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TOM TAT: Cong trinh bién hé thanh dugc img dung nhiéu déi véi cac qudc gia bién, né cé vai trd quan
trong trong an ninh, quéc phong va phat trién kinh té bién. O Viét Nam, nghién ciru va phét trién cong ninh
bién I& mét trong cdc nhiém vu cdp thiét hién nay. Bai bao ndy trinh bay thuds todn va phirong phdp phan tir
hitu han (PTHH) gidi bai todn twong tdc dong luc hoc phi tuyén giita cong trinh bién hé thanh va nén san hé
duéi tde dong cia tdi trong séng va gi6. Cac tac gid gidi hé phwong trinh déng lrc hoc phi tuyén bang phirong
phép tich phan truc tiép Newmark két hop lap Newton-Rapshon va chwong trAnh tinh dige Idp trong méi
trieong Matlab. Véi thudt todn va chirong trinh tinh @ ldp, cdc tde gia da giai nhiéu I6p bai toan khac nhau
cho thdy dnh hiedng ciia cdc théng sé: tdi trong, kich thuée hinh hoc, vdt liéu dén phan ing dng ciia cong
trinh bién. Két qud c6 thé sir dung trong tinh todn, thiét ké va thi cong cong trinh bién #én nén san hé dudi tac
dong Ciia tdi trong séng va gio, gop phan phdt trién cdc céng trinh bién trong twong lai,

Tir khéa: Cong trinh bién, san hé, tdi trong song va gid, twrong tdc.

MG PAU

Nghién ctu bai todn vé phan tmg dong cua cong
trinh bién véi su tac dong dong thoi cua tai trong song,
gi6, dong chay, dong dét 1a bai toan kho song rét cé y
nghia trong thuc té, dac biét 1a khi c6 xét dén twong tac
gitra két cau cong trinh va nén san hé. Hién nay cac mod
hinh khao sat thuong gia dinh két ciu duoc ngam cing
Vvéi day bién hoac thay thé nén bang hé 10 xo dit roi
rac tai cac nut. Tinh toan thap ngoai bién khoi v6i mo
hinh tinh coc don tuong dwong, thay thé lién két nén
bang mat 16 xo don gian chiju tac dong dong thoi cua
tai trong song bién va dong dat trong nghién ctu cua
Islam va Ahmad [5]. Nghién ctru phan ung dong cua
cong trinh bién hé thanh chju tc dung ddng thoi cua
tai trong song bién va dong dat, trong d6 xem lién két
gitra két cau va nén 1a ngam cimg da dugc Khosro et
al [7] thuc hién. Nhin chung cac nghién ciru nay da dat

duoc mot sé két qua nhat dinh song cac mé hinh nay
chua phan 4nh duoc su 1am viéc thuc té cua két cau
trong nén san hd. Phét trién hudng nghién ciiu ndy, bai
bao nghién ctru, giai bai todn twong tac dong luc hoc
gitra h¢ thanh (md hinh dan DKI, dan khoan dau khi)
va nén san hd chiu tc dong cua tai trong séng va gio,
trong d6 xét su lam viéc dong thoi gitra két ciu va nén
san hd thdng qua phan tir tiép xdc.

TAI LIEU VA PHUONG PHAP NGHIEN CUU

Dua vao cac thdng tin va s lidu duoc cap nhat tir
cac chuyén khao sat cac dao ndi thuoc quan dao
Trudng Sa, thude dé tai nghién ciru khoa hoc cip Nha
nuée KC 09.07, cung cap cac s liéu vé co tinh cua san
hd va nén san hd phuc vu tinh toan, thiét ké&. Mé hinh
két ciu nghién ctru dugc moé phong tir cong trinh
DKI/14. Tai trong gié tac dong Ién cong trinh bién
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duoc xac dinh theo Kim et al [8] voi van téc gid la
ham cua thoi gian.

Phuong phéap nghién ciru: sir dung phuwong phap
phan tir hitu han, chuong trinh tinh duoc I4p trong méi
truong Matlab.

