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Trong cong tac bdo dam an toan va thiét ké luong chann'el design, maritime  safety,  channel
. e e . . A dredging.

hang hdai, hién twong gia tang moén nudc tau

(squat) gdy ra boi chuyén dong tuong déi cia than 1. Dat vaAn dd

tau so véi khoi nuée bao quanh than tau. Hién . . i o o
Hién tuong gia ting mdn nudc tau hay tau bi chim

thém mot khoang (Squat) 1a do su thay doi ap suét
phan bb quanh than tau khi chuyén dong. Hiéu tng
nay cang rd rét khi tau chuyén dong ¢ ving nudc nong

twong ndy dnh hwong dén chuyén dong tau ciing
nhu viéc tinh todn dw phong chiéu sdu trong thiét
ké luong hang hdi, ddc biét luong hep.

Viéc tinh todn, phdn tich anh hwong ciua hién hodc ggn bd. Hién tuong nay tao ra mot luc théng
twong gia ting mon nudc 16i chuyén dng tau sé dung huéng xudng 1am tau chim thém, ddng thoi xuat
gilp cho nguoi thiét ké tinh toan chinh xdc du || hién momen chi 1a nguyén nhan lam cho c6 su khac
phong chiéu sdu bdo dam an toan hang hai cho nhau vé gi4 tri gia ting mén nude gitta mii va lai tau
tau trong luong néng va hep, gép phan la chon (miii thuong chim nhiéu hon 1ai) ty thudc dic tinh
161 wu gid tri chiéu sdu chay tau, vira han ché t6i phan bd 4p sudt nude quanh than tau [1, 2].

da nguy co cham day hodc mdc can, vira tiét kiém
chi phi nao vét duy tu luong.

Tir khéa: Gia ting mén nuée tau, chiéu sdu chay
tau, thiet ké luong, an toan hang hdi, ngo vét
luong.

Abstract

In maritime safety engineering and designing

Hinh 1. Hién twong gia ting mon nwdc tau (Squat)

Hién tuong gia ting mén nudc tau ludn xut hién
khi tau chuyén dong, dic biét quan trong ddi véi cac
tau c& 16n, co toe do khai thac cao va khi ra vao ludng
hep véi d6 dy trit chan hoa tiéu nhd, tiém 4n nguy co
cham day hoac méc can.

marine channel design, the phenomenon of
increased draft (squat) is caused by the relative
movement of the ship's hull compared to the water
mass surrounding. This phenomenon affects the
ship's movement as well as the calculation of ._%F-—-\v ,:,h) ]h/. ‘, :) Ih //—
reserve depth in marine channel design, L—weu _’| L I‘-de '| l.._w_i

hr

especially for narrow channels. Calculating and
analyzing the effect of the phenomenon of

increased draft on ship's movement will help the Hinh 2. Phin logi luéng theo mgt cit ngang:
designer accurately calculate the reserve depth to (@) Luong khéng han ché - U; (b) Ludng han ché/ MC khong
ensure maritime safety for ships in narrow and ddy dii - R; (c) Kénh dao/MC ddy dii - C

shallow channels, contributing to the optimal Trong diéu kién ludn phai danh nguén kinh phi
selection of the value of ship's navigation depth, dau tu dang ké cho cong tac nao vét duy tu cac ludng
minimizing the risk of hitting the ship bottom, hang hai va khu nudc, viéc nghién ciru dé wdc tinh
running aground, and saving the dredging costs chinh xac gia tri gia taing mén nude tau s& gop phan
for channel maintenance. giam thi€u nguy co mat an toan cho tau khi hanh hai
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trén ludng hep, tiét giam chi phi khai thac va bao tri
ludng, ting do tin cdy khi tinh toan dy phong chiéu
sau trong thiét ké ludng hang hai.

2. Tong quan cac phwong phap tinh toan gia
tri gia ting mén nuwéc

Hién nay, c6 mot sé phuong phép va cong thirc
thong dung dé u6c tinh gia tri gia ting mon nudc,
thuong ky hiéu 1a S, (thuong 1y gi tri Squat phia miii
tau), gdm co:

1- Cong thtic Tuck 1966;

2- Cong thtrc Huuska/Guiev 1976;

3- Quy trinh thiét k& kénh bién 1976;

4- Cong thirc ICORELS 1980;

5- Cong thic Yoshimura 1986;

6- Cong thirc Romisch 1989;

7- Cong thuc Eryuzlu-2 1994;

8- Cong thirc Barrass-3 2002.

