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To6m tit. Trong cong trinh nay, mét nghién ctu nhdm xac dinh mién én dinh hinh dang phang - tinh cua
thanh mong dudi tc dung ciia mot hé tai trong va diéu kién bién phuc tap da dugc thuc hién. Hé tai trong
bao gom céc luc doc truc, tai phan bd déu va mémen ubn ngau luc & hai bén dau thanh. Hai phia dau cua
thanh mong dugc kep chat theo dang ngam kep chtr khong don thuan 1a cac gdi ban Ié nhu céc cong trinh
da duoc cdng bd trude day. Phuong phap ning lwong két hop véi giai tich da duoc sir dung dé giai quyét
cac bai toan dat ra. Tir d6 cac tac gia xay dung nén cac biéu thirc toan hoc tuong minh, cho phép tinh toan
va khao sat cac trang thai toi han cua thanh méng dudi tac dung caa hé luc twong hd phic tap noi trén.
Ddng thai cac tinh toan sé dé kiém nghiém murc d6 tin cy cua hé thirc ciing da dugc thyuc hién va cho ra
sai s& chénh léch kh& nho. Két qua cua cong trinh c6 thé dugc tng dung rong rii trong cac linh vuc co
khi, xay dung va nhiéu nganh k§ thuat khac.

Tur khda. Thanh mong, dam thanh mong, mién 6n dinh, mién dan hoi, tai trong phirc hop, phuong phap
nang luong

STABILITY ANALYSIS OF THIN BAR SUBJECTED TO A LOADING SYSTEM
WITHIN COMPLEX BOUNDARY CONDITIONS

Abstract. The research on determination of the statical and lateral stability region of thin bar subjected
to a loading system within the complex boundary conditions has been studied in this paper. The loading
system includes axial force, uniformly distributed loads and bending moment at both ends of the bar.
Both ends of the bar are embeded steadily, while in the literature elsewhere they are simply pin supports.
Energetic and analytical methods were used to solve the proposed problem. Having said that, the authors
have developed an explicit mathematical model that allows calculating and analysing the critical state of
thin bar under the abovementioned complex loading system. Besides, the numerical calculation to verify
the reliability of the obtained model was also carried out and it turned out the relatively insignificant
error. The outcomes of this paper could be used broadly for mechanical and civil engineering, as well as
many others in the engineering area.

Keywords. Thin bar, thin-walled beam, stable region, stability, complex loading system, energy method

1. MO DPAU

Hién nay, cac két cAu thanh mong ngay cang duoc str dung rong réi trong nhiéu linh vuc nhu xay dung,
co khi ché tao, hang khong, dong tau cung nhleu nganh cong nghiép khac. Mot trong nhiing yéu cau ky
thuat quan trong nhat trong thiét ké cac két ciu dang nay la can d¢am bao trang thai on dinh cua ching khi
chiu tai.

Trong nhitng ¢dng trinh ctia minh, céc tac gia [1-8] da nghién ctru twong ddi chi tiét van dé nay cho
cac truong hop, khi ma ket c4u thanh mong phai chiu tac dung boi 1-2 dang tai trong riéng biét, nhu luc
doc truc, mdmen udn ngau luc & 2 dau va tai phan bd ngang - déu. Tuy nhién, do su phuc tap trong qua
trinh xay dung cac biéu thirc twong minh va nhitng han ché trong cac cong cu tinh todn ma bai toan 6n
dinh dang phang cta thanh mong duéi tac dung cua hé tai trong phirc hop (3 hoac nhiéu hon 3 tac nhan
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luc) cho dén nay van chua duoc giai quyét mot cach toan dién. Mac di vay, nhimg nim gan day bai toan
dang nay dd budc dau dugc nd lec nghién ctu, vi du nhu 1a trong cdng trinh cua Magnucka va Blandzi E.
[9]. Tuy nhién thi viéc (ng dung két qua cua cac tac gia nay cho bai toan, khi ma luc doc truc cé gié tri
I6n lai khdng kha thi do sai s6 kha I6n. Piéu nay dugc ching minh thong qua trudng hop riéng, khi ma
tac dung vao thanh mong chi c6 luc doc truc thi céng thiec tinh lec téi han do biéu thic cua [9] dem lai co
su khac biét rat nhiéu so véi cdng thie kinh dién Ole (cong thic tinh luc téi han cho su 6n dinh cua thanh
chiu nén).

