Tap chi CO HOGC, tap XIV, 1992, 56 4 (1 — 9)

SU HOI TU CUA PHUONG PHAP BIEN THE
NGHIEM DAN HOI TRONG LY THUYET
QUA TRINH BIEN DANG DAN DEO

v KHAC BAY

Phwong phip bi€n thé nghi¢ém din hdi trong If thuyét qué trinh bién dang dan déo dwoc
trinh bay trong (1}, nhung cho d€n nay chwa ¢ mét chimg minh nao v& sy hdi tu-cia né cd ve Iy
thuyét ciing nhw phwong phip s8. Trong bai niy khing dinh sw hdi tu cda phwong phap bién thé
nghiém dan héi bing phwong phip s8 théng qua vige gili hai bai todn din déo, ddng th&i khio
sat tdc d4 hol ty trong cd qud trinh dan déo.

1. TRANG THAI BAN DEO CUA ONG DAY CHIU AP LUC TRONG VA
LUC KEO DOC TRUC

Xét Ong day, dii, ban kinh trong bing a, ban kinh ngodi bing b, chiu 4p luvc d8u & trong P{t)
va luc kéo doc truc Q(t). Ong 1am bing vit lidu t4i bin, khéng nén duwoc {v = 0,5), khéng lwc
khéi. ’ ‘

Ta xét bii todn trong hé toa dé tru. Do din kién 481 xfimg vi éng dii vd han nén cac bidn
dang vi #ng sudt 13 ham clar va &

Ezz =g, = ez,_(t), Er,- = By = rrr(r: t)s
Egs = egp = esp(r,t), FEro=E,, = Fp, =0.

Céc thinh phin #ng suit, bién dang phdi théa min cdc phwong trinh vi cdc digu kién bién:

30'”- Trr — Tgg Au, Uy
== 0 r — ,' T e
ar + r n Jr co0 r
{ —P{t) khi r=a
Ore =
i 0 khi r=4,

& t
Q) = 211-/0'zzrdr, Sy = 2Ge;; + f Rijxeders.
o i

Trong dé
S5 Ske

2
Ty

Rijre = —2GWyb,. b0 + 3G(W, —~ Wy)
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W, =1- U“‘:Cgs) s Wo=1- %(—8)—, ¢$'(s) va k(s) 12 cic him dic trung cho tinh chdt cia vit

du. 8] day do vit lién t4i ben tuyén tinh nén: ¢’ (s) = E' khis > sg, ¢'(s) = E khi s < 55 va
[s) =1/s.

Chia qua trinh d3t tii tir thed diém ban d%u dén thdi didm dang xét thinh n giai doan, khi

6 ta cd:
b4 3

SiM = 26 + E R..Jkgﬁkgdt = 26! + Al
m=1 o , )
61 wéc lwong tich phin:
ten ‘
/ Rijreepedt = %[R‘(;:e Uy Rf:;l] Ae (""')V_H Aneis
tm.1 .

Thuit gidi & diy 13 bit nghiém & cudi glai doan n — 1 (tic 13 s¢ bié’t/du‘o’c cic Apmei;) ta
iac dinh nghlem ctia bii toan &. glal doan thﬁ' n. Trong giai doan ndy ta gidi gin ding hen tiE.
{ghiém gin dung thit £ cin thda méan:

N R .
or r - a ' )
{n.k) ' (n‘k) : ’
RO L S I (1.2)
frr T gy e r
simh = 2Ge (k) E Ameii + Ao {1.3)
mml
véi cac disu kién bitn: S |
~Pt,) vét r=a L
Tpp = X (1.4a)
: 0 véli r=1b
b .
Qtn) = 2n [ olzPrar (1.4b)
Trong d6: ‘ ‘
n—1 sk 1 v, k—1 n--1
AlFe, [RE 29 4 R(:kz }] [egz )~ ;(ce )} _

(n k1) Sé?,k—l)

n k-1 n k—1 n k—1 k-1
O gan diing thi k =0 ldy A0e;; =0,
Dit
n—1 n—1
D Bmer + A6 = RF N7 A ean + Al egy = BIMY) (1.6)
m=1 m=]1 ’ ‘

Tir didu kién e,, + €gg + €., = 0 nén tir (1.2) ta dwoc:
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vi o
€xz N o
ggg = 5 + i C 13 hing s3.

