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Phat trien ly thuyet dam bac cao 
daa tren nang luong bien dang bu 

• TS. PHAM VAN PHE; ThS. D 6 THj H A N G - TrUdng Dai hoc Giao thdng vdn 

TOM TAT; Nghien edu phat trien mqt ly thuyet 
dam b|c cao dua tren nguyen ly nSng luong bu Ly 
thuyet dam nay tfnh den cac ung suit 6 tr^ng thai 
ung suat phSng (bao gom dng suat phap doc true, 
ung suit phap vudng goc true va ung suat tiep). 
Cac chuyen vj va ung suat dya tren iy thuyet nay rat 
phu hop VOI cac ket qu i dya tren loi gi l i ly thuyet 
dan hoi va plian tich phan td liOu hgn bang phan 
to 3 chieu. 

T u KHOA: N§ng luong bien dang bu, ly thuyet dam 
bac cao, trang thai ung suat phang, bien dang 

ABSTRACT: The study develops a higher order 
beam theory based on the pnnciple of stationary 
complementary energy The theory successfully 
captures transverse shear stresses and transverse 
and longitudinal normalstresses The predicted 
displacements and stresses are shown to agree 
well with the theory of elasticity solution and 3D 
FEA analysis 

KEYWORDS: Complementary strain energy, 
higher order beam theory, plane stress state, 
higher deflection 

I .OATVANOE 
Hau het cac ly thuyet dam hien tai duoc phat then 

dua tren nguyen ly nang iLfong bien dang (phuong phap 
truyen thdng) [1]. Tuy nhien, ed mdt so it ly thuyet dam 
dupc phat trien dda tren nguyen ly nang laong bien dang 
bu [2]. Mot so sanh gida hai dong ly thuyet duoc mo ta 
trong Hinh 1.1. Nghien edu hien tai sd dung nguyen ly 
nang luong bien dang bu de phat trien mot ly thuyet 
dam bien dang bae cao. Trong khi phuang phap truyen 
thdng di i doan dp cdng eua dam Idn hon gia tri ehinh xac 
{dan den du doan ehuyen vj nhd hOn ket qua ehinh xae), 
thl phuong phap nghien edu hien tai du doan dp edng 
dam nhd hon {dan den dudoan chuyen vi Idn hon) va hoi 
tu tdi Idi giai dan hdi khi cd du so hang bac cao. 
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Hinh 1.1: So sach phuong phap nghien ciiu hien tai 
va phuang phap truyen thong 

2.THIET LAP LVTHUYET 
Gia thiet trang thai dng suat cua moi diem tren dam 

la trang thai dng suat phang bao gdm 3 thanh phan a^,T^ 
vao fWinhZ/J, trong ddG^(y,z) la trUdng dng suat phap 
doe true va duoc gia thiet c6 dang: 

^Ay.^-) = ty-'F,{~.) (i) 

Vdi F (z) la cac ham an sd ehUa biet cua toa do dpc 
true, y la toa dp theo phuong chieu eao mat cat dam va n 
la mpt so nguyen dUOng (va la tong so so hang gia thiet). 
Trong Hmh 2.2, p_ (y. z) va /j^, (y. z) la cae lUc khdi theo 
phuong doc va phuong th ing ddng. 

•4% 
Hinh 2.1: Trang thai ling suat phing 

Td phuong trinh (1), thay ham ô  (y, z) vao cae 
phuong trinh can bSng eua dng suat: 

dr^^jdy-i-d<T.jdz - p . 

SoJ^ + dT^^/dz = p^ (2) 
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Ta cd the thu dupe dien giai cua cac ham dng suat 
o^ (y, z) va ô  (y, z) theo eae an sd F_ (z). Do cac dien gi^i 
nay la phdc tap [3], nen de don gian dudi day ta chi trinh 
bay thiet lap edng thde cho trudng hop dam giam don 
mat eat ngang hinh ehd nhat khi n = 3 (Hmh 2.2). Dam 
chiu tae dung cua cae dng suat be mat O"(/3,) = <T va 

;(*,)=5(ft,)=;(*,)=o. 
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Hinh 2.2: Hinh chieu dung va mit cat ngang dam 

