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X3y dung chuong trinh tinh toan luc va xo tau, thuyén
vao tru cau theo phan tich xac suat thang ké

va ly thuyét dd tin cay

® ThS. NCS. NGUYEN MANH HAI - Trudng Dai hoc Giao théng van tés

ké try cdu & Viét Nam, luc va x4 1au thuyén vao tru
cdu duoc tinh toan chi yéu dua trén Tiéu chudn
22TCN-272-05 (hoac 22TCN 18-79), 1rong do
luc va x6 tau thuyén thuong tinh toan trén co sé
tly thude tung cdp s6ng thong thuyén dé lya chon
luc va x6 tau thuyén Biéu nay dan dén luc va x6 luc
chon tinh toan c6 thé thua hoac thiéu so vin diéu
kién 1am viéc thuc té cla tru cdu Phuong phap
tinh toan luc va x4 tau thuyén vao tru ciu vuot séng
(dya trén AASHTO LRFD t 2007) dua trén phian
tich xac sudt thdng ké va ly thuyét do tin cay vé
kha nang sup dé cua tru ciu dudi tai trong va xo
da dugc dua vao trong tiéu chudn thiét ké cdu mén
nhat TCVN 11823 2017 Phuong phap nay duoc
chung minh 13 cho két qua tin cay, khoa hoc, phu
hop véi diéu kién thuc 18 vé diéu kién cla khu vuc
xay dung cau. Tuy vdy, viéc ap dung phuong phap
tinh toan nay kha phuc tap, day cing la mot trong
nhing nguyén nhan dan dén viéc ap dung phuong
phap tinh 10an nay can chua phd bién trang cang
tac tinh t0an thiét ké cau & Viét Nam hién nay Ba
béo trinh bay mdt chuong trinh tinh todn co ban,

lam cong cu cho phép hé trg céng tac tinh toan luc
va x0 try cdu theo phan tich xac suat thdng keé va ly
thuyét dé hin cay trong TCVN 11823 2017

TU KHOA: Tai trong va cham, chuong trinh tinh
toan, phan tich xac sudt théng ké, ly thuyét do
fin cay.

ABSTRACT: In Vietnam, the design of brdge
under collision load of vessel complying wath the
22TCN-272-05 or 22TCN 18-79 specifications; in
which the vessel collision force 1s calculated based
on technical level of rivers, the weight and collision
velocity of vessels. This kind of calculation method
may lead to insufficient force value when applied to
pratical conditions of the real bridge The AASHTO
LRFD (2007) method for calculation of vessel
collsion force i1s based on probabilty analysis and
rehability theory abou! the possibility of collapse of
bridge piers under the impact load. The method

ntroduces a number of factors such as h;

TOM TAT: Hién nay, trong céng tac tinh toan thiét

drology

s tuations, tratfic frequency of waterway, boat or
<~ p categories, shape of the rvers into calculation
prozedure to fully determine the probabilty of
co apse of each component of a bndge This
paper presents 4 basic calculation program, as a
tool 1o support the ca'culaton of vessel collsion
force .. based on probability analysis and reliability
meory n TCVN 11823 2017 code
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1. DAT VAN DE
Trong c4c tiéu chuan thiét ké cau hién hanh & Viét

Nam hién nay déu 8é cap dén phuong phap tinh toén
lyc va x6 tau thuyén vao tru céu vuot séng. Trong d6, hai
téu chuan 22TCN 18-79 [1) va 22TCN 272-5 (2} chu yéu
tinh todn tuc va x6 dya trén phuong phap tra bang cac
tham s6 tinh toan phu thudc vao c3p song thong thuyén
ma khong xét dén dnh hudng coa cac diéu kién khac biét
vé c5c dhiéu kién thay van, giao théng thuy va d3c diém
du 1ao cua cu.

Gid tri e va x6 ¢ha tau thuyén P, vao try cdu dugc

tinh todn (TCN-272-05) chi phu thubc v3o vén téc va
cham va ta trong tau thuyén nhu sau (2.3):

P, =1,2x10°VJDWT, (MN) (1)
Trong d6: V - Van téc cua tau (m/s); DWT - T4 trong

tau (Mkg): Van téc cda tdu duoc xac dinh thdong qua cdp
s0ng, duoc xac dinh dya vao van tc binh quan ndm cua
dong chay V, (bang tra). Nhu vay, cach xac dinh luc va xb
€03 tau thuyén vao tru cdu nhu trong 22TCN-272-05 chi

dya vao cap song va van toc dong chady trung binh nam,

chua xét dén tinh trang cu thé cOa cdc 0ac trung cua vat
liéu, két cdu tru cu, cUa tau thuyén va dong chay ta) khu
vuc xdy dung cdu... Vi vay, gid tri luc va x6 xac dinh duge
<6 thé khong phi hop van tdng truong hop riéng (6). pé
xet dén cac yéu té c6 thé dnh hudng dén téc dong va xo
c0a tau thuyén vao try cdu, phuong phép thiét ké thee
X3c sudt sap d6 cUa tru cdu (va két cdu nhip) dudi tic
dung cla ta trong va x0 tau thuyén da dugc ép dung tir
tiéu chudn thiét ké cdu TCVN 11823:2017. Phuong phap
tinh tosn dua trén Tieu chudn AASHTO, khi tinh 104n vy



