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TOM TAT

Bai bdo phan tich danh hwéng ciia cac yéu té thoi tiét dén tiéu chudn on dinh cia nhém tau
khach vo thép co nho tai vinh Ha Long. Két qua nghién cvu thuc nghiém cho thd'y ap sudt gio va
séng déng vai tro quyét dinh dén hé so on dinh ciia tau. Pdng chii ¥, di dap g day di cdc quy
chudn kj thudt trong diéu kién khai théac théng thiong, tau van tiém an nguy co mat o6n dinh nghiém
trong khi doi mat véi cdc hién twong thoi tiét cuc doan nhuw dong, l6c¢ cuc bé. Trén co sé dé, nghién
ciru dé xudt hé thong cdc gidi phdp kj thudt va van hanh nham ndng cao nang lyc chong lat cho dgi

tau khach tai khu viee nay.
Tir khéa: Tau khach; On dinh; Ap sudt gio, Hiéu qua tang on dinh.
ABSTRACT

This paper investigates the influence of environmental conditions on the stability criteria
of small steel-hulled passenger ships in Ha Long Bay. The results demonstrate that wind pressure
and wave load significantly affect the vessel's safety margins. Although those vessels comply with
standard regulatory requirements, they remain vulnerable to capsizing under extreme weather
phenomena such as localized squalls and sudden gusts. To prevent these risks, this study proposes

a set of technical solutions to enhance the stability and operational safety of this vessel class.

Keywords: Intact stability; Wind pressure; Weather criterion, Small passenger ships, Ha
Long Bay.
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1. PAT VAN PE

Viéc dam bao On dinh va an toan cho
tau khach cd nho hoat dong trén vinh Ha Long
khong chi 12 viéc giir 6n dinh cho con tau ma n6
con 1a dam bao sinh mang cho nhidu ngudi trén
do6, ciling nhu gilt dugc hinh anh an toan, than
thién ctia nganh du lich bién tai khu di san thién
nhién thé giéi — Vinh Ha Long. Khu vuc nay
chiu anh hudéng manh cia diéu kién khi tuong
nhi¢t déi gi6 mua. Theo QCVN 02:2022/BXD,
véi tan sudt xudt hién cta cac hién tugng cuc
doan nhu t6, 16¢ va bio, tao ra tai trong gid va
song dang ké nén viéc kiém soat on dinh tau
khach cang can quan tim dic biét hon.

Céc nghién ctru hién nay cho thdy anh
hudng ciia méi trudng dén 6n dinh tau c6 tinh
phi tuyén va phu thudc manh ap suét gio. Mic
du cac phuong phép danh gia hién dai [1], [2],
[6], [7] dd dugc phat trién cac quy dinh hién
hanh ctia IMO [12] van cha yéu dua trén didu
kién moi truong ly tuong hoa, chua phan anh
day du cac bién dong thoi tiét cyc doan trong
thuc té khai thac.

Do d6, nghién ctru dénh gia on dinh tau
dudi tac dong cua cac hién tugng thoi tiét co
thé thay ddi bat thuong cho khu vyc vinh kin
nhu Ha Long 1 can thiét. Nghién ctru nay tip
trung phan tich anh hudng cua ap suit gié dén
6n dinh tau khach vo thép c& nho, qua dé dé
xudt cac giai phap nang cao 6n dinh tau.

2. PHAN TiCH PIEU KIEN KHi HAU TAI
VUNG VINH HA LONG VA TAU KHACH

2.1. Téng hop, phan tich diéu kién khi hiu
tai vung vinh Ha Long

Theo cac sb liéu khi tuong tr QCVN
02:2022/BXD [15] va s liéu khi twgng gan day
ctia Téng cuc Khi twong Thity vin Viét Nam va
Ban Chi dao Qudc gia vé Phong chdng thién tai
cho thdy khu vuc vinh Ha Long chiu 4nh huéng
rd rét cua khi hau nhiét doi gi6 mua, voi tan
suét xuat hién dong l6c cao. Pdng thoi, cuong
d6 va tinh bat 6n cua thoi tiét c6 xu hudng gia
tang, dan dén diéu kién song, gié va tai trong
moi truong ngay cang bat loi. SO lidu duoc
phan tich va tong hop trong bang 1.

