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The article evaluates the reliability of bent-reinforced concrete beams
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TGM TAT

Danh gia da tin cay (BTC) trong ng xir cia dam bé tong
cat thep (BTCT) chiu udn, cung cép gac nhin cu thé, vé mirc
dd anh huéng coa da bign dong cia mat sd bign thigt ke
dén cuang da chiv udn coa tigt dién dam BTCT. Trén co sd
da khao sat DTC coa céu kien ddm ciing nhu phén ba xéc
sufit chuyén vi cia na. Phueng phap phan tich bac nhét
(goi t&t la FORM) (1] va phuong phap Monte Carlo sé duge
sir dung dé danh gia DTC. Ca phan tich tuyén tinh va phan
tich phi tuyén déu duoc st dung dé danh gia. Ket qua phan
tich dd nhay xac dinh cac bign anh hudang lan dén dam la;
cuirng do be tang (4). tai trong (A, cuang da thep (7).
dign tich thép (4). Danh gia BTC béng phuong phap Monte
Carlo ket hop phan tich phi tuyén cho ra §TC nha nhat so
viri cac phuong phap con lai. Ket qué phan tich va xay dung
phan phdi xac sudt chuyén vi lan nhat cia dam khao sat
thi he sd bién dang vé chuyén vi kha bé, bing 7.1%.

Tir khaa: Dd tin cay; phan tich bac nhét; phrang phap Monte
Carlo; phan tich phi tuyén; phén tich tuyén tinh, chuyén vi.

1.MO PAU

Trong thuc té, két cdu xay dung chiu tac dong clia nhiéu yéu té mang

ABSTRACT

The research evaluates the reliability of bent-reinforced concrete beams, in
order to provide a specific view on the influence of the variation of some
design variables on the flexural strength of the reinforced concrete beam
section. From this, the research continues to carry out a survey of the
reliability of the reinforced concrete beam structures as well as its
displacement probability distribution. In this paper, there are two methods
used to evaluate the reliability: The First Order Reliability Method (FORM) and
Monte Carlo Method. Besides, researchers also use the linear analysis and
nonlinear analysis for the evaluation. The results of sensitivity analysis
identify variables that greatly affect the beam including concrete strength
(/7). loading capacity (A, steel strength (/%), and steel area (4). Evaluating
the reliability by Monte Carlo method combined with nonlinear analysis has
given the smallest reliability compared with the other methods. The results
of analyzing and constructing the maximum displacement probability
distribution of the beam being investigated have showed that the coefficient
of variation in displacement is quite low, only 7.1%.

Key word: Reliability; the first order reliability method; monte Carlo method:;
linear analysis; Nonlinear analysis; displacement.

tinh ngau nhién nhu hoat tai, gio, déng dat... Ngoai ra cac dac trung cla
két cdu nhu kich thudc, dac trung vat liéu, cudng db... cing mang tinh
ngau nhién. K& dén tinh ngau nhién clia cac tdc ddng va thudc tinh cla
két cau, cac phuang phép thiét ké thudng st dung cac hé s6 thanh phan
nhu hé s6 tai trong, hé s6 diéu kién lam viéc... Mdc du vay cac céng trinh
van c6 thé xay ra su ¢6 do tinh ngau nhién, hay su bién déng clia cac bién
trong thuc té so véi cac gia tri st dung trong thiét ké.

Trong tinh toan, thiét ké co sé liéu, gia tri cu thé nhung trong thuic
té c6 nhiéu yéu t6 ngau nhién khong thé ludng trudc dugc, bién déng
gay ra bat lgi, dan dén su c6 cong trinh. Vi vay, danh gia BTC, tuc la du
doan xac sudt an toan clia céng trinh, la cong viéc can thiét.

Vi du: Tai trong (hoat tai) cé gia tri thay d&i theo thdi gian va
khéng gian, la mét dai lugng thay d6i mot cach ngdu nhién. Tai
trong tac déng 1én khu vuc san (Hinh 1) [2] thay d8i ngau nhién, phu
thudc vao s6 lugng ngudi tai thdi diém nhat dinh.

a) 10k N/m?
Hinh 1. Tai trong tac dung Ién san thay d6i theo s6 lugng ngutdi

b) 20k N/m? ¢) 25k N'm?

