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Abstract: The calculation of construction works according to the method of
reliability requires a large amount of information about the characteristic
parameters of structure, of the ground, backfill, and load. However, the current
design standards regulate a limited number of test samples, which do not fully
reflect the nature of the quantity being tested, which greatly affects the
accuracy of construction calculated results. Therefore, there needs to be a
solution to overcome the above situation. In the article, a step-by-step
statistical modeling method is presented to calculate the reliability of the
construction with the determination of the necessary number of tests N, which
is considered large enough and illustrate by calculating the reliability of tipping
stability of some particular construction works such as retaining wall. The
calculation results show that the simulation method creates a basis for
calculating reliability and is an effective tool with high accuracy in calculating
and designing construction works.

Keywords: The number of testing, the reliability of the construction works, the
step-by-step statistical modeling method, retaing wall, simulation method.

JSTT 2024, 4 (1), 36-45

https://jstt.vn/index.php/vn


https://doi.org/10.58845/jstt.utt.2024.vn.4.1.36-45
https://doi.org/10.58845/jstt.utt.2024.vn.4.1.36-45
mailto:vinv@utt.edu.vn

oLl

Tap chi dién tk

Khoa hoc va Céng nghé Giao thdng

Trwdng Pai hoc Cong nghé GTVT

Théng tin bai viét
Dang bai viét:
Bai bao nghién cuu

DOI:
https://doi.org/10.58845/jstt.utt.2

Xac dinh s6 lan thir nghiém N dua I&n khi tinh
toan do tin cay cua cong trinh theo phwong

phap mé hinh héa thong ké tirng buéc
Nguyén Van Vi
Trwdng Pai hoc Céng nghé Giao thong van tai, Viét Nam

024.vn.4.1.36-45

"Tac gia lién hé:
Dia chi E-mail:

vinv@utt.edu.vn

Ngay nop bai: 20/2/2024
Ngay chap nhan: 26/3/2024
Ngay dang bai: 30/3/2024

Tom tat: Viéc tinh toan cong trinh xay dwng theo phwong phap dé tin cay doi
hdi lwong théng tin Ién vé cac tham sé dac trung cla két cdu, cha dat nén, dat
l&p va cla tai trong. Tuy nhién, cac Tiéu chuén thiét k& hién hanh déu quy dinh
s6 lwong mau thi nghiém han ché, khéng phan anh day dd ban chét cua dai
lwong dwoc thi nghiém, diéu dé anh hwéng rat Ién dén dd chinh xac cla cac
két qua tinh toan cdng trinh. Vi thé can phai cé giai phap dé khac phuc tinh
trang trén. Trong bai bao trinh bay phwong phap mé hinh héa théng ké tirng
bwéc dé tinh toan do tin cay clia cdng trinh véi viéc xac dinh sé 1an thir nghiém
N can thiét, dwoc coi 1a da 16n, va minh hoa bang tinh toan do tin cay vé 6n
dinh lat cia mét cong trinh cu thé 1a twong chan. Két qua tinh toan cho thay
phwong phap mé phéng tao co s& dé tinh toan d tin cay va la cong cu hivu
hiéu, c6 dd chinh xac cao trong viéc tinh toan va thiét ké cong trinh xay dung.
Tw khéa: Sé 1an thir nghiém, d tin cay cla cong trinh, phwong phap mé hinh
hoa théng ké tirng bwéc, twong chan, phwong phap md phéng.

1. D4t van dé

Céac két qua nghién clru trong nhiéu chuc
ndm qua da dwa dén két luan rang, hau nhw tat ca
cac tham sb cula tai trong, cla do bén va kich
thwdc két cAu, clia cac chi tiéu co ly cha dat duoc
dwa vao tinh toan cac cong trinh xay dwng déu la
céac dai lwong ngau nhién [1],[2],[3]. Tuy nhién, cac
Tiéu chuén thiét ké cong trinh hién hanh trén thé
gidi vé co ban déu s dung phwong phap céac
trang thai gi¢i han hoac cac dang twong ty dwoc
goi la phwong phap “ntra xac suat
hé s6 an toan bd phan”,... Nhwoc diém co ban cla
cac phwong phap nay la c6 mau thuan trong
phwong phap luan, nghia la s& dung cac tham sb
tinh toan cé ban chat ngau nhién trong thuat toan
v&i cac quan hé ham sb cé tinh tat dinh. Vi thé,
ngay nay & nhiéu nwdc trén thé gidi, dé tinh toan
cac cong trinh nguwoi ta da s dung cac phwong
phap theo ly thuyét do tin cay. Ban chat cia hé

phwong phap méi la xét day da tinh chat ngau
nhién clia cac tham sb dwgc dwa vao tinh toan,
cling nhw xét dén yéu t6 thoi gian.

