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I6M TA r 

Noi dung bdi bdo Id .xdy dung md hinh luyen tinh phdn tir hiru hgn tic mo hinh gidi tich 

cua phdn tir ddm hai sir dung ly Ihuyel ddm Timoshenko, co ke den dp sudl hoi ben trong. Vgt 

li^u ddm hai Id vdi composile true hudng ldm viec trong vimg dan hdi tuyen linh. Viec gidi md 

hinh ddm hai tuyen linh nay. nhdm dua ra cdc nghiem .id de khdo .idt cdc img xir ca hgc ciia 

ddm vai vdt lieu vd dieu kien bien khde nhau. Ket qud dugc kiem chimg vai ket qua gidi tich 

dd dugc cdng bd f Nguyen ct al flj}. 

Tir kh6a: Ddm hai. composite true huong. ddm Timoshenko. 

ABSTRACT 

This paper is devoted lo Ihe linearized finite element beam model based on a 3D 

Timoshenko beam model with a homogeneous orthotropic woven composite. The model lakes 

into account the geomelricnonlinearilies and Ihe inflation pressure follower force effect. 

Toassess the stability behavior of the model, finite elements solutions for linearizedproblems 

which were obtained by the means of the linearization around the preslressed reference 

configiirationof the nonlinear equations. The results agree well with the analytical ones 

e.xisling in the literature. 
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. D.\T \ AN DE 2. PHL ONG PHAPNGHIEN CL I 

Vice phat trien md hinh sd cho loai 
ket cau dam hcri dua tren ca sd ly Ihuyel da 
duoc .xa> dung lir mpt sd nghien cuu trudc. 
Phan lich phan lu hiiu han ciia kel cau vai 
composile bcmi hcri thudng hay gap khd 
khSn khi van de phi tuyen hinh hoc va \ai 
lî u phai sinh do ung xir phi tuyen tai trong 
dp vdng cua vai composile (d tai trpng nhd). 
De xap xi nghiem bat dn dinh, dam hoi vai 
composile true hudng dupe rdi rac hda bang 
phuong phap phan tir hihi han (PTHH). Cac 
phan tir thudng diing cho loai ket cau nay 
la phan tir hai nut tu\en linh Bernoulli vdi 
ham dang la da thiic Hermito, hoac phan tir 
bac cao hem nhu phan lir dam ba niit bac hai. 
hoK phan tir dam ba nut Timoshenko cd 
ham dang bac hai cho chuyen vi ngang \a 
ham dang tuyen tinh cho gde xoay udn va 
chuyen vi doc true (Davids et al [2.3]). 

2.1. Tu>en tinh hda mo hinh phan tir hihi ban 

Ddi vdi phan tich bat dn dinh Uiyen 
tinh, d4m chju mpt ap suat hoi ban dau S" 
Dau lien, la dat tai tham chieu bat ky I f^ len 
dam hod na\ va thuc hien mpt phan tich luyen 
tinh de xac dinh cac img suat phan Xu huu han 
sinh ra trong dam. \16 hinh nay la md hinh 
dim hoi phan tir hijru han Uiyen linh (Linear 
Finite Element Inflatable Beam - LFEIB). 
Ma Iran dp cimg umg suat [k a] va ma tran dp 
cimg dan hdi [k] (trudc khi dat tai) dugc Uiiet 
lap. \1a Iran dp cimg [k o ] lang cudng cho 
ma tran dp cung dan hdi [k], la mdt ham theo 
hmh hpc phan tir. trudng chuyen vi va trang 
thai ling suat mang. 

Phan tir cd ba nut vdi nam b^c tu do 
lai mdi nut. Bac tu do nut \d} xac dinh bdi 
vector [u v w 6̂  9̂  ] tren mdt phan tu; 

Trong bai bao nay, phan lir dam ba 
nut Timoshenko lien tuc loai C" cho chuyen 
vi ngang va ham dang bac hai cho goc xoay 
udn va chuyen vj dpc true dupc sir dyng. 
Anh hudng cua phi tuyen hinh hpc va ap suat 
hoi len ung xir bat dn dinh ciia dam se duoc 
tinh den. Diem mdi ciia nghien cim nay la 
su dung md hinh vat lieu true hudng thay 
cho md hinh vat lieu dang hudng trong cac 
nghien ciiu trudc. LTu diem ciia md hinh \at 
lieu true hudng la md la chinh xac hon vdi 
cac loai vai del ky thuat duac sir dung trong 
thuc le. De nghien cim img xu ciia md hinh 
na\. cac nghien cim tham sd \c anh hudng 
cua i\- le hinh hpc, dac tinh vat lieu Icn he sd 
tai trpng bat dn dinhduac thuc hien. 