Bang viec ap cac dieu kien bien ve dng suat d mat 
tren va dUdi eua dam, dien giai eua ba thanh phan dng 
suati^Cy, z), o (y, z)vao^(y, z) thu dupe nhUsau: 
V(v,^) = (-J'•^4yV/O/^t^) + 6„z(;,'/4-/-)/ft>*6e(0)(/,V4-/)/AA' 

a,^;..z} = (-AVlS + ,'V2-J•7ft=)>^•(--| + 2(l-3>'/* + 4y/ / , ' )^ 

c,{> .̂r) = (l-12y'//-')/-(r)*llj^[j.W(0}+re(0)*M(0)]/M'-(6>:7ft')^ {3a-e) 

Trong do: f[i)'\''.<j.'»'i=. 0(o)=jr.(y,ow:.:«(oi=j>ô ,(..ii)j: la luc dpc 
true, lUe e^t va mo-men uon tai mat eat z = 0. DUa tren 
mo hinh vat lieu tuan theo djnh luat Hook, nghTa la cac 
bien dang e. = (cr. - pa)IE^ Ê  = (CT - fioyE^ .y_^ = T / G , 
trong dd E,Gvap la mo-dun dan hoi, md-dun eat va he 
sd poat-xdng, nang lupng bien dang bu cua he dupe dien 
giai theo ham an sd F^ (z) [3]. Sau dd, bang viee ap dung 
nguyen ly bien phan bae nhat, ta thu duac mpt phuong 
trinh tuong thich nhUsau: 
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105E_ 
'^'•(^)^9^^(-')-7^A'(0)=0 (4) 
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Trong do: b va h - Be rdng va chieu eao eua mat cat 
ngang dam. Cae dieu kien bien eua bai toan cd dupe nhu 
sau: 

. . • ( ^ . 

(5a-g) 

0 day: W(z„), V{z^, e(z„) {z^ = 0,L/2) la eae chuyen vj 
theo phuong dpc tnjc, phucffig thang ddng va goc xoay mat 
ck (Hmh 2.2). Bo qua lUc dpc trong dam bang each cho N(0) 
= 0 trong phUong trinh (4) va ap cae dieu kien bien 5F,(0) 
* 0,5F',(0) ^ 0,6Fj(L) *.- 0, 6F',(L) ^ 0,6N(0) '^ 0,52(0) ^ 0, 
5M(0) ̂  0 rdi giSi ra dUOc nghiem F^ (z) cua phuong trinh (4) 
va 3 chuyen vi W(L), V(L), 9{L). Bang vieethay cac ndi luc da 
biet 2(0) = -oJ)L/2 va M(0) - 0, dp vong tai giCra nhip V(L/2) 
cd the thu duoc bang each lay can tieh phan tU 0 tdi z - L/2 
trong phuong trinh {5fl trong khi gde xoay tai dau dam 9(L) 
cd the thu dupc bang each ISy tich phan phuong tr'mh (51) 
tren ca chieu dai nhjpz = L dethu dupe: 

LPi giai dUa tren ly thuyet dam Euler-Bernoulli chi 
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cho gia trj cac chuyen vj nhd hOn la d{L) = tj^iJ flEM^ va 
V{Lll) = 5c7^L'll2E.h\ 

Td phuong trinh (6b), thay the G-£,/2(I+/JJ, ^p vdng 
d gida dam dUoc dien giai lai la; 

f ( i / 2 ) = 5a-ot/32Ey + ̂ (7„L^ jtQEM + 9fi^cr„L'/2()E,li. 

Dp vdng nay cung Idn hdn dp vdng chinh 
xac xae dinh dUoc dua tren ly thuyet dan hoi la 
V{L/2) = 5<T^t /nsy + 3a„LyiOE^h + 3M^^(T,L^ /l6E,h[3.4]. 
Ly thuyet dam hien tai eho ket qu i chuyen vi Idn hon ket 
qua chinh xac. 

Ket qua chuyen vi va dng suat neu tren la trudng 
hop sd hang « = 3 dUpc lay eho phuong trinh (1). TrUdng 
hop « > 4, ta thuc hien each lam tuong tu. Pham [3] da xay 
dung trudng hop tong quat nay. 

