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'MOT cAcH TiNH KET CAU NHIP cAu GIAN CHU TAI TRONG
THANG DUNG €O KE DEN sy LAM VIEC cUA HE LIEN KET NGANG

NGUYEN NHU KHAI, LEU THQ TRINH

I—DAT BAI TOAN VA SO PO TINH TOAN

Xét két ciu nhip ¢6 m gian ch dwgc lién két lai voi nhau bing cac hé lien két
ngang, chiu tii trong thing dwng it tai cic mit (hinh 1).
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Ngoai cdc gia thiét co ban clia co hoe k&t cfu, ta thira nhin rdng cdc chuydn o}
ngang ciia gidn khéng ddng k& so véi chuyén vi ditng va cé thé bé qua.
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Hinh 2

Nhu vay k&t cdu gian khong gian c6 th& c6 md hinh tinh toan 1 mét he gian
phiing nhiu ting, trong d6 vai tro clia cac lién két ngang dwge thay thé bing cac lién
" két dan hoi (hinh 2), ' o



Cée ky hiéu:

1) Cac vecto P1, P2..., Pk,.., Pm la cic vecto ngoai lyc tae dung trén cac gian
cha I, 2, «., k, «v:p 3
Pi,

Pko ,

|
Pk:}
. | Pkn|

2

& day Pi, 13 tAi trong lac dyng lén mit i cla gian chd k.

2) Cac veeto Zts Zas «ses L(p_y) biu -thi phan lgc trong céc lidn k& dan hdi gitta

cac gian chi. Ta co:
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| zkp _
M3i vecto Zxco p hang, voi p la sd lién k&t ngang ndi cac gian chi. zj; 12 phan lyc trong
lién k&t -dan hdi gitta gidn chd k va gian chd k-+1 dat tai mét i. Cac phin lye nay chuwa
xac dinh. ‘ - ’

3) Cac vecto Vi, V2,.. Vm bidu thi chuy®n vi cha cic mét thude cic gian chi. M3i
vecto c6 n hang: :

| Vi
Vé&i Vi; 1 chuyén vi chia mit i thude gian k. Cae dai lwgng niy cling chua bi&t.
&) Cac ma tran Ly, , Lyg .o, Ly, 12 cac ma trn anh hudng d6 vdng cha cac
gian. Trong truong hop tdng quét cic ma trin nay cd th& khac nhau, nhung trong thuec
té thuong cie gian ch@ dwoe cfu tao nhu nhau nén chung thuwéng gidng nhau. Cac ma

tran nay c6 thd xdc dinh d& dang theo céc .phuong phap co hoc két ciu:
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Va1 Va2t Voa
L=k N D e s s
Véi Vi 14 do wéng tai mit 1 cua
gian ik do t&i irong don vi d&t ial mit j ofa
CTrgiAmde. T T o o

5) Céde ma tran C1, Cz, ...» C(m—1) bikn
thi hé s6 dan hdi cla chc li¢n k& ngang ndi
nhirng gidn cbll v6i nbau. Gilta hai gian chi
k va k+1 ceod: i




Do 14 ma trin chéo ¢6 p phin ti. Ck; 14 hé 56 dan hoi tai lién két i thude he lien

k&t gitta hai gian ch@t k va k-+1. Hé s6 dan hdi nay phu thube dang vi do cing cia®

lién k&t ngang gitta cic gian chd. Thye t€ cde hé s6 dan hdi nay thudng giéng nhaun

trong mdi k&t ciu nhip gian, song ta xét trwdng hop tdng quat coi-ching la khic nhaun:

@6 12 chuy@n vi twong d&i gi%a hai gian chii canh nhau (hish 3).