Viéc tinh toan cdng trinh theo phwong phap
dd tin cay doi héi lwgng thong tin In vé cac tham
s6 d&c trwng clia két cu va clia tai trong. Cac tham
sb6 nay chd yéu do cac thi nghiém dua lai. Tuy
nhién, cac Tiéu chudn thiét ké hién hanh déu quy
dinh s6 lwogng mau thi nghiém han ché, khéng
phan anh day du ban chét clta dai lwong duoc thi
nghiém, diéu dé anh hwéng rat Ién dén doé chinh
xac cla cac két qua danh gia an toan clia cong
trinh. Nhwng tién hanh thi nghiém véi sé lwong
mau rat I&n lai doi héi nhiéu thdi gian va kinh phi
I&n. Vi thé can phai cé gidi phap dé khéc phuc tinh
trang trén. S& dung phwong phap Monte Carlo la
mot trong nhirtng gidi phap chia yéu, va phwong
phap md hinh héa théng ké tirng bwéc cla tac gia
la mét dang cua phwong phap Monte Carlo. Tuy

”

, “phwong phap
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nhién, khi tinh toan cac cong trinh xay dwng vé do
tin cay thi s 1an thr nghiém N can dat dén mirc
nao dé dwoc coi la da 1on?

Trong bai bao trinh bay phwong phap mé
hinh hoa théng ké trng bwdc dé tinh toan dd tin
cay clia cong trinh véi viéc xac dinh sb 1an tho
nghiém N can thiét, dwoc coi la da 1&n, va néu vi
du minh hoa tinh toan dé tin cay vé 6n dinh lat cua
cong trinh twdng chan cing.

2. Phwong phap moé phong Monte Carlo

Trong thuc t& ngwdi ta ap dung cac dang
khac nhau ciia phuong phap Monte Carlo c¢6 lién
quan dén viéc mé hinh héa cac dai lwong ngau
nhién, chung dwgc goi la cac phwong phap Monte
Carlo [4],[5]. Trong s6 cac phwong phap Monte
Carlo c6 thé tach ra cac phwong phap ma trong dé
mé hinh ctia dai lwong hodc qua trinh can tinh toan
hoan toan dwoc phuc héi. Cac phwong phap nhu
thé dwoc goi la cac phwong phap mé phéng [4],
ma phuong phap md hinh hoa théng ké tirng budc
cla tac gia ciing thudc vao sb dé [4],[6],[7]. Vi thé,
ching ta xem ndi dung clia cac phwong phap nay.
2.1. Tao cac s ngau nhién co s&

Pé ap dung cac phwong phap mé phdng
Monte Carlo trong tinh toan @ tin cay cua coéng
trinh, ddi héi phai tao ra mot sé lwong Ién (hang
chuc ngan, tham chi nhiéu triéu) sé ngdu nhién,
duwoc goi la cac sb ngau nhién co s&. Tir d6 phan
bd twong &ng clia dai lwong ngau nhién hodc qua
trinh ngau nhién dwoc xay dwng mét cach nhan
tao, va trong nhirng bai toan khac nh& méd hinh
toan hoc trén may tinh c6 thé phuc hdi dwoc phan
bd thwc cla dai lwgng ngau nhién hodc qua trinh
ngau nhién.