MO HINH TINH VA CO SO LY THUYET
Pit bai toan, c4c gia thiét
M6 hinh bai toan

Xét hé thanh 1am viéc dong thdi véi nén theo mo
hinh bai toan phang (hinh 1). Tai trong tac dong gom: tai
trong khong ddi P, tai trong séng bién va gio. Viéc tinh
toan duoc thue hién trén mé hinh gom két cdu va mot
phan nén (goi 1a mién nghién ctu). Kich thudc mién
nghién ctru cia bai toan duoc xac dinh bang phuong
phép giai lap [2, 3].

Wﬁi trongsan cong tac
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Hinh 1. M6 hinh bai toan
Cac gid thiét
Céc gia thiét: Vat liu két cdu 1a dan hoi tuyén
tinh, chuyén vi va bién dang cta hé 13 bé; Mdi 16p
nén 1a vat liéu dong nhat, dang huéng, dan hoi tuyén
tinh; Lién két giita cac thanh dimg va nén 1a lién két
mét chiéu; Bo qua luc dinh va su xody clia nudc.

Thuit toan phin tir hiru han gii phwong trinh
chuyén dong ciia hé

Céc phan ti sir dung

Phan tir thanh 2 niit
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Hé thanh phing dugc mé hinh héa bang cac
phan tir thanh 2 nat chiu kéo (nén), udn, trong do
mai nut ¢6 3 bac tu do u, v, O (hinh 2).

Hinh 2. Phan tir thanh 2 nat véi hé truc toa d6 cuc bd

Chuyén vi ctia mot diém bét ky thudc phan tir m
dugc noi suy theo véc to chuyén vi nut:

{uj, =[N] Y}, 1)

T
Trong do: {U}m = {U \Y 9} - véc to
chuyén vi tai diém bat ky thudc phan tir ;[N ]m - ma
tran cac ham dang cua phan tir ¢ cip 3 x 6, {U}m la
véc to chuyén vi nat cia phan tir:
.
Up Uy Uy Uyl @

Ma tran khéi lwong phén tir:

[M],, = [ PN, IN], 0V @

m

Ma tran d6 ctmg phan tir:
T
K= | Bl Dl[E], v @

V6i: p - khéi lwong riéng vat liéu, [D] - ma tran
vt liéu, [B]m - Ma tran quan hé bién dang - chuyén
Vi phan tir.

Phan tir bién dang phdng ding tham sé 4 diém niit

Chuyén vi ciia 1 diém thudc phan tir (hinh 3)
duoc ndi suy theo chuyén vi nut:

tuj, =[NL{uj, ®)

Trong do:

(U, ={U, U, U, U, U, Uy} ©
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[N]e - ma tran ham dang phén tir, ¢6 cap 1 x 4. Ma tran do ctmg phan tir:
A A A o, T
Ma tran khoi lugng phan tir: [K]e _ I [B]e [D] [B]e dVe )
T V,
[M], = Jp[N], [N].ave @
Ve
YA 3(X3,Y3) SA
4(-1,1) 31
4(X41Y4)
2(XZ 1 yZ) 0 >r
*P(r,s)
1(X1, y1) 1(_11 _1) 2(17 _1)
-
0 X
Hinh 3. Phan tir tir giac 4 diém nut véi hé truc toa do cuc bd
Phan tir tiép xiic ba bac tr do (u,v,0), nut phia dudi gin véi phan tir

nén san ho co hai bac ty do (u,v) [4]. Nhu vy mot

Trén hinh 4 12 m6 hinh phan ti tiép xtc gom hai SO !
phan i fiep xuc gom hal phan tir tiép xuc dang nay c6 10 bac tu do.

