéap cai tién phuong an thiét ké
theo d0 nhay cua d6 tin cay.

Noi dung bai béo bao gom:

- Phét biéu bai toan do nhay véi ham dap Gng 1a do tin cay;

- D6 nhay cia mot ham tat dinh;

- P6 nhay ciia mot dai lugng ngau nhién;

- Ap dung vao chon phwong an thiét ké hop 1y bang mot vi du bai toan tim udn.

2. Phéat biéu bai toan do nhay cua dd tin cay

Xét mot céng trinh véi cic tham s6 thiét ké 1a vécto @ = {wi}, o day cac tham sb thiét ké duge hiéu
la dién tich mat cat ngang, chiéu dai, chiéu rong va hing sb vét lidu... cua cac yéu t6. Ngoai ra tai
trong ciing dugc coi 1a tham s thiét ké.

Ching han, P 1a véc to tai trong ngoai thi ta dat ] :iﬁo , F70 la vécto xac dinh trude (tai trong co
$0), khi A thay ddi thi P thay ddi theo huéng cua P,. Néu P, thay ddi tuy y thi ta chon ﬁ:{z,lpi(“)}
cac A thay dbi mot cach doc lap, cac P xac dinh trude.

Céac tham s6 thiét ké co thé 1a dai luong tat dinh ngau nhién, ham tit dinh ngiu nhién hay qué trinh
ngau nhién. Do d6, néi chung d6 tin cay 1a mot ham thoi gian.

Trudng hop tong quat do tin cay P(t) duoc xac dinh nhu sau:

Lu(z,X) =q(z,X)
Mui(z,X) =V (z,X)

P () =P, 1f[V(z.X)] e Q, (1)
V7e [0,t:|
VX eV
Trong d6:

X = [Xl...xn :' - 1a bién khong gian (cac diém trén cong trinh);

i - 1a bién trang thai: chuyén vi, tng suit, vét nit,... phu thudc vao thoi gian t va bién khong
gian;

V - la bién chat lwgng, c6 thé tring hoac khéac bién trang thai G;

Liu(z,X) = q(r,X) - 1a phuong trinh trang thai;

Mi(z,%X) =V (z,X) - 1a phép bién d6i tir bién trang thai qua bién chét lwong (vi dy nhu tir chuyén vi
qua bién dang, noi luc qua ing suit);

f[V(r,)?):l €Q, - thé hién diéu kién an toan, Q,la bién an toan;



- 12 mién cong trinh chiém trong khong gian;
vz e [0t] - ké dén moi thoi diém tir 0 (khi dwa cong trinh vao sir dung) dén thoi diém kiém tra chat
lugng cong trinh t.
Trong trudng hop riéng V.V. Bolotin d4 dua ra biéu thirc P(t):

P(t) =P, {{(V)eQy VeV v ref0t]| )
Bai toan do nhay cua cac tham s thiét ké voi phiém ham dap tng 1a do tin cdy 1a bai toan tim
gradient ctia P (t) theo cac tham sé thiét ké w, . Ttrc 1a tim:

oP(t) | oP
FO_1 * )
oo ow,

Cha y rang: P(t) 1a dai lugng tat dinh, con céc tham sb thiét ké co thé 1a ngiu nhién. Néu cac
tham sé thiét ké khong ngiu nhién thi ta ¢ bai toan do nhay tat dinh.
3. Phwong phap xiac dinh dg nhay caa d§ tin ciy

- . , P T 4 A X . n 5 - A \ A L A z A - A A
Gia tri vécto {aa—} néi Ién toc do bién thién ctia phiém ham do tin cdy theo cac tham so thiét ké.
In)

Nho d6 ta c6 thé diéu chinh mot cach hop 1y (trong diéu kién nhét dinh) dé dat dwoc hiéu qua cao
nhat.

