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1. M0 DAU 

Bii toin xic d!nh d9 nh~y cda d.c tham sO thie't ke' da drrqc nghien cli-u trOng cic cOng trlnh 
[1, 2, 3, ... ). 

Trong cic c6ng tdnh tren, phie'rn him dip Ung drrqc ch9n 18. tr<;mg lm;rng, gii thanh, chuygn 

,.. 
' 

vi hay him ring bu?c U:ng suit... ~,-" 

DOi vCri ngu-Cti thie't ke' thl an toin cU. a cOng trlnh Ia van d'e quan tr~mg. Ng1.rCti ta c'an nghi&n 
cli-u sv· bie'n thi&n cda chat hrqng cOng trlnh khi d.c tham sO thie't ke' thay d5i rieng re hay dOng 
thai. 

D<? tin c~y Ia chi tieu an 'toln quan tn;mg nhit ella cOng trlnh. Ne'u ta ch(:m phie'm hitm dip 
li-ng cUa bii toin li dQ tin c~y thl lCt:i gilti nh bii toin dQ nh<}-y se giUp cho vi~c dinh gii chat 
lm;rng cOng trinh vi gii tzi cOn l~i cUa cOng trlnh theo tirng tham sO thie't ke'. 

Trang bli nay, tic gii nghien ctl-u phrrang phip xic dinh dQ nh~y crl.a cic tham s5 thie't ke', 
trong d6 phie'm him dip U:ng 1ft di} tin c~y cUa cOng trlnh. 

Ni}i dung bai bio g(;m cic phin chinh: 

- Ph<it bieu bli toin dq nh~y v61 phie'm him dip li-ng la di} tin c%y. 

- MQt s5 h~ thtl-c ca blm vi nh%n xet. 

- Phrrcrng phip giJ.i bai toan. 

- Thf dv. 

; ,.J ... ; 

2. PHAT BIEU BAI TOAN 

Xet mi}t cOng trinh, v&i cic tham sO thigt ke' Ia vecta W = {wi}, & diy d.c tham sO thie't ke' 
dm;rc hieu Ia di~n t:ich tie't di~n ngang, chi'eu dli, chi~u ri}ng, hang sO' v~t li~u ... ctia cic ye'u tO'. 
Ngoli ra, tii trqng cling drrqc coi Ia tham sO thie't kif. 

Ching h~n, P Ia vecta t!ti tr9ng ngoai thl ta d~t P = !J.Po, Po lit vectcr xac djnh tnr&c (t!ti 
tr9ng ca sb), khi ,\ thay dC:i thl P thay dcii theo hrr&ng P0 . Ne"u F0 thay dcii tuy y thl ta ch9n 

P = {AiP} 0
) }, cic Ai thay dbi m{)t c<ich dQc l~p, cic P}0

) xic dinh tnr&c. 

Cic tham s5 thie't ke' c6 the 13. d?-i lrr9"I1g ta:t dinh hay ngiu nhH~n, ham tit d!nh cUa thCri gian 
hay qui trlnh ngiu nhien. Do d6, n6i chung di} tin c%y Ia mt?t him cU. a thOi gian. 

Theo [4), trong tru-irng hqp tcing quat d\) tin c~y P(t) drrqc xac djnh nhrr sau: 
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P(t) Prob 

Lil = if 
Mii=V 

f(v) EOo 

V/EV, lfrE[O,t) 

(2.1) 

trong d6 VIa vectO' chat lrr9Tig, U li bie"n tr<;~-ng thii, q'Ia. tii trqng ngoii, 0 0 Ia mien ki~m tra chiit 
hrqng. Trong bii toin d9 nh<;1y, tham sO thie't ke' kh6ng chi chli-a trong V mi cOn chll-a trong L, if, 
flo. 

Trong tml:rng h'!P rieng V. V. Bolotin [5] dii drra ra bi€u thfrc P(t): 

P(t) = Frob {f(ii) E 0 0 , lfi'E V, lfr E [O,t]} 

ve bi~u· thfrc cho tnr&ng hqp h~ ph in b5 tham sO 

P(t) = Prob { sup sup v(i', r) < v' } 
OSrSt T'EV 

(2.2) 

(2.3) 

Bii toin d{) nh<:Y cda cic tham sO thie't ke' v&i phie'm him· dip U·ng li ·a9 tin c~y li bii toin 
tlm gradient ella P(t) theo cic tharn sO thie't ke' wi. TU:-c tlm 

(2.4) 

Ckn chU Y ring P(t) li d<:i hrqng tift djnh, cOn d.c tham sO thie't ke' c6 thg li ngiu nhien. 
Ne'u cac tham sO thie't ke' kh&ng ngiu nhien thi ta c6 bii toin d9 nh?-Y t5:t d~nh. 
N6i chung giii bii toin d9 nh;:y dm?'c chia lim 2 giai do<;tn li tinh P(t) vi tlrn gradient cda 

P(t). 

