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Tém tat

Nghién ciru nay trinh bay két qua mo phong s6 v& ung xir va do bén du cua két chu tau vo composite khi bi dam va boi
tau khac véi cac kich ban ¢am khac nhau. Dau tién, phuong phap mé phong sé duoc xdy dung trén phan mém thuong mal
ABAQUS. Pé kiém nghiém d¢ chinh xac va tin cdy cta phu‘o’ng phap mo phong s6 da xay dung, cac két qua md phoéng sb
dugc so sanh vai cac dit liéu thi nghiém va phén tich Iy thuyét da duoc cong bé cho cac bai toan va cham trén tim composite.
Tiép theo, cac nghién ctru khao sat tham s duoc thyuc hién trén mé hinh tau vo composite thyc té d& danh gia mac do sut
giam do bén két cdu trong hai trudng hop nguy hiém 13 tau trén dinh séng va tau trén day séng. Su anh huéng ctia cac tham
s6 nhu tde do, khéi luong, vi tri va cham ciing nhu hinh dang miii tau dam va t6i tng xir dam va va do bén du cua két ciu
da duogc khao sat va danh gia chi tiét. Cac két qua nghién ciru nay khong chi co thé ap dung dé dy bao do bén du cia cac tau
thue té sau sy cd dam va ma con 1a dit liéu ban diu vao quan trong cho giai doan thiét k& so bd nhim nang cao kha nang
chéng va cham cho két c4u tau composite.

Tir khod: d6 bén du; tau vé composite; mo phong s6; thu dam va; tiéu chudn pha huy Hashin.

ASSESSMENT OF IMPACT RESPONSE AND RESIDUAL STRENGTH OF COMPOSITE SHIP
STRUCTURES UNDER SHIP COLLISION
Abstract

This study presents the numerical simulation results of the behavior and residual strength of a composite ship structure
when it collides with service vessel under various scenarios. Initially, a numerical simulation method is developed using
the commercial software ABAQUS. To validate the accuracy and reliability of the developed simulation methodology,
the numerical results are compared with experimental data and theoretical analyses for composite plate impact problems
published by other researchers. Subsequently, parametric studies are conducted on a realistic composite ship hull model to
assess the degradation of structural strength under two critical conditions: hogging and sagging. The effects of parameters
such as collision speed, mass, impact location, and the geometry of the striking ship’s bow on the collision behavior and
residual strength of the structure have been thoroughly investigated and evaluated. The results from the study not only
provide a predictive method for evaluating the residual strength of actual composite ships but also valuable input data for
optimizing design, facilitating improved collision performance of composite ship structures.

Keywords: residual strength; composite ship hull; numerical simulation; ship collision; Hashin failure criterion.
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1. Pat vin dé

Trong nhimg nim gan day, sy phat trién nhanh chong ctia vét liéu composite trong nganh dong tau
d3 m& ra nhiéu co hoi cho viéc thiét ké va ché tao cac két cau tau bién nhe, bén va hiéu qua hon. So
vo1 vat liéu kim loai tmyén théng nhu thép hodc nhom, vt li€u composite dic biét 1a cac loai bt soi
nhu soi thuy tinh gia cuong nhwa nén polymer (GFRP) d3 mang lai nhiéu loi thé vuot troi nhu khéi
luong riéng thp, kha ning chéng an mon cao, dic tinh giam chan tbt, thoi gian bao dudng dinh ki
dai va linh hoat trong thiét ké hinh hoc [1-3]. Nhiing uu diém nay khién composite (GFRP) trg thanh
lua chon ti wu cho céc loai tau nho, tau tudn tra, tu cao tdc, tau c4, tau dich vu g?m bo hodc cac tau
nghién ctru chuyén dung [4, 5].

*Téc gia dai dién. Pja chi e-mail: thangdq@ntu.edu.vn (Thing, . Q.)
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Trong thyc tién van hanh, tau vo composite thuong xuyén d6i mat véi cac nguy co va cham tir tau
khéc, dic biét 1a tau dich vu, tdu c4 hodc vat thé trdi ndi trong khu vuc cang va viung ven bd noi ma
tan sudt va cuong do va cham co thé gay ra cac hu hong nghiém trong cho két ciu than tau. Cac vu
va cham tau thudng gy ra cac thiét hai nghiém trong nhu pha huty két cdu than tau tai vi tri va cham
gay ra sy ¢b tran dau, chim tau, 6 nhiém moi truong dan t6i thiét hai kinh té va tham chi tinh mang
con ngudi [6]. Pac biét, vo tau composite c6 co ché pha huy kha phuc tap khi chiu tac dong dot ngot
tir tai trong va cham hodc dam va. Khong giéng nhu vt liéu kim loai vn c6 kha ning bién dang déo
hép thu ning lugng va cham, composite thudng trai qua qua trinh hu hong gion véi cac co ché nhu
nat ma trén, bong tach 16p, dit soi va tach 16p vo ngoai, ddn dén su suy giam nhanh chong kha ning
chiu tai sau va cham [7].

