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Ciéc phwong phip ddnh gid dwéi dich chuyén dw cda céc ¢dng trinh cing dédo chiu tii trong
déng dwoc trinh bay trong céc cbng trinh {1, 2]. Trong bai bio niy 1i téng quat héa phwong
phép cida Stronge. Trén co s& khdi niém tich ten xo bién dang phi tuyén thanh hai thinh phin
tuyén tinh vi phi tuyén, cho phép ching ta nhin dwgc biu thir¢ dinh gid dwéi theo phuong phép
Stronge dwéi dang tong quit. Két qui thu dwoc trong phin niy cho phép so sanh céc phwong
phap hidn cé {1, 2] trong phin tiép theo I

1. THIET LAP BAI TOAN

Xét vat thé V chiu tdc dung cda lwe mit Ti(zx,t) va hwe khéi —pZ; (2, - I3 toa 46 diém vit
chat, t 12 bién th&i gian). Dwéi tdc dung cla ndi vi ngoal lwe trén, trong vit thé sinh ra trudag
@ng suit o;; vi dich chuyén thirc w;(zx,t). Véi thod gian két thic chuyén déng trén toian bd vit
th& 13 Ty vd u;(7%,0). Xé mdt trwdmng vin i8¢ dich chuyén o 47 (zx,t) véi th¥i gian két thic
chuyén d6ng T:. Véicdc dai lwong dwa vio ching ta thu dwoc cic thanh phin ten xo t3c @8 bién
dang thye va do dwéi day:

. 1. . . .
Eiy = 5 [”t‘.j + wyy Uk iU+ Uk.juk.i]a /

L * tk -k . ) LE "
Siy T 5 [Ue.j T+t U Uk T ”‘Jc.juk‘t]'

Khi bd qua lwec mit (T; = 0) nguyén ly cdng sudt do dwoc xic dinh nhw sau:
1, * - % . % .k - e
7€ dv — J;J'E{ut-_j + Uiy U ue; + ukjuk_;} dv=— | pt;uldv. (1.1)
v v : v

Xét biéu thirc dwéi diu tfch phin & vé trai cda (1.1)
i .k S - g . i s . * .k
R T R N oug Ui+ W] +oug 2 [uk.i%:' + U k]
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& day chi ¥ ring & = %[ﬁ;"j +4};] chinh 13 ten xo t&c d5 bién dang nhd giy ra do vin tdc
dich chuyén do ©7. Cdn ta coi dai lwgng &* = é{u; Vi, T+ U Uk ,] chinh 13 cic thinh phin cda
ten xo vin téc bién dang nio ddy. Khi 4 ap dung dinh d8 Drucker cho tirng phin bién dang ké trén,
- ir (1. 1) ta thu dwge k&t qui;

o, S 08 -+-cr:‘J”,‘J (1.2)

& diy

1l

. 1., e
£i 5[”1.1' +u1"’]’

g 1
e I i ™ ‘
E"J' = z[ukliukd -+ uk.j Uk.i]n

cdn o};, 07, dwge xic dinh twong img bdi £, s . qua quy luit chiy déo:

if? Tay

af .

30’,_,

Floi) = K Digu kién déo.

Eij = A — A >0,

Két hop (1.1} va (1.2} ta thu dwoe két qui:

/C" E7 du—l—f :J"fjdv> fpﬁ,-tl:du. , {1.3)

v v 1’4

Néu nhw ta thee hién dwoe ddnh gid

Vv

trong dé: & = maxu; va chi ¥ ring phin hao tan D* = f ol;€;,dv 1a hoin toan x4c dinh khi cho
it

tr\rorc ul.
Tve (1.3) ta thu dwoc bt ding thire co so

D4+ Cé > —f pti;oldu. (1.4)
. V - N

N&u vén tdc dich chuyén 40 4 dwoe chon trong dang mé hinh, nghia 13 v& mit toin hoc né
s¢ dwoce bidu didn dwéi dang tach bién:
u; = A fu(t) - fualze),
& diy A 13 hiing 58 khong phu thudc vio zp,t va £ (T) = 0.