2. THIET LAP PHUONG TRINH DANH GIA BDTC

Phuong phap xac dinh d6 nhay cla ting bién anh hudéng truc
ti€p dén ing xr cia dam BTCT gém cac bién nhu sau: (Re, P, R, As....).
S dung cong thic xac dinh moment 16n nhat (do ngoai luc tac
dong lén cdu kién) va moment gidi han (do noi lyc tac dong) ctia cau
kién dang xét (dam BTCT) lan lugt cho céc bién dao dong ngau
nhién trong mién dao dong xung quanh ky vong 3o [2]. V&i hé s6
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bién dong cua tiing bién (tra theo TCVN 5574-2018 [3] va mot s6 tai
liéu lién quan [4], [5], [6]. Xem gid tri cUa cac bién ma dé bai cho ban
dau la gia tri trung binh clia ting bién. Tir d6 xac dinh dugc cac bién
c6 anh hudng I6n nhat dén kha nang chiu luc cia cau kién dang xét.
Danh gid BTC theo phuong phéap bac nhat la phuong phap chi
st dung dén moment bac 1, tic la ky vong va hiép phuong sai cta
cac bién ca ban ma khong doi hoi cac ham mat dé cta chiang. Trinh
tu tinh dugc thé hién cu thé nhu sau:
Kyvong u,, =[M]-M,, (1)
Xac dinh d6 léch chuén, 1dy dao ham theo tiing
bién nhay da dugc xac dinh

2
n af
O'2 = - O'Zv
M ,Z]:[ale xi

)
Phuong sai: o,, =+/o},
3
Chisd DTC: p = 3
o-'\/l
=> Xac dinh BTCPs. @

Panh gia BTC bang phuong phap Monte Carlo la phuang phap dac
biét c6 thé sirdung dé tao ra két qua s6 ma khong can thiét phai thuc hién
thir nghiém that. Ta c6 thé st dung két qua tur cac thir nghiém trudc d6
dé thiét 1ap cac phan phéi xac sudt cho cac théng s6 quan trong clia bai
toan. Sau d6 ta st dung théng tin phan phéi nay dé tao cac mau di liéu
s6. Trong mdi thi nghiém gia tri clia cac bién ngau nhién dau vao X= (X;,
Xo.... Xn) dugc 18y mau dua trén cac phan phéi clia chiing. Sau d6 cac bién
ngau nhién dau ra Y dugc udc lugng qua ham trang thai gisi han Y=g(X)
tai cac gia tri mau ngau nhién dau vao. S6 mau cang nhiéu thi mé phong
cang chinh xac [2]. Thiét lap phuong trinh mo phong:

Ham trang thai gisi han

R A Lixgl x ' 12xq5x L
X:RAh_x.x _ 1.1 n 12 5
8lX) “[" 2bR,,ﬂ [ 12 12 2
)
Gia tri trung binh: 1, =— > g.(X)
" N3 (6)
= Ch@s¢ §TC: p =4 -

Oum

=> Xac dinh BTC Ps.

3.ViDU TiNH TOAN

3.1. Théng sé thiét ké va khao sat

Cho san ¢o tiét dién 6m x 6m, chiic nang san la van phong lam
véc. Chon so bé chiéu day san hs = 120 mm. Chon sc bé tiét dién
dam bxh=(300x500). Bé tong B25. Cudng dé thép ClII.

Bang 1. Tai trong truyén lén Dam.

STT | Caclépcautao | y(kN/m®) | h(m) | g(kN/m?) | Hésé vugttai(n)
1 Gach Ceramic 20 0.01 0.2 1.1
2 | Vialét 18 0.03 0.54 1.2
3 | Tudng xdy day 100 4.0 1.2
4 | SanBTCT 25 0.12 3.0 1.1
5 | Viatrattran 18 0.015 0.27 1.2
6 | Khung trdn + thiét bi 0.300 1.2
Tinh toan thép dam BTCT chiu uén.
_L1x19.2x6°  1.2x42.66x6

= +
12 12 ®)
=M, =216.936(kNm)

Gia thiét |6p bé téng bao vé 3.5 cm.
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a4, =— 2030 55 9
1.42x30x46.5

a, =0.236 < a, =0.405 .Thoa diéu kién xay ra pha hoai déo:
TU cong thic ta tinh:

4“:0.5(1+\/1—2><0.236): 0.864 (10)

Dién tich thép tinh toan
B 21693.6
©0.864x36.5x46.5
Theo muc 4.1.5 TCVN 4453:1995 [4], cac thanh thép bi hep, bi
giam tiét dién do lam sach hodc do céc nguyén nhan khac khéng
vugt qué gidi han cho phép 2% dudng kinh (d). Ta c6 dién tich thép
2