1l — CACH TINH TOAN VOI TRUONG HQP TAI TRONG BAT DONG '

Khéo sat bign dang cla hai gian canh ahau k vi k+1 ta ¢6 &idu kién 12 chuyén
vi twong dgi gita ching bing bién dang din hdi cda h& lién kéi ngang. Véi cach ky
hi¢u nhw d3 néi & trén s& dwge ding thie sau:

H. (Vi1 — Vi) = Ci . Zk - )
k=12 .., (m—1).

i & day H la ma tran bién d3i, diang d8 can bing s6 hang trong phuong trinh, vi
vecto Vk ¢6 n hing bidu thi chuy®n vi tai (4t cA cdc mit cla gian chd, trong khi cac
lién k&t ngang c6 thé chi @it & mot sé mit it hon 1a p bing s6 hang clia vecto phan fuc
lién k&t Zx. Do @6 ma tran H dugc xdy dung sao cho tich H, Vi 12 mot vecto ciing chi
c6 p hang va chi bidu thi chuy&n vitai chc mit c6 dit nhing lién k&t ngang. Nhu viy :

i=12.., p)

H= H hij Il (j = 1.2....., 0)

Vé&i hij =1 néu tai mét tht j c6 lidn k&t ngang thi i;
hij = 0 né&u tai mit thir j khong c6 lién két ngang tht i.

Ching han d6i voi két cdu nhip gian nhu trén hinh 2 thi ma tran H s& 1a:
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P2 bidu thi cdc vecto Vi theo cac tai trong, ta sit dung ma trin anh huéng cla
chc chuyén vi ka.. N&u ¢6 14p gian chi k thi ngoai vecto tai trong Py, con ¢6 cée vecto

phan lwc dan hdi tac dung 13 Zyx-1 va Zx. Ta co thd viét:
' Vi= Ly, P+ H . Zk — B Zed) )
Twong ﬁ_r d6i véi gian k + 1:
Vit = Ly, (Prs1 + H . Zg 41 — H' . Zi) @)
& diy H’ 1a ma trin chuy2n tri cfia ma tran H.
Thay (2) va (3) vac didu kién bién dang (1), va sau khi bién ddi s& ducge:
H. ka «H «Zk-1—(H., ka- Hi4H. ka+1 H 4 Cy) Zi -+
H. ka+1 CH . Zg+1 = H. L‘fk. Pr—H. ka+1 « Pr+1 (4)
bit
Ly, =H.Ly, . H va ka =H. Ly

Phuwong trinh (4) ¢6 thé viét gon lai nhu sau:

s w , L
ka o Zk-1 — (ka + ka_“ Vi .

Coy = =
4+ €K Zx+ L% . Zks1 = L. Pk = Ly b PR @)



Lan lwot xét tieng gian chit va trong ty citng lam nhu trén, ta s& dwoe mot he
théng céc phwong irinh dang (4°) ma c¢6 the vist gop lai thanh:

T 4 A = p¥ (5)
rong do: !
;1 T._.‘vl . Pl - fvz.PZ
2 — —_—
) . Lv BPZ—‘ ng-P3
z* —_ ; P* = .2 . . . . .
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LY. - @y, +Lv_+ Cm-p)

 Z* 1a ma tran khdi cot; mdi khéi clia ma trin nay c6 p hang. Nhu vay Z* c6
px(m — 1) hang va d6ng vai trd cic &n s8; ‘ '

P* la ma tran khoi cot; mdi khdi la mot ma tran cé p hang. Nhv vay P* ¢6
px(m —1) hdng vi 14 ma trin xic dinh (phu thudc cac tii trong va do citng clia céc
gian chi);

A 1a ma tran khdi ba gidi chéo; mbi ma trin phin tr la mot ma. trén vuodng cip
pxp. Ma lrdn ndy cfing 14 xdc dinh va phu thu¢c d6 clrng cia cie gian chi, d6 cing cla
h¢ thdong lién ké&t ngang. : ’

T& (5) c6 thd gidi duge cde Anss Z%:

z*= A=l P ®)

Nhu viy, theo (6) ta xéc dinh dwge ma trdn cdc phin lyc Z* trong céc lién két
dan hdi, tic 14 cac phin lye truy®n tir gian chd no sang gian chd kia qua hé lién két
ngang. Tw d6 co thé xac dinh dwge ndi lwe va chuyda vi clda hé gian theo cic bi2u thitrc
sau day: '

Noi luc trong gian chi k:

Sk =Lsy . (Pr 4+ H . Zx —H'. Zx_1) ‘ )
Chuy®n vi chia gian chi k:
Vi=Ly, - (Px + H'. Zxk — H' . Zr—1) (8)

2 2 A Y A 4 o
O day Ls, va Ly, 14 ma tran dch hudng noi lwe va ma trdn inh huwdng chuydn
vi clia gidn k. Ma trn Lg, c6 s6 cot bing n 12 s6 mét gian ma tai trong thc dung, va

s6 hang bing s6 thanh cin tinh ndi lye. Ma tran Ly, 34 duwge néi & trén.