Thay vao (1.3) ta dwee:

S’S:’tk) = G‘i:‘;‘k) — o-(ﬂuk) = _G [e,(z:’k)' + E‘h__’k_}_] + R<n’k)
T2 .
n,k  Ank . in, n 2C(“vk) "
Sés }:"e(ae )fU( k)=G[—e£z"‘)+ = ]+B( k)

Sz(:,k) — Uﬁ,’:’k) - o,{n.k) — 2Ge£fz1,k) _ R(n—.k} . B(n,k)

¢

Dem thay vio phuong trinh cin bing (1.1) ta dwgc:

{rk) (n.k) (nk) _ pink) Fopink) _ plnk) ik
Boer 4GC B R L B R 2GCink) ok
ar 3 * T :}’Ug?' ) =f_iqur_ r2 +Ci -

ia

Xic dinh Cm%) v C{™*) tir didu kign bién (1.4a):

f pin®) _ ping) 22
(nk) _ _ S L a
c {P(t,,,) f . dr} s

3

O = 2GC0H = - Pt

Thay vio ta dwoe:

. , : F Bk _ Rink)
almk Z oo (}_ _ _i) + f.i_r._imdr - P(t,)

a?z r2
a

acolnk)
2

aé;’k) - Jg;,k) + 4 Bimk) . plnk)

7
Tir digu kién bién (1.4b) ta dwoc:

b . b
Qtn) = 'JT] {cri,’f"k) - Jé’;’k) - S(R(”‘k) + B(”’k))}rdr+ 6G1r/ elm®) pdr

a

_ o, |
> epH = - Qlta) + wf [S(R.(”'k) + Bimk)) = glmk) .:rég"‘)] rdr}

Do viy ta dwoyc:.

o = H{oaug oo sin0 fp) o).

Tir d6 ta tinh dwoc: eé’;’k), eg’:’k), S.,(f‘\k), Ség’kl, S;;"‘k) va

3 n n 3 n, n, 11, T,
o) =35ty s < [ st 4 (s + (517 4 s
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Do $(™)

= §n=1) 4 8, nén SO = 5001} 4 (P grong dé

S(")_f[m dt—\/72 f VEiséis ds
m=l,
z [
st =2/l -

Goi ¢ 13 géc l8ch gifra vécto dng sust vi quf dao bién dang ta cé:

{n— ) ((n,k} {n 1))

. ("‘:k} (" k) {ﬁ‘-l}
cosp = Sistis viy (cos J(m®) — i ( “i TGy )
o = VL ay e - o ﬂ- k) S(k)

Bigu d5 1. D3 thi quf dao tiu ngoal kéo nén ong try day.
(1) - cAch d3t tdi 1

(2) - cach ddt tdi 2 — - ?(f)
(3) - céch g6 tdi 3 | -
| ' " (2)
b ", {3) Ty
A e

-“'-m...,,: AR N b

| F(f) R ETRE AT
- U fitlt iy 5,3

s 25 gl

1.1I1|J.|lnllm !
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Hinh 1. Hinh 4dnh din déo & mdt 88 giai doan trong cAch dit tii 1.
(a) Giai doan 22 : p =0, 50851, ¢ = 0,98433 :

{b) Giai doan 23 : p=0, 50917, ¢ = 1,0523

(¢} Gial dogn. 24 : p= 0,5117, ¢ = 1,1242

& mdi budc ta cin kidm tra gid tri cta {cos 4,9)(“ *) Neu

(cos p)(™*t > 0 - ng v&i qué trinh dit tai.