nat & mdi dau, nut phia trén gin voi phan tir coc co

Phén lign két véi phin fir coe
2 diém nut

J\ PTTX
Niit trén va dwdi ! 3

cua PTTX

Phdn tir bz’éfa dang
phang 4 digm mit

a) So' do hinh hoc ciia phan tir tiép xiic

[#) T
ana'.\'=C+qfiw_7
k,
k, I
I
Bn 5
b) Quan h¢ ung suat phdp tz{yé'n ¢) Quan h¢ ung sudt 'tié'p tqyén

va bién dang phdp tuyén va bién dang tiép tuyén

Hinh 4. So d0 phan tir tiép xtic
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Véc to sd gia chuyén vi nat phan tir {AUg}
dugc dinh nghia nhu sau [4], [1]:

(AU ={(ug—uy) (va-vi) 0, (uz—uy) (Vz—vy) 63}T(9)
Viét lai du6i dang ma tran:
{AUg | =[T]{3} (10)

Trong do:
100 10
[T]:{Cl 0 C O]cl—o 1 o| c,=| 0 (1)
0 &G 0 G 001 0 0

.
Vo 04 Uz vz B3 up Vi Uy vy (12)

Vécto sb gia chuyén vi trong hé toa do téng thé
tai diém bat cua phan tu:

aul N0 0N, 00
{Agge} =1 Av =]0 N0 0 N O {AUg}
A8 |0 0 N, 0 0 N, (13)

Quan hé sb gia tmg sudt va s gia bién dang
trong PTTX:

{Aog)=[Ats Ao, AM]" =[Dg][Au Av 6] (14)

Bang 1. Dic trung vat lidu ctia phan tir tiép xtic

TT Dac trwng vat liéu Ky hiéu Thir nguyén Céch tinh
1 Lwc dinh don vi c Lwc/(ch.dai)® Cho trudc
T . __ EQ-v)
2 Do crng phap tuyén Ky Lwc/(ch.dai) n- (1+ v)(l— 2\/)
3 D6 cing tiép tuyén k: Lwc/(ch.dai)® ke = L
' : T T2 (1+v)
4 Do cling chéng truot téi Keoe Luc/(ch. dai)? Kow =Gree

han

Truong hop bai todn bién dang phing, ma trén
[Dee] duoc xac dinh:

ke 0 0
[Dse]=| O ky 0 (15)
0 0 k¢

Ma tran do cimg cua PTTX trong hé toa do
chung [2, 4, 1]:

[Kee]=[[Bse]" [R]" [Dse J[R][Bse ] det|3] d& (16)

Trong d6 [R] 1a ma tran chuyén truc toa do,
duoc xac dinh thong qua ma tran Jacobian.

Kiém tra diéu kién bén vé tach va trugt trén
bé mat tiép xac gitra két cau vdi nén san hé duoc
thuc hién theo ti€u chuan bén Mohr - Coulumb [2,
3,12]:

Quy udc:
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Dbi v6i két cu: Gmg suit kéo 1a dwong, tmg
suat nén 1a am.

POoi v6i nén:

{0 >0 khi nbn

17
kbo an

c<0 khi

Néu tng suat co tiac dung giy kéo, trong
pham vi phan tir xuat hién sy tach cuc b gitra keét
cau va nén, gan k,~0, k:~0.

Nguoc lai, néu timg suit co tac dung gdy nén, thi
trong pham vi phan tir khong xuat hién su tach cuc
bo cua két cau véi nén. Luc ndy giir nguyén gia tri
cua do cing phép tuyén k, va tién hanh kiém tra
diéu kién truot:

Néu tmg suit tiép t < T (v = Ctofyg) thi
khéng xuat hién su trugt cuc bo gitra két ciu va nén,
lc nay gitr nguyén gia tri do cung k.

Néu ung suét tiép t© > Tgn thi Xuét hién sy
truot cuc bo giira két ciu va nén, luc nay gia tri ke



dugc giam xudng dén gia tri do cimg chdng truot
té1 han K.

Tdi trong tac dong
Tdi trong tinh

Tai trong tinh P tac dong Ién két ciu duoc quy
nt theo phuong phap chung [4].

o =0,5 CD‘UHX_U‘ ° {U
{fwy}_ R u, - (Y

Trong do: py 12 khéi luqng riéng cia nudc; Cp,
C la cac hé sb luc can va hé sé luc quan tinh; cac
thanh phan Uy, Uny, @nx, any la van tde va gia tc cua
hat nudc theo hai phuong ngang va dimg; u, v lan
luot 1a cac thanh phan chuyen két cAu va tuong Umg
la cac thanh phan van tdc, gia toc két céu

U, v, U, V va duge xéac dinh theo 1y thuyét song
tuyén tinh Airy [9].