=14.80 (cmz) (11)

r.d o x )
As = , t do6 xac dinh dugc do léch chuan toi da cho phép so
Vi gia tri trung binh, theo quiluat 3o thiétlap dugc cong thiic sau:
o
0,04x4, =30, v, :7‘*\ zoéﬁ =0.0133 (12)

Do léch chudn dién tich thép:

o, =v, x4 =0.0133x14.80 = 0.1968 cm” (13)
3.2. Xac dinh bién nhay Dam BTCT

Khao sat d6 nhay cac bién khi tinh Myet.
CLixgxD  12xg5x I

12 12

Bang 2. Hé s6 bién dong va dé léch chuan cac bién.

M =M, (14)

Théng s& Heé 56 bién dong (v) D9 léch chuédn (o)
Tdi trong v6i n,=1.1 0.000333 0.0064 kN/cm
Téi trong v6in,=1.2 0.0667 0.02844 kN/cm
Cudng do BT B25 0.135 0.3208 kN/cm?
Cutng do thép CllI 0,05 2,09 kN/cm?
Chiéu rong Dam BTCT 0,00167 0,0501T cm
Chiéu cao Dam BTCT 0,00167 0,0835 cm
Chiéu dai Dam BTCT 0,00167 1,0m
Dién tich thép 0,0133 0,1968 cm?

VGi cac hé s6 bién dong ta tién hanh mé phong su bién dong
Moment gidi han, trong mién dao dong +3c .

Do nhay cua bien Do nhay cua bien

Momen xet M
\,

Hinh 2. Anh hudn.g.(t.i( bién dén Hinh 3. Anh huangcacblén dén
Moment xét [7]. Moment gi6i han. [7]
Tur biéu d6 Hinh 2 ta thdy tai trong (q,"] ) , tai trong (q}; ) chiéu

dai (L) ca dam déu anh hudng I6n dén Moment dam. Ta két luan
bién d& nhay anh hudng 16n dén kha nang lam viéc ctia dam BTCT

I tai trong (q;‘, ) , tai trong (61;(2 ) , chiéu dai (L).

TU biéu d6 Hinh 3 ta thay cudng do bé téng (Rs), cudng do thép
(Rs), dién tich thép (As), cia dam anh hudng 16n nhat d&n Moment
dam. Ta két luan bién c6 d6 nhay anh hudng I6n nhat dén kha nang
lam viéc ciia dam BTCT la: cudng do bé téng (Rw), cudng d6 thép (Rs),
dién tich thép (As).
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3.3. Panh gia DTC ctia dam don gian
3.3.1. Phuong phap bac nhat

0, =+J0, =~/943333.0745 = 971.253 kNem (19)

Xac dinh Moment theo tai trong trung binh clia dam: — Ch@ s §TC: g =Hur _ 7496.177 . 418 (20
I 192x6°  42.66x6 o, 971.253
T IR (15) Sau khi xac dinh dugc chi s6 BTC, xac dinh BTC

Ps=0.999999999999994
3.3.2. Phuong phap Monte Carlo
St dung mé phong Monte Carlo xac dinh gia tri trung binh va sai
léch binh phuang trung binh. Cac bién nhay da dugc xac dinh muc 3.2.
Xac dinh ham trang thai dam BTCT chiju u6n

oA g x* g xI?
X)=|R, 4| hy— = ||| D2 S 21

(17) Gi4 tri cac hé s6 bién ddng va do léch chuan céc bién da duoc
xac dinh trong Bang 2. K&t qua dugc thé hién trong Bang 3, véi s6
bién ngau nhién N=10

Xac dinh gia tri trung binh, d6 sai léch trung binh va chi s6 BTC

=M, =185.58 kN.m = 18558 kN.cm
Gia tri Moment gidi han
[M]=41.75 % 14.8x(46,5) 0.5 77 <148
30x2.376 (16)
= [M]=26054.177 kNem
Xac dinh ky vong
ty =[M]~M 4, =26054.177 ~18558
= u,, =7496.177 kNcm

Gia tri phuong sai

af/[ = {anoj + {anoﬁ + [WJo-j clia Moment:
orR,) ™ \oR, ) ™ \o4, ) * | & | L
—(anaZ _[W)Uz _[6]\/[] 2 (18) 1, —N;yi —B;gi(X)—SOIQI (22)
qfi qfs L
o % o, = Ch@ sé §TC: g =21 = 8019.1  6.6358 (23)
= o2, =943333.0745 oy 12085
Gia tri phuong sai:
Bang 3. Két qua tinh todn vdi bién ngau nhién N=10 tai nhip dam BTCT. [7]
ST Li q}’ i qj’ i o ;" i Rui As; Mgni Meti gxi
(cm) (kN/cm) (kN/cm) (kN/cm?) (kN/cm?) (cm?) (kN.cm) (kN.cm) (kN.cm)