I11 — CACH TINH TOAN V01 TRUONG HOP TAI TRONG DI PONG

Trong céc cong trinh céu, ngoai phin tai trong bit dong la (rong lu-Qng ban than
cha k&t cdu nhip, con c6 phin tdi trong quan trong 12 hoat tii c6 thé tac dung tai vi tri
bit ky, sao cho tinh trang lam viée cla k&t cfu bdt lgi nhit. Do d6 cin phai xiy dyng
cac mit Anh hudng cla cac noi lye va chuydn vi.
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Nguyén tic tinh toan troug trudng hop nay ciing twong tu nhu véi truong hop
14i trong bat dong. Cac wa tran Ly, , H, Cx vAn nhw cli. § day chi cin:

1) Thay cac vecto tii trong Px bing cic ma tran tai trong Pk. Vi khi v& cic mit
anh huédng cla ndi lwe va chuv&n vi. ta phii cho i trong don vi P=1 1lin lugt @it
tai ting mit gian cht & phin mit ciu, do d6 cdc ma trdn Py d&u 14 cAc ma iran don
vi cdp nxn; -

2) Thay cac vecto Zx bing céc ma tran dnh hudng ciia cic phan lirc dan hdi thuoe
hé¢ lién k&t ngang k khi tdi trong don vi P=1d#il & cic mét cha gian chi i:

—11 —i2 « « e—in

Zky Zxd zk

—il —i2 —in

LZi =i Zk2 Zk2"* ** Tk2
k

—il —i2 —in
Zxp Zkp " * Zkp

Céc ma tran in 1a cic ma tran chi nhﬁt cdp pxn voi p la s8 legng lién két ngang
k .

thudce hé lién k&t k ndi hai gidn chi k vA k+1, n 1a s§ mét gian ma tdi trong lin
lwgt tic dyng. Cac ma. trin niy doéng vai trd cdc &n s cin xic dinh.

-

Cac phin tir 'Elisjr bigu thi phin luc tai lién k& dan hdi r thudc hé lidn két ngang
k ndi hai gian chi k va k41 khi tii trong P=1 4it tai mit j clla gian chi i gay nén.
Cing dién gidi nhw & muye II trong trudng hop nay (4°) s& trd thanh: -

LR _(TE L TF ’ * . =71 _1
Ly, -lz,_| (ka+ka+1+Ck)I z, + ka+1 LZy4q ka LVk+1 (»

Va ta cling c6 dang ctia (5) s& 1a:

ALy =L (10
Trong d6: : B
‘ in sz . inn _Lvl - iv2
LZ; L,2 L,m va — Lv3
L= b Ly = .
Ll L2 L,m - =
Zp—1 fm—1 T fp— Lymo1—Lvy

Ma trgn L} 13 ma tran khéi cé6 (m—1) hang va m co6t. Cdc ma trin phin tk ink
13 cdc ma tran 43 duge néi & trén.

Mg_trzfm Lp 18 ma trian khéi hai gidi chéo c6 (m—1) hang va4 m cdl. Cac ma trin
phin (& ka da giéi thidu trong muyce IL

Ma tran A & day vin git nguyén dang nhu ci.

Tir (10) ta s& gidi ra:

Lr=A"1.1, an
Sau khi tim dwgc ma tran L} ta s& dyng duge cac mit anh huéng clia cde phin

~lve dan hoi, titc 13 cdc mit anh huéng clia cac phin luc truydn gita cic gian chi qua
hé¢ théng lién k&t ngang. o .




