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Tinh toan day buong u kho theo mo hinh dam neo 
vao nen dan hoi 

• TS. NGUYIN T H A N H SON - TrUdng Dai hpc Hdng hdi Viet Nam 

TOM TAT: U kho la mpt trong nhung cong trinh 
thdy cong quan trong va pho bien trong cac nha 
may dong tau Cac tai trpng tac dgng va qua trinh 
tinh toan u kho la rat pl-iuc tap Viec tinhi toan, thiet 
ke u kho bao gom tinh toan cac bd phan gom 
tuong, mo, day buong, dau, nen ci!ia chung va cac 
cong trinh phu tra, he thong thiet bi di kem Trong 
do, viec tinh toan day buong u kho la rat kho khan 
do ket cau cong trinh pPiuc tap, cac logi tai trpng 
tac ddng len day u da dang, co tinh bien dgng cao, 
dac bi$t t i l trgng nguy hiem la t l i trgng day noi va 
hi§n nay con ton tai nhieu phuong phap tfnh toan 
khac nhau, Trong bai bao, tac gi^ trinh bay phuang 
phap tinh toan day buong u kho theo mo Ininh dam 
neo vao nen dan hoi 

TLf KHOA; U kho, nha may dong tau, day buong, 
t i l trgng day noi, neo, nen dan hoi 

ABSTRACT: Dry dock is the one of most important 
marine construction in shipyards The analysis of 
impacting loads and the design of dry dock are very 
complex and difficult. The analysis and design of 
the dry dock components include walls, abutments, 
bottoms, head, base, auxiliary structures and 
equipments, In which, the calculation of the dry 
dock bottom is very complicated and difficult due 
to the impacting load including the dangerous 
floating load This paper presents the method of 
calculating the dry dock bottom in the model of the 
beam anchored to the elastic foundation 

KEYWORDS: Dry dock, shipyard, dry dock bottom, 
floating load, anchor, elastic ground. 

I .DATVANDE 
y kho la mot cPng trinh thuy cdng chju t l i trpng 

phdc tap. Cle ket cau xay dung elc bd phan eua u can 
phi i cd dp ben can thiet khi tiep nhan t l i trpng ddng va 
ngang do tau, thiet bi ning ehuyen, dat va nUde. Viec tinh 
to in cae bd phan cua u khd bao gom viee xlc dinh cac 
kich thudc hpp ly sao eho b io dam dieu kien khai thac 
binh thudng, tin cly trong nhdng dieu kien ta nhien xae 
djnh va vdi nhdng tai trpng khai thae eu the. Cae bp phin 
eua y khP can phi i tinh to in la tudng, mo, day budng va 
dau, nen eua ehung, ket cau tram bom, duPng can true. 

dudng ham eong nghiep, ket eau ke bP, he thdng cap 
thoat nudc va thiet bj tieu nudc... Trong dd, ket cau nen 
can phi i duoc tinh toan theo hai trang thai gidi han. 

Cac t i l trpng t ie ddng len diy budng u bao gdm: Tli 
trpng ddng do trong lupng ban than tUdng va dat t ic dung 
len lung tUdng, mP-men do cle lUc nay gly ra lay ddi vdi 
giao diem gida bien tUdng mat cua tadng vdi mat trung 
hoa cua b in day; lUc ngang gly nen b in diy v l bing tong 
tat c l cle lUe ngang tac dung len buong u; trpng luong 
nUde trong budng u; trpng lUpng b in th in diy; ap lUc day 
noi; phin lUe cCia dat nen. Trong do, ap lue day noi cd the 
xem la t l i trong nguy hiem nhat ddi vdi buong y. 

y khd cd the d im bio daoc dp on dinh vdi eae phuong 
phip phd bien nhu ket cau dang budng u trpng lUc, buong 
u neo vao dat vdi cpc be tdng edt thep suat trUde va buong 
u neo vIo dat vdi cle thiet bi neo (he thdng neo mem). 
Trong do, thiet bj neo la mpt trong nhdng phuong tien co 
hieu qui trong viec gi im trpng luong ket eau xay dUng, 
gi im gi l thanh va rut ngan thdi gian thi edng. Pham vi ap 
dung thiet bj neo ngay cang dUOc md rpng vdi cac u khd 
hien dang duoc xay dung hien nay. Vi vay, nhu eau xiy 
dung mot md hinh tinh toin day buong u noi rieng va elc 
bd phan buong u noi ehung la rat can thiet. 