Theo phuong phap PTHH, véc to tai trong nit
do luc phan bb tinh theo (18) duoc xac dinh theo
biéu thirc sau [9, 6]:

Tdi trong gio

Theo [6], ap luc gio tac dong Ién mot don vi
dién tich chin gi6 cua két cAu:

1
Pwin (t) :Ecppairuwin (t)COSW (20)

Trong d6: puin(t) 12 ap luc gi6, C, 1a hé s6 ap luc
gi6, pair 12 khdi luong riéng khong khi, Uuin(t) 12
ham van téc gio, w 1a géc hop boi Uy, (t) va
phép tuyén ciia mit chan gio.

Véc to tai trong n{t phan tir thanh do ap luc gio:

2 = TN (un 0]}

Anh huéng cia mot sé yéu té dén phan tmg ...

Tdi trong séng bién

Céac thanh phan tai trong song phan bd theo
phuong ngang va phuong dung cua thanh hinh try
(phan thanh ngdp nudc) dugc xac dinh nhu sau
[11, 5]

nx u 2 1 0 anx - U
. 4+0,257p,CD L)
ny \ w 0 1 any -V

Phurong trinh chuyén déng ciia hé

Sau khi tdp hop cdc ma tran, véc to tai trong
tong thé, dua vao cac diéu kién bién, hé phuong
trinh vi phan dao dong ctia hé cd dang sau:

[MI{O}+[C{u+[K]{U} = (R}
Khi xuit hién su tach hodc truot (hoac démg
thoi) tai bé mat tiép xuc giita két cAu va nén san ho,
ma tran do cung phan tir tiép xtc phu thudc véc to
chuyén vi nut:

[Kse] :[Kse ({U})]
va dodo: [K]=[K({u})], nén[C]=[C({U})]-

Hé phuong trinh chuyén dong (22) duoc viét lai
nhu sau:

M0} [ (U0} +[K((UD)](U} = (R} 29

1a hé phuong trinh vi phan dong luc hoc phi tuyén.

(22)

Hé phuong trinh (23) duoc cac tAc gia giai bang
cach két hop phuong phap tich phan truc tiép
Newmark va ldp Newton-Raphson va lap trinh tinh
trong moi treong Matlab.

KET QUA VA THAO LUAN
Vi du sb

M0 hinh bai toan hé thanh phang 1am viéc dong
thoi voi nén san ho, o kich thude, lién két nhu trén
hinh vé (hinh 1).

Thong sé két ciu: cac kich thuéc H,=20,1m,
H3=20,5m, By=12m, B,;=26m, B,=35m, gdc nghiéng
cta coc chinh B = 8% Céc coc chinh, coc phu, thanh
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ngang va thanh xién c6 mat cit ngang hinh vanh
khan, trong d6: coc chinh c6 duong kinh ngoai
D,=1,031m, chiéu day thanh éng t;=2,2cm; coc phu
¢6 duong kinh ngodi D,=0,914m, chiéu day thanh
dng t,=4,4cm; thanh xién va thanh ngang c6 dudng
kinh ngoai D;=0,610m, chiéu day thanh oéng
t;=2,7cm. Vat liéu dan bang thép, c6 mdédun dan hoi

E=2,1.10"N/m? hé sb Poisson v = 0,3, khéi luong
riéng p = 7800kg/m®.

Thong sé nén: Nén gdm 5 16p, dic trung co
ly cua cac 16p vat liéu dugc ldy theo két qua thi
nghiém tai hién truong 1 dao thudc quan dao
Truong Sa nhu bang 2.