Cac mit Anh huwdng cfia cde ndi lue trong hé gian xidc dinh boi bifu thec:
0
Ly = An . LZE - AN (12)
Trong d6:
Ly = ma lrin 4 xdc dinh dwgc theo (11

Ly — ma iran bidu thi cac mit Anh hudng cla cac ndi lyc trong h¢ gian. D6 1a
mot ma tréfl kh&i vudng ¢6 m hang va m c6t. MSi khdi cot bidu thi néi lye
trong cAc thanh térng gian chd khi tii trong P =1 di d0ng trén gian chit
mang chi s8 cla cét d6. Cu thd la:

o Ly eoe.Ly |
ILN].I Ni2 Nim

Ly =1Ly, Ly, -+ Lny,

Ly, Ly, Ly

mm

Nbhue vAy mdi ma trin phin t& LNij bidu thi noi lge trong cic thanh céa gian chd i khi
tai trong P =1 di ddng trén gian chd j giy ra. Ma trin nay cé cdp txn, vait 1a sé thanh
cin xac dinh noi lyc clia gian chd va n I s6 mit lin lugt dit tai trong;:

. An — ma tran anh hwdng ciia cac néi lue trong hé gian do cdc phan lye dan hdi don
_vi gy ra. B6 14 ma trin kh&i chit nhat c6 m hang va (m—1) c6t, gdm hai vét chéo cé

* dang nhu sau:

.- @it tai trong).

®
1p
~Agp 45,
o » »
Ay = —A3p A3p
" Alm—1yp
. —Aﬁp

O @iy cac ma tran phin t& xéc dinh theo bidn thirc:

Ajp = Aip . W

Véi H'' la ma tran chuydn tri efia ma trén H d3 néi & muc II; Agp 13 ma tran anh
hudng ¢la ndi luc trong gian chd k do tdi trong P=1 di dong trén gian 46 ghy ra, cé
s hing bing t (s6 thanh trong gidn chl cin x4c dinh noi lge) vi 8 ¢Ot bing n (sd mit

~k =k —k
Ni1 N12.. . . Nig
-k =~k —k
N91 Na2 - .. Nap

LT R T R

Aip =
-k —k —k
N1 Nig Nitn

~—k
Nij la ngi lwe trong thanh i ciia gian chi k do tai trong P =1 ddt tai mét j clia gian

ds gay ra.
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N — ma tran Anh huéng-cla noi lue trong hé co ban cfa kit ciu nhip gian (tdc 1a h¢

ian chi sau khi d3 bd t&t cad lién ket nvang) Ma tranp nay la ma tran khgi chéo ¢6 m.
1a trin phin ta.

Amp

Sau khi x4c dinh duge ma tran LN b{mo -cobng thie (1v),. la 58, d\mc cic mit anh
wéng chia cac ndi lwe trong hé gian.

~Cac ma trgn dnh hudng clia cdc 40 vdng xic dinh bdi bidu thie:’

P % ° \
Ly = Ay L] +Ay | (13)
Trong d6:

Ly — ma trén bi&u thi cdc mit 4oh hudng cia che d9 vong clia hé gian, 3 mot ma trdn |
khoi vudng cdp mxm. M6i ma trdn phin t& 124 mdt ma trin c6 0’ hang va n cht
v6i n’ 1a s6 didm mit cia mdi gian chd cin x4c dinh d vong:

Ay — ma trin 4nh hudng cla d9 vong trong gidn chd do cac phin lye dan hdi don vi
gy ra. Ma trdn pdy 13 modt ma trdn khéi hai vét gdm m hang vd (m-—1) cot.

EEd
L
vy
EURN <Fd
Vy va
Ay = __Lzze:@ L=H=
V3 V3
Vm.
LVm
i day L la cdc ma tran chu nhat cidp nxp va xdc dinh nhw sau:
Lv[ = ka H

véi che ma trédn Ly, va B hhu’ di bi&t & muc 11,

Aj — ma trdn dnh hudng cha cdc d6 vdng trong hé gian co bin. b6 1A ma trin khéi
chéo ¢6 m ma tran phin t®%, mbima trin phin tk 12 mot ma triu cdp n'xn:
LVIL
=1
= v
Ay = 2
1 LVm

Trén co s& ma trin Ly dd xéc dinh ta c6 the dung cac mit anh hudng cic 49 vong ciia
két cdu nhip gian.
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Phuong phap tinh k&t cfu nbip ciu gidn c6 k& dén sy lam vige cta hé lién két
ngang duéi tac dung cda tai trong trinh bay ¢ trén la mét phu'orng phap tinh. khoéng

gian, phin anh tuo'ng ddi chinh xidc trang thai thgc 1€ clia k&t cdu vE ndi lge vd bién
dang.