2. TINH TOAN G A N D U N G DAY U OtiOC NEO VAO 
NEN O A N H 6 | 

Cit tam day thanh cae dai ngang eo ehieu rpng b, 
bang bade eua elc neo trong cac hang dpc (Hinh 2.1). Gil 
sd, tat ea cac dai deu n im trong nhdng dieu kien holn to in 
tuong t u v l tuong t ie vPi nhau chi qua nen dat, eon tat c l 
eae neo eua mpt hang dpc the hien tac ddng len nen va 
diy dudi dang tap hpp eae tai trpng bing nhau ve tri so v l 
each deu nhau. Chung ta se tinh toan mot d i i khi xet tdi 
Inh hudng len nd eua eae dai cdn lai va eua cae neo thupc 
no. Ta se gan cho tat c l elc dai so hieu: ^ - 0 da dapc tinh 
toan, con eae dai eon lai theo thd tU, nhu da trinh bay tren 
hinh: X = 1,2,..., Ap, trong do Ap la so d i i theo moi phia so 
vdi dai da dupc tinh toin, cd the Inh hudng thue sU tdi no. 

Hinh 2.1: 
Tam dam dupt: neo 
vao nen dan hoi 
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Nhu vay, dai duoc xet la dai cd dp edng thay doi 
(Hmh 2.2a), tua len nen dan hoi v l cae gdi dan hdi mem 
(elc neo), tuong t i c vdi nen va vdi nhau.Thay sutiep xue 
lien tuc cua d l i vdi nen bang n + 2 goi gia dinh ed bUdc 
II c (Hmh 2.2b). Viec rdi rae hda dien tiep xue d d iy dae 
biet ed y nghTa, vi dai ngay td dau da eo t goi t i p trung 
(cac neo). 

i i' i i 

t I I i 

Hinh 2.2: Dii eo dd edng thay doi, dupc neo vao nen dan hoi (al­
so do tinh toan cda dai (b): sa do tuang duong (c); 

cac phin lue goi do cic an lue don vi (d, e); sa do tinh toan 
don giin (f) va suphan bd tuong ung cua eie phin luc gdi 

do cac luc trong neo gay ra (g) 

Chung ta tiep nhan he cO b in phu hpp vdi phuong 
phap luc (Hinh 2.2c). Cle lUe chua biet gom elc md-men 
uon tren n thanh "tiep xuc"va cae phin lUc P f thanh "neo" 
la moi quan t i m trUdc het trong sd tat ca elc ket qua tinh 
toan. Trong trUpng hpp neo cP cang trUPc cac an lUe N 
can phi i hieu II dp ehenh lech cua eae ndi lue cang cua 
cle diy neo so vdi gia tri cang trude T. 

Bleu dien he phuong trinh ehinh tae dUdi dang ma 
tran [7]: 

Trong do: Dau "'" ed nghia la toan td ehuyen tri eua 
ma tran. 

Khoi [A] cd kieh thudc n x fva phan td a^,^ eua nd la 
gde md eua khdp thd / dUPi t ie dung cua (V̂  = 1 gay ra. 
Chuyen vj nly ehi lien quan tdi cle bien dang dan hdi cua 
nen duPi tae dung cle elc npi luc phan bd tren mat nen 
va ben trong nen N^ = 1 gay ra. 

Phan tda,^ eua khoi [A]' la ehuyen vj tong qui t tren 
huPng luc N dudi tac dung cua M = I gly ra; nd ehi lien 
quan tdi bien dang dan hdi eua nen va ta tong hpp eua 
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chuyen vi dUng cua nut lien ket vdi d l i cua day neo g va 
dp lun cua ban th in day neo do. 

Khoi [A] la ma tran vudng cap f. Phan td 5 ,̂, cda no la 
ehuyen vi tong qu i t tren hudng eua lUcW^dUdi t i c dung 
eua Wft = 1- Chuyen vj nay la tong hpp ehuyen vj hudng 
len cua nut lien ket day neo vao d l i g va dp lun cda neo 
g do t l i trpng dupe tao ra tren be mat nen va beri^trong 
nen bdi cae lUc N^ = 1 gay ra. Khi g = /i ehuyen vj a^^ bao 
gom dp dan dai cua d iy neo dudi t i e dung eda lUe dm 
vi g ly ra. 

Phan td b cua khdi eua elc so hang tu do [b] 1̂  
ehuyen vi tong qu i t tren hudng eua lUe N dudi t ie dung 
eua cle ngoai lUe gay ra. Chuyen vi n ly chi lien quan tcfi 
cac bien dang dan hdi cua nen, vi cac ngoai t l i ndt khong 
gay ra uon elc doan cua d l i va dUpc truyen theo cac 
thanh "tiep xdc" len be m i t cua nen. Cic thanh phan b 
do tac dung cua nhiet dp gay ra bang khong. 