Thong thuong, ndi dung tinh toan gia tri Squat chi
xét dén tau trong diéu kién trang thai 6n dinh véi tde
d6 khong doi, ludng duoc coi 1a thing ma khong co
bat ky thay d6i dot ngdt nio vé cac thong sd chuan tic
[5]. Tuy nhién, thuc té& gia tri Squat thuong gia ting
dang ké tai nhiing thoi diém xuat hién nhimg yéu t6
1am thay dbi trang thai chuyén dong ctia tau, nhu thay
d6i do sau dot ngdt tir ving nude sau sang ving nudc
néng, khi tau bat budc phai ting tc, khi tau qua doan
cong, chuyén dong gan bd, doan ¢ nhiéu bun ¢ day,
khi tranh vugt tau khac,...

Dé 1am rd su thay dbi gia tri Squat trong mdi tuong
quan véi chuyén dong tau khi c6 sy thay doi vé chiéu
sau chay tau, thay d6i van tdc tau, trong nghién ctru
nay tac gia tap trung vao 3 nhém cong thuc tinh voi 4
cong thire dai dién dugc lya chon dé ap dung tinh toan
thir nghiém, phan tich va so sanh:

- Nhém cong thirc ¢6 xét dén hé sb can hinh hoc S
clia tau trén ludng (ty sb giita dién tich mit cit ngang
uot ciia thu As va dién tich mit cit ngang uét cia
ludng Ac), su thay d6i vé chiéu sau chay tau Her, mdi
quan hé gitra van toc chay tau Vs va chiéu siu chay tau
Herthong qua hé s6 Froude d6 sau - déc trung cho st
can chuyén dong tau: Quy trinh thiét ké kénh bién
1976, Cong thirc Yoshimura 1986.

- Nhom cong thirc khong xét dén hé s can hinh
hoc S cua tau trén ludng, chi xét dén sy thay ddi vé
chiéu siu chay tau Her, mbi quan hé giira van toc chay
tau Vs va chiéu siu chay tau Her: Cong thic
ICORELS 1980.

- Nhom cong thirc khong xét dén hé sé can hinh
hoc S cua tau trén ludng, su thay ddi vé chidu sdu chay
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tau Her, moi quan hé giira vin tde Vs va chidu sau chay
tau Her: Cong thure Barrass-3 2002.

Ac=As+ Aw

Hinh 3. H¢ 56 cin theo di¢n tich mit cit wot (AS Il
dién tich mdt cit ngang tau, AC dign tich mt cit

ngang luéng, S=As/Ac la hé sé cdn ciia tau trén luéng)
2.1. Quy trinh thiét ké kénh bién 1976 [2]

Tinh toan dy phong thiét ké chiéu sau ludng do sy
gia ting mén nudc gitra trang thai chuyén dong va
trang thai dimg yén Z; (twong duong Sj).

Z3 duoc xac dinh théng qua mdi quan hé véi ty s6
dién tich mit cit ngang w6t cua tau S7va dién tich mat
cét ngang u6t ctia ludng Sk, ty s6 giita chidu sau ludng
dao ho va chiéu sau thiét ké H, (truong hop nay tuong
duong chiéu sau chay tau Hcp), hé s6 K3, hé s6 Froude
d6 sau, ty sb giita Z3 va bé rong tau Bs dé tinh Z;.
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Hinh 5. D6 thi xdc dinh 1y s6 Z+/Bs
Quy trinh tinh toan bao gdm cac cong thirc tinh va
dd thi thuc nghiém dé xac dinh cac dai lugng trung
gian dé tinh Z; [2].
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S, = [(0.7 + 1.5%) (%,) + 15%(%,)
T B T\ B

Trong do: S, 1a gia tri gia ting mén nudc, A la

LA

g

chiéu sau chay tau, 712 mén nudc tau, Lpp 14 chiéu dai
tau, Cp 12 hé s6 béo clia tau.