1 599.498 0.188 0.414 45.364 2411 14.875 28551.558 18019.202 10532.356
2 598.917 0.192 0.450 45175 2.644 14.847 28379.786 19188.209 9191.577
3 600.287 0.200 0.436 42.539 2.578 14.463 26032.384 19087.706 6944.679
4 598.759 0.194 0.433 41.336 2.169 14.846 25966.538 18741.812 7224.726
5 598.907 0.194 0.428 41.200 271 15.129 26374.966 18603.140 7771.827
6 599.990 0.201 0.417 41,740 1.888 15.117 26697.827 18540.150 8157.677
7 598.573 0.198 0.437 41.068 2617 14.627 25416.783 18937.800 6478.983
8 599.901 0.188 0.399 43.204 1.960 14.645 26772.923 17588.481 9184.442
9 599.875 0.198 0.388 40.686 2.902 14.758 25406.244 17591.523 7814.721
10 601.041 0.195 0.457 42.474 2.694 14.760 26527.135 19637.188 6889.948

Panh gid BTC ta xac dinh gid tri ham trang thai gisi han, khi
g(X)<O0 thi cdu kién bj hong, bai toan ¢ 0/10 trudng hgp g(X)<0. Khi
tién hanh vai s6 lan thirnghiém N 16n sé thu dugc két qua co do tin
cdy cao hon. Két qua khao s6 chi s6 DTC vai s6 bién thir nghiém N
thay déi tir 10, 50, 100, 500, 1.000, 10.000, 50.000 va 100.000 bién,
dugc thé hién trén d6 thi Hinh 4 va Hinh 5.

-

Hinh 4. Chi 56 BTC ctia Dam BTCT theo
thay ddi ctia bién ngau nhién. [7]

Hinh 5. Bi€u do thé hién su chénh léch
gitia chis6 do tin cdy 3, va B, [7]

Vi két qua da khao sat nhan thay:

Tinh toan theo phuong phap bac 1, st dung dé léch chuan I6n nhat
va xay ra déng thaoi sé gay ra anh hudng 16n dén DTC clia cau kién thiét
ké. Han ché ctia phuang phap nay la chi danh gia dugc trudng hgp xay
ra dong loat & muc cao nhat cla cac bién nhay, nhung trong thuc té
truong hop nay rat kho xay ra. Viéc danh gia theo phuong phap nay

gilp ta 6 thé danh gid muc anh hudng I6n nhat ctia cac bién dén kha
nang lam viéc clia cau kién.

Tinh toan theo phuong phap Monte Carlo c6 DTC cao han, tién
hanh danh gia BTC dua trén phan phéi chudn cla céac bién nhay.
Cac bién c6 dé léch chudn ngdu nhién, tirkét qua tinh toan dugc thé
hién trén bi€u d6, nhan thay vdi lugng bién ngdu nhién khao sat
cang 16n thi chi s6 BTC cang 6n dinh va BTC it 6 bién dong. V&i s6
lugng bién ngdu nhién 16n thi c6 thé dua vao BTC da tinh toan, c6
thé danh gia BTC trong tng x clla ddm BTCT khach quan, chinh
Xac, tir d6 dua ra nhiing diéu chinh phu hop trong qua trinh thiét ké
cau kién néi chung, dam BTCT nai riéng.

Chon Phuong phap mé phéng Monte Carlo dé khao sat, danh
gia DTC cac cau kién sau nay.

3.4.Danh gia DTC dam 2 dau ngam.