) Qua nhing vi du tinh todn cg th& d6i voi nhiing k&t cdu nhip thiét va so sanh
S wgi & qud tinh toAn thee phuong phip hé s8 phin phéi ngang hidn vin s& dung trong
thye t&8 ma yéu t6 khéng gian chl k& t&i qua he 38 phan phdi ngang, ¢6 th rat ra nhan
~xét sau: :

Tinh toan két cAu nhip ciiu gian theo phuwong phap hé s phin ph&i ngang co the
chip nhin duge ddi vol cac trudng hop co 2 hofic 3 gidn cht trong mit clit ngang clu.
Tai khu vwe gbi tii trong phan phéi cho cac gian chét gin v&i nguyén iic don bay, trong
phin gitta nhip su phin phdi gin véi nguyén tic nén léch tAm hodc nguyén thc dim
trén cac gdi dan hdi tuy theo do cing cha hé lién k&t ngang. Noi lwe d8 thiéi k& tinh
“‘ra lén hon so v&i tinh toan theo phuwong phip khoéng gian cé6 k& toi sy lam viée clia hé
lién k&t ngang 13 10 —30%. Sw chénh l&ch niy con ting 1&én nita d6i v&i trudomg hop sé
gian chl trong mit cit ngang ciu 16n hon 3 gian. Trong nhirng trudng hop d6, cach tinh
toan k&t ciu nhip gidn ¢6 k& 161 sy 1am viée elia hé lién k&t ngang chic chin s& dem lai
‘hi¢u qui dang k& v& kinb &,

DPja chi: ,
Trudng Bai hoc xdy dung Nhan ngay 30-6-1979

PE3IOME

METOL PACYETA MOCTOBBIX MPOJIETHBIX CTPOEHHH CO
CKBO3HBEIMH ®EPMAMMU TOI BEPTHKAJIbHEIMU HATPYS3-
KAMH C YUETOM PABOThHI IOTNEPEUHBIX CBS3EU

HMcxons U3 NPEANONOMEHUT O TOM, UTO NomepedHHE NepeMemeH s HHYTO-
JKHB O CPABHEHHIO ¢ BepPTHKAAbHEIMH H MOTYT He yUHTHBAThCH NpH pacuére,
- ®PepMeHHbe IPOCTPAHCTBeHHEIE KOHCTPY KILHE paccMaTPUBAIOTCS KAK MHOTOSPYCHEHE
QepMeHHEE IJIOCKHE CHCTeMH, B KOTOPHIX MONepeuHble CBA3H 3aMEHSIOTCA Bep-
THKAJABHBHIMH NpyXHHAMY. M3 ycn10BHA COBNAACHHS B3aHMHBIX NepeMemeHHH pepuM
¢ yupyruMu fedopMaHaMH MONepeyHEX CBsA3el onpeneaI0TCs peakKiii, KOTOpHe
nepenaoTed ¢ ONHOH (GepMH Ha APYTrYIo H BCASACTBHS YErO ONPEAeAAIOTCS YCHAHT
H nepeMelleHds B OT/IAe/ABHHX (pepMax Tpu COBMECTHOH paboTe BCel CHCTEMH B

TeJa0M,

B eayuae mOABHAHON  HaTrpySKH pe3yJasTaTH pacudéra  [aloTCa B BHAE
" OpAMHAT NOBEPXHOCTeH BAMAHES yCHAHH H nepeMemeHu#l Bcel cucremu. ITpenna-
raeMH#t MeTOJ pacuéra oGecneyuyBaer 60J/ee TOYHHC Pe3y/aLTATH IO CPABHEHMUIQ
¢ OOHYHHMHY, OCHOBHBAIOMMMHCA Ha Ko3Q(DHUIHeHTAX NONEpeYHOH YCTaHOBKU
HATPY 30K, 4TO Aa8T SHAYUTEJABHYIO HKOHOMHIO MATEPHAJOB,