X0 13u thuyén vao tru cu c&n duoc xét dén ddy AU cac
y€u 16 nhu: tdm quan trong cla cau; kich thuac, tai trong
va t8n sudt cua tdu luu thong; van téc luu théng cua tau
thuyén; yéu 16 hinh hoc cua tuyén dudng thiy; sy dap
ung két cSu cia cdu d6i v6i huc va [3,5-6}... Nhiéu nghién
cuu trén thé gidn da danh gid phuong phap thiét ké va
x6 tdu thuyén vao try cdu theo phuong phap xdc suat
thdng ke va ly thuyét dé tin cdy theo quy trinh AASHTO
13 hoan toan tin cay, cho phép xét dén dnh hudng cla
nhiéu tham $3 trong ting vi tri va diéu kién cu thé cua
cau, 4dm bao an toan cao trong khai thac cau cing nhu
an toan van tai trén song (7-11). Tuy vay, & Viét Nam, cac
nghién cuu, tar liéu hudng dan tinh toan luc va x6 theo
phuong phap ndy con rét han ché [4-6]. Cac cong cu tinh
todn con thiéu la mot trong nhitng nguyén nhan din
aén nhing han ché trong viéc 4p dung phd bién phuong
phdp tinh todn luc va x6 ndy & Viét Nam,

2.LY THUYET VA PHUGNG PHAP TINH TOAN

Dé tinh toan lyc va x4 tau, thuyén vao try cu vuat
s0ng theo phuang phap phan tich xac suat thong ke va
ly thuyét dd un cay trong Tiéu chudn AASHTO va trong
TCVUN 11823:2011 [3,7), cAc budc tinh toan ¢6 thé tom tat
theo so 46 khéi dudi day (Hinh 2.1).
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Hinh 2 1: So d6 khdi tinh todn Iyt va xé tau thuyén (7}

2.1.Tinh todn tan suit sy sup d6 cba try ciu dudi
tac dung va x6 tau thuyén

Trong s0 A6 khai tinh toan luc va x6, tan suat sup dé
hang ndm cla sy sup d6 cla cau kién ciu duoc (3y theo
cong thie (3.7):

AF = (N} (PR} (PG) (PC) (PF) (2)

Trong d6:

AF - T3n sudt nam cUa sy sup dé cau kién cdu do
va cham tau bé. Déi véi cdu dac biét quan trong, tan
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Sudt sup d6 Idn nhat hang nam AF cho toan cdu dugc
13y 1a 0,0001. D3i v&i cdu su dung théng thudng tan
sut sup d6 I6n nhat hang nam AF cho toan ciu dugc
13y 14 0,00);

N - S6 luong hang ndm cua tdu duge xép hang
theo dang, kich thudc va diéu kién chat tai su dung trén
duong thuy;

PA - X&c suat xuat hién di sai ludng cua tau thuyén;

PG - X4c suat do kich thudc hinh hoc gay ra va cham
gitra tau sai luéng va tru hoac nhip ciu;

PC - X4c suat sap dd cau do va cham vai mét tau di
sailudng;

PF - $6 diéu chinh xét 1di khd nang cac két cdu chéng
va tham gia bdo vé try nhu cic ddo dat dip phia thugng,
ha luu cla tru hodc cac két cau khac bao vé khong cho
tau va vao try.

Xdc sudt cua tau di sor ludng: Co thé tinh toan xac sudt
cua tau sai luéng theo cong thue gdn dung nhu sau (3,7]:

PA=(B)(R) (RIRIR,) ®)

Trong dé:

B, - MUc d6 co ban vé sai fac, 4Gi vdi tau thuy: B, =
0,6x10*; d6i voi sa lan: 8, = 1,2x10%;

R, - HE s6 diéu chinh theo vi tri c3u, trong viing théng:
R, =1.0; trong ving qua dé: R, = 1+6/90%; trong vung ré/
cong: R, = 1+8/45% vé 6 1 goc ngoit hay ubn cong;

R - Hé $6 diéu chinh do dong chdy song song véi
luéng di chuyén cUa tau dugc 13y theo cong thic: R, =
14V /19; vdi Ve 1a thanh phan van t6c dong chdy song
song véi lubng tau (km/h);

R, - Hé 56 diéu chinh mat d6 di lai cua tau, duoc
Iua chon trén co s& mat d6 di lal cla tdu/sa lan trén
duding thiy sat canh cau nhu sau: mat dé thap, it gap
tdu thuyén di qua hodc vuat nhau 6 vang l4n can cau:R,
= 1,0; mat do trung binh, thinh thodng gdp tau thuyén
di qua hodc vuat nhau ving 1an can cdu: R, = 1,3; mat
d6 cao, thuang gap tau thuyén di qua hodc vugt nhau &
ving lan can cau:R_ = 16.