{cos cp)‘“ k) < 0 - fing véi qué trinh cdt Al :

Vi céc dai lwong 13 him cda r v3 t nén ta chia ban kink tir r, d€n v, thinh m doa.n bédim+1
di€m chia. Pra vio cic dai hrong khéng thi nguyén:

Q(t} P{t) — S;j Ya 1 - }ig

. o P o . ) ho= .2 A

Q(t) ?I'(ﬂ.g _ 62)0'3 ) p(t) Ty 3 StJ o, 3 o ¥ 3 + h4
E MN

. ) MN .
Ap dung tinh toan véi thép 40X; c6 5 = 0,028, 0, = 858~ -, G = 70000—~ véi h = 0;5,

m
m = 20, n = 25; dit tdi theo 3 céch va véi cic cdch chia giai doan theo tham s8 tai khic nhaun.
Bdng 1 ghi két qud tinh todn & 3 giai doan theo cich d3t t4i 1. Sai s8 giira hai lin lp thé 3 va
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thie 2 cia che dai lwgng (tai cic didm cb toa dd r = r,} & tAb cd céc giai doan khéc diu nhé hon &
3 gial doan nay.

K&t qua tinh todn theo 3 cdch 44t t31 (nhw trong bidu 45 1} cho thiy ring: sai 8% gitra hai [in
14p thé 3 va thi 2 trong sudt qud trinh cda cde dai Iwong ng suat déa ahé hon 4,3%, cda cdc
dai lwong bifn dang déu nhd hon 3%, cla cudmg d5 (ngsuit diu nhd kon 2%; sai 8 gitra hai lin
1p thir-8 va tht 7 & moi gial doan tdi cda cde dal lwong dng suft ddu nhd hom 3%, cda cic dai
hrong bifn dang déu nhd hon 2,4%, cla cwdng d6 dng sudt déu nhd hon 1,5%.

Bdng 1
) 58 0’5 Tz Ca ]
Tai s - err - 10%  £gp - 107 ol - 15° cos @
1an lp a, T, O, N

Giai doan 22 2 0,52062 0,57975  1,0579  -6,64 3,06 3,579 0,3622
3 0,50336 0,55578  1,0371 6,72 3,12 3,602 0,9218

p=050651 saisd  3,4% 4,3% 2% 1,2% 1,86%  6,3.107%  6,5%
7 0,49263  0,54497 10263 -6,93 3,23 C3,702 ,9693

g = 0,98433 8 0,49627 0,54293  1,0269 -6,56 3,26 3,704 (,9764

saisd  7,3.107% 3,7.107% 5,7.107% 4,4.107% 8,5.107% 5,4.107¢ 7,3.107°

Giai doan 23 2 0,52606 0,63020 1,0914  -7,38 3,21 4,180 0,8562
3 0,53511  0,64067  1,1009 7,86 3,31 4,354 06,9303

p=0,50917 =saiss 1,5% 1,6%  85.107% 3,7% 3% 4,24% 7,9%
7 0,62201 062523  1,0885  -8,58 3,70 4,878 00,9848

g = 1,0253 8 0,52273 0,62357  1,0858  -8,77 8,75 4,583 0,9880
sal 58 1,4.107% 271077 5,0.107% 22.00%  2,3% 21%  3,2.10°°

‘Gial dogn 24 2 0,54973  ©0,71559  1,1534 9,20 3,60 5,493 0,8384
3 055750 0,72401 14,1615 2,48 3,77 5,719 0,9119

p=10,51176 saisd  1,4% 1,2% - 71073 3% 2,1% 3,7% 8%
7 0,56078 0,73235  1,1878  -10,65 4,10 8,479 0,9801

g=1,1242 8 0,58044 0,73227 1,1682  -10,93 4,28 6,638 0,9842
saisd  6.107% 1,2.107% 36107 2,5% 2,3% 2,6% 4.1073

"

2. TRANG THAI DAN DEO CUA THANH TRON CHIU XOAN VA LUC
KEQ DOC TRUC

Xét thanh trdn, dii, ban kinh bing ¢, 1am bing vas Hén khong nén duge, 141 bEn tuyén tinh,
khéng hre khéi; chiu lire kéo doc truc P(t} v mbmen xoin M(t).