Bdng 1. Pdc trung gid, song va tan sudt xudt hién tai khu viec Ha Long

Hién twong Tﬁn‘suz‘lt Strung Vian tbc gi6 Cép Ap suit gio S(')I.lg bién S(').ng thure té
binh nam) V (m/s) Beaufort q (N/m?) khoi Hs (m) | vinh (m)H
Dong yéu | 20 — 30 tran/nam 10-15 5-6 60— 140 2,0-4,0 1,0-2,0
Dﬁ%girltflung 10— 15 tran/ndm | 1520 6-8 140-250 | 3,0-55 1,5-3.0
Dong manh o l(r)l;';kién/ 20 -25 8-9 250 — 380 55-17,0 2,0-3,5
T4, 16c manh ~2 tradn/nam 25-35 10-11 380 — 750 9,0-14,0 2,5-4,0
Béo 1 —2 con/nam 17-30 8—11 180 — 550 5,5-12,0 2,0—-4,0
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2.2. Cac thong s6 k¥ thuit ciia tau

Tau dugc lya chon dé tinh toan 1a tau
khach c& nho cé suc chd 48 khach hoat dong
ch¢ khach du lich tham quan vinh Ha Long.
Tau co6 vo thép, két cAu han, hai boong, day don,
budng may dit & dudi. Tau duoc Vién Nghién
ctru Khoa hoc va Cong nghé Hang hai thiét ké
tinh nghi¢m on dinh théa man hoat dong vung
VR-SI QCVN 72: 2013, hi¢n nay dang phuc vu
hoat dong cho khach tham quan du lich tai vinh
Ha Long. Cac thong s6 chu yéu cua tau: Chiéu
dai 29,8m; rong 27,12m; cao man 2,1m; mon
nude 1,4m; khéi luong tau 167,1 tin; s6 khach
48 nguoi; thuyén vién 3 ngudi.

Hinh 1. B6 tri chung tau lwva chon tinh todn

2.3. Két qua dang gia 6n dinh cia tau

Theo két qua cuia don vi thiét ké, tau da
dam bao yéu cau 6n dinh ¢ ca 7 trang thai theo
cac yéu cau cua QCVNT2. Trang thai 7, m6i
t1nh anh huong cua gio tinh (1iy bang 0,47 ap
suat gi6 dong) va khach don man nhung hé sd
on dinh cling con du rat it 2,15/2. Tuy nhién,
cac trang thai dang xét on dinh theo cac didu
kién riéng 1é, didu d6 co thé dan dén trudng
hop tau mat on dinh do cic tic dong xay ra
dong thoi. Vi vdy, nhom tac gia sé tién hanh
mo phong va tinh toan hé sé on dinh cho tau &
tinh hudng xau nhét 1 cong tac dung va phan
tich sy bién thién ctia hé s6 6n dinh theo su thay
d6i cua ap sudt gio, con cac thong sé khac cua
6n dinh da thoa méan yéu cau va khong thay doi
theo ap sudt gi6 nén két qua dugc cong nhan
theo thiét ké gbc.

Bdng 2. Hé s6 6n dinh cia tau theo VR-SI, QCVN72:2018

STT Trane thii Khéilwong |  Chiéu GM | Moémen | GZ | Hésbon
ang tau (MT) | chim (m) | (m) Tm (m) dinh
V) A V) il
p | 100%Kkhich +100% dwetr | o) 137 1,79 | 5887 | 0894 | 5,67
(DT)
2 | 100% khach + 10% DT 164,67 1,353 1,83 6,26 | 0,889 | 5,65
3| 0% khach + 10% DT 159,87 1,321 1,89 649 | 0929 @ 5,758
100% khach & boong cao +
4 o DT 164,67 1,356 1,73 7,1 0,768 | 5,02
o Lt
5 | 190% khach ¢'boong cao, 164,67 1356 | 1,73 | 78 . 3,17
don man
6 Tau quay vong 164,67 1,356 1,73 6,14 - 12,86
7 Tam hung gié cao hon 2m 164,67 1,356 1,73 15.4 - 2,15
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bé giai quyét dugc nhiém vu dit ra ¢
trén, nhom tac gia da dat ra cac bai toan can
phai giai quyét gom:

- M6 phong hinh dang 3D cua than tau,
tinh toan tay don on dinh GZ, xdy dung lai dd
thi on dinh tdu ¢ trang thai nguy hiém nhét
theo QCVN Ia tau chd 100% khéch tap trung ¢
boong cao nhat + 10% du trit.