Céc va cham gitra tau dich vu va tau vé composite hodc vat thé troi ndi 6 thé dan dén phé hay
cuc bo két cdu, gdy nguy co mat 6n dinh va anh hudng truc tiép dén an toan hang hai. Trong nhiéu
tinh hudng, diéu cap thiét ngay sau va cham 1a phai danh gia nhanh tinh trang pha huy két ciu tai khu
vuc bi ddm va dé xac dinh kha ning tiép tuc van hanh an toan cta tau, vi du nhu quay tr¢ lai cang dé
stra chira hodc tiép tuc hanh trinh. Tuy nhién, viéc stra chita tirc thoi cac hu hong trén bién thudng gip
nhiéu han ché do diéu kién thoi tiét, vi tri hoat dong va ca yéu cau kinh té — k¥ thuét. Do d6, mot danh
gia dang tin cdy vé do bén du sau va cham cua két cdu tau 1a diéu kién tién quyét dé hd trg quyét dinh
van hanh ciing nhu d& xuat phwong an stra chira phu hop [8-13].

Viéc danh gia tng xur dam va va dy doan do bén du cua két ciu sau va cham gitp tinh toén, tdi
uu ché tao két ciu c6 do bén tét hon. Hién nay, hai phuong phéap chinh nghién ctru va cham tc do
thip cta két cdu 1a kiém tra co tinh bang thyc nghiém va mé phong s6 [14-21]. Do yéu cau cao vé
kinh phi ctia phwong phép thuc nghiém, nhiéu nghién ctru sir dung phuong phap s6 & mé phong qua
trinh va cham toc do thap cua két cau. Hién nay da c6 mot sé nghién ciru md phong va cham trén vat
liéu composite. Tuy nhién, phan 16n cac nghién ctiru nay chi tip trung vao tAm phing trong diéu kién
1y twéng hoa hodc cau kién riéng 1é véi tai trong don gian tai phong thi nghiém. Cac nghién ctru nay
da gitip 1am sang to qua trinh hap thu ning luong va co ché pha huy vét liéu nhung lai chua phan 4nh
diy du cac tinh hudng thuc té, trong d6 va cham xay ra trén két cau tau khi ddm va véi tau khac hodc
vat ran troi ndi, co tai trong bién phtrc tap va tuong tac vdi song bién. Dic biét, con thiéu cac nghién
ctru d4nh gia hé qua va cham trong diéu kién lam viéc dién hinh ciia tau khi tau trén dinh song va day
song. Cu thé 12 phan tich chi tiét vé mirc giam d6 bén du gin véi timg kich ban va cham nhu thay déi
van tdc, vi tri va cham hay hinh dang miii tau dam.

C6 mot sé cac nghién ctru tién phong vé d6 bén gidi han va Gmg xtr sau va cham cia tau khi tau
trén dinh séng va day song. Tiéu biéu nhu nghién ctru ctia Tatsumi va cs. [22] vé d6 bén tau container
dudi tac dong ddng thoi cia mo men ubn va tai trong cuc bd, hay cac phan tich ciia Qinghu Wang va
cs. [23], George Jagite va cs. [24] trén cac tau container ¢& 16n 16,000 TEU. Gan day hon, Do va cs.
[10] va Park va cs. [25] dé thuc hién thi nghiém va mo6 phong sb ing xir va cham va do bén du sau va
cham cua box girder. Tuy nhién, hau hét cac nghién ctru trén déu tép trung vao dbi tuong tau vo thép.
Céc két qua nay khong thé ngoai suy hodc ap dung cho tau vo composite do sy khac biét cin ban vé
dic tinh vat liéu va co ché pha huy. Téi thoi diém hién tai, chua co nghién ctru nao vé d6 bén du cua
két cdu tau vo composite.

V6i cac khoang tréng nghién ciru trén, nghién ctru ndy duoc thyc hién nham phat trién mot phuong
phap mé phong s6 chinh xac dé danh gia img xir va cham va do bén du cua két cdu tau vo composite
trong cac kich ban dam va dic trung bdi tau dich vu. M6 hinh sb dugc xay dung trén nén tang phén
mém ABAQUS, c6 kiém chimg thong qua so sanh vai dit liéu thuc nghiém va phan tich Iy thuyét trén
cic mau composite cta cac cong bd trude ddy. Sau d6, nghién ciru tién hanh khao sat anh hudng cua
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cac yéu td chinh nhu tdc do, khdi luong, vi tri va hinh dang miii tau va cham dén ung xu két chu va
muc suy giam do bén con lai trong hai trang thai udén nguy hiém la dinh song (hogging) va day song
(sagging).
2. Mo phéng sb

bé kiém ching d¢ tin cdy, mo6 phong dugc thuc hién trén Abaqus/Explicit va so sanh voi dit liéu
cong bo trudce. Sai khac gitra hai két qua dugc phan tich dé danh gia do chinh xac ciia phuong phap.
Twr d6, md hinh m6 phdng s6 dang tin cay dugc xay dung va ap dung cho bai toan va cham va danh
gia dg ben du cua tau vo composite kich thude thuc.
2.1. Gidi thiéu cac mo hinh thi nghiém