INlfdl ( I ) 

Trong dd: j cd gia tri tir 1 den 3 cho 
phan hi ba nut va [ N ] la ma tr^n ham dang: 

IN: [N, H, «3| = gf(f-i) i-(^ f(f + l)] (2) 

vdi c la loa dd trone he toa dp tham chieu 

f = (^r^- l )vaf e[-l . l];Xlatpadpcuc 

bd ciia dam X 6 [O.ig], 1$ la chieu dai tham 
chieu ciia phan tir. i 
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Thanh phan nang lupng bien dang 
U lien ket vdi ma tiin dp cimg ling sual [k a] 
va U lien quan den ma tran dp cimg dan hoi 
[k] cua dam: 

u^-\[d:'][k,][d].ut,-l[d['][k][d] (3) 

Sau khi rdi rac hda, (3) trd thanh: 

y, = i{dr([k] + A M ) { d } (4) 

Trong dd: X la he sd ly le va F̂ XF̂ .̂  
F la luc dpc true. Cac he sd trong cac ma Iran 
[k] va 1 k , ] la hang sd va chi phu thupc hinh 
hpc, d§c linh vat lieu \a cae dieu kien tang 
ap suat hoi trong dam. 

Cac ma tiin dp cimg phan tii dupc 
xac dinh bang phuang phap lich phan so 
Gauss va dupc ghep lai vdi nhau thanh ma 
Ir^ dp cung kit eau. The n^ng cua dim la 
tdng the nSng ciia cac phan tir rieng Ic: 

U = {{DVim - A\K,,,\)[D] (5) 

Vdi |D| la \cctor chuyen \i ciia 
dam. Do bai loan gia dinh la tuyin linh, ma 
tr̂ n dp cimg quy udc [K] se khdng ddi khi 
ket cau chiu lai. Dat trudng chu\en vi bit dn 
djnh {6D} thay cho trudng chuyin vi |D} 
tuong img ciia c5u hinh dim tham chilu (da 
bam phdng). He phuang trinh can bing kit 
cau thu dupe tir nguyen ly cue liiu ihl nang 
\ a hinh thanh bai loan tri rieng nhu sau: 

Trong dd, X la tri rieng ciia d^g bat 
dn dinh dau lien. Nghiem nhd nhat X,̂  cho 
muc tai ngoai nhd nhat, ma lai do dudng ung 
xiJ bat dau phan nhanh: 

mcr-^crmref 0) 

im+^ilKef])m} = {Q] (6) 

Khi dam dupc ap mdt muc tai ngoai 
tham chieu bat ky {F}^^ vector tri rieng 
{5D } lien ket vdi dang bat dn dinh k^. Dp 
Idn cua {5D} la dpc lap trong bai loan bit 
dn dinh hiyen tinh. Do \ay. ta chi xac dinh 
dang chir khdng xac dinh cudng dp ciia bit 
dn dinh. 

2.2. Bai to^n bat on dinh tuyen tinh 

De nghien cuu tham sd cho md hinh 
dam hcri tuyen tinh da xay d\mg dupc, ta xet 
bai toan dam hai gdi tua don chiu nen diing 
tam de giai tim ra nghiem tai ldi han. Trudc 
khi tien hanh cac nghien ciiu tham sd, ta tiln 
hanh mpt nghien cuu hpi lu nghiem sd lien 
quan den sd phan tir ma khi dd nghiem thu 
dupc hpi lu. Mpt md hinh dam gdi lua don 
chiu mpt luc nen dpc true F vdi cac thdng so 
ty le dp manh k=Wp, trong dd:L=pl^ la chilu 
dai hieu dung ciia dim va p = yfl^/A^ 
la ban kinh quay ciia dam. He so )i= 1 trong 
trudng hpp dam gdi hia dan. Thdng so hinh 
hpc \a vat lieu ciia dam dupc md ta ti-ong 
Bang 1. Vdi mdi tnrdng hop vat lieu, mpt sd 
ap suat ti-ong dupc chuin hda Pn - p/Pcr 

™' Prr = , ^'^^ (Houliara et al 
^•^ 4Rlil-VttVti) 

[4,5]). Cac gia tri ap suat va ap suat chuan 
hda tuang ung dupc cho trong Bang 2. 
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Bdng I. Thdng sd ddm hai 

Chieu day tu nhien, t (m) 

H? so dieu chinh trugt, k̂  

Ban kinh tu nhien, R,(m) 

Chieu dai tu nhien, 1 (m) 

5^10-' 

