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TOM TAT

Ly thuyét dé tin cdy dirge xdy ding va phdt trién trén co s¢ cac mon Iy thuyét xdac sudt, thong ké todn
hoc va Iy thuyét cdc qud trinh ngau nhién. Tuy nhién, trong thiec té c6 nhiéu cong trinh xdy ding bi
pha hoai trudc thoi gian dy tinh. Do do, do tin cdy cua két cau cong trinh duoc xdac dinh bc%ng xdc
sudt tin cdy, trong thue hanh ngueoi ta thuong sir dung mot trong cdc phwong phdp sau ddy: Phwong
phdp thiee nghiém, phirong phdp tinh theo so do dién va phirong phdp tinh theo cdn. Trong nghién
ciku nay, tdc gia sir dung chi s6 do tin cdy B dé tinh xdc sudt an toan vé bén cho két cau dam chiu
uén 6 tiét dién ngang hinh chit nhdt chiu tdi trong tdp trung P va tdi trong phdn bé déu q. Xdc sudt
an toan vé bén dgc xdac dinh tir chi s6 gia tri f theo phan phéi chudn.

Tir khéa: do tin cdy, két cau cong trinh, xdc sudt an toan, dam nhiéu nhip, bang phdn phoi.
ABSTRACT

Reliability theory is constructed and developed through the basis of probability theory,
mathematical statistics, and random process theory. In reality, numerous construction projects
have been destroyed ahead of schedule. The dependability of a construction structure is defined
by its reliability probability. In practice, people commonly use one of the following methods: the
experimental method, the diagram calculation method, and the bounded calculation method. In this
study, the author employs the p reliability index to determine the safety probability of durability for
beam structure featuring a rectangular cross-section that supports a concentrated load P and a
uniformly distributed load q. The probability of safety regarding durability is ascertained from the

p value index in accordance with the normal distribution.

Keywords: Reliability, structure, safety probability, multi-span beam, normal distribution.

1. GIOI THIEU

Do tin cay (PTC) ctia mdt cong trinh 1a
yéu té quan trong dé dam bao an toan cho
nguoi s dung va moi truong xung quanh. Vi
vay, vi¢c nghién ctru va ap dung cac phuong
phap va cong nghé dé danh gia va nang cao
dd tin cdy cua cong trinh la can thiét. Tur do,
chung ta c6 thé dua ra cic bién phap phong
ngtra va sira chira kip thoi dé tranh cac su cb
khong mong mudn.

Hién nay, trong tinh toan cac két céu bé
tong cbt thép (BTCT) thudng duge tinh theo
cac trang thai gidi han lam viéc [1-2]. Phuong
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phap nay dam bao sy an toan cho két ciu cong
trinh, n6 mang lai hiéu qua kinh té va hop ly
hon so véi cac phuong phap tinh khac nhu
theo mot hé sb an toan téng hop.

Nhiéu nuéc da st dung 1y thuyét DTC
trong viéc tinh toan két cau BTCT theo mo
hinh ngiu nhién va da xdy dung cic tiéu
chuén thiét ké theo diéu kién ctia mdi nude
[3-4]. Dbi véi két cau cong trinh, tudi tho
(TT) dugc do bang thang thoi gian tinh theo
nam, duge tinh tir thoi diém cong trinh hoan
thanh va dua vao khai thac sir dung cho dén
khi chuyén sang trang thai gi6i han [5]. Co
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nhiéu phuong phép xac dinh TT cua két cdu
cong trinh nhu: Theo chi s6 DTC B, theo 1y
thuyét co hoc pha huy hodc theo quan diém
chiu méi coa két cdu [6-9], hodc theo quan
diém ton thuong tich liy [10].

Ly thuyét DTC va TT cong trinh dugc
cac tac gia quan tdm va nghién clru trong do
cO Antti Saynajoki va cong su. Muc dich cua
nghién ctru nady 1a phan tich su khac biét gitra
cac két qua cua cac nghién ctru khac nhau va
tim hiéu xem liéu su khéc biét c6 thé duoc giai
thich 1a do su khéc biét vé su lua chon phuong
phap nghién ciru [11]. Panh gia DTC cua két
cdu co vai trd quan trong trong viéc kiém tra
chat lugng cong trinh xdy dung. Trong ly
thuyét DTC truyén thong, cac dai lugng dau
vao trong bai todn danh gia PTC dugc xem
1a cac dai lugng ngau nhién, mo ta bang ham
mat do xéac suit. Dua trén co s ly thuyét Xac
suét - thong ké toan hoc va 1y thuyét qua trinh
ngau nhién, PTC cua két cau da dugc quy
dinh trong tiéu chuin xay dung ctia cac nudc.
Tuy nhién, qua thuc té, nguoi ta nhan théy cac
yéu t6 tic dong 1én cong trinh ngdy cang phiic
tap, mang tinh bat thuong va khong du diéu
kién dé xay dung quy luat thong ké.