V. 1a van téc tau qui d6i phu thudc vao hinh dang
mit cit ngang cia ludng va hé sb can cua tau: V, = Vs
néu ludng c6 dang khong han ché (U); V. = Vs/(1-S)
néu ludng c6 dang han ché (R) hoic kénh dao (C).

2.2. Cong thirc ICORELS 1980 [3]

v F%

Sy =Cs E\/Tgh )

Trong do: S 1a gia tri gia ting mon nudc, F;, 1a hé

s6 Froude, Lpp 1a chiéu dai tau, V 1a thé tich nudc bi

tau chiém chd, Cs1a hé sé phy thudc hé sé béo cia tau.

Cs=1,7néu C3<0,70; Cs=2,0 néu 0,70 < C3 < 0,80;
Cs=2.,4néu Cz > 0,80.

Hé sb Froude: Fnh = Vs/./gh.

2.3. Cong thirc Barrass-3 2002 [3]

_ SV
~ 100/K

)

b

Trong do: Sy 1a gia tri gia ting mén nudc, Cp 1a hé
s6 béo cua tau, Vx 1a van toc tau; K hé sb phu thudc hé¢
s6 can S cua tau trén ludng: K=35,745%76.

3. Lua chon mo hinh tau, tinh toan thir nghiém

Dé tinh toan thir nghiém, lya chon mo hinh tau tinh
toan 1a tau container SR108 [4] chay trén ludng hang
hai 2 chidu véi cac thong sé dugc thé hién ¢ Bang 1.

Bing 1. Thong sé luong va mé hinh tau tinh todn

STT Théng sb | Giatri
I | Ludng hang hai (2 chiéu)
1 | Cao do day thiét ké: Zrk (m) -8
2 Cao d6 day tu nhién: Zry (m) -5
3 Bé rong ludng: Be (m) 120
4 | Hé sb mai déc: m 10
5 | Chiéu sau thiét ké: Hrx (m) 9.8
11 M6 hinh tau
1 Tén md hinh tau container SR108
2 | Chiéu dai Lep (m) 175
3 | Chibu rong Bs (m) 24.5
4 Mon nude T (m) 8.5
5 | Hésd béo Cs 0.559

Lya chon thong s6 muc nudc chay tau va van tde
chau tau phu hop thuc té. Tinh riéng theo timg phuong
phap véi tinh hudng tau chay & dai chiéu sau chay tau
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Her khac nhau (theo cac muc nudc chay tau khac
nhau) va dai van toc chay tau Vs khac nhau.

Muc nudce chay tau (MNCT): 1,8m, 2,8m, 3,8m;

Van toc chay tau Vs: 5, 6, 7, 8, 9 knots.

Chiéu sdu chay tau Her twong tmg tai cac muc
nudce chay tau MNCT duogc thé hién trén Bang 2.

Bing 2. Tinh todn cdc chiéu siu chay taiu HCT

N . Gia | Pon | Kiém tra
Chiéu sau chay tau
tri Vi UKC (m)
Hcri (MNCT; = 1.8m) 9.8 m 1.3
Hcr: (MNCT2 =2.8m) 10.8 m 23
Hcrs (MNCTs = 3.8m) 11.8 m 33

Kiém tra du trir d6 sau dudi day tau thoa man dicu
kién: UKC > 0,85m (10%T).

Két qua tinh toan thu dugc nhu sau:
3.1. Tinh theo Quy trinh thiét ké kénh bién 1976

Do thi téng hop két qua tinh toan gia tri gia ting
mdn nudce Z; (twong duong Sp) theo 3 gia tri Herva 5
gi4 tri van téc Vs (xem Hinh 6).

Ve tinh gid tvi gia ting mim mrde tan (Squat) theo cic vin tdc v chiéusin chay tau theo QTTKKB 1976
0.70

—i Het=9.8m ’
0.60 .

-4--Het=10.8m L

—e—Hcet=11.8m -

4 5 6 7 8 9 10
Hinh 6. Dé thi téng hgp Zs tinh theo QTTKKB 1976

Két qua tinh toan chi tiét:

* Tai Herr = 9,8m duoc thé hién tai Bang 3.
* Tai Herr = 10,8m dugc thé hién tai Bang 4.
* Tai Herr = 11.8m dugc thé hién tai Bang 5.