A .-i'A / J' A/ 

3.MQTSOH~THUCCOBANVANH~NXET 

Theo [4], gia sli· t~p h<;rp xac djnh sv· an toan cda cong trinh Ia 

{w : (1(w) < x1, j = l,m}; x.= {xi} 

Dq tin c~y Ia x<ic suit dOng thCri [6] 

Fqx) = Prob({w : (1(w) < x 1 , j = f,n}) ( 3.1) 

trong d6 xi, i = 1, m Ia cic d<;ti hrqng tit d!nh. 
Ham m~t d9 xic su5:t dOng thCti 

(3.2) 

Ham ph£n ph5i xic suat d5i v&i m9t bie'n Xk lli 

(3.3) 

Gradient ella Fe theo bign Xk Ht 

(3.4) 
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Theo dinh nghia (3.2) thl trong xac su~t (3.1) ta chi giir l~i m\it di~u ki~n Ek(w) < x., di~u 
d6 khOng thlch hqp v&i bai toin thie't ke', vl ngll'Cri. ta c'B.n xet tOe d? bie'n thien ella de'? tin c~y thea 
tirng tharn sO thie't ke' trong khi cic tham sO khic giif nguyen gi<i trj. 

M~t kh<lc, d.c tham s5 khOng chi chU:a trong xi. Do d6 giii bZti toin d9 nh~y n6i chung khOng 
th~ di theo con drr(mg tim xic su5:t d'ong thCri hay m%t d9 x<lc suat dOng thCti va m4t d9 rieng cho 
tlrrig tham s5 thi~t kg [5]. 

Trtr&ng h7p rifmg khi cic tham sO thie't ke" Ia xi ho~c xi Ut hlm ella cic tham sO thie't ke' thl 
c6 th~ gi!ri bii toin d<} nh<;~-y bang cich tlm m%t d9 xic su5:t. 

' , 
4. PHUaNG PHAP GIAI 

1. Tru·Crng hqp rieng, khi xic suat tin c~y chl phv thu9c mi}t di'eu ki?n 

Fe(x) = Prob ({w : E(w) < x}) 

ge(x) = dFe(x) , 
dx 

Ngu E(W) lit d~i hr9'J1g ngh nhien chuiin thl 

X 

Fe(x) = I ge(x)dx 

P = Prob(E(w)<xJ=[l+<!iC;a)] 

trong d6 a Ia kY vgng toin vaS l<l d{>l~ch chu£n ella t(w ), ID Ht him Laplace 

X 

2 J _,, 
<!i( x) = ,;2;;: e-, dt 

0 

Vl • ·• , h aP { ap} ' h' ·< h' h d' d' 1 V~Y Vl~C tm BW = awi CO t e tlen all e ang 

ap 1 M 
-=-- rna 
awi 2 Bwi 

v&i 
x-a 

t=--

Ky V9llg a= <,o(Wi), wi Ia ky V<?llg cU. a wi 

S = const 
at 1 aa a<!i 2 ·' rna-· - = --- - = --e---r Ta c6 

Bwi S Bwi ' Bt y'2; 

8P(E(w) < x) 1 _..o ap 
=---e '·-aw; s ,;2;;: aw, 

s 

(4.1) 

(4.2) 

Cic bie'n thie't k€' chtl-a trong a, ta xet S\! bien thit~n ng~u nhien quanh gii tri trung biilh. 
Nhtr ta da bie't, dg U:ng d~ng trong cOng tic thie"t ke, ngtrCri ta tim xic sua:t an toan phv· thut?c 

vao gii tr! ella h~ si5 an toan m. 
Dg don gi.in, ta xet cho trrrCtng h91J frng suat m9t chii;u, ching. h<;tn chi Ung suat kt~o a, a 1a 

m9t d~i hrqng ng~u nhien dm;rc ggi Ia 6:-ng suit thvc (at~t), k:Y v~mg cUa li-ng sua:t thl.]"c li Ung sua:t 
tinh toin att. 

Ne"u chc;m di~u ki%n an toan Ia ath <au thi khi ala d<!-i lmjn~.·ng~u nhien chu~n ta c6 

P(o-th :S o-tt) = 0, 5 
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D A • d• ' ' h' h O'O e nang cao 9 an toan, ta co t e c 9n Utt = m 

Khi tfnh toin thea li-ng sufft cho phep ta c6 th~· ch9n a0 13. gii tr! trung blnh thOng ke gifi tr! 
b'en ella v~t li~u, nO dU"r;rc xic dinh thea ke't qui thv-c nghi~m. 