M6 hinh s6 dugc kiém chimng dira trén thi nghiém va cham cta Shi va cs. [26] d6i v6i tim composite
nhicu 16p. Céc thong so6 chinh cia mau thi nghiém goém cau trac xép 16p, dic tinh co hoc cia vt liéu,
dicu kién bién va dang tai va cham dugc tom tat trong Bang 1. Cac két qua chi tiét cia thi nghiém
duogc trinh bay day du trong cong trinh goc theo tiéu chuan cia ASTM D7136/D7136M-07 [27]. Muc
dich str dung cac két qua nay dé doi chiéu nham kieém chung d6 tin cay cua mo hinh so.

Bang 1. Thudc tinh vat liéu cua 16p composite sgi cacbon/epoxy

Ti trong (kg/m?) 1600

Mo dun dan héi (GPa) Eq =153; Ey = E33 =103
Hé s Poisson viz =vi3 =0,3;v23 =04
Mb dun cit (GPa) Gy =G13=6;Gy =37
Do bén kéo va do bén nén cua soi (MPa) X7 = 2537; X¢ = 1580

Do bén kéo va dd bén nén cua ma tran (MPa) Yr =82; Yo =236

Do bén cit (MPa) S12 =513 =90; S =40
Nang luong pha hiy kéo va nén cia soi (N/mm) GTC =91,6; ch =799
Nang lugng pha huy kéo va nén ctia ma tran (N/mm) ch =0,22; ch =1,1

2.2. Xay dung mé hinh mé phong sé

D 75mm

¥ Ngam cimg
Hinh 1. M6 hinh mé phong va cham trong phan mém Abaqus

M6 phéng dugc thuc hién trén Abaqus/Explicit véi dau va cham dang try duong kinh 75 mm. Mau
gdm tam 16p composite [0/90],S, mdi 16p day 0,25 mm (téng 2,0 mm). Bién tim tron dwoc ngam cb
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dinh nhu trong thi nghiém. M6 hinh st dung phén tir vo S4R, vat va cham gia dinh 1a vét rin tuyét d6i
v&i van tée 3,83 m/s, nhu minh hoa & Hinh 1.

Dbi véi md hinh vt liéu composite, tiéu chudn pha huy Hashin 2D dwoc 4p dung. Vit lidu com-
posite 1a hé nhiéu pha gém soi gia cudng va ma tran, tuy nhién cac tiéu chuan danh gi pha huy truyén
thong nhur Tsai-Wu hodc Tsai-Hill chi xem xét tmg suat va bién dang twong dwong & cip d6 vi mo ma
khong phan biét co ché pha huy riéng cua timg thanh phan. Dé khic phuc han ché nay, tiéu chuan hu
hong Hashin (Hashin Failure Criteria) do Zvi Hashin dé xuat [28] duoc 4p dung.

2.3. Pdnh gia dj tin cdy ciia mé hinh mé phéng sé da dé xudt

Gié tri lyc va cham cuc dai tir mo6 phdng dugc so sanh véi két qua thi nghiém va moé phong cia Shi
va cs. [26], nhu trinh bay trong Bang 2. Két qua cho thdy mé phong dat d¢ chinh xac chip nhan duoc,
v6i sai s6 dudi 12,2% va xu hudng phu hop vé6i dir liu thuc nghiém. Diéu nay khang dinh théng sb
vat lidu, thir tu xép 16p va hudng s¢i trong mé hinh dugc thiét 1ap hop 1y, chimg minh tinh kha thi cta
phuong phéap mé phong cho cac bai toan lién quan dén vat liéu composite.

Bang 2. So sanh két qua gitra mo phong va thuc nghiém

. Luc va cham (N)
Thong so o = =
Mau 1 Mau 2 Mau 3
Két qua thuc nghiém [26] 3230 3765 4605
Két qua md phong sb 3605 4222 4287
Sai khac giira két qua mé phong sb/thuc nghiém 11,60% 12,14% 6,91%