Trong c6ng trinh [10] mot bai toan vé diéu kién 6n dinh dam thanh mong voi tiét dién mat cat c6 2
truc ddi xtrng tong quét vai c4c tai trong phirc hop duoc nghién ciru thanh cong. Tuy nhién né chi dung
véi diéu kién bién 1a gdi twa don gian, con trong tinh huéng ngam kep hai dau dam (vi dy nhu dam thanh
mong 1a 1 ludi cua trong két cau co khi) thi két qua ciia cong trinh nay lai chua thuc sy phd hop. Véi
nhitng ly do néu trén, trong bai viét nay céc tac gia dé xuat mot quy trinh tinh toan méi cho bai toan 6n
dinh dang phing cua thanh méng véi mat cat hinh chir nhat chju tac dung cua hé luc va diéu kién bién
phirc hop (Ngam kep). Két qua thu duoc caa nghién ciu c6 dang l1a mét biéu thirc toan hoc tong quat,
tuong minh, cho phép danh gia chinh xac trang thai 6n dinh cua cac két cdu thanh mong dudi tac dung
cuia hé tai trong va diéu kién bién phuc tap.

2. PHAT BIEU BAI TOAN VA XAY DUNG BIEU THUC TIiNH

Cung xét thanh mong véi tiét dién hinh chir nhat chiu tac dung cia mdmen uén M, luc cit phan bé déu
V6i cuong do g va luc doc truc F (hinh 1). Chuyén vi va goc xoay cia mat cat ngang thanh mong dugc coi
1a nho [1]. Géc toa d6 duoc gan véi trong tdm mit cat ngang cua dau bén trai thanh mong. Truc x tring
V6i truc cua thanh, truc y vudng goc véi mit phing c6 do ciang chdng ubn 16n nhét, truc z thiang ding
huéng xudng nhu trong hinh 1. Bén canh hé truc toa do chinh (todn cuc) x, y, z, chiing ta con st dung hé
truc toa do bd tro dang cong & vi tri can bang caa mat cit ngang 1a X1, y1, z1. Goc caa hé truc toa do bo trg
nay ciing trung vé6i vi tri trong tim mit cit ngang dang xét nhung & vi tri chuyén vi. Céc truc y1 va z
hudng theo céc truc quan tinh chinh trung tm cua mat cit ngang, truc x; tring véi hudng tiép tuyén cua
duong cong dan hdi thanh mong.

Xét truong hop, khi ma mit cit phia 2 dau cua thanh mong khéng thé xoay quanh 2 truc song song voi
X va z. Biéu d6 c6 nghia la mat cit ¢ 2 dau thanh, khong nhiing chuyén vi theo phuong y ma dao ham bac
nhét cua né y " (g6c xo0ay quanh truc z) ciing phai ve gia tri 0. Con su quay tu do quanh truc y cua 2 mat
cit nay thi c6 thé xay ra trong truong hop dleu kién bién trén. Vi diéu kién bién kep chat ¢ 2 dau ngam
cua thanh nhu vdy, gia sir dé gitr cho mat cat 2 dau khdng xoay quanh truc z, 2 ngam kep nay phai tac
dung vao thanh mét mémen c6 gia tri Mo (hinh 1).

Y1

||
M(V VA !
~

Hinh 1: M& hinh phan tich 6n dinh dang phiang cua thanh mong véi mat cét hinh chir nhat

Phuong trinh can bang ciia mat cat thanh mong [1]:
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1
Byt do ®
Y dx dx dx
2)
M, —M,+F.y =B, dy
dx

Phuong trinh vi phéan lién quan dén z(x) trong cac cong bé cua [1-3] moO ta hién tuong udn cua dam
trong mat phang zOx. Tuy nhién, trong mat phang nay, dam s& khong bi udn thuan tay nhu vay ma né bi
uén 1a do sy mat 6n dinh, gay nén bei hién tugng xoay cua mat cit ‘mot goc (x) (hinh 1). Vi thé viéc st
dung phuong trinh vi phan udn thuan tay lién quan dén z(x) trong van d& mét on dinh dam thanh mong la
khong phu hop. Bén canh do, trong cong trinh cua [11-13], mot hé thirc lién h¢ gilta cac do vong y(x), z(x)
va goc xoay ¢(x) da duoc thiét 1ap trong tinh huéng mat 6n dinh, cho phép tim ra dwoc méi quan hé chinh
xac hon gitta 3 dai lugng nay. N6 c6 dang nhu sau:

dz_dly 5

dXZ dXZ’ ’ ’ ( )
Trong d6 C — D6 cing cua thanh mér]g khi >‘<oén, By=E*J, — d0 gl’rng nho nhat khi uon, ¢ — géc xoay
cua mat cat ngang khi thanh mong chiu uon bi oan, Mo — Momen ngau luc tai 2 diem kep dau thanh trong

mit phang xOy, c6 gia tri khac khong ¢ tinh hudng diéu kién bién nay.
Moémen udn ndi luc My ddi véi truc Oy duge xac dinh theo cong thuc:

L-Xx x?
gLx g )
7 2 2 4
‘The nang bien dang dan hoi xuat hi¢n trong thanh mong I@ tong hop cua hién tugng uon trong mat
phang c6 do ctng nho nhat va hién tugng xoay khi bi oan Iic mat 6n dinh:

1 fdyY 1 ifdeY
U :E-BZ-J‘O (W] dX+E'C'.[O (&j dx (5)

Cong cua c4c tac nhan ngoai luc nhu luc doc truc F, tai phan bé déu g va mdémen ngau luc M duoc xac
dinh nhu sau:

M, =M+

W_E.F.J‘L dy de+ -J‘dex+M-%| —M'%| ©)
“o 0 Jol gx 4l dx ° 7 dx

Trang thai 6n dinh téi han ctia thanh mong dugc miéu ta bang phwong trinh cuc tri cua tong co ning
trong thanh [9]:

5(U-W)=0 @
Ham d6 v8ng y vé mat ly thuyét 12 nghiém cuaa hé phuong trinh (1) + (3) rat phuc tap, tuy nhién trong
thuc té tinh toan, duong cong dan hdi cua thanh co thé duoc tinh gan ding theo dang ham luong giac don

gian sau [1-2]:
2:7T°X
=i 227

Thuc vy, ta d& thiy dang ham (8) trén théa man cac diéu kién bién kep 2 dau thanh méng. Trong
. R ‘ dz . . . :
phuong trinh (1) dai lugng v cung nho M 0 gx €O thé bo qua va sau d6 xac dinh tir phuong trinh nay
X

goc ¢ voi cac diéu kién bién 1a ¢(0) = 0 va p(L) = 0:

27 . [ 27X
(D(X):y1'|:p1+(_p1+|—p2x_ P, X ) COS( L j (I—ps 2p3X)'Sm(Tj} 9)
Céc hé s6 khong phu thudc vao x:
M L’q q Lq
=TT ac T e BT e,

V& mit ban chit co hoc:
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- Phurong trinh vi phan (1) thé hién phuong trinh cén bang cua mat cat dam khi né xoay 1 goc ¢(x). Do
do viec tim goc ¢(X) dugc thyc hién ¢ phuong trinh nay s& dem lai do chinh xac cao nhét [10].

- Tuong ty, phuong trinh vi phén (2) thé hién phuong trinh can bang cua mat cit dam khi né bi dich
chuyén mot do vong y(x) trong mat phang xOy. Do d6 viéc tim do vong y(x) dugc thuc hién ¢ phuong
trinh nay ciing s& dem lai do chinh xé&c cao nhét.

Nhu vay, theo huéng tiép can caa loi giai trong cong trinh nay, ching ta s& cho truéc dang gan dung
cta ham d6 vong y(x), sau d6 str dung phuong trinh (1) dé di im goc xoay ¢(X).

Thé biéu thire do vang v (8) va goc ¢ (9) vao (3) dé giai phuong trinh vi phan véi diéu kién z(0) = 0 va
z(L) = 0, ta thu dwoc nghiém 12 biéu thire xac dinh do véng z:

2
)t [ e 0 - 222 222

(10)
Arx 9 ArX . [ ArX . [ ArX
—Lxz,cos| — |+ X°Z,C0S| —— |+ Z;SIN| —— |+ XZ,SIN| —
L L L L
Véi céc hé s6 khong phu thudc vao x sau déy:
2, =9L%p, - 24%p,r +168L2p,7%; 2z, =192Lpr* —323p,7*;  z,=192pt;  z,=32p,x;