D3i vt bhi todn niy ta vin ding gid thift ban kinh thing v thigt ditn phing, & day vin
xét bij tcaén'f.rong hé tos &5 tru. Do tinh chit cha lyc ngoli tdc dung ndn ta thiy ring cdc dal
lironig bifu thi g suit va bidn dang khéng phu thode vio gde 4 v z, cde dul lwong bifn thi ve
chuyén dich khdng phu thudc vio gée 8. Cdc thinh phin dmg sudt chi con lpi thank phin o, va
7p. 14 khic khdng ¢dn cdc thinh phin khic déu bing khéng, do viy céc phuuré trinh cin bang,
d3u thda min.



Goi 8 1 géc quay gitra fiai thi€t dién cich nhau mét dcrn vi, khi @6 do gid thidt thiét dién
phing v3 ban kinh thing chuyén dich ug = r.z, do viy ug, = ,6'1- vi do gid thift thit dién phing

nén e, = e, (t). Do d, = 0 nén:

Jdu,  u,

+ — = gy, —+ U, = ——g,,.r+ — ; C 13 hing s&.
ar r 2 r
e 1ea . . : 1 . .
- Tir diéu kién r = 0 thi v, = 0 nén C =0, viy us = -—Eezz.r, do dd ta cb;
1 1 1 '
Epp = —“Z*Bzz(t), fap = —Eezz(t), epx = Eﬁ(t).r, €20 = €22(t) (2.1)

com cdc dai lwong €., = e,9 = 0.

Chia thii gian tir d3n d&n thoi difm dang xét thianh n doan, khi d6 tai giai doan dang xét
(tht n) nghiém cda bii todn s& dwoe giki bing phwong phép xdp xi lién tiép trén co s& bift dwoe
nghiém & cudi giai doan trwéc (giai doan thi n —1). Tai gin ddng thé k & giai doan n, céc thanh
phin wng suft s& lién hé vé&i cic thanh phin bién dang:

: S{(;,k) =20 (nk) + Z Apes;+ A e, (2.2)
me=1

vi céc ditu kién bigm

P(t,) = Zﬁfcri:’k) rdr, M(tp) = 27rf Sé:’k}rzdr (2.3}

0 0 o
Trong dé
k— 1 n—1 nk—1 nk— 1) n—1

AE_I Ve = E[R:(jkz )+ ngke ]] [ (F. Lz ‘ )]

vél
e . S{nk‘ I}S(nk 1}
RIEY = coow{mF g8 4 3G (WEY wimRm ) T B
Ty .
ve E ' k
W2:1--—E—, lelgg%.[s_).‘, do k(s) —nenW1—1A0+JE?'Sl

Trong dé s; 12 3 dai cung bién dang bit dau sav giai doan dan héi dén th¥i diém dang xét.
& gan ding thi & = 0 ta Idy A,(n_o]e”; ={.
Do a,. = opp = 0 nén tir {2.1) k& hop véi (2.2) ta ludn b E Boeqr = 3. Apegg & moi giai
T

doa.n Ky hiéu:
n_rl | S el
Yo Amer + 006 =3 Apegs + AlFleyy = RTY 4 AFe,, = RIWF)
m=1 m=1 ’
n-1 -
Z Apeps + ﬂ( }Bg = F(" 1} -+ A(k) .= F(n,k]
m=1

"Khi dé tir (2.2) ta ¢b:



S[n,k) - Sé;’k) _ __o_(n.k] — —Ge(n‘k] + R[n,k} — __lo-["‘k)
¥4 3

Si:.k} — O-L";nk) — g-(ﬁ-.k) — 2G5Ez’:‘k} o ZR(n’k],
Sé"vk} — ZGeé‘:‘k) + F(n,k)‘
Thay vio diu kién bitn ta dwoe:
Plta) = 2r f 3(Gelm®) _ Rlnb) g,
. 0

Do viy:
a

(n&) o _ 1 (n,k)
el Py {P(tn) + GWfR rdr}

0

6o, = %ﬁ(mk} r= SR o G ginR) o plnk)