Thea cilng thtl-c 

P(X:; f)= Hl+ <p(f~ a)] 
trong d6 X li dc~.i hrqng ngliu nhiem, f li mQt sO, ali kY vqng, S Ia d9 l%ch chufui. Ta c6 

P("'th:; m"'"J = H l+'PCm;:,~"'")} 
trong d6 Smh lA dQ l~ch chuin ella ling suit thv·c. Cic tham sO chU:a trong att· 

Trrong t¥' (4.2) ta ti'nh dm!c d{Lo ham ella x<ic sua:t tin c~y theo cfic tham sO thiift ke'. 
2. TnrOng hgp tcing quit. KhOng mit tinh cha:t tcing quit ta xet tnrOng h7P xic suit tin c~y 

phv thu9c m9t h~ bii:t ding thU:c · 

P(t) = Prob ({w : e;(w):; 0, i = l,n}) 

Tuye'n tinh h6a cic him ti(W) quanh gii tri k:Y V<;mg EW cda W ta c6: 

L ae 
e;(w) = e;(Ew) + -' · ~w, + ... 

. awi 
' 

Bd qua cic s5 h{Lng b~c cao ta c6 

P = Prob ( L Wi;(Ew)~w; :; 0, j =G) 
trorig d6 tlwi li cic d~i hrvng ng~u nhH!n dli nhO. 

(4.3) 

Nhu v~y bii to in din de'n tlm xic sufit d'Ong thCri th6a man m9t h~ bit ding thUc tuy.e'n tfnh 
ella cic d~i hn;mg ngiu nhien. 

Ngay vi~c tinh (4.3) ciing g~p nhih kh6 khan, cho Mn nay chua c6 phuang phap hfru hi%u. 
Di~u dang chu y Ia cac phrrang phip hi~n hanh [6] doi h<\i s5 thong tin qua l&n, thvc tg khilrtg dap 
Ung chrsrc. De dip ti-ng cic dOi hOi ella th\l'C te', khi xet cac h~ th5ng c6 xac sultt an toin cao, vi 
sv c5 13 Ht cic bien c5 hiem (xic suit be) ching h~n dbi v&i cic cOng trlnh xiy dv-ng duvc thie't 
kg m\>t each nghiem tuc thl ngrriri ta dung d~ng glin dung (2.3) hay d~ng g'an dung ella (4.3) nhrr 
sau [4]. 

p"" min { Prob ( L w,;(Ewi)~w, :; 0} 
{J} i 

(4.4) 

Di'eu nly trUng v&i quan ni~m quen thu9c trong xiy dvng la ki~m tra an toln m9t ke't diu (h~ 
ye'u tO) nio d6 ta chi c'an ki~m tra t<;ti cic tie't difn nguy hi~m (nai c6 thtg sua:t, mOmen, chuygn 
vj, ... d~t eve trj). Mi)t each tfnh khitc xac su5t (12) da drr'!c trlnh bay trong [4]. Khi c6 each tinh 

d• . • P() h' ' h d b·' th' ' d' oP(t) { ~P(t)} Q tm c~y t t I ta till U"9"C leU U'C gan Ullg BW Ri ~ 

' 

5. THI DlJ 

X€t d'am tv-a dan gik tren h"a.i gO'i, ch!u t<ti trqng t%p trung F t<;ti giira nh!p va Iv-c ph in bO' 
d~u crrimg di) q, tigt di~n chfr nh%t b X h, chi~u dili nhjp f (hlnh 1). 

r ~rq !! l ! 
~h 

I 
b Hinh 1 

31 



Hay tim gradient ella xic suiit tin c~y thea ole tham s5 thie't ke' = F, i, b, h, q 

D~ 'dang ta c6 J01~x =a(~) V~y ta ki~m tra tie't difn giii-a nhip 

(
£) 3[2Fl+q£

2
] 

CTmax=cr Z =4 bh2 ='If(F,l,q,h,b) 

ta coi g'an dUng k)r vqng ella W 1ft gi<l. tri ella W khi cic ~ Ht ky vqng ella chling tU·c 

1f = w(F,f,ij,h,b) va 1f =O'm•x 

Xic suiit an toa.n cUa d'am Ia. 

Prob(crmax <: mcru) = H 1+ <~>((m;,.,~"")} 
trong d6 CTmax = a, S = Suth = canst c6 nhu di bie't. 

Do thv-c nghi~m, Sutl, drrc;rc tlnh thea cOng th-ITc 

S = S,.,h = J's_'j._+_S_b_2 _+_S_t_+_S_~_+_S_'f 

trong d6 SF, sb, Se_, sh, Sq la d<} l~ch chu~n cUa cic tham s6 F, b, e., h, q 

BP 1 8<1> 1 _ rm-q',' B'I! 
- = -- = ---e ' 
BF 2 BF s,rz;; BF 

BP 
(m-l)'.la:l 

3e- 2 
-- -2 

2F £ + ijl 
Bh zsvz;; b h

3 

(m-1)2a2 -- -2 
BP g,- . ' 2F l + ijl 

= 
Bb 4S,rz;; h2 

BP 
(m 1)2 .,.2 t 3e ' 

Bq 4S,rz;; 
--2 
b h 

C&ng trinh nay duyc ho3.n tha.nh v&i Slf h~ trq cU.a chu-crng trinh nghien c&u ccr bin trong 
linh Vl)'C khoa h9c t'! nhien (KT-04) 

Dja chi: Nhqn ngay 22/6/1994 
Tndrng DH Xay d!fng 
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