3.THIDUTINHT0AN 
Xet mpt dam gian don cd h = 1 m, h/b = 100, L/h = 2, 

E = lOOGPa, a =iO0 MPa va | i - 0.3. Do vong d gida dim 
dupe trinh bay trong edng 3.7. Cac so sanh dupe thue hien 
vdi Idi giai eua ly thuyet dan hoi [4] va ly thuyet dam Euler 
Bernoulli (EB). Ldi giai dUa tren nghien eUu hien tai dupe 
thue hien cho cac gia tri n = 3.4,5 trong phuong trinh (1). 

Ket qua thu dupc eho thay: Dd vong dua tr^n nghien 
edu hien tai hoi tu ve gia tri 1.96mm. Day eung la k^t qua 
cua IPigiaicualythuyetdanhdi.Tuy nhien, dp vdng dua 
tren Idi giai EB dU doan thap nhat va thap hon 36.2% so 
vdi gia trj do vdng hdi ty. Do vay, doi vdi dam cd t;̂  so 
ehieu dai nhip/ehieu cao dam la ngSn thi ly thuyet dam 
EB dudoan ket qua ehuyen vj thap hon ehuyen vj thuete. 
Trong khi nghien edu hien tai eung cap ket qua dung nhu 
Idi gi i i eua ly thuyet dan hoi. 

Bing 3.1. Dp vdng a giua nhip 

Ldi gi&i 

Nghien c\iu 
hien tai 

n=3 

n=4 

n=5 

Ly thuyet dan hoi 

EB 

Do vong (mm) 

1.98 

196 

1.96 

1.96 

1.25 

Ch#nh lech (%)• 

1.0 

0.0 

0.0 

00 

36.2 

* % Chenh l$ch cua mpt loi giii dupc so sar^ 
vdi gia tri chuyen vihgi tu (1.96nm) 

Ve dng suat: IJng suat phap dpc true tren mat cat 
giQa nhip (Hmh 3.1) dUa tren H = 3 cua nghien edu hien 
tai (Present study} cd phan bd tuyen tinh, giong vdi Idi 
giai dUa tren ly thuyet dam EB. Khi n > 4, phan bo dng 
suat nay eiia nghien edu hien tai la ham bae 3, giong vdi 
Idi giai eua ly thuyet dan hoi (Elastictiy). Doi vdi dng suat 
phap thang ddng, ly thuyet dam hien tai va Idi gi i i cua ly 
thuyet dan hoi la khdp nhau (Hinh3.2), trong khi ly thuyet 
dam E8 luon cho trudng dng suat nay bSng 0. 

Hinh 3.1: Phan bo ling suat phip dpc true tai mat cSt giua nhjp 
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Hinh 3.2: Phan b&iing suat phap thing diing tai mit eSt bat k^ 

4. K^T LUAN VA KI^N NGHj 
Nghien edu hien tai da phat trien thanh cong mdt ly 

thuyet dam bac cao eo tinh den 3 thanh phan dng suat, 
bao gdm dng suat phap dpc true, dng suat phap thang 
ddng va dng suat tiep. Ly thuyet dam dupe phat trien 
dua tren nguyen ly bien phan eua nang lupng bien dang 
bu. Cae bien dang, do vdng tinh duoc td ly thuyet nay la 
Idn hon hoae bang ldi giai chinh xac dUa tren ly thuyet 
dan hoi. Ly thuyet dam bac cao nay cung eo the dU doan 
ehinh xae phan bd dng suat phap dpc true phi tuyen tren 
mat cat va cd the tinh dUpc dng suat phap theo phuong 
thang ddng. 

Dua tren ly thuyet dam bac cao nay, kien nghi phat 
trien ly thuyet dam bac cao danh cho mat cat composite 
nhieu ldp nham dU bao chinh xac, trong khi dam bao 
dieu kien can bang cda dng suat, phan bd dng suat phap 
thang ddng va dng suat tiep tai be mat tiep xue gida cac 
Idp vat lieu. 
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