7, =192°p,z?; z,=-9U'p, +24Cp,r + 24 pn°; z,=241p,; z,=12U"p,7-24p,7%;
z, =24 p, 7 +48L% p,z°;
‘Thay thé céc bicu thirc vira thu duoc ¢ trén 1a'y, ¢ va z vao (5) va (6), ta thu duoc biéu thire xéc dinh
thé nang bieén dang dan hoi cta thanh mong, cé dang:
uBrty’  Cy’
L2 480Lx
L*p,2(15+ 4077 +167*) + 401272 (p, p, (3— 472) + 2 (3+ 27%))}
Va cbng cta cac ngoai luc 1a W cé dang:

_{~480Lp, p,° +480p 7 +20L° p, pyr(~3+1677) +

_ W
W = egagrzga 1200 (qzl +2M (z,— z7)j +23040FLx +36L57%qz, —

513 (87;2 (az, +6Mz,) —3qz7) +301270(272, - 2,) -480M 7°2,}

Gin cac két qua trén vao phuong trinh (7), ta thu dugc hé thirc miéu ta trang thai 6n dinh téi han cua
thanh mong:

R(M,F,q)=1920L°M*7° +19200(|:|_2 ®—4B,7°%) +80L*'M z*(3+1872° +4x*)q +

+L°(-15+2107% + 807" +167°)q” =

Hé thuc tong quat R(M,F,q) = 0 miéu ta ranh gisi cua vung khong gian khi ma thanh mong con git
dugc trang thai 6n dinh dudi tac dung cia dong thoi cac yéu td mdmen uén M, luc doc truc F va tai trong
phan b déu g. Ta cing kiém nghiém lai do tin cay cua hé thirc (11) thong qua céc trudng hop, khi ma tac
dung vao thanh moéng chi c6 céc tai trong riéng biét va cong thurc xac dinh gia tri téi han cia ching da
dugc xay duyng, chirg minh trong cac cong trinh trudc day:

Khi F =0 vaq =0 tathé vao (11) tir d6 thu duoc gié tri toi han cia mémen ngau luc M

2n,/B,C

cr L

Khi M = 0 va q = 0 ta ciing thé vao (11) tir d6 thu duoc gid tri t6i han cua luc doc truc Fer twong tu
nhu cong thic Ole:

(11)

M (12)

47°B
F, = B 2 (13)
Khi M =0vaF =0t (11) ta c6 gia tri toi han cua tai phan bd déu qer:
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JB,C
q, = 53.74- L; (14)

Céc hé thuc két qua (12) + (13) hoan toan trang khop so vai cac két qua chinh xac dwoc trinh bay
trong céc cong bd noi tiéng cua [1-4].

Dé biéu dién két qua thu duoc (11) truc quan bang do thi, ching ta s& xét mot thanh thép mong ¢6 mat
cit hinh chir nhat véi cac dac tinh cy thé sau: E = 2.07 - 10! Pa; u = 0.28; p = 7800 kg/m?, kich
thudc: L = 0.455m; b = 0.008 m; t = 0.00147 m. Khi d9, gia tri cua cac luc tdi theo cac cong thirc
(12) = (14) 1a: M= 75.43 Nm, Fe= 835.92 N, ger= 3116.39 N/m. Vung 6n dinh cta thanh dugc biéu dién
& cac do thi hinh 2-4.

O trén cé4c hinh vé 2 va 3 ta nhan thay rang, khi tang lyc nén F tir 0 dén gié tri luc toi han Fer, ving 6n
dinh bj thu hep dan. Khi lyc nén ting véi gid tri t6i han F=Fc,, viing on dinh thu hep vé thanh mot diem
(diém A trén hinh 2 hoic diém (0,0) trén hinh 3). Diéu d6 c6 nghia 1a ddm bi mat on dinh ngay ca khi
khéng c6 tac dung caa moémen ubn va lyc phan bd ngang déu (Mer = 0, 0er = 0). Nguoc lai, khi lyc doc
truc 1a luc kéo (F c6 gia tri &m), ving 6n dinh s& duoc mo rong thém ra (duong F=—2.F trénhinh 3).