0.5 

0.14 

3 

Dac tinh ca hpc ciaa vai true huong; 

M6-dun dan hoi Young theo 
phucmg dpc, E| (MPa) 

M6-dun dan hoi Young theo 
phuoTig ngang, Ê  (MPa) 

M6-dun dan hoi trupt, G^ 
(MPa) 

He so Poisson, Uî  

H? so Poisson, 1)̂1 

Vat lieu 1 (Thuc nghiem) 

2609 

2994 

1171 

0.21 

0.18 

Vat lieu 2 
(Cheng et al. (2009) [6]) 

19300 

14240 

6450 

0.28 

0.22 

Bang 2. Ap sudt chudn hda (pj cho cdc gid t, 
dp sudt trong khde nhau (p) 

P(kPa) 

i 10 

1 20 

1 40 
50 

10(1 

1 150 
^0(1 

Vat lieu 

324 

648 

972 

1 1295 
1619 

323S 

485S 

^ 64"" 

P 

\ 'a t lieu 2 

43 

85 

128 

171 

214 

427 

640 

854 

Bi kilm tra ung xii tri rieng luyen 

linh. he sd tai trpng dn dinh tuyen linh 

chuin hda (K:' = ^^^ x a„ j Eg^) dupe dua 

ra bdi Ovesy va Fazilati [7], trong dd:o ^ 

ung suat dn dinh ldi han luyen tinh ciia dam 

tuang duong ciia \at lieu composite tryc 

hudng (Paschero et al [8]). Ban kinh cong 

cua dam trong trudng hop lai nay dupc cho 

nhu sau: 

R„ .Mf3^ (S) 

Bieu thiic xac dinh dp vdng v(X) 

tuang img vdi cac dang bat dn dinh dupc 

phat trien bdi Ngu\en et al. [I] nhu sau: 

vix)=^^f-Mm (9) 
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Trong do: F =pnR„- la ap lire trong do ap suat 

hori tao nen, Cf =-kyA„C^(vm k =0.5 

la he s6 dî u chinh trugt) va B la hang so bat 

ky. Dai lupng fi = — cho dang bat on dinh 
'o 

ca ban frong truong hpp tai trong dpc true. 

Ban kinh cong R̂  trong dTrcmg hap 
nay dupc xac djnh tai X=l/2. Tit cac phuong 
trinh (8) va (9), ta co ban kinh cong ctia dam 
hoi HOWF trong truong hop goi tua dcm: 

|(Fp + Ci'-F)io | 

I {Fp+C°)Bn I 
(10) 

3. KET QUA \ . \ THAO Ll .AN 

Nhu kSt qua the hien trong hinh I, 
nghien cthi hpi tu tren nghiem la he so bat 
on dinh dupc chuan hoa K,' ciia mo hinh 
LFEIB, cho thay khoang 6 plian ttx la dti cho 
ket qua hpi ty. Cac ket qua nay phu hpp tot 
vai ket qua tir mo hinh giai tich (Nguyen et 
al [1]) (bang 3). Vcri cac ap suat trong cho 
truac, cac ket qua tir mo hinh giai tich bien 
thien trong vitng rpng han ket qua tir mo 
hinh LFEIB. S(r sai khac giira cac ket qua 
lan lupt la 8.67% va 3.50% trong hai tnrong 
hpp vat Ii?u I va 2. 

Hinh I. Xghiii, ciiu hgi lu nghidm sd ciia he so bdi dn djnh tuyen linh chudn hda (K'=l(fy.aJE ) 
cho mo hinh ddm LFEIB goi lua dan. ' " ^ 
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Bdng 3. He sd bat dn dinh (K_ I so sdnh giira nghiem tirmd hinh LFEIB vd md hinh gidi tich 

Vat lieu 
Ap suat chuan 

hoa, p^ 

324 

1619 

4858 

6477 

43 

214 

640 

854 

He so bat on dinh chuan hoa, K/ 

Mo hinh giai tich 
(Nguyen eta] 

2012 111) 

305.6 

314.9 

.Mo hlnh dam 
hoi tuyen tinh 

(LFEIB) 

333 3 

336 4 

Sai lenh (%) 

8 67 

6.60 

339.0 3444 1.58 

351 .< 348 4 1 0.89 

40'! 424.4 1 3.50 

412.0 

417.5 

425 2 ' 3.15 

427 1 1 2.27 

420 2 428.0 | 1.84 

J 

Hiiityl«ci H4 lA ly t( ^ ^ ban kinh - chini dav R^ 

Hmh 2. H^ sd bdt dn dinh luyen tinh chudn hda (K'=ld' ^n E itheo h^ sdti' l^cua bdn kinh -
chieu ddv R^=R/t,, cho md hinh ddm LFEIB gdi tua dan 