- Péanh gia hé s6 on dinh cua tau khi ap
suat gi6 thay d6i theo hai cap hoat dong VR-SI
va VR-SB.

- Tinh to4n hé s6 6n dinh cho trang thai
két hop (vuot qua yéu cu cta quy pham): Tau
chd 100% khéch trén boong cao nhat + 10%
du trir, khach don man va tau quay vong khi ap
suat gi6 thay doi theo hai cap hoat dong VR-SI
va VR-SB.

- bé xuat giai phdp nang cao an toan, 6n
dinh cho tau.

3. MO PHONG HINH DANG THAN TAU
VA TiNH TOAN ON PINH

3.1. M6 phéng hinh dang than tau bang phin
mém Rhinoceros va phin mém tinh 6n dinh

Hinh 2. M6 phong hinh ddng théan tau bang phan
mém Rhinoceros
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Hinh 3. Cong cu tinh toan cdanh tay don mé men
nghiéng cho phép

Céc budc tinh toan 6n dinh theo phan
mém Maxsurf Stability:

- Trudc tién, nhom tac gia kiém tra 6n
dinh & trang trang thai tai trong nguy hiém
nhat: Tau chd 100% khach trén boong cao nhat
+ 10% du tri¥, theo yéu cau cia quy pham &
cip VR-SI va VR-SB tuong tmg véi ap suit gid
theo quy pham va sau d6 tang ap suat gio 1én (8
truong hop ap suat gié + 2 cap tau);

- Tiép theo 1a tinh toan trang thai két
hop (vuot qua yéu cau cta quy pham) la két
hop tau ché 100% khach trén boong cao nhat +
10% dy trit, khach don man va tau quay vong.

3.2. Két qua tinh toan

Két qua tinh: Di voi truong hop tai
trong tau chd 100% khach trén boong cao nhat
+ 10% duy trir, canh tay don nghiéng cho phép
xac dinh dugc 1a 0,188 (m) ung véi géc vao
nuoc 1a 33,9 d, mé men nghiéng gidi han da
xac dinh duogc 14 303,6 kN.m. Két qua so sanh
v6i md men nghiéng do gid ¢ cac didu kién
ap suat gi6 duoc thé hién & Bang 3 va Hinh 4.
Tir Bang 3, ta thdy khi 4p suat gio dong tir 368
Pa thi hé s6 K nho hon 2, tau khong dam bao
on dinh theo VR-SI. So sanh véi két qua cua

r 9
A A A

trung tam thiét ké, hé s6 6n dinh K & ap suét gio
227,63 Pa ¢ hai cach tinh la tuong duong nhau.
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Bang 3. Kiém tra hé s6 on dinh thoi ‘tié,t theo VR-SI
khi dp sudt gio thay doi

Ap sudt | Mo men H¢ 56 6n

gi6 dong | nghiéng dinh K Két luan
P(Pa) M, theo

VR-SI

227,63 71,3 5,08 Dat
255,00 101,88 2,98 Dat
300,00 119,86 2,53 Dat
350,00 139,84 2,17 Dat
400,00 159,82 1,90 Khong dat
450,00 179,79 1,69 Khong dat
500,00 199,77 1,52 Khong dat
550,00 219,75 1,38 Khong dat

20 3 4
Ap suat gio (Pa)