Dé tao ra cac sb ngdu nhién co s& nguwodi ta
da str dung cac phwong phap khac nhau, nhw chét
ddng vi phan huy hay dén dién, phuwong phap phan
gitra cac binh phwong,... [4]. Tuy nhién, ngay nay
ngwdi ta s dung phd bién 1a cac sé ngdu nhién
d&c biét hay cac sb gid ngau nhién, dwoc tao ra bi
cac phuwong phap chuwong trinh (cac algérit
chwong trinh) trén co s& cac cong thirc truy hdi &
dang [4],[8]:

Nguyén

Ex1=F(Ex)
& dayk=0,1,2,...
Néu sb ban dau &, dwoc cho trwdc thi tat ca

(2.1)

céc sb tiép theo &,,&,,...dwoc tinh theo mot va chi
mot cong thive (2.1) khik =0, 1, 2,...

Khi do, véi tinh chét nhw day sb ngau nhién
co s& nguwdi ta st dung cac s6 ngau nhién phan
bd trong khoang (0,1), tr d6 bang cac cach bién
dbi tiép theo sé nhan dwoc gia tri clia cac dai lwong
ngau nhién v&i quy luat phan bd cho truéc. Nhw
vay, phan b déu trong khoang (0,1) chiém vj tri
dac biét trong ky thuat mé hinh hoéa thdng ké hay
ky thuat mé phéng. Ngay nay cac phwong phap
thuat toan tao ra cac sd ngau nhién phan bé trong
khodng (0,1) dwa trén co s& cac cong thirc truy hoi
da dwoc tao ra kha hoan thién [8].

Trong thuwc té nguwdi ta st dung phd bién nhat
la bd tao cac sb gia ngdu nhién URAND do cac nha
toan hoc My tao ra trén co s& cong thirc truy hoi
(2.1) [4]. B& tao sb ngau nhién nay thod man dwoc
tAt ca cac yéu ciu vé “chat lwong” clia cac s ngau
nhién va da trai qua cac th&r nghiém kiém tra trén
cac bai toan mé hinh. Uu diém khac cla bd tao sbé
nay la tai tao dwoc cac sb gid ngau nhién.

Trong hau hét cac ngdn ngi 1ap trinh déu cé
cac mo-dun hodc bo tao cac sé ngau nhién dang
nhuw URAND. Vi dy, trong ngén ngir Turbo Pascal,
khi phat Iénh “Random” may tinh s& cho két qua 1a
mot sb ngdu nhién g, cé gia tri trong khoang (0,1).

Tl day sb ngau nhién co s& {&,} phan b
trong khoang (0,1), bang cach bién dbi twong (rng
c6 thé nhan dwoc cac gia tri cta dai lwong ngau
nhién v&i quy luat phan bb cho trwéc. Nguyén tac
chung cla viéc bién dbi dé nhan dwoc cac gia tri
clia dai lwgng ngdu nhién véi quy luat phan bd cho
trwdc duoc trinh bay trong [9].

Duoi day trinh bay tom tit viéc bién dbi dé
nhan dwoc cac gia tri cla dai lwong ngau nhién co
quy luat phan bd chuén.

2.2. Mé phéng cac dai lwong ngau nhién

Céc két qua nghién ctru da chi ra rang, hau

hét cac tham sb dac trwng cla két cAu va tai trong,
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cling nhw cla cac chi tiéu co-ly cla dat déu cod
phan bb chuén hoéc rat gan véi phan bé chuan néu
diéu kién thi nghiém nhw nhau va sé lwgng mau thi
nghiém du 1&n [3],[4]. Vi thé & day chi trinh bay
phuwong phap md phéng dbi véi cac dai lwong
ngau nhién c6 phan bé chuan.

Ao

m=1 m=2

1
b-a

/

2a b da 2b 3b x
Hinh 2.1. Phan bé tdng ctia m dai lwgng ngau
nhién phan bb déu déc 1ap trong khoang (a, b) [9]

0 a

0.8
0.6/
0.4!

0.2}

0

1 2 3 4 5 6 1 g 9 10
Hinh 2.2. Phan bd cla tbng m dai lwgng ngau
nhién phan bd déu déc 1ap trong khoang (0,1) voi
m tang dan [10]

Co s& cla viéc bién dbi dé nhan dwoc phan
bd chuén cuta cac dai lwong ngau nhién 1a dinh ly
gi&i han trung tam cia ly thuyét xac suét. O dang
don gian nhét, dinh ly nay c6 thé dwoc phat biéu
nhw sau: Tdng ctia mot sé lwong dd Ién m cac dai
lwong ngau nhién doc lap va cé phan bd bat ky sé
c6 phan bd xap xi v&i phan bb chuan [4],[8].