Hon nira cac cong trinh xay dung ngay
cang c6 qui mé 16n, phuc tap vé mit két ciu,
su dung cdac loai vat liéu mdi, da dang vé tac
dong do do doi hoi cac chuyén gia phai nghién
ctru DTC, dy bao TT két cau cong trinh va md
hinh hoa hé théng két ciu cong trinh theo ly
thuyét DTC.

Ly thuyét xac suat dd duoc s dung dé
tao ra cac mo hinh Iy thuyét dé xac dinh TT
ctia cac cu kién va két cAu BTCT. Dua trén
¥ tudng vé xac suat, nhom tac gia da danh
gi4 lai nhiéu mo hinh vé danh gia TT sir dung
ctia két cau BTCT nhung cic tac gia chua dé
cap vé tc dong cua hu hong dén TT cua cong
trinh [12].

Mot mé hinh vé kha nang danh gid TT
st dung cua céac cong trinh dang bi hu hong
duogc trinh bay trong nghién ctru ctia Fabio et
al. [13] dva trén dir liéu quan trdc. M6 hinh
nay cling co thé duoc st dung dé thuc hién
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cac can thiép dé phuc hdi cong trinh va lap ké
hoach béo tri. Diéu nay dugc st dung dé du
doan TT ctia mot tru cau va lya chon kich ban
pht hop dé bao tri va phong ngira hu hong.
Viéc str dung mé hinh nay dé du béo TT ciing
kho khan.

Theo 1y thuyét xac suat, Fabio va cong su
[14] d3 xem xét TT st dung ciia két cdu theo
xac suat va 1ap ké hoach bao tri cho cic cong
trinh bé tong bi hu hong. Luc do, BTC bién
d6i theo thoi gian ddi v6i cac tinh nang két
cAu phu hop duoc tinh toan. Két qua cua phan
tich do bén theo TT duge sir dung dé xéc dinh
kich ban bao tri phu hop.

Céc tac gia [15] dinh nghia gom 3 loai TT:
thiét ké, sir dung va chirc ning. Ngoai ra, né
lién quan dén vong doi ciia két cau. Cac tac
gia dé xudt rang ba loai TT duogc néu trén phai
dugc két hop hai hoa. TT cua k¥ thuat khong
nén 16n hon TT cua ky thut chirc ning; tot
nhit 1a ching phai twong duong hodc bing
nhau. Ngoai ra, bai bao chua néi vé cach tinh
toan TT ma chi noi vé cac loai TT mét cach
tong quat.

Tiéu chuan dua ra cac phuong phap du
doan TT sur dung cua két cAu va cu kién dyua
trén cac dic diém k¥ thuat va chirc ning ciia
chung, cung cép co so chung, nguyén tic va
quy trinh dé thuc hién va tién hanh nghién
ctru. Trong nhiéu truong hop, viée str dung
phuong phap hé sé dé du bao TT trong nhiéu
didu kién khac nhau ciing goi mé mot cach
danh gia cac hé s6 ciia phuong phap hé sb, dic
biét 1a nhitng hé s6 xem xét sy khac biét giira
moi trudng cu thé [16].

Vao nam 2018, Nga da phat hanh mot tai
liéu huéng dan dé xac dinh TT con lai cua
cac két cAu nha va cong trinh. V& co ban, tai
liéu nay da dua ra mot phu luc khuyén nghi
vé chi s6 DTC t4i thiéu duge thém vao. N6
dugc tim thay trong tiéu chuan EN 1990-2010
Eurocode - Co s¢ thiét ké xay dung [17].

Trong nhitng nim gan day, da xuat hién
cac cong trinh nghién ctu va Ung dung ly
thuyét mo trong xay dung. Cac nghién ciru
nay tap trung vao viéc danh gia do tin cdy va
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tudi tho cua cong trinh dya trén céc bién s6
khong chinh xac hodc khong rd rang [18].

Céc tmg dung 1y thuyét mo trong xay dung
cong trinh 1a mdt trong nhiing linh vuc quan
trong trong nghién ctru vé DTC va TT cua két
céu cong trinh. Vi cac cong trinh thuong phai
chiu tdc dong manh tir moéi trudng nhu song,
gi6, nhiém min, va an mon, nén viéc danh gia
va nang cao do tin cdy va tudi tho ctia chiing
1a rit quan trong [19-21].