Hmh 2.3: Dp lun cua nen dan hoi dudi tic dung cda cac tii trgng 
dat tren be mit (a) vi dudi dp sau gin neo (b) 

Cic bieu thde dp lun eua trung t i m doan tiep xue 
thd / eua dai dang xet vdi nen v l diem nam P dp sau thap 
hon trung tam nay, tuong dng dudi dang sau: 

/ = sF̂_jP va/^ = sF,/j (2) 
Khi ^ -»• CO chung ta se cd trudng hpp bien dang 

phang eua Idp dan hoi, do dd ddi vdi ham F - ¥^(p = 
\i-j\) da biet v l bieu thde gi l i tieh va el g i l tri sd. 

Dp lun cua trung t i m cua doan thU / theo dien tiep 
xue eua dai tinh toan vdi nen va dp lun cua neo thCli, 
thupc ve d l i nay, do t l i trpng truyen len nen bdi mdt neo 
don eo sd hieu {X) cua hing dpc thdy, tuong dng dudi 
dang sau: 

f,j=sP,jN^W3j,j=sF,^N^ (3) 
Trong do: 

K=^'?'+si;^';'; ^..,=^!?+21F!" 

He so khdng thd nguyen s 6 tat c l eae cdng thdc can 
phi i cung la mpt. Khi xay dung he phUOng trinh ehinh 
t ie, tat c l eae phan td cua nP deu duoc nhan vdi c-/s. 

Theo cae gia tri tim dUOc tU viee giai he phuong trinh 
cua elc mP-men uon d goi M^,..., M se xay dUng dUOc 
bieu dd md-men trong d l i . Cac npi lue trong cle thanh 
"tiep xdc"dupe tim theo eong thdc sau: 

<t=P+-(M,_,-2M,+M,_,)- (4) 

Cac lue gay keo trong cle d iy neo la-

S, = T , - N , (5) 
Trong dd: T^ - Npi luc cang trudc. 
LUC T̂  duoc xem xet nhu elc npi lye da biet trong 
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cac thanh "neo" (Ŵ  = - T^) khi khdng ton tai cle t i c dpng 
ngoai. Cac npi lUc tuong Ung vdi vj tr i nay trong dai duac 
tim td viee giai he sau: 

[4W-HH (6) 
Trong do: 
[t]̂ „„ = [. . . TgT^ . , .y 
Con cle ma tran [A], [A] va [m] cung nhutrong he {1). 

3. Vf DU TINH T O A N OAY U D U O C NEO TRUOC 
B A N G CAC NEO V A O NEN O A N HOI 

Xet mpt d iy be tong cot thep cua buong u (H'mh 3.1), 
dupe gid chong day ndi nhd neo dng sul't trade. Day ty 
len ldp dat day 12m co cae dac trUng £^-400 kC/cm'va 
Pg - 0.3, DUPi IPp dat n ly la IPp dat eo thong sd co ly tdt 
hon {E| = 5000 kG/em^ va /J, - 0.2). Day neo (cap) la bo spi, 
cd tiet dien ehung la F^ - 9cm^ bang thep cudng dp eao 
(E^= 1.8.10^ kG/em^). Chieu d l i eua day td dau cang den 
khdi neo /^- 16.2m. Khi dp dan dai cua day cap trupt tu 
do ben trong ong b io ve - than be tong ed dUdng kinh 
0.5m. Ndi lUe eing trade eua tat ea cic d iy neo la nhU 
nhau va bang 100 T. Bade cua cle neo tren hudng dpc 
budng u bang 3m. Day y dupc tinh vdi t l i trong P - 150 
T/m dai do trong lUpng cua tau duac dat trong buong y 
gly ra va tinh vPi lue cang trade cua cic day neo. 

Hinh 3.1: Mat cat ngang day u, duac neo trude bdi cac neo vio 
nen dan hdi (a) va sa do diy tuong duong (b) 

Chung ta tinh to in d l i cd chieu rpng b - 3m, dupe 
elt ra td day d phan trung gian theo ehieu dpc buong u. 