Lwu y rang, cac dai lwong ngau nhién doc lap
va c6 phan bd bét ky, vi thé ngudi ta thuwong siv
dung phan bb déu la dang phan bé don gian nhat
cho muc dich mé phong.

C6 thé minh hoa dinh ly gi&i han trung tam
bang db thi. Trén Hinh 2.1 trinh bay phan b téng
clia m cac dai lwong ngau nhién phan bb déu doc
l&p trong khoang (a, b) [9] va trén Hinh 2.2 la cac

Nguyén

phan bb tdng clia m phan bé déu trong khoang
(0,1) [10] v&i m tang dan.

Phwong phap bién dbi d& nhan duwoc day sb
ngdu nhién phan bé chuan {x,} cé cac tham sb
cho trwéc X, o, dwoce trinh bay chi tiét trong [4],[9].
Theo d6, dai lwgng ngau nhién phan bé chuén x
dwoc thé hién & dang:

Xy =X+0 12 ié - m 2.2
k= X\’m K=o (2.2)
k=1
Chudng ta dwa vao ky hiéu
12|~ m
:Z: — —_——
=2 (;ak 2} (2.3)

va goi la sé ngau nhién chuan.

Tuy thudc dd chinh xac yéu ciu ma sé lwong
dai lwong ngau nhién m c6 thé dao ddng trong cac
gi¢i han khac nhau: ttr 5 dén 15 [9], hodc I1&n hon
(20+30) [4].

Mot sb tac gia dé nghi ldy m = 12, khi do céc
gia tri cGia dai lwong ngdu nhién phan bé chuan x
co cac dac trwng théng ké chinh X va o, dwgc
tinh theo céng thurc sau [4]:

12
Xk :)_(+GX[ZE»’1( _6]
k=1

Dé tinh toan cac cong trinh xay dwng vé dd
tin cay, tac gid dé nghi 1y sb sb hang m trong gidi
han tir 6 dén 20. Khi ldy m = 18, ta nhan duwoc

(2.4)

2 18
ax=\g (;ak —9] (2.5)
va X, =X+0,&, (2.6)

Cac cong thirc (2.5), (2.6) dwoc st dung
trong tt ca cac chwong trinh do tac gia lap dé tinh
toan xac suét va do tin cay ctia cac cong trinh.

3. Phwong phap mé hinh héa théng ké tirng
bwéc
3.1. N6i dung phwong phap

Phwong phap md hinh héa théng ké tirng
bwéc do tac gia néu ra dwa trén thuat toan tat dinh
va mé hinh héa théng ké cac dai lwong ngau nhién,
cho phép xac dinh cac dic trwng théng ké clia cac
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phan bd néi lwc va kha nang chiu tai trong cac cau
kién, cling nhw clia ca cong trinh néi chung, tir dé
xac dinh dwogc doé tin cay cta chung [4],[6],[7]. Tuy
thudc dd chinh xac yéu cau, phwong phap cé thé
tao hang chuc ngan dén hang ty gia tri ngau nhién
cla cac phan bd cla tai trong hodc ndi lwc va do
bén hodc kha néng chiu tai ctia cong trinh. Phwong
phap nay ciing c6 thé dwoc xép vao dang céac
phuwong phap mé phéng.

Noi dung co ban cua phwong phap nhw sau
[2],[4].

Trwdc hét can thiét 1ap thuat toan tat dinh bao
gdm céac biéu thirc toan hoc dé tinh toan cong trinh,
trong dé dwa ra dwgc ham ndi lwc (hoac ham ngoai
tai) va ham d6 bén (hodc ham kha nang chiu tai)
cla céu kién chiju tai hodc cla codng trinh. Sau d6
tién hanh mé hinh héa théng ké tirng bwéc cac
ham trong thuat toan tat dinh.

Chung ta xem xét nguyén tac chung cla viéc
mé hinh héa thdng k& ham cda céc dai lwong ngiu
nhién khi biét cac dac trwng thdng ké cla cac dai
lwong nay.