R, - Hé s6 diéu chinh do dong chdy ngang tic dung
thédng goc vdi luéng di chuyén cla tau, dugc 13y theo
cong thuc: R, = 1+0,54xV, ; vai V, 13 thanh phan van
téc dong chay thdng goc véi ludng tau tkm/h).

Xdc sudt sap dé: PC - Xac suat sap do do va cham véi
tau sai lac, duoc xac dinh nhu sau: néu 0,0<H/P<0,1 thi:
PC=0,1+(0,1- H/P); néu 0.1 < H/P<1,0, thi PC = (1-H/P)/9;
néuH/P 21,0, thiPC=0;

Tinh xdc sudt hinh hoc: PG - X4c suat hinh hoc cta va
cham tau sai lac va tru hodc nhip cdu. Phan phéi chudn
¢4 thé dugc su dung d€ mo hinh héa dudng di cia mét
con tau lac & gan cdu. Xac suat hinh hoc PG phai duac 1dy
béng dién tich cva biéu 86 phan phdi chuan duoc gidi
han bdi bé rong tru va bé rong tau & hai phia cla tru,
D& léch chudn o ctia dudng phan phéi chudn phéi duoc
gid thiét 18 béng chiéu dai toan bo cua tau thiét ké duoc
chon (LOA).

PG duoc xac dinh dua trén bé rong B, ciia mér tau
xép hang hodc ¢6 thé duoc xac dinh cho moi khoang xép
hang theo 8, cUa tau thiét ké dugc chon. Ham mat 86
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phan béd xac suat chuan ¢4 dang nhu sau (theo cac quan
hé cla ly thuyét xac suat thang ké) [7):
. 1 st

PN)=—=e"

J\m (4)

Hé 56 chong va: Hé s8 chdng va, PF, duac tinh nhu
sau: PF = - (% do két cau chdng va chiu/100). Néu khong
€6 két cdu chéng va bao quanh try thi PF = 1,0,

2.2, Xac dinh tau thiét ké va xo

Trong phudng phadp nay, khi tinh toan luc va x6
tau thuyén, viec quan trong [ ¢an xac dinh chinh xac
tau thuyén ding g€ thiét k& va xo. Theo do, tau thiét ké
va x0 13 1du ¢6 cac dic diém (vé trong tai, tan suat uu
théng hang nam, kich thude, ching loai, van téc) ma
tuong Ung vdi n6 tan sudt sap 46 hang ndm cua tru cau
do téc dung cUa né vuot qué tén sudt sap 46 cho phép
dugc chap thuan cda cau.

2.3.Van t8c va thu thiét ké

Van ta¢ va tau thiét ké ¢o thé xac dinh theo Hinh 2.2.
Nhu véy, theo phuang phap nay cho phép khi tinh toédn
lyc va (cong thuc (1), van tdc va khang 1dy dua theo van
ta¢ trung binh nam cGa ddng chdy ma xét dén ¢a van
15¢ 1y thong thong thuding ¢0a tau thiét ké, ngoai ra vi
trt cua try cau so vdi tim ludng va mép ludng cing duge
xem xét, Diéu nay ddm bao van t3¢ va thiét ké phu hop
véi diéu kien cia tung v tritru cdu,

Trong d¢:

V-Vant6c va ca tau thiét ké (m/s):V, -Van téc thong
thudng cua tau luu thong trong ludng & diéu kién binh
thudng nhung khéng nhé han V,_ (m/s); V- Van t6¢
thiét ké va 18i thiéu khong nhd hon van téc trung binh
hang ndm cua ddng chay tai vi tri cau (m/s); X - Khoang
cach t mat try dén tim luong tau (mm); X, - Khodng cach
té mép lubng (mmy; X - Khodng cach bdng 3,014n d6 dai
téng cua tu thiét ké (mm).

v,

Va1 vaclim V)

3 < « g
Kning cichsiderg oo
cin g taa oy

Hinh 2.2° X3¢ dinh van 15¢ va cham thiét ké

3. CHUONG TRINH TINH TOAN VA VI DU
AP DUNG

Dya tréa cac noi dung ly thuyét va phuong phap
tinh toan tnnh bay & trén, mot chuong trinh tinh toan
don gian cho pheép tinh toan fuc va xd tau thuyén vao
tru cau vuot song theo phén tich xac sudt thang ké va ly
thuyét 46 tin cdy. Chuong trinh tinh toan dugc xay dung
trén ung dung “Visual Basic Applications’, mac du con

0

w

gidn 6on nhung chuang trinh cho phep gidm tét hem
duoc that gian tinh tadn, ¢6 thé 13 cdng cy hd trg huu ich
€ho ¢ong tac tinh todn thiét ké Ic va xd tau thuyén vao
try cdu g Viet Nam hién nay.