Bang 2. Dic trung vat liéu nén san ho [10]

Po sau =

. f Hé s6 ma sat véi P
Lép ) (Nem?) vi (ng/)m3) * thép 1. Ty sécan &

1 4 2,83x10" 0,27 2,55x10° 0,21

2 10 2,19x10° 0,25 2,60x10° 0,32

3 20 2,03x10° 0,22 2,95x10° 0,41 0,05

4 35 2,71x10° 0,25 2,00x10° 0,43

5 50 2,18x10" 0,30 2,32x10° 0,47

Thong sb tai trong: chidu cao séng H,,=16,56m,
dd sau nudc Hyp=21m, khdi lwong riéng nudc
pw=1000kg/m®, chu ky séng T,=7,83s, hé s6 luc can
Cp=0,75, hé s6 quéan tinh C,=2,0. Hé sb ap luc gid
Cp=1, khdi luong riéng khong khi ps=1,5kg/m’,
van téc gio theo thoi gian Uyin(t) duoc cho dudi
dang gian do van tdc [8].

Kich thudc mién nghién ciru: Bé rong By=135m,
chiéu cao Hy=50m, voi sai sd lip xac dinh mién
nghién cuiru € = 0,5%.

CHUYEN VINGANG TAI DINH DAN (NUT 64)
0.16

sraiu Ry
e NN R
| ARl
/ L
NRAIRRRA
i | U\‘ |

Thoi gian t [s]

Diéu kién bién: Lién két ngam tai bién day va
g6i di dong theo phuong ding tai bién bén cua mién
nghién curu.

Thoi s0 tinh
¢D=0,25%.

gian tinh tcal =100s, sai

Trén hinh 5 1a dap tmg chuyén vi ngang, chuyén
vi dung tai dinh dan (nit 64) va dap ung moémen
uén tai chan coc chinh va chan coc phu.

x10° MO MEN UON CHAN COC CHINH VA COC PHU

s Mz coC chinh

l —'.—Mzcucphu
| HAl g
& I8l | ! N it

b & A v o v p o ®

Mo men Mz [Nm]]

N

o
——"
s
—
—
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S
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s
IS
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Thoi gian t [s]

Hinh 5. Bap tg chuyén vi ngang tai dinh dan (nGt 64) va va mémen udn chén coc

Anh hwéng ctia mét sé yéu té dén phan wng dong
cuia hé

Anh hiong ciia médun dan hoi vat liéu coc chinh

V&i bai toan dat ra, cho mdédun dan héi coc
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chinh Eg thay déi tir 2,1x10°N/m? dén
2,1x10"N/m? Két qua bién thién cac gia tri 1on
nhit vé& chuyén vi ngang tai dinh gian va mémen
ubn 16n nhat xuit hién tai chan coc chinh nhu
trong bang 3.



Anh huéng cia mot sé yéu té dén phan tmg ...

Béng 3. Bién thién gia tri 16n nhat chuyén vi ngang tai dinh gian va mémen chan coc chinh

Ecnx10' [N/cm?] 2,10 5,88 9,66 13,44 17,22 21,00
U)r?ax %1072 m] 46,043 26,262 20,305 17,038 15,335 14,196
WBX <10° (Nm] 1,7922 2,3938 2,7573 3,0470 3,3718 3,6636

Trén hinh 6 thé hién méi quan hé chuyén vi 16n
nhat va mémen uodn 16n nhat tai chan coc chinh va
modun dan hoi Eg, cua vat li€u coc chinh.

Nhén xét: Khi mé dun dan hoi Eg, Ciia vat liéu coc

ANH HUONG E COC CHINH DEN (Ux), . (NUT 64)

0.6

0.5

0.3 \

0.2

Chuyen vi (Ux), [m]

0.1

0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
Mo dun dan hoi E [N/m?] x 10"

chinh tang, chuyén vi ngang giam, con mémen uén tai
chan coc chinh ting 1én. Cu thé voi bai toan khao sét
chuyén vi ngang 16n nhét tai dinh gian giam 69,17% va
moémen uén 16n nhét tai chan coc chinh ting 1,1 lan.