Gia str can xac dinh cac dac trung thdng ké
cla dai lwong F, 1a ham cla cac dai lwong ngau
nhién x;, X5,..., X, , nghia la

F =1(x,,X,,...,X,) (3.1)

trong d6 da biét cac ky vong toan x, va

phuong sai 0)2(/ (vOi oy, la d6 léch chuan) ctia méi
dai lwgng ngau nhién x,, x,,..., X, .

Ky vong toan va dé Iéch chuan cua dai lwong
F dwoc xac dinh theo trinh tw sau:

1) tao sb ngéu nhién chuan &, theo céng
thire (2.5);

2)tinh gid tri x, =X, + 0,1.$,4;
3) tao s6 ngdu nhién chuan ¢&,,;
4)tinh gia tri x, =X, +0,,.$,5;
n) tao s6 ng4u nhién chuén &, ;
n+1)tinh gia tri x, =x, + 0,,.&,,;

n+2) tinh va ghi lai mot gia tri Fi theo cdng

Nguyén

thire (3.1).

n+3) cac thao tac 1 + (n + 2) dwoc lap lai N
lan, nhan dwoc N gia tricta F ;

n+4) cudi cung, tinh ky vong toan va do léch
chuén cua dai lwong F theo cac cong thirc:

(3.2)

Theo nguyén tac trén, 1an lwot tivng budc mo
hinh héa théng ké cac dai lwgng hay cac ham cla
cac bién ngdu nhién trong thuat toan tat dinh, cho
phép nhan duwoc cac tham sb thdng ké cha yéu
nhw ky vong toan, dé léch chuan,... ciia ham noi
lwe S va ham kha nang chiu tai R ctia cac cau kién
riéng biét hodc ctia ca cong trinh. Cac tham sb nay
dwoc dwa vao dé tinh dd tin cay cla chung.

Phwong phap mdé hinh héa théng ké tirng
bwéc dwoc trinh bay chi tiét trong [2],[4],[6].

3.2. Xac dinh s6 lan thr nghiém N da Ién

Trong phwong phap mé hinh héa théng ké
trng bwdc, mét van dé duoc dat ra la: sb 1an thiy
nghiém N can thiét 1a bao nhiéu dé dwoc coi la di
I&n?

Tw viéc phan tich cac két qua nghién ciru,
tac gia co thé két luan rang: sb 1an thir nghiém N
can thiét, dwoc coi 1a dd 1&n, phu thudc vao sai sb
twong dbi cla cac tham sb cla dai lwong ngu
nhién va phan bé clia dai lwong twong (ng véi gia
tri N do.

DPéi voi dai lwong ngdu nhién phan bb
chuan X thi sai s6 twong déi cia wéc lwong ky
vong toan «, va phwong sai ap, dwoc xac dinh

theo cac céng thire [4]:

1 2
Ay _W’ D, N -1 (3.3)
T do
1 2+a?
N=—f, N=—=> (3.4)
a
X Dy

Cac biéu thirc trong (3.4) dua lai kha nang
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xac dinh sb lwong thtr nghiém yéu ciu N déi véi
cac gia tri sai s6 twong doi a, va ap cho trude.

Trong Bang 3.1 chi ra sy phu thudc cia sai sb twong
dbi ctia cac wéc lwong ky vong toan va phuong sai
vao sb 1an ther nghiém N.

T Bang 3.1 thdy rang, c6 thé danh gia ky
vong toan v&i sai sb 1,41%, va danh gia phuong

Nguyén

sai v&i sai s6 khong 16n hon 2% khi s6 1an thir
nghiém chi khoang 5000 lan.

Ngoai ra, can xem xét dang phan bd cua
dai lwong twong tng véi gia tri N. C6 thé s dung
cac tiéu chuan trong Ly thuyét Théng ké dé kiém
tra, nhung so bd cé thé danh gia trwc quan tir biéu
dd thye nghiém (xem vi du trong Muc 4).