Tinh thép cho g&i dam BTCT

_5x1.1x19.2x 67 . 5x1.2x42.66x6
e 96 96
& M, =135.585(kNm) = 13558.5(kNcm) (24)

135585
" 0.920%36.5%46.5

MxDl:M

=8.683 (cmz)
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Tinh thép cho nhip dam BTCT
C L1x19.2x6° . 1.2x42.66x6
32 32
& M, =81.351 kNm =8135.1 kNem (25)

8135.1

*0.954%x36.5%x46.5

3.4.1. Panh gia PTC dam theo hé théng néi tiép

Mét trong nhiing su phu thudc quan trong ctia BTC la phu thudc
DTC hé théng vao DTC clia cac phan td. Cac phan ti néi ti€p nhau
trén cung mét cau kién, khi mét trong cac phan td bi hdng thi toan
bé phan t sé bi hong. St dung ly thuyét nhan xac suat, theo dé xac
sudt clia tich, bang tich xac suat lam viéc khéng hdng clia hé théng.
Theo so d6 dam 2 dau ngam thi vi tri phan ti chiu tac dong luc I6n
nhat la tai g6i va nhip trén cing mét dam, cac phan t nay quan hé
mat thiét, lién két v6i nhau nhu moét hé théng nai tiép. Vi vy, danh
gia BTC dam 2 dau ngam theo mé hinh hé théng néi tiép rat phu
hop.

3.4.1.1. Panh gi4 PTC tai Géi

St dung moé phéng Monte Carlo xac dinh gia tri trung binh va
sai léch binh phuang trung binh. Cac bién nhay da dugc xac dinh &
muc 3.2, néu c6 sy thay d6i ngau nhién dnh hudng 16n dén tng x
clia dam BTCT gom: chiéu dai cau kién (L), tai trong hé s6 vuot tai

MXD[ :M

=5.0258 (cmz)

np =1.1 (q;‘.',)téi trong c6 hé s6 vuot tai np=1.2 (qj‘z ) cudng do

thép (Rs), cudng d6 bé tong (Ry), dién tich thép (As), cac bién nay sé
dugc thay d8i ngau nhién theo quy luat phan phéi chuidn nham
danh gia su anh huéng dén tng xr cia dam BTCT.

Xac dinh ham trang thai tai g6i ciia dam:

0_71 AS 5 tc Lz 5 te LZ
R A|h -2 | 22Xl 20X G X (26)
2bR, 96 96

Gia tri cac hé s6 bién déng va do léch chudn cua cac bién da
dugc xac dinh trong Bang 2. Riéng gia tri hé s6 bién déng cla dién
tich thép can phai xac dinh lai do c6 su thay déi.

\)=£=0.0133:>0'AS =0.0133x8.683=0.1155 ¢ (27)
u
Strdung phan mém Matlab dé ti€n hanh véi s6 1an thirtang dan
tr 10, 50, 100, 1.000, 5.000, 10.000, 50.000, 100.000 bién ngau nhién
trén cac bién nhay, nham thu dugc két qua chinh xac hon va cé su
déanh gia khach quan. Két qua dugc thé hién trong d6 thi:

g(X)=

2 4

10° 10 10°

Sobien thu nghiem N

Hinh 6. Chi s6 DTC tai G&i cia dam BTCT theo sy thay ddi ctia bién ngau nhién. [7]

3.4.1.2. Bdnh gid DTC tai Nhip

St dung mo phong Monte Carlo xac dinh gid tri trung binh
va sai léch binh phuong trung binh. Cac théng s6 si dung
tuong tu nhu danh gia BTC cta dam tai Goi.

Ham trang thai tai nhip ctia dam:

oA fe L2 qu Lz
X)=[M]-M_ =|R A | h ——— ||| L4722
g( ) [ ] xét l: m v[ o 2R, ]:l [ 32 32 ] (28)

Gia tri cac hé s6 bién ddng va d6 léch chuén cla cac bién
da dugc xac dinh trong Bang 2. Riéng gia tri hé s6 bién ddng
cla dién tich thép can phai xac dinh lai do c6 su thay déi:

10
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y=2200133= o, =0.0133x5.0258 = 0.0668 cm (29)
U

Tuong ty nhu khi tinh toan tai G6i. S&¢ dung phan mém
Matlab d@é tién hanh véi sé 1an thd tang dan tu 10, 50, 100,
1.000, 5.000, 10.000, 50.000, 100.000 bié€n ngau nhién trén cac
bi€n nhay. K&t qua dugc thé hién trong dé thi sau:

10’ 10?2 10° 0t 0°

Hinh 7. Chi s6 DTC tai Nhip ctia dam BTCT theo su thay d6i ctia bién ngau nhién. [7]

Tu d6 thi Hinh 6 va Hinh 7 thé hién chi s§ DTC ca dam BTCT
2 dau ngam, ta nhan thay chi s6 BTC va BDTC clia dam c6 su bién
dong rd rét theo su bié€n déng cda s6 lan thi nghiém va héi tu
khi sé 1an th&t nghiém cang I6n. V&i gia tri chi s6 BDTC thé hién
trén dé thi Hinh 6, Hinh 7, s& 1an th nghiém dé dat dugc hoi
tu la tor 10.000 dén 100.000, chi s6 BDTC va DTC véi s6 lan tha
nghiém nay bién déng rat thap. Véi nhiing két qua da khao sat
c6 thé két luan s6 1an thi nghiém can thiét dé danh gia BTC
cGa dam 13 10.000, s6 luong thir nghiém nay vira dd 16n dé cé
thé danh gia chuan xac, khach quan BTC cta dam.