Tuong ty, nhin vao cac hinh 2 va 4.a ta nhan thay, khi ting moémen udn ngau lyc & 2 dau thanh mong
tir 0 dén gia tri mdmen téi han M = M, thi viing 6n dinh ciing bi thu hep dan vé mét diém (C trén hinh 2
hogc (0,0) trén hinh 4.a). Nghia la thanh méng ciing bi mat 6n dinh ngay ca trong truong hop khong c6
luc doc truc F ciing nhu tai phan b ngang déu q tac dung vao (Fe = 0, Qer = 0). Cubi cung, nhin vao cac
hinh 2 va 4.b ta ciing dé dang nhan thay rang, khi tang cuong d¢ tai phan bé ngang — déu q tir 0 dén gia tri
ti han g = g thi ving 6n dinh ciing bi thu hep dan vé mot diém (B trén hinh 2 hozc (0,0) trén hinh 4.b).
Nghia 1a thanh mong bi mat 6n dinh ngay ca trong truong hop khéng 6 luc doc truc F ciing nhu moémen
uén ngau lyc & 2 dau thanh tac dung vao (Fe;=0, M= 0).

800
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F, [N]

200

60
40

B M, [N.m]

Hinh 2. Ranh giGi cua viing 6n dinh thanh méng dudi tac dung cua hé luc phuc tap gébm moémen ngau luc M, luc doc
truc F va tai phan b6 ngang — déu q
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Hinh 3. Ranh gigi cua vung 6n dinh thanh mong vaéi cac gia tri khac nhau cua luc doc truc F
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% : 5 )
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Hinh 4. Ranh gigi ctia viing 6n dinh thanh mong voi cac gia tri khac nhau: a) cia mémen udn ngau luc M b)
cua tai phan b6 ngang — déu q

3. KET QUA SO VA THAO LUAN

Trong truong hop, khi ma tac dung vao thanh mong chi c6 mot trong sb céc tai trong thi gia tri téi han cia
chiing c6 thé dugc tim mot céch chinh xac bang viéc giai phuong hé phuong trinh vi phan dan hoi. Cac
nghi¢m thu dugc cua h¢ 1a (12) — (14) trung veéi cac két qua nghién ctru trudc day cho nhimg truong hop
riéng nay. Tuy nhién can kiém nghiém muc do tin cay cua hé thic (11) trong tinh hudng tai trong phirc
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tap téng quat. Pidu nay co thé duoc tién hanh bang viéc st dung cac phuong phap s6 gan ding, vi du nhu
phuong phap phan tir hitu han (Finite Element Method - FEM) [13]. Loi giai bai toan phan tich do o on dinh
bang FEM trong khudn kho bai bao dugc kiém nghiém bang 2 gdi hé théng tinh toan 1a NX Nastran va
APM WinMachine.

Vi céc goi phan mém sir dung FEM, viéc xdy dung do thi viing on dinh tryc quan nhu cac hinh 2-4 14
d1eu khéng thé. Cac phan mém chi cho phép kiém tra sy 6n dinh cua thanh mong thong qua hé 30 an toan
on dinh (Nstab) dbi vai tirng bo tham sb tai trong (M, g, F) cho trudc. Véi cac diém thuoc vung 6n dinh thi
hé sé an toan tinh dugc nho chuong trinh FEM s& I6n hon 1 (Nstan >1), V6i céc diém nam ngoai viing 6n
dinh —h¢ sb an toan s€ nho hon 1 (Nsw» <1), va nhitng diém nam ngay trén bé mat (duong) ranh gidi vung
6n dinh thi hé s6 an toan s& bang 1 (Nsw» =1). Do d6 phuong phap thir nghiém duoc tién hanh nhu sau.

Can cr vao hé thuc (11) ta chon 5 bo s6 (M, g, F) thudc duong bién cia ving 6n dinh (chinh la cac
diém Py + Ps nam trén duong cong khi M = 20 N.m, hinh 4.a). Cung trong hinh 4a, ta chon 1 b6 s6 (M, q,
F) thudc vang 6n dinh (phia dudi duong cong khi M = 20 N.m 1a d1em Pe) va 1 bo s6 nim ngoai vling on
dinh (phia trén duong cong khi M = 20 N.m 1a diém P7). V6i 7 bo s6 (M, g, F) tim dwoc (cac bo s6 nay
duoc bao quanh hinh chir nhat mau xanh thim ¢ bang 1), ta lan luot dit 1am dir liéu dau vao cho cac
chuong trinh tinh toan NX Nastran va APM WinMachine dé tinh hé sé an toan 6n dinh cho mét thanh
mong Véi kich thudc va tinh chat co — Iy cuia vat liéu nhu di trinh bay & myc 2 (E = 2.07 - 10" Pa; u =
0.28; p = 7800 kg/m kich thuéc: L = 0.455m; b = 0.008 m; ¢ = 0.00147 m). Két qua cho thay, 5
b sé dau tién nam o tai ranh gIOI ving 6n dinh (dwong M = 20 N.m, hinh 4a) cho g|a tri hé sé an toan