3. Mo phéng khio sat anh hwéng ciia cac tham sé t6i ing xir dAm va va @9 bén dwr ciia két ciu

tau composite
3.1. Gidi thiéu théng sé co ban cia tau vé composite

Mo hinh tau bi dam va la tau vo composite,
duoc thiét ké chuyén dung dé van chuyén thuy san
tir ving khai thac vé bo. Qué trinh nghién ciru,
thiét ké va thi cong tau duoc thyc hién tai Vién
Nghién ctru Ché tao Tau Thuay - Truong Pai hoc
Nha Trang, nhu dugc trinh bay trong Hinh 2. Tau
duoc ché tao tir vat liéu FRP véi ¢t soi thuy tinh
dang Mat va vai xen k&, nén 1a nhya Polyester
khong no. Két cau than tau dang hdn hop, chiéu
day vo va céac chi tiét duoc thiét ké theo QCVN
56:2013/BGTVT. Thong s6 chi tiét dugc trinh bay
trong Bang 3. Cac thong s6 chinh ctia tau bao gom: ) o , L

- Chidu dai thiét ké: L = 16,03 (m); Hinh 2. Tau vo compsmte %13 thay tai Vién NCCT

- Chiéu rong thiét ké: B= 5,09 (m); tau thiy

- Chiéu chim: T = 1,42 (m);

- Chiéu cao man: H =2,1 (m);

- Luong chiém nuéc: D = 89,67 (tn).

Kich ban m6 phong mé ta va cham giira miii tdu va man gitta ciia tau bi ddm. Dé giam chi phi tinh
toan, chi mo hinh héa mot bén man va phan miii va cham. Két cau tau bi ddm gdm suon, da ngang,
xa boong va nep vach dugc thiét 1ap theo thong sé Bang 3 va duoc thé hién trong Hinh 3. Mii tau
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va cham duoc gia dinh dang qua 1&, duong kinh 1,0 m, va coi 1a vat ran tuyét d6i dé don gian héa
phan tich.

Béng 3. Thong s6 két cdu cia tau

Man 13,0 mm

A 4a bay 15,0 mm
Chiéu day vo Boong 6.0 mm
Véch ngang 8,0 mm

Suon 80 %90 x5 mm

, I Pa ngang day 80 x 160 x 6 mm

Quy cdch ket cau Dam doc day, doc man 50x90x3 mm
Xa boong, nep vach 80 x 80 x 4 mm

3.2. Vat liéu két cau than tau

Két ciu tau la dang tim composite nhiéu 16p,
dugc tao thanh béi cac 16p cdt soi thiy tinh dang
Mat va vai, loai thuong st dung trong Iinh vuc
hang hai. Cac thudc tinh co hoc cua vat liéu duoc
trinh bay chi tiét trong Bang 4, trong d6 CSM300
dai dién cho vat liéu Mat véi dinh luong 300 g/m?
va WR400 la vat li€u vai dét véi dinh luong
400 g/m>.

CAu trac 16p composite cta két cau tau dugc
thiét ké dua trén cac thong sb chiéu day dugc trinh
bay trong Bang 3, két hop véi chiéu day cua timg Hinh 3. M6 hinh két ciu khu vuc gitra tau
16p vt lidu. Trinh ty xép 16p cua két cu tau duoc cua tau bi ddm
xéc dinh va trinh bay chi tiét trong Bang 5, trong
d6 ky hiéu M dai dién cho vat liéu CSM300 va ky hiéu V dai dién cho vat licu WR400.

Béng 4. Thong sb vat lidu két cdu than tau

. Vit lidgu
Thong so vét li€u
CSM300 WR400
E11 (MPa) 13600 25600
E» (MPa) 13600 7120
E33 (MPa) 10700 7120
Via 0,321 0,237
Vi3 0,127 0,237
V23 0,105 0,332
G12 (MPa) 7760 2473
G13 (MPa) 5200 2473
G23 (MPa) 5200 2011
X7 (MPa) 192 830
Xc¢ (MPa) 260 490
Yr (MPa) 192 63
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. Vat liéu
Thoéng so6 vat li¢u
CSM300 WR400

Yc (MPa) 260 160
Zr (MPa) 76 63
Zc (MPa) 320 160
S12 (MPa) 103 65
S 13 (MPa) 66 65
S>3 (MPa) 66 53
p (kg/m?) 1500 1800

h (mm) 0,55 0,5

Béng 5. Thi ty xép 16p ctia cac chi tiét két cau

Chi tiét két cAu Trinh tu xép 16p

Man [IM/[Vo/Vool3/1M/[Vo/Voola/IM/[Vo/Vogla/IM]
bay [IM/[V9/Voola/IM/[Vo/Vogla/IM/[Vy/Vog]5/1M]
Boong [2M/[V0/V90]2/1M/[VQ/V90]3/1M]

Vach ngang [2M/[V0/V90]4/1M/[VON90]4/ 1 M]

Suon [1M/[V0/V90]4/1M]

ba ngang day [IM/[V/Vgyls5/1M]

Xa doc man, doc day [IM/[Vo/Vgol2/1M]

Xa boong, ngp vach [IM/[V/Vgol3/1M]

3.3. Xdy dung mo hinh mé phong s6

Thiét 1ap mo hinh mo phong s6 cho bai toan va cham duoc thé hién nhu Hinh 4. Dya trén mot loat
cac phéan tich hoi tu ludi, kich thude ludi tdi wu duoc chon 13 45 mm x 45 mm tai vung va cham va
80 mm x 80 mm & cac khu vuc con lai. Nhu vay téng sd phan tir dugc chia 1a 30698 phan tir. Tau va
cham trong truong hop nay duoc gia dinh c¢6 khéi lugng 10,75 tan va c6 phan miii hinh qua 18, toc do
va cham 5,1 m/s. Vi tri va cham dugc thiét 1ap o gitra hai vach.