Bdng 3. Tinh gia tang mon nwoc Zs tai Herr = 9,8m

VS N= ho/ Z3
K; | N, | Fry | ZyB,

(knots) | Sx/St | Her (m)
5 103 | 031 | 2.6 | 26.7 | 0.26 | 0.008 | 0.20
6 103 | 031 | 2.6 | 267 | 031 | 0.011 | 0.27
7 103 | 031 | 2.6 | 267 | 037 | 0.015 | 0.37
8 103 | 031 | 2.6 | 26.7 | 0.42 | 0.020 | 0.49
9 103 | 031 | 2.6 | 26.7 | 0.47 | 0.027 | 0.66

SO 83 (08-2025)



TAP CHi ISSN: 1859-316X

KHOA HOC CONG NGHE HANG HAI

JOURNAL OF MARINE SCIENCE AND TECHNOLOGY-

KHOA HOC - CONG NGHE

Bdng 4. Tinh gia tang mon nwoc Zs tai Her2 = 10,8m

Vs N= ho/ Z3
K; N, Fry Zy/B

(knots) | Sg/St | Her (m)
5 11.8 0.28 | 2.25 | 26.6 | 0.25 | 0.007 | 0.17
6 11.8 0.28 | 3.25 | 384 | 0.30 | 0.010 | 0.23
7 11.8 0.28 | 425 | 50.3 | 0.35 | 0.013 | 0.31
8 11.8 0.28 | 5.25 | 62.1 | 0.40 | 0.017 | 0.42
9 11.8 0.28 | 6.25 | 73.9 | 0.45 | 0.022 | 0.54

Bdng 5. Tinh gia tang mon nwoc Zs tai Her2 = 11,8m

Bang 7. Tinh gia tdng mén nuwdc Sy tai Herz = 10,8m
VS Ve S],
Ac As S | HoT
(knots) (m/s) | (m)
5 2462.4 | 208.3 | 0.08 1.27 2.81 | 0.12
2462.4 | 208.3 | 0.08 1.27 337 | 0.18

6
7 2462.4 | 208.3 | 0.08 1.27 393 | 0.24
8
9

2462.4 | 208.3 | 0.08 1.27 449 | 0.31
2462.4 | 208.3 | 0.08 1.27 5.05 | 0.40

Bdng 8. Tinh gia tang mon nwoc Sy tai Her2 = 11,8m

Vs N= ho/ Z3
K | N | Fra | zyB, Vs de | ds | s laar| 2|
(knots) | S¥/Sr | Hecr (m) (knots) (m/s) | (m)
5 135 | 025 | 19 | 256 | 024 | 0.006 | 0.15 s | 2084 | 2083 | 0.07 | 139 | 28 | o1
6 135 | 025 |29 [39.1]029 | 0.008 | 0.20
6 | 28084 | 2083 | 007 | 139 | 333 | 0.16
7 135 | 025 |39 526033 0011 | 027
. 35 | 025 129 1661 1038 | 0ots [ 037 7 | 28084 | 2083 | 007 | 139 | 3.89 | 0.22
9 135 | 025 |59 796|043 | 0019 | 047 8 | 28084 | 2083 | 007 | 139 | 444 | 0.29
o | 28084 | 2083 | 007 | 139 | 5.00 | 037

3.2. Tinh theo Cong thirc Yoshimura 1986

D6 thi tong hop két qua tinh gia tri gia ting mon
nudc Sy theo 3 gid tri Herva S gia tri vén tde Vs (xem
Hinh 7).

Ve tinh gid r] gia tang mom nwére tau (squat) theo cie vin tée vi chidu sin ehay tiu theo cng thire Yoshimura 1986

o045 |~k Her=95m

A
040 -+-He=105m Lo e
035 —e—He=118m g

4 5 6 7 8 9 10

Hinh 7. Dé thi téng hop Sp tinh theo Céong thirc
Yoshimura 1986

Két qua tinh toan chi tiét:

* Tai Hery = 9,8m duoc thé hién tai Bang 6.
* Tai Herr = 10,8m dugc thé hién tai Bang 7.
* Tai Hery = 11,8m dugc thé hién tai Bang 8.