Vi két qua tinh toan muc 3.4.1.1 va muc 3.4.1.2 ta xac dinh
DTC ctia Dam BTCT 2 dau ngam, tinh toan theo BTC hé théng
nai tiép:

R=Rg1><R”h><Rg2 (30)

Gia tri DTC dam BTCT 2 dau ngam, vdi s6 lan thi nghiém 10.000:

R ~0.999977767542167 (31)

3.4.2. Panh gia PTC cia dam theo phan tich tuyén tinh va
phi tuyén

Gia thiét dam chiu tai trong nhu da tinh toan & Bang 1, sau
do6 phan tich danh gia BTC cta dam BTCT lai trong mé hinh
OpenSees. Noi dung phan tich gom phan tich tuyén tinh va
phan tich phi tuyén tir d6 danh gia tinh hop ly cta qua trinh
phan tich tuyén tinh va phi tuyén. Sau do, phan tich thém viéc
thay d&i cac théng sé danh gia &nh hudng nhu thé nao d&n BTC
dam BTCT

3.4.2.1. Phan tich dam tuyén tinh

D6 vai phan ta dam, khu vyc 2 dau ngam sé lam viéc phi
tuyén manh, do d6 chia nho 2 dau ngam vai s6 lugng 10 phan
tl, cdc phan con lai chia it hon dé gidm thai gian phan tich cho
may tinh [8]. So d6 truyén tai cUa tai trong tac dong lén dam
theo lugi phan ti cung véi so d6 rai rac héa két cdu dugc thé
hién tai Hinh 8.
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Hinh 8. So d6 truyén tai cla tai trong Ién dam theo ludi phan ti. [7]
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Bang 4. So sanh chénh léch thong s6 khao sat theo phuong phéap khéac nhau. [7]

Thong s6 Phan tich theo hé thong néi tiép Phan tich tuyén tinh Chénh léch (%)
Pau thanh Chis6 BTC g8 44386 4.3853 1.20083
(G6i 1) PTC 0.9999954729 0.9999942096 0.0001263306
Gitta thanh Chis6 BTC B 4.2029 43177 2.73145
(Nhip) pTC 0.9999868215 0.9999921171 0.0005295670
Cuéi thanh Chis6 BTC S8 4.4386 43776 1.37431
(G6i 2) PTC 0.9999954729 0.9999939998 0.0001473107
DTC Dam 0.999977767 0.9999803266 0.0002559685
Khi phan tich véi s6 phan ti téng s6 24, chia thanh lugi 10-2-4- ol i —_ | .
8-4-2-10, Moment I6n nhét tai g6i 135.761 kN.m so v&i Moment géi P | e
da tinh & muc 3.4, 1a 135.585 kN.m chénh léch 0.1296% va Moment §§2 i m
I6n nhat tai nhip 81,8913 kN.m so véi Moment nhip da tinh & muc & oozni - ‘ ’
3.4,1a81,351 kN.m chénh léch 0,6598%. Nhin chung, khi ta phan tich 50 0 8 % 100 10 120
dam theo mé6 hinh phan tich sé thi su chénh léch Moment so véi Gatr cua iew ung i rong va suc ben (U va B)(km)
tinh todn theo mé hinh phan tich giai tich 1a khéng dang ké. - e
1 Rb P! Rb [ e Harn khoy
pi= 7 ? | |

M M
RsAs RsAs
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Hinh 9. So d6 trang thai Ung su4t -Bién dang bé tong trén tiét dién théng géc. [7]

Khong s dung gia thiét ing suat trong bé téong la phan phdoi
déu nhu Hinh 9a. Thay vao d6 st dung gia thiét ting suat trong bé
téng sé phan phéi theo Ung suat - Bién dang nhu Hinh 9b. Viéc phan
tich sé dugc thuc hién mo hinh trong Opensees, dua trén ca s Hinh
9b. K&t qua phan tich xac dinh dugc dién tich thép phan tich theo
mo hinh Opensees tai géi 8.5439 cm? va nhip 5.07262 cm? so véi
dién tich thép tinh theo mé hinh phan tich giai tich thi tai g6i 8.683
cm? va tai nhip 5.0258 cm?, sy chénh Iéch gitta 2 mé hinh phan tich
khéng qué 16n. Cu thé tai g6i chénh léch 13 1,602 % va tai nhip chénh
léch 1a 0.923 %. Do dé, tién hanh phan tich danh gia BDTC clia dam
theo m6 hinh phan tich s6, nham danh gia thém nhiéu vi tri chiu tac
dong I6n cla tai trong, 1am ca s& danh gia DTC trén toan bo dam.