Man tau

Dau va cham

Piem tham chieu

Ngam cimng

Hinh 4. Thiét 1ap mé hinh bai toan va cham Hinh 5. M6 hinh phan tich bai toan d6 bén
sau va cham

Dbi véi md phong danh gia do bén sau va cham, giai thuat Dynamic/Explicit duoc ap dung. Thuét
toan nay chuyén dung dé tim d6 bén toi han cua két cau. Thiét 1dp mo hinh moé phdng dugc thé hién
trén Hinh 5. Cac phan tir & di€u kién bién dugc rang bude bdi hai diém tham khao RP-1 va RP-2 trén
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co sé thuat todn coupling. Tai hai diém tham khdo ndy dugc dat tuong ting v6i hai mé men udn co
cung do6 16n va ngugc chiéu nhau.

3.4. Két quad mo phong $0

Két qua md phong sé do qua trinh ddm va cta tau composite duge thé hién trén Hinh 6. Sau khi
bi va cham v&i mii tau qua 1€ cé tde d6 5,1 m/s, khu vuc va cham khoi phuc hinh dang gén nhu ban
dau nho vao tinh dan hdi cua vat lidu. Quan sat duong cong luc va cham va chuyén vi dugc trinh bay
trong Hinh 7 c6 thé thdy rang két cau hap thu mot lugng 16n nang lugng va cham tir d6 gay ra pha hity
tai mot s6 vi tri cuc bo cua két cAu nhu duoc thé hién trong cac Hinh 8 va 9. Bg sau bién dang vinh
vién 14 95 mm.

T=02s T=04s T=06s

Hinh 6. Bién dang ctia két ciu trong qua trinh va cham

400
300

200

Lwe va cham

100

100 200 300 400 500

(=)

Chuyeén v1 (mm)

Hinh 7. Pudng cong luc va cham — chuyén vi

Hinh 8. Hu hong két céu tai dam doc va ving giao nhau véi vach ngang
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Hinh 9. Hu hong tai vi tri da ngang day va gan man

Ngoai cac hu hong bé miat nhu thé hién trén Hinh 8 va Hinh 9, vat liéu composite con xuat hién
hu hong bén trong kho quan sat. Nho mé phong FEM va tiéu chuan Hashin trong Abaqus, bdn co ché
pha huy gém soi va ma tran do kéo — nén duoc xac dinh chi tiét. Két qua cho théy l6p CSM dau tién
(Ply 1) hap thu truc tiép ning lwong va cham nén gan nhu mat kha niang chiu tai, trong khi cac 16p giira
gan tryc trung hoa chiu hu hong nhoé nhat, giit d6 bén cao hon (~ 1,1), nhu thé hién trong Hinh 10.

HSNFCCRT
PLY-1 (middle)
(Avg: 73%)

1.0
l 09
0.8

HSNMCCRT
PLY-1 (middle)
{Avg: 73%)

1.0
l 09
0.8

HSNFTCRT
PLY-1 (middle)
(Avg: 75%)

1.0
. 0.9
0.8

HSNMTCRT
PLY-1 (middle)

Hinh 10. Bén ché d6 hu hong cua Ply 1

D6 bén than tau sau va cham dugc danh gid qua mé men udn gidi han & hai trang thai khic nghiét:
tau trén dinh song va day song. Két qua trong Bang 6 cho thdy mé men uén ¢ dinh song luén thap hon
day song, giam 7,91% 6 trang thai nguyén ven va 30,58% sau va cham. Mirc suy giam sau va cham dat
32,71% & dinh song, so véi 10,75% & day song, cho thay dinh séng 13 trang thai nguy hiém nhét ddi
v6i d6 bén két cau. Hinh 11 va Hinh 12 minh hoa dudng cong mo men udn va bién dang twong tmg.

Béang 6. M6 men gi¢i han cua tau trude va sau va cham

M6 men udn gii han (MN.m)

Dinh séng bay song
Tau nguyén ven 2,87 3,11
Tau bi dam va 1,93 2,78
Mtic 36 sut giam mo6 men (%) 32,71 10,75
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(a) Tau ndm trén dinh séng (b) Tau nam trén day song

Hinh 11. Budng cong mé men - goc quay cua tung trang thai tau
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(Avg: 75%) -
0

1 !