Bing 6. Tinh gia ting mon nwéce S° tai Herr = 9,8m

Vs Ve S;,
Ac As S | Ho/T
(knots) (m/s) | (m)

5 2136.4 | 208.3 | 0.10 1.15 2.85 | 0.13

6 2136.4 | 208.3 | 0.10 1.15 342 | 0.19

7 2136.4 | 208.3 | 0.10 1.15 3.99 | 0.26

8 2136.4 | 208.3 | 0.10 1.15 4.56 | 0.34

9 2136.4 | 208.3 | 0.10 1.15 5.13 | 0.44

3.3. Tinh theo Cong thirc ICORELS 1980
D6 thi tong hop két qua tinh gia tri gia ting mon
nude Sy theo 3 gia tri Her va 5 gid tri van toc Vs (xem
Hinh 8).
e tink gi trf gia ting mén murie tiu (squat) theo cic viin toe vi chidu sim chyy thu theo cong thirc Icorels 1980

030

~4 Hct=(9.8m; 10.8m; 11.8m) s ’

Hinh 8. Dé thi téng hop S tinh theo Cong thirc
ICORELS 1980
Két qua tinh toan chi tiét:
* Tai Her = (9,8m; 10,8m; 11,8m): S khong phu
thudc Her duge thé hién tai Béang 9.

Bdng 9. Tinh gia tang mon nwéc Ss tai
Hcr = (9,8m; 10,8m; 11,8m)

Vs (knots) \% Fr Sy (m)
5 20372.1 0.24 0.07
6 20372.1 0.29 0.10
7 20372.1 0.33 0.13
8 20372.1 0.38 0.18
9 20372.1 0.43 0.23

3.4. Tinh theo Cong thirc Barrass-3 2002
DG thi tong hop két qué tinh gia tri gia ting mén nudc
Sy theo 3 gid tri Herva 5 gi tri van toe Vs (xem Hinh 9).
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Hinh 9. Dé thi téng hop Sp tinh theo Cong thirc
Barrass-3 2002
Két qua tinh toan chi tiét:
* Her=(9,8m; 10,8m; 11,8m): S, khong phu thude
Her duge thé hién tai Bang 10.

Bdng 10. Tinh gia tang mén nwdc Sp tai HCT =
(9,8m; 10,8m; 11,8m)

Vs (knots) Cy S5 (m)
5 0.56 0.28
6 0.56 0.40
7 0.56 0.55
8 0.56 0.72
9 0.56 0.91

3.5. So sanh két qud tinh theo 4 phwong phdp
Lua chon két qua tinh sy gia ting mén nude bat
loi nhat (Sp 16n nhét) cung tai myc nuéc Herr = 9,8m
theo ca 4 phuong phap.
D6 thi tong hop, so sanh két qua tinh toan gia tri
gia ting mon nude S theo Hery va 5 vén toe Vs nhu
trén Hinh 10.

S0 sinh st gia ting mon nudc tau (squat) theo cic vin tic § ciimg chiéu siu chay tiu theo cic cing thirc woe tinh
(Hct=9.8m, Vs =59 knots)
1.00

1 Sb_Bamass 2004
090 | -

| =i sb_QTTRKB.I976
080 1 e sb Vodiimura 1956
0.70 {  —e—Sb lcorels.1950
0.60 |
050 |
0.40 {
030 |
020 |