Hinh 4. Hé s6 6n dinh thoi tiét theo VR-SI khi ap
suat gio thay doi

Trong truong hop tiu két hop thém
lugn vong va khach ddn man, lic nay dudi tac
dung cia gi6 dong, khach don man va tau quay
vong, tau s& bi nghleng goc ¢, ngoai ra tau bi
lic man theo diéu kién thoi tiét twong ing. Mo
men nghiéng cho phép da xac dinh dugc trén
d6 thi 6n dinh c6 gla tri 303,6 kN.m. Két qua
tinh toan tir so @ bb tri chung va cong thirc tir
QCVN72:2025 dugc cac md men gay nghiéng
do khach don man va quay vong c6 cac gia tri
lan lugt 1a 77,7 kN.m va 61,41 kN.m. M6 men
téng cong s& tinh bang tong ciia cac md men do
gi6 cong md men nghiéng do khach dén man
va md men nghiéng do quay vong. Két qua thé
hién trong bang 4. Tir két qua thé hién trong
bang 4, ta thiy khi két hop tic dung thi tau
khong thé dam bao yéu cau vé hé s 6n dinh
theo m6 men 16n hon 2 cta cip VR-SL.

Bdng 4. Kiém tra on dinh cho truong hop tdi trong két hop theo VR-SI

Mo men
Ap suit gi6 1\./{0 men , nghlen‘g do Mé men tong £ 2 PO
dong (Pa) nghiéng do gio quay vong, (KNm) s0 on dinh Keét luan
ons (KNm) Khach don
man (kNm)
228 59,67 139,11 198,78 1,52 Khoéng dat
255 101,88 139,11 240,99 1,26 Khoéng dat
300 119,86 139,11 258,97 1,17 Khoéng dat
350 139,84 139,11 278,95 1,09 Khong dat
400 159,82 139,11 298,93 1,02 Khoéng dat
450 179,79 139,11 3189 0,95 Khoéng dat
500 199,77 139,11 338,88 0,90 Khong dat
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Vi ap suét gio gia thiét 16n vuot cip
VR-SI nén nhém téc gia tinh thém 6n dinh theo
quy dinh véi cép tau VR-SB cung thong sb ap
suét gi6 tang dan. Khi tinh todn véi cap tau VR-
SB v&i thong s ap suét gio tang dan, quy pham
yéu cau kiém tra theo hé s 6n dinh K va gia tri
toi thicu 1a 1.

- Trudce tién, nhom tac gia van tinh cho
truong hop khach khong don man va khong
quay vong. Trong truong hop nay, tac gid st

dung phan mém Maxsurf Stability dé tinh toan.
Hinh 5 thé hién két qua tinh toan cho canh tay
don 6n dinh va kiém tra 6n dinh tai ap suét gi6
theo quy pham.

- Tir két qua thu duoc, ta thdy tau dam
bao hé s6 6n dinh t&i ap suat gi tinh 350 Pa
tuong duong voi ap suét gié dong khoang 500
Pa néu khach khong don man va khong quay
vong theo VR-SB.

Bdng 5. Két qua anh hwéng dp sudt gio t6i hé sé on dinh theo VR-SB

R R I A T
252 100,68 0,062 2,11 0,09 1,14 Dat
300 119,86 0,074 2,50 0,111 1,07 Pat
350 139,84 0,086 2,83 0,13 1,01 Dat
400 159,81 0,099 3,33 0,15 0,93 Khong dat
450 179,79 0,1113 3,6 0,17 0,86 Khong dat
500 199,77 0,124 4,17 0,19 0,80 Khong dat
550 219,75 0,136 4,38 0,20 0,74 Khong dat
600 239,72 0,148 4,76 0,22 0,68 Khong dat

1.5

1
o ) 00‘00.0000
" ip sultglo @a)

Hinh 5 Canh tay don én dinh GZ cho truong hop —
dp sudt gio 252 Pa
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- Tac gia tiép tuc tién hanh tinh tong mo
men nghiéng do gi6 tinh Mg, khach don man
Mk Va‘l do quay vong Mgqv, tuong ung voi tay
don 6n dinh Iw,. Tay don 6 6n dinh Iw, lac nay
gdm tay don do md men do gi6 giat = 1,5 lan
tay don do gié tinh, va tay don khi quay vong
cung VO’l khach dén man. Téac gia tién hanh
kiém tra 6n dinh tuong ty nhu trén va thu dugc
két qua nhu bang 6.