09 )

0.8 08

0.7 0.7

07 0.7

0.6 0.6

0.5 0.3

0.4 0.4

03 03

0.3 0.3

02 02

01 01

0.0 0.0

(a) Tau nguyén ven — Dinh song (b) Tau nguyén ven — bay song

HSNMCCRT HSNMCCRT
SNEG, (fraction = -1.0), Layer = 1 SNEG. (fraction = -1.0), Layer =1
(Avg: 75%) (Avg: 75%)
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(c) Tau sau va cham — Pinh song (d) Tau sau va cham — Day song
Hinh 12. Bién dang cua tau do uén cia timg trang thai tau

4. M6 phéng khao sit anh hwéng ciia cac tham s
4.1. Anh hwong cua toc dé va cham

Trong nghién ctru nay, cac diéu kién mé phong dugce giit nguyén, chi thay doi van toc va cham tir
2,6 m/s (~ 5,0 kt) dén 10,3 m/s (= 20,0 kt) dé danh gia anh hudng cua téc do dén do bén két ciu. Theo
ly thuyét dong nang, khi van tbc ting, ning luong va cham ting, kéo theo chuyén vi va ning luong
hap thy cua két cau ting nhu thé hién trong Hinh 13 va Bang 7. Tuy nhién, tai 20,0 kt, chuyén vi giam
manh do két ciu vuot gi61 han chiu tai va mét kha nang h:?ip thu nang lugng qua bién dang. Mtrc d6
pha hiy tuong ting dugc minh hoa trong Hinh 14.

Quan sat Hinh 15 va Bang 8 cho thiy vén toc va cham ting lam giam dang ké moé men udn gi6i
han sau va cham. Khi tau udn tai dinh song, md men giam tir 6,56% xuéng 57,81% khi van tdc tang
ttr 5,0 kt 1én 15,0 kt, sau d6 6n dinh quanh 56%. Nguoc lai, khi tau udn tai day song, mirc giam nho
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hon, chi tir 0,47% dén 15,88% trong cing dai van toc. Pang chi y, m6é men ubn gidi han dao dong
quanh gia tri tai van tc 15,0 kt va khong ting du vén toc tiép tuc ting. Diéu nay cho thiy két cau da
hu hong nghiém trong & ngudng ndy, nén viée ting van toc khong gdy thém thiét hai dang ké. Bién
dang két cAu khi chiu udn trén song dugc minh hoa trong Hinh 16 va 17.

600
-+ = Vantoc 5kt
500 F n Vién técilUkt
—_ - --Vantoc 15kt
é400 L J 'f: 1\ | . — -~ Van toc_20kt
g HIEAATN
<= 300 f ; [ o+ /‘\ \‘ -
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| I.I‘ \s \\\_ ! II r
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0 200 400 600 800 1000 1200 1400 1600
Chuyén vi (mm)

Hinh 13. Dudng cong luc - chuyén vi ctia timg van toc khao sat

Bang 7. Chuyén vi tai vi tri va cham theo vén tdc

Van toc va cham (kt) Chuyén vi 16n nhat (mm)
5,0 180,4
10,0 4897
15,0 1498.,4
20,0 1219
HSNMCCRT HSNMCCRT
SNEG. (fraction = -1.0). Layer = 1 SNEG, (fraction = -1.0). Layer = 1
(Avg: 75%)
1.0
0.9
0.8
0.7
0.7

(a) Van toc va cham 5,0 kt (b) Véan toc va cham 10,0 kt
HSNMCCRT HSNMCCRT
SNEG, (fraction = -1.0), Layer = 1 SNEG. (fraction = -1.0), Layer = 1
(Avg: 75%) (Avg: 75%)
T 10
. 0.9 . 0.9
0.8 0.8
T = 07
Y 07 —t 0.7
07 .
0.6
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0.5 0.4
B 02 03
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0.3
0.2
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(c) Van tbc va cham 15,0 kt (d) Van téc va cham 20,0 kt

Hinh 14. Hu hong két cdu tau img vai timg van toc va cham
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Béang 8. M6 men uon gidi han cta két cau sau va cham véi cac van toc khac nhau

Trang théi M6 men ubn giéi han (MN.m) Mirc @6 giam mo men ubn (%)
khao sat Dinh séng bay song Dinh séng bay song
Tau nguyén ven 2,87 3,11 - -
5,0 kt 2,68 3,10 6,56 0,47
10,0 kt 1,93 2,78 32,71 10,75
15,0 kt 1,21 2,62 57,81 15,88
20,0 kt 1,24 2,63 56,77 15,56
3

= Intact 3 4
=se= 5kt
== 10kt

= 15kt
20kt

—— Intact
=es= Skt
==+ 10kt

= 15kt

M6 men un (MN.m)
Mo men uén (MN.m)