Bang 3.1. Sw phu thudc cla sai s6 twong ddi vao sb Ian thtr nghiém N [4]

Sai s6 twong

S6 lan thir nghiém N

déi (%) 100 500 1000 5001 10000 20000 30000
ay . 100 % 10,00 4,47 3,16 1,41 1,00 0,70 0,58
apy - 100 % 14,21 6,33 4,47 2,00 1,41 1,00 0,82

3.3. Xac dinh do tin cay cua cong trinh

Twr két qua tinh toan theo phwong phap mé
hinh hoéa théng ké trng bwdc véi sb lan thiy
nghiém N d0 1&n cé thé tinh dwoc dd tin cay cua
c4u kién hodc clia ca cong trinh.

Khi d6, vao thoi diém t bat ky, xac suét lam
viéc an toan hay dé tin cdy cua cau kién i hoac
cla ca cdng trinh cé thé dwoc xac dinh theo
phwong phap ban bat bién tdng quat cia A.lu.
Pavlov [4] hoac theo cdng thirc cia phwong phap
tuyén tinh hoa:

P=1-® SR
o-§i+0',§,

trong d6 S,05.R;.05 — twong &ng la ky

(3.5)

vong toan hoc va dd léch chuan cia ham néi luc
hodc tai trong S va ham d6 bén hoac ham kha ndng
R; ® —|a ham phan bd chuén.

Tuy thudc cach lién két va tac dung twong hd
gitra cac céu kién ma dé tin cay cla ca cong trinh
sé duwoc xac dinh [1],[2],[3].

Trén co s& phwong phap vira trinh bay, tac
gia da lap cac chwong trinh tinh trén ngdn ngir
Turbo Pascal dé tinh toan xac suét cac dang két
céu khac nhau, cho phép xac dinh cac tham sb
thdng ké cta noi lwc va kha ndng chiu tai ctia cac
cAu kién v6i sb 1an thtr nghiém N dén 2,14.109, tir
doé nhan dwoc cac két qué 6n dinh va hdi tu nhanh.

4. Két qua ap dung tinh toan

Khong 1am mét tinh tdng quat cla bai toan
chung ta tién hanh tinh toan dé tin cay vé 6n dinh
lat clia coéng trinh twdng chan cirng. DO tin cay vé
cac dang sw cd khac cla cong trinh dwoc xac dinh
twong tw.

So db tinh toan twong dwoc thé hién trén
Hinh 4.1 va cac sé liéu dwa vao tinh toan dwoc cho
trong Bang 4.1. D& don gian tinh toan, bé qua ma
sat gitra dat va twong khi tinh ap lwc dat.

Viéc xac dinh do tin cay vé sw cb Iat quanh
mép trwvdc cla twdng dwoc thye hién theo phuong
phap mé hinh héa théng ké tirng bwdc. Noi dung
vé thiét 1ap thuat toan tat dinh va mé hinh hoéa
thdng ké trng budc dwoc trinh bay chi tiét trong
[2],[4].

Tac gia da lap chuwong trinh tinh XSOTC, cho
phép xac dinh cac tham sb théng ké ciia ham mo
men gay Iat M,va ham mé men chéng lat M, cla
tworng déi voi diém mép truwde chan twong (diém O
trén Hinh 4.1). Tlr d6, d6 tin cay vé lat cia twong
dwoc xac dinh theo céng thirc:

M, —M
P=1-0—~—=—, (4.1)
oh +0p

trong @6 @ — ham phan bb chuén; M,,q,, ,
Mg,aMg— twong (rng 1a ky vong toan va dd léch

chuén ctia mé men gay lat va md men git.
Ngoai ra, kiém tra 6n dinh lat cia twéng theo
phwong phap tat dinh cling da dwoc tién hanh. Cac
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két qua tinh toan theo phwong phap tat dinh va
theo xac suét dwoc thé hién trong Bang 4.2.

Trén Hinh 4.2 thé hién phan b6 ctia mé men
gay 1atM, va mé men gitr M, theo két qua mé phong
bang phwong phap md hinh héa théng ké tirng
bwéc véi N =10 000.

Nhw vi du minh hoa, trén Hinh 4.3 thé hién
qua trinh thay déi dang phan bé ctia mé men gay
lat M, khi thay ddi s6 1an thé» nghiém N.