Dua tren ket qua hdi tu, su bien thien 
ciia h? sd K.̂ ' theo he sd ty le ciia ban kinh 
va chieu day R^ dupc the hien Irong hinh 
2. Ddm dupc xet cd chieu dai 3m, ban kinh 
0.14m \a CO be day lap vai duac bien thien 

de thay ddi ty le R .̂ Trong ca hai trudng hop 

vat lieu, ap suat hai cd anh hudng tSng dan 

len he sd K..' tai gia tri Idn ciia R .̂ Han nua. 

he so tai trpng bat dn dinh K ' la mot ham 

ciia R phu thupc vao gia trj ap suat chuan "̂  
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hda p :̂ Tai gia tri p̂  cao, dp tang ciia KJ trd 
nen rdng han. Cac thdng sd \ai lieu chi gay 
anh hudng dang chii y len dp Idn cue K\ 
Cac kit qua nay lam ndi bat su quan trong 
ciia bl day vat li?u: Spi vat lieu da\ han vdi 

sd lupng spi nhilu ban cho ra lo^i vai manh 
hon (gia tn R̂  Xhkp). Vdi dim hai lam til logi 
vai manh han, la cd the lang kha nSng chju 
tai cua dim bSng each tang ap suat trong len 
do kha nang chiu keo cao cua vai. 

Hinh 3 H^ so bdt dn ^inh tuyen tinh chudn hda (Kj=10^ ><a^/E^)theo h? sd ty 14 dp mdnh X^=L/p 
cho md hinh ddm LFEIB gdi tua dan 

Hinh } . chi ra su bien thien Idn cua 
h? sd K.' theo su thay ddi ciia he so ty le 
dp manh X.̂  ciia dam hai HOWF. Dam dupc 
xet ed ban kinh 0.14m \ a chieu dai thay ddi 
tu 0.5 den 3m de thay ddi dp manh X. Anh 
hudng ciia ap suat trong p chi thay ro tai 
gia tri thap dp manh ciia dam Irong trudng 
hpp vat lieu 1. Ap suat chuan hda chi thi 
hî n ro vai trd tai dam ban kinh R̂ , Idn (gia 
In \ thap). Trong trudng hpp vat lieu cd ca 
linh cao, anh hudng ciia ap suit trong khdng 
dang ke. 

De danh gia su bat dn dinh udn phu 
thupc vao ty le ban kinh udn, ta dinh nghia ly 
le ban kinh udn R •^ la ^ , trong dd, ty le 

ban kinh cong Rĵ  den ban kinh ngoai R,, cua 
dam trudc khi chiu udn. He sd chuan hda KJ, 
sau dd dupc ve theo ly le R^ (hinh 4). Ta thay, 
su sai khac do tinh chat ciia vat li?u kha Idn 
giiJa cac ket qua: Su bien thien ciia KJ theo 
su thay ddi ciia ty le R̂^ giQ-a hai loai vat li?u 
trong 23.95% va 21.08% trong trudng hpp ap 
suat thap nhat va Idn nhat. Ngupc lai, sy sai 
khac do anh hudng ciia ap suat la nhd: Bien 
thien ciia KJ vdi R̂^ la 3.56%) trong trudng 
hpp vat li?u 1 va giam cdn 0.66% trong 
trudng hpp vat lieu 2. Nhung ket qua nay cho 
thay, ap suat trong cd anh hudng giam dan 
trong trudng hpp vai lieu md dun dan hdi cao. 
Ndi each khac, ap suat trong chi cd vai trd noi 
bat khi ca linh ciia vat lî u thap. 
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Hlnh 4. He so bdt dn dfnh luyen tinh chudn hda fK ^W^^aJE )theo he sd bdn kinh udn 
R/^ = -^—cho md hinh ddm LFEIB gdi tua dan 

4. KET LUAN 

Bai bao trinh bay md hinh sd ciia dam 
hai tuyen tinh che tao tir vai composite true 
hudng. Cac nghien cuu ve hpi lu nghiem sd. 
danh gia anh hudng ciia cac Iham sd len ung 
xu bat dn dinh ciia dam dupc thuc hien.Md 
hinh dam hai luyen tinh nay, chung Id dupc 
tinh phii hop trong cac trudng hpp vat lieu 
cd md-dun dan hdi cao va ap suat hcri ben 
trong tdn. Cac kel qua lir md hinh nay dupc 
diing lam ca sd de phat trien md hinh phi 
tuyen trong cac nghien cuu ke tiep.*!* 
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