05 10° ANH HUONG E COC CHINH DEN DEN (Mz), . COC CHINH

3.5

2.5

Mo men (Mz) _ [Nm]

>

21/

1.5

0.4 0.6 0.8 1 12 1.4 1.6 1.8 2
Mo dun dan hoi E [N/m?] x 10

Hinh 6. Anh huong ciia moédun dan hoi Eg, Cia VAt liéu coc chinh dén chuyén Vi ngang
I6n nhat tai dinh gian va mémen uon 16n nhat tai chan coc chinh

Anh huong ciia dwong kinh ngodi coc chinh

V6i bai toan dat ra, cho dub‘ng kinh ngoé}i
coc chinh Dch thay d6i tur 0,72m dén 1,5m. Két

qua bién thién cac gia tri 16n nhit vé chuyén vi
ngang tai dinh gian va mémen uén 16n nhét xuat
hién tai chan coc chinh nhu trong bang 4.

Bang 4. Bién thién gié tri 16n nhat chuyén vi ngang tai dinh gian va mémen chan coc chinh

Den [M] 0,72 0,87 1,03 1,19 1,34 1,50
U)r?ax %1072 (m] 19,315 16,322 14,196 12,944 12,193 11,616
max 6
M7® x10° [Nm] 2,3267 29171 3,6636 4,6481 57603 7,0748

Trén hinh 7 thé hién mbi quan hé chuyén vi 16n
nhat va mémen uodn 16n nhat tai chan coc chinh va
duong kinh ngoai D¢y, ctia coc chinh.

Nhén xét: Khi duong kinh ngoai coc chinh Dy

tang, chuyén vi ngang giam, con mdmen udn tai
chan coc chinh ting 1én. Cu thé voi bai toan khao
sat chuyén vi ngang 16n nhit tai dinh dan giam
39,86% va moémen uén 16n nhét tai chan coc chinh
tang 3,4 lan.
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ANH HUONG D COC CHINH DEN (Ux) ., (NUT 64)
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Duong kinh ngoai coc chinh D [m]

Hinh 7. Anh huéng ciia duong kinh ngoai coc chinh D dén chuyén vi ngang 16n nhat
tai dinh gian va mémen udn 16n nhat tai chan coc chinh

KET LUAN

DA thiét 1ap thut toan PTHH va chuong trinh phan
tich dong luc hoc phi tuyén tuong tac gitra két cau hé dan
phang va nén san ho chiu tic dong dong thoi cla tai trong

séng va gio.

Tinh toén vi du sb twong tac giita két cAu dang
hé thanh phang va nén san ho lam viéc dong thoi,
khao sat anh huéng cua mé dun dan hdi coc chinh
va duong kinh ngodi coc chinh dén phan tmg dong
cua hé, dua ra khuyén c40 ¢o tinh chét tham khao

cho tinh toan két cAu tuong tac véi nén san ho.
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Anh huéng cia mot sé yéu té dén phan tmg ...

EFFECT OF SOME FACTORS ON REACTION DYNAMICS OF
THE OFFSHORE STRUCTURE UNDER WAVE
AND WIND LOADING

Nguyen Thai Chung and Nguyen Van Chinh
Le Quy Don University

ABSTRACT: The jacket type offshore structures are widely applied for marine states, it has an important
role in security, defense and marine economic development. In Vietnam, research and development of marine
structures is an urgent task at present. This paper presents finite element algorithm and a calculating method
of nonlinear dynamic interaction between jacket type offshore structures and coral foundation under wave and
wind loading. The authors have solved the nonlinear dynamic equations by Newmark and Newton-Raphson
method and built the calculation program on Matlab software. On the basis of the algorithm and the
calculation program has been developed, the authors have investigated the problem with many different
parameters to see the influence of these factors: weight, geometry, material to the dynamic response of the
marine structures. The results can be applied in calculation, design and construction of the marine structures
on the coral foundation under wave and wind loading, contribute to the development of future marine
structures.

Key word: offshore, coral foundation, wave and wind loading, interaction.
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