Do tinh doi xdng eua he tuong duong, he phuong 
trinh cua phuong phip lUc cd the dupe thiet lap ddi vpi 
12 an la 8 mP-men uon (M^, . ., M )̂ trong dai tren cae 
thanh "tiep xue" v l 4 lac(Nj, N^, N^, N )̂ trong cle thanh 
"neo". Do dp eUng cua d l i khong doi nen: 

Uv khi |/-yj-0, 
V khi | i - , / i - l , 

[o khi j(-7|>2. 
=n-.i^ 

He sd khdng thU nguyen cua dp mem tUong doi cua 
doan tfnh nhUsau: 

, = l z i i . ± 1 0 ^ = 0,2411 lO-^m/T; 
prE^b ;:.4000.3 

s 6EI,[ U J J 0,2411 62 I0'3 1,i=[ [ij] 

Viec gi l i he phuong trinh tuong dng vdi trUdng hop 
tfnh toan day u chiu t l i trpng do trong lUOng eua tau, 
duoe cho duPi day: 

He phuong trinh dudi dang s6 
r iT096a 9583608149 0 2755 0 0650 002K 

n,o»a7-9sso6'o,8i93 0.133 

17,1095-9.5ii 

L 

001S6 Qowi\ n i i i i 06ii 

U,07S9 0,0247; .0,6815 6,47 

0.8766 0.2740|J].I586 4).7( 
.•.3102 0.3I39;.O.I034*JI 

S -0 1586 .0 078} 
B.0,23SI .0.1267 

a-2,0026-2.IK73 

7 1.3544 0,4232 
47.SK4 l,7B72 

Ket qu i gi l i he phuong trinh tim dUOc: 

M , = - 3 6 , 8 7 9 ; A / , = - 7 0 , 5 5 8 ; M 3 - - 8 9 , 8 6 5 ; 

M , = - 6 8 , 8 I 3 ; M s = - 4 , 5 4 3 ; M , - 1 4 8 , 7 9 ; 

M, = 3 87,64; M^= 775,53; N[ = 775,53 ; 

Tren Hmh 3.2a bieu do mP-men uon do t l i trpng nay 
gay ra dupc chi ra bdi dudng net lien.Tung dp cua bieu do 
dapc tfnh cho mot met d l i day, trong do cCing ehi ra cac 
phin lUe eua cle day neo dat vao day, nghia la cle lUe N, ma 
luc cang trUdc cua diy neo dudi t i c dung eua khoi lupng 
tau len day lam gi im bdt ehung. Tong cpng cle phin lue 
ciia day neo cua mpt hang neo ngang ehiem vao khoing 
80.7 T, hoac gan 18% t l i trpng do khdi lUOng tau phan bd 
len d l i diy eP ehieu rpng b - 3m ma cae neo nly neo gid. 

Trong trudng hpp bo qua sU lam viec eua neo trong 
tinh toan, bieu do mo-men uon trong d iy u eo dang dUOc 
ehi ra tren Hinh 3.2a bang dudng net gach dUt. 

Hinh 3.2: Cac bieu 
do md-men uon 
trong day u do trpng 
luang tau gay ra (a) 
va luc cang trudc 
cua day neo (b) 
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Tren Hmh 3.2b dadng net lien ehi ra bieu do mo-men 
uon trong day do lUe cang trUdc eua elc day neo gay ra. 
Dudng net gach ehi ra bieu do md-men uon, tUong dng 
vdi trUPng hpp bo qua npi lUe Ti trong tinh toan, d i t 
trong nen, nghia la bieu do n ly tUOng Ung vdi trUdng 
hop diy khong cd neo, dupe tinh to ln vPi tai trpng tap 
trung P = P. 

4. K£T LUAN 

Nhuvay, ro rang la sU lam viec cua cac neo lam gi im 
trang th i i Ung suat - bien dang cua diy u. Cung vPi viee 
tang dp cdng eua eae day neo, ty le tham gia eua cle neo 
vIo tiep nhan t ie dyng ngoai tai t ie dyng len diy se eang 
Idn.Tuy nhien, nen luu y ring gidi han thay doi npi lUc do 
neo truyen len nen cang nhd, mUe bao d i m on djnh eua 
nd d trong dat cang Idn. 

Qua nhdng phan tieh va vi dy tinh toan P tren, bai 
b io da trinh bay phuong phap tinh toan day boon u khd 
theo md hinh dam neo v l nen dan hdi, la phuong phap 
hien dai va hien dang duac ap dung phd bien ddi vdi cle 
y kho tren the glPi hien nay. Day cung la sU tham khao 
hdu ich cho cle ky su, g i lo vien va sinh vien eCia nglnh 
xay dung cdng trinh thuy. 
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