0.10 1
0.00

Hinh 10. Pé thi so sanh két qud tinh todn Sy I6n nhit
theo 4 phwong phdp tai Heri tau chay v6i 5 vin toc Vs
4. Phin tich két qua tinh toan thir nghiém
Phan tich cac gia tri tinh dugc cta ting phuong phép
két hop véi do thi tong hop, so sanh két qua tinh toan gia
tri gia ting mén nude Sy tai Hery va 5 van téc Vs theo ca
4 phuong phap, rit ra mot s6 nhan dinh nhur sau:
* Két qua tinh theo Quy trinh thiét ké kénh bién 1976
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va Cong thirc Yoshimura 1986: Do c6 xét dén day di hé
s can ciia tau trén ludng S, sy thay d6i vé chiéu su chay
tau Her, moi quan hé giita van toc va chidu sau chay tau
thong qua hé sb Froude do sau, do d6 két qua tinh toan
cho d6 tin cdy cao. Gia tri S, va Z; tinh duoc nam &
khoang gitra so vdi 2 cong thirc con lai. Tuy nhién, khi
tinh Z; theo QTTKKB 1976 dé phat sinh sai s5 trong qué
trinh tra cac dd thi thuc nghiém hodc str dung gia tri ndi
suy, nén d¢ tin cay cua QTTKKB 1976 théip hon Cong
thirc Yoshimura 1986.

* Két qua tinh theo Cong thirc ICORELS 1980:
Do khong xét dén hé sb can S, chi xét dén su thay déi
vé chiéu siu chay tau thong qua hé sb Froude biéu thi
mbi quan h¢ gitra van tde va chiéu sau chay tau, do do
két qua tinh toan cho d¢ tin cay khong cao. Gia tri S,
tinh dugc thap nhit so voi 3 cong thie con lai.

* Két qua tinh theo Cong thirc Barrass-3 2002: Do
khong xét &én hé sb can, su thay ddi vé chiéu sau chay
tau, moi quan hé gitta van tdc va chiéu siu chay tau,
do d6 két qua tinh toan cho do tin cay khong cao. Gia
trj S tinh duoc cao nhét so véi 3 cong thirc con lai.

5. Két luan

Tir cac phan tich trén, co thé thdy Cong thirc
Yoshimura 1986 c6 d¢ tin cdy cao nhét khi ap dung
tinh toan gia tri gia ting mén nude tau Sp.

Viée sir dung két qua tinh tir Cong thirc Yoshimura
1986 cho phép dbi chiéu, kiém tra két qua tinh toan
du phong d6 séu do gia ting mén nude tau Z; trong
thiét ké ludng theo Quy trinh thiét ké kénh bién 1976.

Phan tich cac cong thire (1), (2) va (3), cho thiy néu
toc do tau Vs ting 1én k lan thi gia tri gia ting mén nudc
Sy sé& tang lén & lan. Do d6, ngudi diéu khién tau can
ddc biét luu ¥ tranh chay tau tdc do cao trong ludng
nong va hep d& phong tau cham day hodc mic can.

Gia tri gia tdng mén nude Sy ty 1€ thudn voi hé )
béo thé tich Cs, do d6 véi nhimg tau co hé s6 Cs 16n
(nhu tau dau) can dic biét luu ¥ hién tuong gia ting
mén nude tau khi tau xép hang tai cang, chay tau trong
ludng hep, nong va tuan thu van toc tdi da cho phép
clia tau trén ludng.

Loi cdm on

Nghién ctru nay duogc tai trg bdi Truong Dai hoc
Hang hai Viét Nam trong dé tai mi s6: DT24-25.79.
TAI LIEU THAM KHAO
[1] Tiéu chudn quoc gia TCVN 11419:2016 vé Ludng

tau bién - Yéu cdu thiét ké, 2016.

[2] Tran Khanh Toan (2019), Luong tau va khu nuée
cua cang, NXB Hang hai, Hai Phong.

SO 83 (08-2025)



TAP CHi ISSN: 1859-316X

KHOA HOC CONG NGHE HANG HAI KHOA HQC - CONG NGHE

JOURNAL OF MARINE SCIENCE AND TECHNOLOGY-

[3] PIANC (2014), Habour approach channels design
guidelines, Report No.121.

[4] Fossen T.I. (1994), Guidance and Control of
Ocean Vehicles, John Wiley &Sons, 448 pages.

[5] Tran Khanh Toan (2025), Ky thudt bdo dam an
toan hang hdi trong viing nudc han ché, Giao trinh
giang day cao hoc chuyén nganh Quan ly cang va

An toan hang hai.
Ngay nhan bai: 10/04/2025
Ngay nhéan ban stra: 17/04/2025
Ngay duyét dang: 17/04/2025

SO 83 (08-2025)