Tir digu kién bign thir 2 eda (2.3) thay vio ta cé:

a a

M(t,) = ZGn/ﬁ(”‘k} -r3dr+27r/ Pinkl 24,
0 0
suy ra
P = (2 () —am [ PO 2]
o
Co

tn
2
slmk = gln=1) 4 glk) ygi Sikl = \[3: / mdt{

Tnoy

thay vao ta dwec:

n n-1)]1% , 4[ (n n-1)]2
Sk = \ﬁe.‘u‘” _eln 1)] + g[eéz‘k) el 1)]

oip) [t 5[5tz

Gol v 13 géc 1&ch gifra vécto ng sudt vi quy dao bién dang ta cé:

n,k n, k) (r—1)
{cos p)(“vk) = S"{j . (&‘[’. Gy )
a_t('.n,k] . Sik)

Pwa vio cic dai hrgng khdng thi nguyén:

aM(t) P _
q{t]: ()J P(t)zgﬂ_,gﬁ(_.}—o,:, a:a-ﬁ, Sij:o_

adwo,
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Pids d5 2. D5 thitdi ngo&x kéo xodn tru trom. -
(1) - cach d¥t 8di 1 -‘"\-\_‘
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Hink 2. Hinh dnh din déo & mot 8 giai doan véi tai dit céch 1.
{aj - Giai doan 36: ¢ = 0, 82159; p = §,27000

{b) Giai doan 39: g == 0,85512; ¢ = 0, 31687

{c) Giai doan 40: g = 0,86604; p =0, 3333

E MN MN
Ap dung tinh todn véi thép 40% nén E = 0,028, 0, = 808~—— G = 70000?; Chia d8u
3
céc giai doan theo tham s8 tAi ¢ (ting t¥ O d€n 40) & 3 cach A3t téa
3 Jt 1,2 ’
Dit t3i chch 1: ¢ft) = V3 /_ o) = ()?
2 3 n’
. 3,82 1 /¢
Dt t4l céch 2: t=£— TV
® cee att) 2 ( 1) "3V R
Vit 1t

Bit t4 cach 3: qft) = —

-2 3 n

Bdng 2 ghi két gqod tinh todn cic dai lwong & 3 giai doan theo cach 43t tAi 1 tal difm r = a.
Sai 54 gira hai Ian Wp thi ¢ va thie 3 cla cée dai legng & it ¢ cic pial doan khdc 48w nhd hon
& gial doan nay.

K&t qud tinh todn d& voi cd 3 cach dib 141 cho thiy ring: Sais§ gitra hai fn Hp thir 4 va 3
& moi giai doan d3k tdi cda cdc dal lvong #ng sudt d%a nhd hom 4 - 107% ) cda cie dad legng bidn
dang d8u nhé hon 3 - 1073, cia cwéng 46 dmg sudt dBu nhd hon 1072 cda cos e déu nhd hon
3,5%. Sai sd gifra hai 8o 13p thi 8 va thit 7 & moi giai doan d4t tAi cda cde dai luong dng sadt
4%u nhd hon 107°, cda cwdmg 46 Wng suit va cda cic dai lwgng bién dang d8u nhd hom 1674 cia
cos d8u nhd hon hodc & mike 1073,

Mhdn zét: Qua vide gidi hai bad toén trén ta nhin thiy:

-+ Sai 88 gilra hai gan ding thir 4 v& 3 & moi gial doan trong cdc gué trinh dit t4: da xét {&
¢4 hai b3} todn) cla cdc dai lwyng dng suidt d8u nhd hon 4%, cda céc dai hwgng bién dang d8u nké
hon 3%, cda cwirng A6 ¥ng sudt déu nhd hom 2%.

+ Téc 46 hdi tu trong céc cick dit bdi cda bai todn I chdm hon t8c 46 hoi tn trong cde cach
ddt £41 cda bai todn I1, Iy do vi céc cich 34t t4i trong bii todn I phire tap hon.