Hinh 3.1 trinh bay giao di¢n chinh cua chuang uinAh.
Hinh 3.2 trinh bay giao dién mo-dun nhap s6 liéu vat liéu
cGa cac tru cdu, bao gém cac s6 lieu co ban nhu cét thep,
bé t8ng. kich thudc co ban cia timg try, vi tri clia try...
Hinh 3.3a13 mo-dun nhap s6 iéu lién quan dén dac diem
va hinh thai dong chay duti cdu nhu cac thong s6 vé tdc
d6 dong chay, hudng dong chay, géc nghiéng cda tim
dang chay... Cc 6 lieu vé mat d6 va chung loai cva céc
tau thuyén dugc nhap vao chuong trinh tinh todn thong
qua mé-dun nhu Hinh 3.3b, cac 56 liéu nay bao gém kich
thuoc ting loai tau thuyén, sé lugt tau thuyén di qua lai
ducr cu trong nam, cd¢ 56 hiéu nay sé anh huéng lon
dén k&t qua tinh todn xc suat sup d6 cua tru cdu. Hinh
3.4 1hé hién mo-dun cho phép nhap gid tri xac sudt sup
46 gidi han cua try cdu, gid tn ndy phy thudc vao tam
quan trong cla cong trinh cdu. .

Cac két qua chi tiét cua qud trinh tinh todn sé the
hién trén mo-dun xuat két qua cua chuang trinh (Hinh
3.5). trong d6 bao gém cac két qua: tinh todn céc loai xac
503t sup 36 PA, PG, PC cho timg loai 1au thuyén, 13ng xac
Suat sup A6 cho ting try cau, kiém toan xac sust sup 46
Clia ting try cdu vér x4¢ sudt sup d6 gidi han cho phép.
M6-dun nay cho phép Iya chon xuat két qua va s6 lieu
tinh t04n dudi céc dang file c6 dinh dang .pdf hodc .xis
iy theo mong mudn cua Ngual sy dung.
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Hinh 3.1: Glao dign chinh cta Chuong winh tinh 1odn
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Hinh 3.3; M6-dun ahdp s6 héu hinh thél ddng séng (3)
va d3c dIEm giao thong thuy cda Chueng trinh tinh 104n
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Hinh 3.5: Glao dién xudt kéT qué cGa Chuong trinh tinh todn

Mot s6 két qua chinh thé hién trong Bdng 3.1 va
Bdng 3.2. Két qua cuéi cung cho phép kiém todn kha nang
chdng va xd cua tru cau dudi tai trong va cham tau thuyén,
cdn clf vao két qua nay ¢ thé quyét dinh viéc ¢6 ¢an gia
cuding kha nang chéng va xé cua tru cdu (1am try chéng
va, két cau hudng dong tau thuyén qua lai...) hay khang.

B3ng 3.1. K1 qud tinh todn xac sudt syp 96 do va cham

véi méi loal tiu thuyén cho timg try
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Bang 3.2. Két qua kiém toan xac sust sup d6 cong trinh ciu

STT Try Sum AFi | AF (total)| [AF]
1 PS 0.000639 0.0013290.001
2 P6 0.000691

KEUugn: €du dam bao dieu kién va x theo TCUN 11823:2017
4. KET LUAN VA KIEN NGHI
83i bao trinh bay ndi dung co ban tinh toén két cau
duai tc ddng cla va x6 tau thuyén theo phan tich xac
suat thdng ké va ly thuyét do tin cay dua teén quy trinh
AASHTO hay TCUN 11823:2017, day la phuong phap tinh
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toan khoa hoc, phu hap vai diéu kién thuc 18 cua khu vuc
xay dung cdu. Dua trén Iy thuyét tinh todn, mét chuong
trinh tinh todn don gidn duoc xay dung, cho phép thuc
hién céc buoc tinh toan thuan tién, don gian. tuét kiem
thas gian tinh todn. Chuong tninh tinh toan can don gidn,
thé 50, nhung ¢6 thé lam cang cy tinh toan s6 bd luc va
X0 ¢ho cac ky su trong cong tac tinh toan thiét ké. Trong
<ac nghién cu tép theo, chuong trinh can tiép tuc duge
hoan thién, cd thé phat trién trén cadc mor truang tinh
toan lap trinh hién dai, phuc tap hon, nham cai thign
tinh chinh x4c, minh bach va than thién hon véi nguan
st dung.
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