T cac két qua tinh toan c6 thé nhan xét
rang:

- Khi sé 1&n thtr nghiém N ting dan thi biéu
dd phan bé thwe nghiém tién dan dén gan véi phan
bd chuén (xem Hinh 4.3).

- Khi s lan th&r nghiém con nhd (N < 1 000),
biéu d& phan bé thwc nghiém dang bac con khac
nhiéu so v&i phan bb chuan (cac Hinh 4.3a,b,¢,d).

- V&i N =5 000 (Hinh 4.3e), biéu d6 phan bb
thwc nghiém da gan véi phan bé chuan hon,
nhwng dang phan bé phan tan hoi rong (ttrc hé sé

Nguyén

dd nhon Ex < 0). Ciing can cha y rang, tir Bang 3.1,
khi N = 5 001 thi danh gia ky vong toan c6 sai s6
1,41%, va danh gia phuong sai cé sai s6 2%, dé la
nhirng sai sb con twong dbi l&n.

- V6i s6 1an thi nghiém N = 10 000 (Hinh
4.3f), biéu d6 phan bd thwc nghiém cé thé coi la
phan bd chuan khi dwéng cong phan bé ly thuyét
va biéu dd thwc nghiém sat nhau (xem Hinh 4.2a).
Ciing tir Bang 4.1, khi N = 10 000 thi danh gia ky
vong toan chi cé sai s6 1,0%, va danh gia phuong
sai ¢ sai s6 1,41%. Céc sai sb trong tinh toan nhw
thé déi véi cac nganh xay dwng hoan toan cé thé
chap nhan duoc.

- D6 tin cay vé 6n dinh lat cha twong véi sb
lan thir nghiém N = 10 000 va khi N =65 000 chénh
léch nhau khong qua (0,1 — 0,2)% (xem Bang 4.2).
Vi thé, v&i dd chinh xac can thiét va dé tiét kiem
thdi gian chay may tinh, tac gid dé nghj lay N =
10 000 lan, dwoc coi la du lon, trong tinh toan xac
suét xac dinh dd tin cay cta céng trinh xay dwng
khi st dung phwong phap mé phéng.

g
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E
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r
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,BE"
-

"T’?a:-

! 0 By

Hinh 4.1. So d tinh toan twong chan cing
Bang 4.1. S liéu dé tinh toan twdng chan cirng

Ky vong toan  Dé léch chuan | Ky vong toan Do léch chudn | Ky vong toan Dé léch chuan
B,=10m os= 0,02 m h,=20m Oha1 = 0,03 M ¢, = 300 pet = 4°
B,=50m o8¢ = 0,1 m h, =8,0m oha2=0,15m ., = 20° Gpaz = 3°

b, =1,0m ow=002m | hy, =20m onp1= 0,03 m By = 40° Gyt = 6°
b,=1,5m obs=0,03 m Yar =19kN/M® 5.1 =2 0kN/m3 | C;;=0 eat = 0

Voo =24 kNIM® =12 kN/m3 | 7,,=17kN/m*  5,=16kN/m?® | C,,=3kPa  5,,=0,4 kPa
q =30kPa o,= 6 kPa Ym=18kN/mM* 5 =1 7kN/m® | ¢C4,=0kPa  5,=0
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Hinh 4.2. Phan b cia md men gay lat (a) va mé men gitv (b): 1- két quad mé6 phéng theo phwong phap
mé hinh héa thdng ké tirng buwédc véi N =10 000; 2- dwerng phan bé ly thuyét

H= 100 M= 200
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Hinh 4.3. Sy thay dbi dang phan b ctia M, khi ting s6 Ian the nghiém N
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Bang 4.2. Két qua tinh toan