Trudng hop téng quat: Dé khong mét tinh chat tong quat ta xét truong hop xic suit tin cdy phu
thuoc mot hé bat dang thuc :

P =P, ({o:£(5)<0i-1n}) (4)
Tuyén tinh hoa cac ham & quanh gia tri ky vong Eé cia & ta co:
~ - o0&,
&(d)=¢ (Ea))+zi.mi +..
Oow,
Bo qua cac sb hang bac cao ta co:
P=P, (XY, (Ea))Aa)<Oj—ln) (5)
Trong d6, Aw, la cac dai luong ngau nhién du nho.
Nhu vay bai toan dan dén tim xac suit dong thoi thoa man mot hé bat dang thirc tuyén tinh cua cac
dai lugng ngau nhién. . ) .
Ngay viéc tinh (5) ciing gép nhicu khé khdn, cho dén nay chua c¢6 phwong phap hitu hi¢u. Dicu
dang chu y la cac phuong phap hién hanh [3] doi hoi sé thong tin qua 16n, thuc té khong dap ung
duogc. De dap ung cac doi hoi cua thyuc té, khi xét cac hé thong c6 x4c sut an todn cao va su cb 1a cac

bién cb hiém (xac sut bé) c}lang han ddi vé6i cac cong trinh xay dung duoc thiét ké mot cach nghiém
tlc thi nguoi ta dung dang gan dang cda (5) nhu sau:

P zmin{Pmb(Z‘I’ij (Ew )Aw, soj} (6)

Diéu nay trung V61 quan niém quen thuoc trong xay dung 12 kiém tra an toan mot két cdu (hé yéu
t5) nao d6 ta chi can kiém tra tai cac tiét dién nguy hiém (noi cé ng suit, mémen, chuyén vi,... dat
cuc tri). Mot cach tinh khac xac sudt dd duoc trinh bay trong [3]. Khi ¢ cach tinh db tin cay P(t) thi

, s OP(t) [AP(t)
ta tinh dugc biéu thuc gan duing ——=~<{———=
ow, Ao,
Truong hop riéng, khi xac suit tin cay chi phu thudéc mot diéu kién:
Fg“( ) rob ({(D CS( )<X})
dF.(x
0, (x) = T4, )= x
Néu &(@) 1a dai lugng ngau nhién chuan hodc néu khong thod méan gia thiét d6 thi ta dung phép
bién d6i Rachwiz — Fiessler, dé dua vé chuin doc lap thi:

P =P, (&(@)<x= [M)(%ﬂ 7)



Trong d6 a la ky vong toan, S 1a d¢ sai 1éch chuan ctia &(w)va® 1a ham Laplace.
2 ¢
D(x)=—+|e 2dt
( ) N2z ‘[[
Vi vy viéc tinh 6_Fi _1 %P L 6 thé tién hanh d& dang.
0w |ow

oP 1od . 0O 0D ot .. X—a
—==———ma —=—.— VOi t=——
oo, 20w, oo, ot O S
Ky vong a:(o(c?)i),c?)i la ky vong cuia o,
S = const

s ot 1loa od 2 - .
ma —=——,—=——=¢€2 taco:
oo Sow ot 2z

- 2
6P(§(a))<x)_ 2 X g
=— e 2. - (8)
ow, N2 ow,

CAc bién thiét ké chtra trong a, ta xét sy bién thién ngau nhién quanh gia tri trung binh.

Nhu ta da biét, dé ung dung trong cong tac thiét ké nguoi ta tim X&c suat an todn phuy thudc vao gia
tri ctia hé so an toan m.

Xét cho truong hgp (rng suat mét chiéu, o la mot dai lwong ngau nhién dugc goi 1a rng suat thuc
o, , Ky vong cua trng suat thyc la trng suat tinh toan o, .

2

Néu chon diéu kién an toan la o, <o, thi o la dai luong ngiu nhién chuan ta c6 P(o, <o, ) =0,5.

X A A \ , 2 O
D¢ nang cao d6 an toan, ta c6 thé chon o, =—2.

m
Khi tinh toan theo wng suat cho phép ta c6 thé chon o, 1a gia tri trung binh thdng ké gié tri bén
cua vat liéu, n6 duoc xac dinh theo két qua thyc nghiém.
Theo cbng thirc:

P(X<r)= ;{1+®[f;"j} (9)

Trong d6, X 1a dai luong ngau nhién, £ 1a mot s, ala ky vong, S 1a d6 léch chuin. Ta co:

P(o, <ma,) :%{u (ms_i} (10)
O

th
Trong do, SU‘h 1a d6 1éch chuén cua uang sudt thuc. Cac tham sd chua trong o,.
Trong bai bao nay tac gia xét cho bai toan tim. Néu goi M__ 1a khoing an todn cta bai toan tim
ubn can kiém tra, ta co
Mya =¥ (@) (12)
Ta coi gan dung ky vong ciia ¥ la gia tri cia ¥ khi cac an ky vong cta ching tirc 1a:
l;17:lP(a)i) va v =M.
Thi xac suit an toan cua két cdu khi:
Mmax =a la gid tri ky vong
o, =0, =Cconst
Do két qua thyc nghiém quan sat do dac dugc nén:
0, =0, =,/>.0. VA o, la do léch chuan cua cac tham sb o, .
Thi d6 nhay cuia d6 tin cdy cac tham sb thiét ké 1a khong twong quan, néu twong quan ta bién ddi
thdng qua ma tran bién do6i Palle dugc xac dinh theo cong thirc sau:
P 1op 1 Yy
— = —=———e ! .— (12)
oo 2 0w N2r ow,
Trong truong hop 1a mot ham xac dinh ta xac dinh d6 nhay qua dao ham riéng céac tham sé.




Trong trudng hop ton tai dudi dang sb giai tich ciia cac bién thiét ké thi ta thay qua trinh tinh dao

ham riéng S—P , hay bang gia tri gdn ding cua dao ham riéng nhu sau:
1)

op AP (P(wm)‘P(m)

= (13)
oo Ao, Ao,
Trong do,
Aw, - sb gia cua tham s thiét ké phy thudc vao quan sat do dac;
P(wm) —P(q) - s6 gia ky vong noi luc.

Hay théng qua chi sé d6 tin cay

9B BB _ M
ow. Ao Aw

(14)

Trong do6:
Aw, - ) gia cua tham sb thiét ké phu thudc vao quan sat do dac;
ﬂ(m vaa) —ﬂ(m) - 56 gia ky vong cuia chi s6 d¢ tin cdy.

4. Ung dung vao chon phuong 4n thiét ké hop ly

Néu ta goi cac tham sé thiét ké 12 X, = {* } d6 1a phwong an thiét ké ban diu. Nguoi ta tinh toan, thiét
ké theo céc tiéu chuin va xem cac phuong 4an chon c6 thoa mén hay khéng. Thong thuong néu thoa mén
thi phuong an d6 duoc chép nhan ma khong quan tam dén phuong an dé co tdi wu va dat do tin cay 1a
bao nhiéu. Vi nhirng phuwong an thiét ké nhu thé nay nhitng k¥ su thiét ké co kinh nghiém s€ lya chon
duogc nhitng phwong 4n hop 1y vi ho thudng thira ké cac cong trinh twong tu khi thiét ké cac cong trinh
maéi.

Trong truong hgp gip cong trinh méi hay vat liéu mdi ma khéng cé cbng trinh twong ty thi nguoi
thiét ké phai chon mot truong hop cho X, :{)’(’i} va phai cai tién phuong an dé sao cho hop 1y nhét.
Nhung péu do6 tin cdy khong dat thi phai tang d¢ tin c@y va nhu vay ta phai thay doi tham s6 thiét ké.

Muodn tang tirng bude ta s€ tang ¢ tham s6 c¢6 d6 nhay duong va giam cac tham s6 ¢6 do nhay ém
d6 1a cac diéu chinh, sau dé ta tién hanh tinh lai cho dén khi hop 1y.

4.1. Vidu
Gia sir cac phuong 4an ban dau duoc lya chon véi cac tham sé thiét ké 1a x = {q,l,h,ao} .

1
M, :Ehzo-o; M, =0,0469ga”; M, =0,0469qa"; M, =0
Luong dit trit an toan (Safety Margin) cua tim (ham muc tiéu cia bai toan tim udn):

1 2
M :%o—jh“ —(0,0469) g’a’

= — —
-—
o)
3]

0 X

Hinh 1. Minh hoa cho bai toan tdm
Lua chon tri sd cac tham sé ddu vao nhu sau:
q=200(kN/m?), a=6(m), h=0,12(m),c, =3,5.10°(kN/m"),
Thong 1§é d(:) sai léch ctia cac tham so thiét ké twrong Grng 1a 5% ta c6 d6 1éch chuan tuong rng cuia
cac tham so thiét ké q, I, h, o, la:



o, =10(kN/m*),c, =0,3(m),c, =0,006(m),o, =0,175.10°(kN/m*).Ta ¢6 do léch chudn cia cac

tham sé thiét ké.
Theo tham s6 trng suat bén cua vat liéu:

M 5, = 70560,000( kN.m ) (a)
00|
Theo tham sé tai phan bé déu q:
M .0, =—11402,778(kN.m) (b)
oq |0
Theo tham s nhip tdm a:
2—'\" 0, =—22805,556(kN.m) (c)
a |z
Theo tham sé chiéu cao tiét dién tdm h:
2—'\: .0, =141120,000(kN.m) (d)

Do 1éch chuén o, ta tinh duoc:

5, =+/(70560,000)" +(~11402,778' +(~22805,556)' + (141120,000)' =159823,918(kN.m)
Ky vong ctia M (ki vong khoang an toan cia tim):

e =o(0,0,) (0,1 ~(0,0469)’ (0,0 (07,a)" =187680,140 (kN.m)

360
Do tin cdy cua tam:
) _ My _ 187690,140 117435

o, 159823918
Xac dinh d6 nhay cua d6 tin cdy theo cac tham sb thiét ké:
Do nhay ctia d6 tin cdy theo tham s6 rng suat bén cia vat liéu o,

9B A(ﬂmmo) - ) (1,35396 - 1,17435)

= —/-1110°
oo, Ao, 0,175.10
Trong d6:
oy +Aoy
By = B IO a0t

o, 159823918

M
Ta c6 gia tri ky vong:

= (o, (0,480, )) () (00469 (0,0)' (0,2)' = 216995532 (kNm)

D6 nhay cta do tin cdy theo tham sé tai phan bd déu g
A By =B 11512117435
9B (A=) _G 117435) _ -0,05923
aq Aq 10
Trong do:

™ 178222,976

Prossm = o, 159823918

Ta c6 gié tri ky vong:
giag 1 2 4 2 2 4

uy = —e(0,,0,) () ~(0,0469) (0, (a+A0,)) (0,8)" =178222,976 (kN.m)
Do nhay cua d9 tin cay theo tham sb nhip tAm a:

B _ A(ﬂ(am) B ) _ (1,04981-117435) _ 041513

oa Aa 0,3
Trong d6:

=111512




5 - pE 167785,439
(2 7 5 150823,918
Ta c6 gia tri ky vong:
' =3—16(craocro ) (,h)" ~(0,0469 (0,0) (o, (a+ Ao, ) ) =167785,439 (kN.m)
b0 nhay cua d9 tin cay theo tham sb chiéu cao tiét dién tAm h:
B A(ﬂ —ﬂ(h+Ah)) (155197 -1,17435)

= =62,93706
oh Ah 0,006

Trong d6:

=104981

" 248043,230
o, 159823918
Ta c6 gié tri ky vong:
W = 3—16( 00) (o,(n+A0,)) ~(0,0469)" (0,9 ()" =248043,230(kN.m)

Tur két qua tinh toan d6 nhay cua do tin cdy theo cac tham sb thiét ké cua bai toan tim uén, chiu tac
dong cua tai trong phén bf) déu ta nhan thay rang: Toc d¢ bién thiér} d9 nhay theo cac tham so thiet ké
la khac nhau, cac tham so6 c6 d6 nhay duong la o ,hva cac tham s6 c6 do nhay am la g,a Do do, tuy
thudc vao diéu kién kinh t&, k¥ thuat va cac tiéu chuén cho phép ngudi thiét ké c6 thé diéu chinh theo
nhiéu phuong an khac nhau sé cho ta mot thiét ké hop ly. Ta tién hanh diéu chinh theo quan diém sau:

- V6i nhitng tham s6 c6 d6 nhay duong 1a o,h ta tién hanh ting cac tham sé do;

=155197

ﬂ(h+Ah) =

- V6i nhitng tham s6 ¢6 6 nhay 4m 1a g,a ta tién hanh giam cac tham sé do.
Ta tién hanh diéu chinh theo céc truong hop sau:

Truong hop 1I: bé nang cao dod tin cay ta diéu chinh tang tham sb h tir chidu cao ban diu 18n 10%
va cac tham s6 khong diéu chinh ta xem nhu 1a x4c dinh.