Twong tu nhu két qua tinh theo so dd
bai toan danh gia 6n dinh theo ving VR-SI,
két qua tinh theo so d0 VR-SB ciing cho két
qué tau khong du 6n dinh néu két hop tai trong
ddng thoi do gio giat, khach don man va quay
vong.

Badng 6. Kiém tra hé s6 on dinh & trang thai tdi trong két hop theo SB

P (Pa) Mg (kNm) Mz(k;hl:/ll)qv Iw, (m) Iw, (m) ¢ (do) K Két ludn
255 101,88 139,11 0,149 0,181 4,75 0,87 Khong dat
300 119,86 139,11 0,160 0,197 5,1 0,82 Khong dat
350 139,84 139,11 0,173 0,216 5,49 0,74 Khong dat
400 159,82 139,11 0,185 0,234 5,88 0,69 Khong dat
450 179,79 139,11 0,197 0,253 6,26 0,64 Khong dat
500 199,77 139,11 0,210 0,272 6,65 0,59 Khong dat

Nhu vay, sau két qua tinh toan 6n dinh
clia tau theo so d6 bai toan ctia VR-SI va VR-
SB tir Bang 3 dén Bang 6, ta thy tau chi chay
thang, khach khong don man, khong quay vong
thi c6 thé 6n dinh & ap sut gi6 trén 350 Pa. Khi
cong tit ca cac tac dung thi tau khong dam bao
yéu clu vé gia tri hé s6 On dinh. Do d6, can ¢
gidi phap lap dat thém cac thiét bi dé tang on
dinh cho tau va cé giai phap dleu dong khach
trong céc tinh hudng thoi tiét xau hodc quay
vong.

4. TONG HQP CAC GIAI PHAP NANG
CAO ON PINH VA AN TOAN CHO TAU
KHACH

Duya trén viéc phan tich cac yéu to rui

ro c6 thé gdy mat o6n dinh cho tau, nhom tac gia
dua ra cac nhom giai phap nhu sau:

1) Cai tién hinh dang tau:

- Thay di tang ty s6 kich thude B/T lam
taing GM. Do chiéu rong dudng nudc ting, 1am
tang md men quan tinh dién tich duong nudc,
dan dén ting ban kinh nghiéng ngang BM va tir
do tang GM. Do GM = BM - BG.

- Tang ty s6 D/T 1am ting 6n dinh goc
16n. Do D/T 16n dan dén chiéu cao man kho f
tang, tr do lam tdng géc vao nudc, lam tang
dién tich dudi duong cong.

- Syahril, Rahmat Azis Nabawi, va
Aulia Zulkarnaen Nasty da dua ra nghién cuu
vé viéc cai tién than tau dang suon co thiét ké
16m dé nang cao on dinh cua tau du lich. Két
qua thu dugc: Lam tang gid tri cua nam ti€u chi
6n dinh so véi thiét ké than tau khong 16m.
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2) T6i wu héa phén bd tai trong va hé théng dan:

Phan b cac thanh phan tai trong hop
1y dé ha thap trong tim dam bao du 6n dinh
va khong qua thap dé giam lic. C6 thé bd tri
thém hé thdng dan long va dan ran (néu thiéu
on dinh).

3) Lip dit thiét bj giam lic:

- Lip dat vay hong cb dinh: Pay la
giai phap don gian va hiéu qua dé giam goc
lic. Theo Phan 7, QCVN 72:2025, viéc lap dit
vay hong gitip giam hé sé diéu chinh goc lic k
6 thé giam Xuéng muc 0,6+0,8, truc tiép lam
giam bién d6 lic ngang tinh toan.

- Lap Vay giam lac chu dong: Ap dung
theo giai phap tong quat cia Ren & Skjetne
[13]. Hé thong st dung cic canh c6 thé thay
doi gbc téi dua trén cam bién, tao ra luc nang
thuy dong dbi khang voi song. Theo trich din
[13], thiét bi nay c6 kha nang triét tiéu bién do
lic ngang tir 80% dén hon 90%.