+ Do 13y didn kidn o, > o, ta 4p dung quy ludt déo, o, < o, ta 4p dung quy hujt dan hai
nén thiy r&ng: Néu f.4 13 gid tri cda tham =8 tdi d€ tinh todn & cudi giai doan dan hBi ma tai

\:sm%
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day o, saikhic o, khd 16m thi trong khodng tir t.g dn t.4,; ddng 18 ta dp dung quy luit din hdi
phung tir Bn la.p thi 2 trd di ta 43 4p dung quy luit déo. Do viy trong cach chia n giai doan dé
tinh todn ta cin chi y dén difm nay viné dnh hwdng dén tdc Ao hdi tu kha nhidu.

Bdng 2
: S8 Tz T, Ty 3
Tai o = -2 — £::-10°  a.f10° cosg
lan l3p Te Ts Ty

Giai doan 36 3 0,76999  0,84458  1,6531 3,860 9,210  0,5666
4 0,77188  0,84440  1,6538 3,870 9,208  0,5819

g=0,82159 saisd 2,44.107% 1,94.107* 3,8.107* 2,7.107% 4.107*  15%
_ -7 0,77220 - 0,84434  1,6538 3,874 9,200  0,5540

p = 0,27000 8 0,77240  0,84431  1,6538 3,875 9,200 0,5534
saisd 2,5.107% 3,3.107° 2,9.107° 1,9.107% 3,4.10°° 1,1.1073

Giai doan 39 3 0,95310  0,87218  1,7862 4,917 9,320  0,5931
4 0,95600  0,87193  1,7868 4,950 9,310  0,5809

q=0,85512 saisd 1,9.107% 2,8.107* 3,4.107% 3,6.107% 8,6.107* 2,1%
7 0,95622  0,87176  1,7872 4,946 9,310  0,5745
p=0,31687 8 0,95628  0,87175  1,7873 4,947 9,310  0,5742
saisf  6.107° 2,10"¢ 107% 1,1.107% 2,3.10°°% 51074

Giai doan 46 3 1,0176  0,88109  1,8343 5311 9,350  0,6077
4 1,0195  ©0,88084  1,8350 5331 9,340  0,5953

q=0,86604 sais§d 1,9.107° 2,8.107% 3,8.107¢ 3,8.10°% 9,3.107%* 2%
7 1,0210  0,88065 ~ 1,8355 5,341 9,340  0,5883

p=0,33333 8 1,0211  0,88064  1,8355. 5346 9,340  0,5880

saisd 7,1.107° 1075 1,5.107% 1,4.107* 2,9.107° 5,9.107¢

KET LUAN

Vé&i nhitng k&t qud tinh todn v3 cic nhin xét trén ta rit ra cic k&t luin sau:

1 - Phwong phap bidn thé nghidm din hoi thé hidn trén cdc bii toin dwoc khio sdt cé tinh
hdi tu & moi giai doan t4i.

2 - T8c dd hdi tu trong cd qué trinh phu thudc nhigu vio mirc 86 phirc tap clia qué trinh &3t
tai. P8i voi cdc qua trinh dit tai 43 xét, toc 46 hdi tu khd cao: Tai moi giai doan tii, sai s3 gitra
hai gin ddng thir 4 vi thi 3 cda cic dai luong tng suit va bién dang déu duwdi 4%; con sai s
gitta hai gin ding thic 8 va 7 cda ching déu di & mire 1073 hodc 1074

3 - Véi 4 Iin lip trén mdi giai doan tdi (s& giai doan t¥ 25 d&n 35) thi th&i gian tinh todn
cho mdi cich dit tai trén mdy vi tinh AT mit khodng tir 45 gidy cho dén 60 gidy

Téc gid chin thinh cdm on GS TS Dio Huy Bich d3 hwémg din thue hién cdng trinh niy.

Dia chi: Nhin ngdy 7/5/1392
Trudng dai hoc Tong hop Ha NG '

TAI LIEU THAM KHAO

1. Dio Huy Bich. Bifn thé phwong phip nghiém dan héi trong 1y thuyét qué trinh bién dang
din ddo. Tap chi khoa hoc Trwrdmg dai hoc Téng hop Ha N&i No 2, 1985,
(zem tép trang 26}