Xac dinh BTC theo dai luong ngau nhién

M=B-U (32)

VGi y nghia cla stic bén va hiéu Ung tai trong, M dugc goi la
quang an toan. B c6 y nghia la stic bén, trong phan tich nay B dugc
xem la Moment gidi han, kha nang chiu luc cia dam. U c6 y nghia la
hiéu Ung tai trong, trong phan tich nay U dugc xem la Moment xét,
do tai trong gay ra tac déng Ién dam. Moment dai lugng ngau nhién
M cé gia trj trung binh g, = 11, — 11, d6 léch chudn va ham mat
d6 dugc tinh tir théng s6: Vat liéu, kich thudc, tiét dién...duoc thé
hién nhu sau:

008 | | M=B-U |

Bsicbin

(Kb ning i eMh)

.SD liew

Ham khop

i " . L
90 100 10 120 130 140 150 160 170 180 190

Gia i cua hieu ung tai trong va suc ben (U va BIkNm)

004 | n e
Ham khop

Quang an toan M = B-U(kNm)

Hinh 10. Phén phdi xac sudt quang an toan tai dau thanh dam. [7]

Quang an toan M = B-U(kNm)

Hinh 11. Phén phdi xac sudt quang an toan tai gicta thanh dam. [7]
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Quang an toan M = B-U(kNm)

Hinh 12. Phdn phdi xdc sudt quéng an todn tai cudi thanh dam. [7]

Khi phan tich dam theo phan tich tuyén tinh vai s6 phan t va
Iugi nhu trén, thi chi sé BTC va BTC cla dam tai cac vi tri dau, gita
va cudi so véi tai gi va nhip clia dam phan tich danh gia theo
phuong phap phan tich hé thong néi tiép c6 su chénh léch nhat
dinh, thé hién trong Bang 4.

Vi két qua tinh toan trong Bang 4, ta thé hién biéu doé su chénh
léch gitra chi s6 DTC cia dam BTCT tinh theo phuong phap phan
tich tuyén tinh va phuang phap phan tich hé théng néi tiép két qua

thé hién Hinh 13.
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Vitri chiu luc lon tren dam
Hinh 13. Biéu d6 thé hién chénh I&ch chi s6 BTC. [7]
Véi két qua tinh toan Bang 4, biéu d6 Hinh 13, nhin chung khi
phan tich dam theo mé hinh phan tich tuyén tinh thi sy chénh léch
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chisé DTC va PTC so vdi tinh toan theo mé hinh phan tich hé théng
nGi tiép la khong dang ké.

3.4.2.2. Phén tich dam phi tuyén.

& muc 3.4.2.1 & phan tich ddm tuyén tinh, khi phan tich tuyén
tinh la thiét ké thanh phan cdu kién hodc toan bé cau trdc sao cho
ngay ca khi luc thiét ké t6i da dugc dp dung cho két cau, su dich
chuyén clia cdu tric khdng vuot qua gisi han dan héi cda né. Van dé
phat sinh véi phan tich tuyén tinh 1a khi cac lyc tré nén I6n (trong
trudng hgp déng dat, gio, bao...), kich thudc thanh phan cau kién hoac
toan b tda nha sé dugc thiét ké rat I6n. Khéng hiéu qua kinh té.

DE gidi quyét van dé clia phan tich tuyén tinh, ta tién hanh phan
tich phi tuyén, phan tich phi tuyén cho phép cau trdc hodc thanh
phan cau kién vugt qua gidi han, gi¢i han dan héi va sir dung phi
tuyén tinh clia no.