0 1 T T T 0 1
0.00 0.05 0.10 0.00 0.05 0.10
Goc quay (rad) Goce quay (rad)
(a) Tau trén dinh séng (b) Tau trén day song

Hinh 15. Pudng cong mé men — goc quay cua ting véan tc khao sat khi tau bi udn

HSNMCCRT HSNMCCRT
SNEG, (fraction = -1.0), Layer = 1 SNEG, (fraction = -1.0), Layer = 1
(Avg: 75%) - (Avg: 75%)

0.8

SOOOCOCOo0
(=T SEA LIPS Y- N PN

(a) Tau trén dinh séng (b) Tau trén day song

Hinh 16. Bién dang cua tau do udn sau khi va cham véi van toc 5,0 kt

HSNMCCRT HSNMCCRT
SNEG, (fraction = -1.0), Layer = 1 SNEG, (fraction = -1.0), Layer = 1
(Avg: 75%) (Avg: 75%)
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0.9 0.9

0.8 0.8

0.7 0.7
=t 0.7 0.7

0.6 0.6

0.5 0.5
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(a) Tau trén dinh séng (b) Tau trén day song

Hinh 17. Bién dang cua tau do udn sau khi va cham véi van tde 20,0 kt

128



Chanh, N. C., va cs. / Tap chi Khoa hoc Cong ngh¢ Xay dung

4.2. Anh hwéng ciia cdc kiéu hinh dang miii tau dam va

Trong qua trinh hoat dong, tau composite
thuong phai dbi mat v6i nguy co va cham véi cac
loai miii tau c6 hinh dang da dang. Nghién ctru nay
tap trung danh gid anh hudng cua hinh dang mii
tau dién hinh va thong dung ngoai thuc té bao gom:
(1) miii tau dang tr dién (shape 1) mo6 phdng dang
mii nhon, (2) mili tau dang chir nhit c6 bo goc
(shape 2), va (3) miii tau dang ludi dao (shape 3),
va (4) dang mili qua 18 nhu di trinh bay phan trén.

Phan tich Hinh 18 va Bang 9 cho thdy hinh
dang miii tau anh hudng rd rét dén tng xir két cau
khi va cham. Miii chi nhat bo tron tao Iuc 16n ban
dau nhung nhanh phan tan, cho chuyén vi cuc dai

900
N T Shape_1
750 | I — -~ Shape 2
) : '\ — —Shape 3
2 600 [ —— Bulb bow
= ;) [}
2 L AR O
=300 F /0 RPN LS
g SN X M y
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Chuyén vi (mm)

Hinh 18. Pudng cong lyc dim va - chuyén vi dbi

v6i cac hinh dang miii tau dam va khac nhau

nho nhat. Mii tir dién va ludi dao c6 dién tich tiép xuc nho, tap trung ing suit cao, gay pha hity cuc bd
nhanh. Trong khi d6, mili qua 1& véi bé mit tron hap thu ning luong qua bién dang, dan dén chuyén
vi cyc dai 16n nhat. Hinh 19 minh hoa hu héng két cau tuong Gng tirng dang miii tau.

Bang 9. B¢ sau dam va doi vdi cac hinh dang miii tau khac nhau

Hinh dang va cham

Chuyén vi 16n nhat (mm)

Shape-1

Shape-2

Shape-3
Bulb Bow

430,0
3715
473,0
489,7

=1.0), Layer = 1

(a) Miii tau hinh t&r dién
HSNMCCRT

SNEG, (fraction
(Avg: 75%)

1.0
0.9
0.8
0.7

-1.0), Layer = 1

(c) M tau hinh chir nhat

-1.0), Layer = 1

(b) Mili tau hinh qua 1&

HSNMCCRT

SNEC

(Av

s

raction
w: 75%)

-1.0). Layer = 1

(d) Mili tau hinh ludi dao

Hinh 19. Hu hong két c4u tau ing v6i timg miii tau va cham
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Tir s6 lidu Bang 10 cho thiy milii tir dién tap trun

g Ung suat vao ving nho, gay pha hay cuc bo

nhanh nhung giéi han trong pham vi hep, nén suy giam mé men udn thap nhat trong bbn dang, chi

19,32% ¢ dinh song va 2,40% ¢ day song. Nguoc lai
16n, phan bd lyc rong, 1am giam mé men udn dang ké

, mili chir nhat (Shape-2) co6 dién tich tiép xuc
t6i 43,87% khi udn tai dinh song va 6,57% tai

day song. Diéu nay khang dinh hinh dang miii tiu anh huéng manh dén phan b tng sudt va muc do
hu hong. Bién dang két cau sau va cham dwoc minh hoa trong Hinh 20-23.