D€ nhin dwoc dinh gid dwdi clia thinh phin dich chuyén thi k ta chon trutrng vin t8c dich
chuyén 30 4} nhu sau:

i = b A- f1(t) - falzi),

{1 vél i=k
ik = ..
0 véi 1#k
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Thé gid tri eda 4] vio cdc bifu thive tinh todn cla Eu’ 7 tr (1.5} vi (1.2) ching ta nhin

duwoc:

Ulu T<A fl(t}[ iy Gt J:J U:J] (1.6)

& day -
a1
E == 5[(5{;; fz‘j + 53‘kf2,i}s
. 1
E* = Eaﬂk [us‘ifz_j. + ua.jf?.t']'

Ché yring { }.=8( }/0z; va oy 07; dwoe xdc dinh qua €7, x—::-‘j- theo quy luit chdy déo,
con D = «':l'IJ 513’ chinh 13 ham hao t4n ning lu'c_rng trong bdi todn tinh bi€n dang bé khi ham vin
t5c dich chuyén dwoc chon 13 4} = 6 fo(r).

Tir (1.6} ta rit ra:

o€l < A [ [D(A) + Cd), (1)

vt C dwge x4c dinh tir danh gid

R | =

/ cnjs,".,dv [ g,-,--z-&;k [taif2 i+ uasfai] < 6.
v v '

Két hop (1.6), (1.7) véi (1.3) ta thu dwee bit ding thic saw:

*

T, ‘
f A5 () + &8 de > f f pisSn Fo(8) - folzi) dudt. (1.8)
0 oV .
Néu trong (1.8) chon f,(t) = 1, T¢ dwoc thay bing Tt ta & nhin dwoc dinh gid dudi d8i véi
thei gian k&t thic chuyén déng ' .
fﬂﬂkofﬂmk)dv

=Y (1.9)
S DY (f) +C8

Néu dwa vio bién khéng thir nguyén 7 = ¢/T* va thuc hién tich phan timg phin vé phii cda
(1.8) theo th&i gian, sau khi tinh todn ta nhin dwgc hé thic sau:

T:Z{ﬁx(fz)_g_c"&]f fl(r)dr—f-[—fpuk(T;)-;l(l)f2[zk)dv+f[puk?l(r)fg(a:k)dud'r] >

ZT:-/‘ pigo f1{0) fo{zk}dv {1.10)-
¥

[+
basy (") =d( )/dr
=] [4]=] . .
Néu ta chon f; sao cho f1{1) < 0; f; > 0; f1(0} = 1 v& f2 > 0 thi tir bifu thirc trén ching ta
nhin dwoc bifu thirc chira hai 4n 8 T vi § sau diy:
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T‘:g{ﬁi(fz) + é5][ filr)dr — T, _[ Pukof2($k)dv - f p}l(O)fg(xk}du > 0. (1'11.) |
, 0 v

v

V& trai cha {1.11} ¢6 hai nghiém T nhuw sau:

f pliro f2(zx)dv a[De(f )+és] 5f (o) -
Th =Yg o 834 |1 2 ! Ar)dr [ pfala)dv o)
2{D(f2) + C¢] \ (J pdkgfg(:rk)du) / ‘[p il
[ piofa(zk)dv 4[D*(f2) + G8] -612(0) [,
R an—— R P 2 2 AT | pfalzi)dv
2[D*(f2) + Cs) \ i (VI Plro fz(Ik)dU) c'J/ vf et

Néu nhrr :

1+

4[D*(f2) + Cs] - 53‘1 [h(f

(f pu‘kﬂf?(itk)du [sz[a:k) v>0

va chd ¥ ring [D*(f2) + 6] > 0, do § nghia céng suft hao tin ning hromg, fi{r}) > 0, fa(zx) > O,
. Q
o > 0, do viéc chon cic ham f; va quy wéc hé toa 4 va f,{0) < 0, dé dang suy ra ring:
0T <TL,.
Tir ddnh gia thoi gian Stronge (1.9), so sinh v&i cdc gid tri T, vira nhin dwoc & trén ta cd:
T, <Ti <T°

V& trai cda {1.11) 1ang gid i 3m VT, € (T;,, 75, ) vA dwong trong cic trudng hop cdn lai.
Do viy véi ddnh gid the! gian T™ clia Stronge (1.9):

f ptiko f2(zk)dv

x _V H

=Y —
D (fz)+ Cé

thi bt ding thire (1. 11 ) vin con ding.
Néu nhu:

1+ 4[13*(.)‘2) ‘*“C'S Efl (0) f fi{r)dr [ ﬂfa(zk)d” <0
(f PUkofzfﬂik)dU

thi bat ding thic {1.11) thda man VT. A
Khi thay dénh gid thoi glan 77 cda Stronge {1.9) vio (1.11) ta nhin dwoce bt ding thic:
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(f puk()fg(:b'k)dv)z l—bfl f]_(T)dT
fﬂfz(%)d” . ;c {0)

A8% 4 D*(f2)6 + > 0. S (1ag)

Ché y ring & > 0, D*(f2) > 0, f fH{r)dr < 1, fl(O) < 0 v& trai cda (1.12) c¢6 hai nghigm

sau day:

2 1 ]
. D*(fg) 5 (J pitko f2(zk ) dv) R R
2C. B 2(fz) prz(ﬁk)dv —~f1(0) )
, J
(f ; AL N
- D*(fg) . J Ptiko f2(xe) U) | *{fl(f) T o
20 D*2 fq) prz(zk)dv -fi(0) ‘
Bit ddng thire (1.12) 8& thda min khi-chon d4nh gi4 djch chuyén nhir sau:
‘ - —
(J pino fo(z)dv) 1] fulr)ar
§ 26 = . ' . .
< vl D*Q(fz) ‘[ pfg(zk]dv ‘ "f]_ (0) (1 13)

HE thiéc (1.13) 1a bifu thirc d4nh gif dudi dich chuyén theo phwong phip Si;ronge trong dang
tdng quét, khi chon tredmg van t8c dich chuyén cho phép dwéi dang téch bién téng quit. Khi cho
f1(t) =1 — 7 ta nhin dwoc két qui cda Stronge.

D ;f2) | 28 ( J P{‘k()-.fz(-fk)d.v) ’

5> —1+ t1+ 5o J AERE

(1.14)

Thé gid tri § tir (1.11) vao (1.9) ta nhin dwgc dnh gid thoi gian cida Stronge biéu dién qua
ham dang van t8c dich chuyén 30 dwoc chon.

- | Tz )dv
7, > = 2R) prg( )
- 20 [ pino fa(zi)dv
V .
- 2 - 1
_—h{@ 4C (J pi f2 a1 )do) 1= [ f(r)dr

+ f)"z(fz) - {[pfz(ﬂ;k)dv ‘ —£(0) - (1.15)
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Néu mat 48 khai lwgng khéng thay ddi tai moi dia didm cda vt thé, vit ‘thé chju xung hre
van t8c phin bd d8u vi chon fi(r) = 1 — 7 ta sé thu dwoc két qui saw:

52D*(.f2] —1+ i1+ 2 ko/fz(zk)dv :

2 D 3(12)
TR Y wfu"“ / fa(ze)d
Cuko D*

2. KET LUAN

Trong cdng trinh niy dwa trén khai niém tich ten xo tdc dj bién dang phi tuy&n thinh hai
thanh phﬁn tuyén tinh v3 phi tuyén cho phép ching ta thirc hidn dwoc phép danh gid ham hao
tdn f oie;;dv = D* +C6. Trong dé D* 14 hao tan nang lwrong trong pham vi bién dang nhé, cdn

v

C hé s8 hodn toin xic dinh khi cho trwdmg vin téc dich chuyén do 4},

K&t qua trén diy cho phép ching ta xdc dinh dwge bidu thire dinh gid dwéi d8i véi cde thanh
phin dich chuyén theo phuong phép cda Stronge. Dic bigt khi tredmg vin t8c dich chuyén cho
phép dwoc cho trong dang tich bifn, ching ta nhin dugc bidu thic dénh gid (1.13), (1.15). K
qué chl ra ring bai todn déng diroc dira vE tinh todn theo bai todn Linh phu tro.
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SUMMARY

LOWER BOUND ON DEFORMATION FOR DYNAMICALLY LOADED
"RIGID-PLASTIC STRUCTURES

In this paper Stronge’s technique is extends for the case, when kinematically admissible veloc-
ity field « is assumed to be representable by a product of a time dependent function and a time
independent function fio{we}

ul = A- filt) fialze) (1)
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and energy dissipation rate estimated follow

/ oiséifdv > A- fl(lt) [ﬁ* (f2) + 65]
v .

It consists in separation of the strain temsor into its linear and nonlinear part which is the
followed by some estimations making use of material stability condition

§ = max |u,-(:ck,t)| Vz{a:k} ev, .

ﬁ*(fg), C were easily calculated base on chosen velocity fiel (1)
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