Cac thong s6 tinh toan nhu: Moment, dién tich thép 1y tuong
tu muc 3.1 va 3.2, s6 lugng phan t& phan tich trén dam BTCT chia
tuong tu Hinh 8, chia nho theo khu vuc 2 dau ngam vdéi s6 lugng
phan t& 16n han vi tri con lai, vi tri cang chia nho thi két qua cang
chinh xéc. Tién hanh danh gia DTC dya trén mé hinh phan tich s6
trén phan mém Opensees két hgp vai phan mém Matlab danh gia
trudng hap dam phi tuyén. K&t qua phan tich thé hién nhu sau:
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Hinh 14. Phéan phi xac sudt quang an toan dam phan tich phi tuyén. [7]

Khi phan tich phan tir cia dam theo trudng hop phi tuyén, sutuong
tac gilia tai trong va vat liéu dugc thé hién ré rét. Chi s6 DTC va BTC khi
phan tich phan tir theo phi tuyén thap hon so vai danh gia cac theo cac
phuong phép con lai. Cu thé dugc thé hién trong Bang 5 sau:

Bang 5. DTC clia dam BTCT khi danh gia theo cac phuang phap
khac nhau.

_ Phén tich theo hé Phan tich tuyén e e
Thong s6 théng néi tiép tinh Phan tich phi tuyén
BTCdam 0.999977767 0.999976522 0.9883246332

Tus6 liéu théng ké trong Bang 5, ta thay rang DTC ctia dam BTCT
khi phan tich danh gia, phan tich phan t theo phi tuyén sé thap
haon cac phuong phép con lai, cu thé DTC khi phan tich phi tuyén sé
chénh léch so vai phuong phap phan tich hé théng néi tiép la
1.165339289%, so véi phuong phép phan tich tuyén tinh thi la
1.165216237%. Trong khi BTC chénh léch gitta phuong phép hé
théng noi tiép va phuong phap phan tich tuyén tinh la
0.000124503%. V&i su chénh léch nay ta thay rang khi phan tich dam
theo phi tuyén sé thé hién dugc su nguy hiém cutia cau kién hon so
véi cac phan tich theo cdc phuong phap con lai, tu d6 danh gid dugc
chinh xac muc d6 anh hudng cla cac bién dén kha nang lam viéc
cla cdu kién, dua ra bién phap phu hop trong thiét k&, danh gia. Véi
két qua phan tich ta c6 thé két luan danh gia cau kién ti€p theo nén
danh gia theo phi tuyén do c6 stic pha hoai lén.

Khi phan tich dam theo phan tich phi tuyén DTC c6 su thay déi ro rét
s0 V6i cac phuang phap phan tich trudc d6. Ta tién hanh xac dinh chuyén
vi cia dam khi phan tich dam theo phuong phép phan tich phi tuyén.
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Hinh 15. Phan phdi xac sudt cda chuyén vi cdia dam phan tich phi tuyén. [7]

Tu biéu d6 Hinh 15 va phan tich chuyén vi clia dam phi tuyén ta
¢6 gié trj chuyén vi trung binh ctia dam 1a 1 = 7.404 mm va do léch
chudn o ~0.522 mm, ta xac dinh dugc hé s6 bién ddéng
v = 0.071 . Véi xac sudt vugt 90% va 95% thi ta c6 chuyén vj tuang
Uing 1a 8.0774 va 8.2653, gia tri chuyén vi gap 1.091 va 1.116 lan gia
tri chuyén vi trung binh.

4, KET LUAN

Danh gia BTC ctia dam BTCT chiu uén bang phuong phap bac 1
va phuong phap Monte Carlo. Trong phuong phap Monte Carlo thi
cé phan tich tuyén tinh va phi tuyén déu dugc st dung dé xac dinh
néi luc va cudng dé ctia dam. Trong d6 phuong phap Monte Carlo
két hgp vai phan tich phi tuyén cho ra DTC nhé nhat. Tac gia dé nghi
st dung phucng phap nay dé danh gia BTC cho dam BTCT do tinh
an toan va phan anh ding su lam viéc thuc té cia cu kién. Ngoai ra
nghién ctu con phan tich va xay dung phan phéi xac suat chuyén vi
I6n nhat cta dam. DGi véi dam khao sat thi hé sé bién déng vé
chuyén vi la kha bé, bing 7,1%.

Cac két luan da néu & trén la ding cho mo hinh tac gia khao sat
gém: dam don gidn va dam 2 dau ngam. Dé c6 két qua mang tinh
téng quat thi ching ta can khao sat thém nhiéu mé hinh cau kién
khac nhau, danh gia thém cac yéu t6 ngoai luc tac déng dén kha
nang lam viéc cla cau kién va dé ciing la huéng nghién ciu ti€p
theo sau clia nghién ctu nay.
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