Ny =1, DO sb nam trong ving 6n dinh cho gia tri N, >1va bo sé nam ngoai ving 6n dinh cho gia tri

stab < 1
Tuong tw, nho hé thire (11) va dudng g = 1000 N/m trén hinh 4.b, ta xac dinh 7 bo s6 (M, g, F) voi
gia tri g = 1000 N/m khong doi, twong ng véi cac diém Pg < P12, P, P14 (CAC b0 6 ndy duoc bao quanh
hinh chir nhat mau do ¢ bang 1). Thuc nghiém tinh toan dua ra két qua tuong tu: 5 b sé (M, g, F) nam
trén dudng g = 1000 N/m trén hinh 4b cho gié tri hé sé an toan n_., ~1, bo sé ndam trong viing 6n dinh

<1.

stab

stab

cho gia tri ng,, >1vabo sé6 nam ngoai ving 6n dinh cho gia tri n,

Bang 1. Hé sé an toan 6n dinh cua thanh mong dudi tac dung cua hé tai trong va diéu kién bién phuc tap

.2 . \ APM
f;r‘]zrg Ditkign | Dit kién fllen?hi‘g‘z‘ﬁ;‘ Vi trf cia diém Nal\gﬁan WinMachin
sat khao sat on dinh e
M, [N.m] g, [N/m] F, [N] Nstab

P1 20 0 777.162 & tai ranh giai 0.9947 1.015
P2 20 500 681.451 & tai ranh giai 0.9799 1.025
Ps3 20 1000 542.704 ¢ tai ranh giai 0.9602 1.026
P4 20 1500 360.922 ¢ tai ranh giai 0.9416 1.017
Ps 20 2264 0 o tai ranh giai 0.9214 0.9911
Ps 20 1000 Chon 200 trong vung 1.310 1.42837
P7 20 2000 Chon 600 ngoai vung 0.7011 0.7519
Ps 50.5234 1000 0 o tai ranh giai 0.9708 1.0913
P 40.9335 1000 200 & tai ranh giGi 0.964 1.0687
P1o 29.6946 1000 400 & tai ranh giGi 0.9602 1.0446
P11 15.4632 1000 600 o tai ranh giai 0.9612 1.0183
P12 0 1000 750.01 o tai ranh giai 0.967 0.9972
P13 20 1000 Chon 200 trong vung 131 1.4284
P14 50 1000 Chon 600 ngoai vung 0.6853 0.7478

Tir bang thuc nghiém sb, ta thay h¢ thuc (11) va céc do thi hinh 2-4 md ta rat chinh xac viing 6n dinh
cua thanh mong dudi tac dung cua hé cac luc (M,F,q) bat ky. Hé thae (11) c6 do tin cay rat cao dé co thé
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st dung trong qua trinh tinh toan va thiét ké cac két cau thanh mong thoa mén duoc diéu kign 6n dinh
dang phang.
4. KET LUAN
Nhu vy, trong nghién ctu nay, bai toan phan tich 6n dinh cua thanh mong dudi tac dung cua hé luc va
dieu kién bién phuc tap da dugc gidi quyet, Ket qua thu dugc cia nghién ctru o dang la mét hé thie toan
hoc (11) tong quat, twong minh va dugc bicu dien bang do thi truc quan voi khdng gian khao sat (hinh 2 +
4), cho phép déanh gia chinh xac trang thai 6n dinh ciing nhu &tng Xur co hoc cua cac két cau thanh mong.
Céc tinh toan so de kiem nghiém mtrc do tin cay cua hé thace cling da duoc thuc hién va cho sai s6 chénh
Iéch khong dang ke. Céc két qua néu trén cua cong trinh cd thé dugc tng dung rong rai trong cac linh vyuc
thiet ke cac ket cau co khi, xay dung va nhicu nganh k¥ thuat khac.
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