- Lap Con quay hdi chuyén chu dong:
Nham khic phuc nhuoc diém cua vay (chi hoat
dong khi tau chay), nghién ctru dé xuat lap dat
hé thdng con quay theo cong nghé cua Rahiman
et al. [11]. Hé théng nay tao ra moé-men hoi
phuc thong qua banh da quay toc d6 cao, dam
bao 6n dinh ngay ca khi tau dimg hoic neo dau.

- Lip dit bé nudc giam lic. CO thé st
dung Bé thy dong: Khi tau lic, chat 1ong chuyén
dong cham hon mdt nhip so véi than tau (Iéch
pha khoang 90 d9), tao ra luc ddi khang tu
nhién; Hodc Bé chu dong: H¢ théng duogc trang
bi thém méy bom hoic hé thdng khi nén dé
cudng birc chét 1ong di chuyén gitip phan tmg
chinh x4c v6i nhip song thyuc té. Tai lidu [13]
chi ra rang cac hé théng bé nudc co thé giam
bién do lic ngang tir 40% dén 60%.
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- Igbal va cac cong su (2008) d& xuét
lap dat cac tai khi bén trén duong nudce, hai bén
man nham cung cip du trit ndi bd sung khi tau
nghiéng 16n. Céc thi khi nay giup tang canh tay
don phuc hoi GZ trung binh thém khoang 22%
ma khong 1am thay d6i hinh dang vo tau dudi
nudc hay tang luc can. Pay la phuong an hi¢u
qua, chi phi thip dé ngan ngira 1at tau do gi6
giat hodc don khach, dong thoi ting tinh ndi khi
tau bi thung.

4) H¢ thong du bio thong tin va hd tro vén
hanh:

- Dy bao sém gi6 giat man: Theo [2],
J. Jian, J. Chen, and P. J. Webster da dé& xuét
ung dung mo hinh dy bdo may tich va gié giat
thoi gian thuc 1 hé thdng phan hoi tu dong dé
cung cap du bao dbi luu tiét kiém chi phi thong
qua lién lac email cia INMARSAT, nham muc
dich canh b4o sém gid giat va cac tmg dung mo
hinh quy mé trung binh s6 phu hop dé tich hop
m6 hinh du béo thoi tiét thoi gian thue dé nhan
dién cac con dong 16¢ tich tu dot ngdt. HE théng
canh bao som gitp thuyén trudng cé it nhat 15-
30 phat dé chuén bi cac bién phéap an toan trudc
khi dong 1dc tiép can.

- Kiém soat sy di chuyén cua hanh
khach: Dua trén két qua tinh cong tac dung
dén 6n dinh tau, Co quan khai thac du lich va
thuyén vién can c6 hé théng chi dan va nhic
hanh khach thyuc hién cac ndi quy trén tau. Pac
biét can kiém soat khi gip thoi tiét bat thuong
hodc tau chuén bi luon vong, hanh khéach phai
ngdi dung vi tri trong khoang thip, khong di
chuyén hay tap trung vao mot bén man.

5. KET LUAN

Dua trén cac két qua danh gia 6n dinh
cua tau khéach hoat dong trén vinh Ha Long, ta

¢6 thé dua ra mot so két luan sau:
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- Tau c6 thé du 6n dinh t6i ap sudt gid
khoang 350 Pa khi khach tap trung 1én boong
cao nhat nhung khong don sang mot bén man
va tau khong quay vong. Khi khach phan bd ca
& tang boong dudi thi c6 thé du 6n dinh & ca ap
sut gi6 16n hon.

- Khi khach don sang mot bén man ¢
boong cao nhat va két hop tau quay vong thi tau
mét 6n dinh ngay & diéu kién 4p suét gi6 tiéu
chuén. Do d6, can khuyén cao thuyén vién phai
quan 1y sy phan bo khach khi tau gap diéu kién
thoi tiét xau hodc khi tau quay vong. Trong diéu
kién thoi tiét x4u, thuyén truong phai giam tdc
d6 du thap dé tau khong bi lat.

- Nhém tau khach ¢& nho can co gidi
phép trang bi thém thiét bi gidm lac va tang on
dinh cho tau.
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