Bang 10. Gia tri m6 men udn giéi han sau va cham theo hinh dang miii tau

Trang théi M6 men udn gi¢i han (MN.m) Suy giam mo6 men (%)
khao sat binh song bay song binh song bay song
Nguyén ven 2,87 3,11 - -
Shape 1 2,31 3,04 19,32 2,40
Shape 2 1,61 2,91 43,87 6,57
Shape 3 1,76 2,96 38,65 4,85
Bulb Bow 1,93 2,78 32,71 10,75
. = Intact 3 4 = Intact
— —--= Shape | =-+= Shape |
= ==+ Shapc_2 >, ===+ Shapc_2
o ape (r 1 * Shape 3
E 212z iﬁ,{,’ h’j“, A 21 Hult':bow
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O men uon
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(b) Tau trén day song

Hinh 20. Pudng cong mé men udn — géc uon voi cac mili tau ddm va khac nhau

—
=
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Goc quay (rad)
(a) Tau trén dinh séng
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(a) Tau trén dinh song

Hinh 21. Bién dang cua tau do uén
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HSNMCCRT HSNMCCRT
SNEG, (fraction = -1.0), Layer = 1 SNEG. (fraction = -1.0). Layer = 1
(Avg: 75%) (Avg: 75%)
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(a) Tau trén dinh séng (b) Tau trén day song
Hinh 22. Bién dang cta tau do udn sau khi va cham béi Shape-2
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(Avg: 75%) (Avg: 75%)
1.0 1.0
L 0.9 0.9
0.8 0.8
0.7 0.7
B 03 0
0.8 0.5
0.4 0.4
0.3 0.
0.3 0.
02
0.1

se2
ST ETNIN

(a) Tau trén dinh song (b) Tau trén day song
Hinh 23. Bién dang ctia tau do udn sau khi va cham boi Shape-3

5. Két luén

Trén co s& cac két qua mo phong s6 da thuc hién, nghién ctru da cung c:?ip c4i nhin toan dién vé
g xr ddm va va muac d6 giam d6 bén udn gidi han cua két cau tau vo composite trong cac diéu kién
tai trong thue t&. Mot s6 két luan chinh c6 thé rat ra nhu sau:

- Phuong phép mé phong trén Abaqus tich hop tiéu chuén Hashin cho thdy hiéu qua cao trong
danh gi4 co ché pha hity va d6 bén du cua tau composite sau va cham. Sai léch dudi 12,2% so véi
thuc nghiém chimg minh d6 tin cdy va kha nang Gng dung rong rai cia moé hinh.

- Trong qua trinh dam va, 16p vat li€u ngoai, dac biét 1a 16p CSM déu tién, chiu hu hong nghiém
trong nhat do tryc tiép hap thy nang lugng va cham. Trong khi d6, cac 16p & gan truc trung hoa it b
pha hity hon nho chiu it ing suit ubn, cho thiy vai tro quan trong cua trinh tu xép 16p va cau tric
laminate trong viéc kiém soat pha hﬁy

- Trong céc truong hop tai thyc té thi tai trong udn khi tau trén dinh song 1a diéu kién nguy hiém
nhét, véi mé men u6n gidi han sau va cham giam dén 32,71%. Nguoc lai, trong trang théi tau trén day
song, mirc 6 giam chi 1a 10,75%. Diéu nay cho thdy anh huong rd rét cua diéu kién lam viéc dén kha
ning chiu tai con lai cua tau trong moi trudng hop khai thac.

- Toc d6 va cham anh hudng 16n dén do bén du cua két cau than tau. Khi van toc ting tir 5,0 kt
dén 15,0 kt, md men udn gidi han giam gan 60% ¢ trang thai tau trén dinh séng. Tuy nhién, khi vuot
qua ngudng téi han nay, kha ning hap thy ning luong thong qua bién dang bi suy giam rd rét, do két
cAu tai vi tri ddm va da pha hity hoan toan.

- Hinh dang miii tau anh huéng manh dén tmg xir va cham va d¢ bén du cuia két cdu. Miii qua 1é
tao bién dang siu nhung phan bd mg suat déu; miii nhon va ludi dao gay pha hity cuc bo nhanh trong
pham vi hep; con miii chit nhat c6 dién tich tiép xuc 16n, lam suy giam mo men udn nhiéu nht.
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- Nghién ctru sir dung mot s gia thiét nham don gian hda mé hinh va tap trung vao co ché hu hong

cuc bo: (i) mili tau duoc coi 1a cimg tuyét d6i; (ii) tau bi ddm gan nhu ding yén do va cham ngén; (iii)
ap dung tiéu chi Hashin mo ta hu héng ply vat heu composr[e va (iv) m hinh tiép xtic trong Abaqus
Céc gia thiét nay phd bién trong nghién ctru qudc té, dam bao tinh kha thi va d tin cay cta két qua.
Tuy nhién, cic nghién ctru tiép theo nén mé rong mé phong chuyén dong twong dbi va hién tuong
tach 16p dé phan anh thyc té chinh xac hon.
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