Trong nghién clru nay, tac gid sir dung chi
s6 PTC b dé tinh x4c suat an toan vé bén cho
két cAu dam chiu uén c6 tiét dién hinh mat cit
ngang chir nhat chiu tai trong tap trung P va tai
phan b déu q.

2. PHUONG PHAP NGHIEN CUU

Thiét ké két cAu theo chi sé PTC:

Véi gia thuyét X, X ladoc lap va co
phan phdi chuéan, ching ta st dung phuong
phap tuyén tinh héa ham M(X) theo khai trién
Taylor bac nhét, nhu sau (cong thir 1):

ME=M(X], XS, o, X))+
" oM
D INC D )(g)x,:xi* (1)

Trong do:

M,: ham tin cdy tuyén tinh ciia M trong
khong gian vecto bien ngau nhién X.

X, XJ, ..., X, 1a cac gia tri hién thoi
ctia bién chudn hoa khong thir nguyén X, ¢6
gia tri trung binh 1a 0 va d6 I¢ch chuan 1a 1.

oM .
( X j La dao ham tung phan cua
X,=X,
ham s M theo X. tai gid tri X=X"..

Phuong phap FORM s& tim diém thiét ké
MPP (Most Probable point) 1a diém c6 mat do
xac suat hu hong 16n nhit nam trén ham trang
thai gioi han M =0. Nhu viy, cong thac (1)
trd thanh:

Me=M(X], XS, o, X))+
" oM
+Zi:1 (XI - X,’)(&)Xi:)(: =
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Khi do6 gia tri trung binh va do I¢ch chuan
cua M, s€ la:

= MK X X0
" « OM
+Zi:1 (/UXI. - X, )(a))ﬁ:)f:

n 2

ot =30t )

i=1 Xi:X:*
Va chi s6 DTC la:
Hu,
ﬂ =
Oy

3. KET QUA VA THAO LUAN

3.1. Vidu ap dung:

Dam don gian nhu Hinh 1 ¢6 tiét dién chir
nhat kich thudc bxh chiu luc tap trung P va
trong luong phan bb déu q. Tinh x4c suat an
toan vé bén cua dam, biét [c]=20000 kN/
m? va /=6m, b=0,15m, h=0,2m, P=10kN,
=6 kKN/m?; V&i d6 1éch quan phuong cua:

Xp=2KkN: X, =0,05kN / m’: X1 =0,03m:
X1 =0,01m: Xs =0,005m

]P q = ybh

EEETEEER

| .

Hinh 1. Dam chiu udn

f;"“ ?
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l

3.2. Két qua va thao ludn
Tiét dién giira nhip c6 momen udn 1én
nhat:
Pl ql’
_PL gl
4 8
va ing suét 16n nhat tai cac diém thudc
mép dudi cua tiet dién gitra nhip:
12
Y
h

|

-0
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M

max

Mmax _E
w, 4

X

2Pl
bh’
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Quang an toan:

M =[o]
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Chi s6 do cay:

p=M X =L |5 X, =135%0,05= 6,75 (kN / m*)
oy, oy
£ M:m—gmax » ~
Vo B ’ X =‘@xX,=2770x0,03=83,1(kN/m2)
trong d6: o max =15810AN / m® ol

. ViM= f(AP, ]/,l,h,b) nén can phai tinh
XfP,Xfy,Xﬂ,X/h,Xﬂ; la cac do 1éch quan
phu0’ng thanh phan. Do 1éch quin phuong cta
yéu t6 thtr i trong ham f'tinh theo cong thirc: )A( P :‘

X :‘% x X =100000x 0,005 = 500 (kN / m*)

% x X» =154050x0,01=1540,5(kN / m*)