Nguyén

Theo phuwong phap tat dinh

Céc dai lwong M6 men lat: M, =1933,471 kNm M6 men gilr: M, = 2466,875 kNm
~ A R . M
Hé so on dinh k, =9 =128
lat |
Theo phwong phap mé hinh hda théng ké tirng buwdc
. . NE . . Po léch
o Ky vong toan B0 lech Ky vong toan PR 758 dd
Sé1anthtr  |cia mo men Iat| chuancla | cog memen | Chuancua CH:]SC%SQ Do tin cay
nghiém N = mo men lat . = moé men gily : P
M (kNm) o, (kNm) gitr M, (kNm) Gy, (KNM) B
1 000 1948,3495 244,7075 2463,6614 111,4177 1,917 0,9724
5000 1942,1692 239,2300 2473,6353 114,3610 2,004 0,9772
10 000 1942,6065 239,7043 2473,1154 114,5146 1,998 0,9771
65 000 1944,3240 240,5656 2471,9909 114,7718 1,980 0,9761
100 000 1946,2452 240,2326 2473,0157 114,8052 1,978 0,9760
1.108 1945,8344 240,1140 2472,7168 114,8718 1,979 0,9761
100.10° 1945,3345 240,0499 2472,7430 114,8429 1,982 0,9762

5. Thao luan

- Ngay nay phuong phap tuyén tinh hoa va
phwong phap mé phdng Monte Carlo dwoc coi la
cac phwong phap co ban dé tinh toan xac dinh do
tin cay cua cac cong trinh [2],[11]. Tuy nhién,
phuwong phap tuyén tinh hoa chi dwoc st dung khi
céac bién dau vao l1a cac bién ngau nhién cé phan
bd chudn va céng trinh cé két cu twong dbi don
gian. Vi thé, dé xac dinh do tin cay cla cac cong
trinh chd yéu nguwoi ta sir dung cac dang khac
nhau ctia phwong phap mé phédng Monte Carlo, va
phwong phap méd hinh héa théng ké tirng buwéc cla
tac gia cling thudc sb dé.

- Theo két qua trong Bang 4.2, khi N da I6n
(N = 10 000), ky vong toan cda md men lat I\_/Il va
cla md men gilr I\7Ig chénh léch so v&i cac két qua
tinh toan tat dinh twong &ng la 0,24% va 0,46%.
Trong tinh toan cac cong trinh xay dwng céc sai sb
nhw thé c6 thé coi la nhé.

- Phwong phap mé hinh héa théng ké tirng
buwéc cho phép tinh toan xac dinh dwoc do tin cay
cla cac cong trinh v&i cac tham sb két ciu va tai
trong 1a cac bién ngéu nhién c6 quy luat phan bd

chuén. Khi phan bd ctia cac bién dau vao khong
phai phan bd chuan hodc mét sé bién khdng phai
phan bd chuan thi két qua tinh toan sé cé nhirng
sai s6 nhat dinh va can xét dén nhirng sai sb d6 khi
xac dinh dé tin cdy cua cdng trinh.

6. Két luan

Trong nghién clru nay, cach tiép can mo
phdng sb cac dai lwong ngau nhién cé quy luat
phan bb da biét dé tinh toan dd tin cay cta mot
cong trinh dwoc kién nghi. Dwa trén két qua phan
tich ap dung cho cong trinh twdng chan, tac gia rat
ra mot sb két luan sau:

- Viéc md phéng cac dai lwgng ngau nhién
c6 quy luat phan bb da biét va st dung cac div liéu
nay dé tinh toan do tin cay clia cong trinh gép phan
khac phuc nhuoc diém cltia cac Tiéu chuan hién
hanh vé sé lweng mau thir han ché.

- Theo phwong phap mé phéng hay mé hinh
héa thdng ké tirng buéc trong tinh toan d tin cay cuia
céc cdng trinh xay dwng, dé dadm béo dd chinh xac
can thiét, dé nghi lay sb 1an thir nghiém N > 10 000.

- Phwong phép cla tac gia cé thé duoc ap dung
dé tinh toan xac dinh do tin cay clia cac dang cong
trinh xay dwng khac nhau trén co s& thuét toan tat

44



JSTT 2024, 4 (1), 36-45

dinh tin cay.

- Khi cac tham sb dau vao cla két ciu va tai
trong 1a cac dai lwong ngau nhién cé quy luat phan
bd khong phai phan bb chuén, cé thé chuyén déi
vé phan bd chuan va ap dung phwong phap da
trinh bay hoac dwa vao cac phwong phap trong tai
liéu [9] @& tién hanh md phéng theo quy luat phan
bd da biét.
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