Truong hop 2: DEé nang cao do tin cdy ta diéu chinh ting tham sb o, tu do bén vat lidu ban dau
10% va cac tham s6 khong diéu chinh ta xem nhu 1a x4c dinh.

Truong hop 3: Dé nang cao do tin cdy ta diéu chinh giam tham s6 q tir tai trong ban dau 10% va
cac tham sb khong diéu chinh ta xem nhu 1a xac dinh.

Truong hop 4: Dé nang cao do tin ciy ta didu chinh giam tham sé a bé rong tim ban dau 10% va
cac tham sb khong diéu chinh ta xem nhu 1a xac dinh.

Truong hop 5: Dé nang cao do tin cdy ta diéu chinh ting dong thoi cac tham s h, o,1én 10% va
cac tham sb khong diéu chinh ta xem nhu 1a xac dinh.

Truong hop 6: Dé nang cao d6 tin cdy ta didu chinh giam ddng thoi cac tham sb q va a xudng 10%
va cac tham s6 khong diéu chinh ta xem nhu 13 xac dinh.

Truong hop 7: Dé nang cao do tin cdy ta diéu chinh ting dong thoi cac tham s h, o,1én 10% va
giam dong thoi cac tham sb q va a xudng 10%.

Ta c6 cac gia tri trong bang 1. ) ) o

Bang 1. Bang tong hop chi so6 do tin cdy khi diéu chinh cac tham so thiét ke

Truong hop diéu chinh | B trudc khi diéu chinh 3 sau khi diéu chinh Mmax (KN.m)
Truong hop 1 1,17435 2,74232 50.560,66
Truong hop 2 1,17435 1,64929 739.748,22
Truong hop 3 1,17435 1,37914 613.237,50
Truong hop 4 1,17435 1,51450 630.786,37
Truong hop 5 1,17435 2,80242 1.735.985,66
Truong hop 6 1,17435 1,60375 645.000,96
Truong hop 7 1,17435 3,74759 1.189.414,40

4.2. Nhin xét sau khi diéu chinh o
- Néu tiép tuc diéu chinh ta s€ c6 mot do tin cdy nhu yéu cau thiéct ke;
- Tham sé ¢6 do nhay cta dé tin cdy cao thi khi diéu chinh nhanh dat dugc do tin cay can thiét;
- Tham sé c6 do nhay cua d6 tin cay thép thi khi diéu chinh cham dat dugc do tin cay can thiét;



- Bé dat dugc d6 tin cay can thiét va dam bao cac diéu kién kinh té ky thudt ta s€ uu tién diéu
chinh cac tham so c6 do nhay cao, sau d6 mdoi dén tham sé c6 do nhay thdp hon hoidc c6 thé diéu
chinh ddng thoi tat ca cac tham sb va lGc nay ta s& c6 mot thiét ké hop 1y cho cong trinh mai;

- Phuong an diéu chinh & trén c6 8 =3,74759 la chap nhan dwgc. Véi phwong 4n nay ta cé gia tri

mo men I6n nhat (ham trang thai) M, =1.189.14140 (kN.m)va c6 ki vong 1a y, =852.839,250 (kN.m).

5. Két luan o
Bai bao da néu Ién dugc nhitng van dé sau:
Gidi thiéu phuong phap xac dinh dé nhay cia cac tham s thiét ké trong d6 phiém ham dap ung 1a
do tin cdy cuia cong trinh, va dua ra phuong an thiét ké hop 1y khi thiét ké cong trinh bao gom:
- Phét biéu bai toan d6 nhay véi ham dap Gng 1a do tin cay;
- D6 nhay ciia mot ham tat dinh;
- P6 nhay ciia mot dai lugng ngau nhién;
- Ap dung vao chon phwong an thiét ké hop 1y.
Tir két qua nay nguoi thiét ké co6 thém mot phuong phap dé dua ra duoc phwong an thiét ké hop 1y
khi thiét ké cong trinh.
T4c gia chan thanh cam on GS.TS. Nguyén Vin Pho — Truong Pai hoc X4y dung d4 gép mot sé ¥
kién quy bau cho bai viét nay.
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