A af
Xp= ‘ ax. X X i Do d6 tinh dugc do léch quan phuong cia
Trong do: l Gmax’ ki hléu Xf
X, 1la do léch quan phuong cua riéng A 2 A2 a2 a2 a2
tham s i, Xr=NXp+Xp+Xp+Xp+Xp =
o : : = /30007 + 6,757 +83,1> +1540,5” + 500> =
ox la dao ham riéng trng v&i trung binh - ’ 4 ’ -
clia cac tham s6; =3410,3 (kN / m?)
Ta tinh duoc cac gia tri dao ham: Ap dung cong thirc ta tinh duoc xac sudt
o [ an toan cua dam: [0] - 1
aP 4 th P( max < [O-]) CD -~ |~
X
) ﬂo éxg 2‘2}1500(1/7112) "o
b X b p—
L =®{20022101§810 _ o(1.23)
2 2
a_3 I_}z{g}m(m -
oy 4L h] 4102 Tra bang ®(1,23) = 0,8907
af _ 3 2P 27/1 —Vay x4c xuat an toan vé bén cua dam:
o 4 bh2 h P(o,,. <[c])=0,8907=89,07%
I 4. KET LUA
_3[ 2x10 2+2x6x6}2770(kN/m3) U.l‘{ o
410,15%0,2 0,2 Dua vao cac két qua da néu trén dan dén
af 3| 2x2P] 7/12 mét Sé) két luén IlhlI sau.
o _Z[ i h2 } B 1. Tur két qua tinh toan ta thay réng,
3T 9% 2%10x 6 6x 6 phuong, p}{ap Elnh foaﬂn ket (iau thf:o ly ‘Ehu}/et
=—= ; > DTC c6 xét dén cac anh huong ctua qua trinh
4[ 0,15x0,2 0 2 ngau nhién, nghia 1a c6 xét dén nhirng sai s6
=—154050 (kN / m’) ngau nhién ddi v6i cac tham sb tinh toan nhu
of 3[ 2Pl tai trong, kich thudc hinh hoc,...qua d6 Gng
e _Z[ peve } = dung ly thu,yé't’DTC dé tinh toan TT cua cac
cau kién, két cau phure tap bang cach danh gia
- _i{w} =—100000 (kN / m*) chi tiét mirc d6 an toan 16n nhét cho tung loai,
41 0,15°x0,2? ting nhom cau kién.
Suy ra: . A ) A A A
R X 2. PTC cua cong trinh xay dung dé cap
Xp =‘1 x Xp =1500x2=3000(kN / m*) dén kha ning cua cong trinh dé hoat dong
opP hiéu qua trong thoi gian dai ma khong gay ra
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su ¢d hodc hong hoc. Diéu nay doi hoi viéc
danh gia, du doan va quan 1y cic yéu t6 c6
thé anh huong dén higu suat va an toan cia
cong trinh. Nghién ctru dd ching minh rang
viéc xdy dung va duy tri mot hé théng quan ly
DTC chit ché ¢ thé giup nang cao PTC cia
cong trinh xay dung.

3. Nghién ctru vé cac tiéu chuan va quy
trinh danh gia DTC: Can tiép tuc nghién ctru
va phat trién cac tiéu chuan va quy trinh ddnh
gia PTC cua cong trinh xay dung. Piéu nay
s€ gitp tao ra mot khung phép 1y va quy trinh
chuan myc dé dam bao riang cong trinh duoc
xdy dung va van hanh theo cac tiéu chuin
cao nhat.

4. Nghién ctru vé toi uu hoa thiét ké
cong trinh: Doi v6i cac cong trinh xdy dung
m&i, can tiép tuc nghién ctru va phat trién cac
phuong phap t6i wu hoa thiét ké dé dam bao
DTC va TT cao. Cac phuong phap nay c6 thé
bao g@)m viéc st dung vat li¢u chét lugng cao,
t6i wu hoa cdu trac, ap dung cong nghé xanh
va bén viing, va danh gia tic dong moi truong.

5. Can tiép tuc nghién ctru va Gmg dung
cac cong nghé mdi nhu tri tu¢ nhan tao (Al),
Internet of Things (IoT), phan tich dir li¢u va
hoc may trong viéc danh gia PTC va TT cua
cong trinh. Céc cong nghé nay co thé cung cip
thong tin quan trong va kip thoi vé tinh trang
hoat dong cua cong trinh va giup cai thién qua
trinh quan ly va bao tri.

6. Vi tinh hinh bién d6i khi hau ngay
cang trAm trong, can tiép tuc nghién ctru vé
tac dong cua thay dbi khi hau 1én DTC va TT
cia cong trinh xdy dung. Diéu nay s& giup
dua ra cac bién phap phong ngtra va thich tng
dé dam bao rang cong trinh ¢6 thé chiu dung
duogc tdc dong cua thoi tiét cuc doan va bién
d6i moi truong.

7. Nghién ctru vé DTC va TT cong trinh
xay dung can két hop cac khia canh k¥ thuat,
quan 1y, cong nghé va tac dong xa hoi dé dam
bao rang cong trinh xay dung c6 thé ton tai va
hoat dong hi€u qua trong thoi gian dai.
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