KET CAU - CONG NGHE XAY DUNG

PHAN TiCH PHI TUYEN HINH HOC KET CAU DAN VOM TRUY
KHONG GIAN MQT LOP
GEOMETRICALLY NONLINEAR ANALYSIS OF LATTICED SHELL
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Tém tat: Bai bao trinh bay két qua phéan tich phi
tuyén hinh hoc két céu dan vom tru khéng gian mét
I6p dwa trén phwong phap nguyén ly cuec tri Gauss
va két qud phén tich nay duoc so sénh véi két qua
phén tich tuyén tinh dé thdy duoc sw chénh léch
gitra hai cach phén tich. Ngoai ra, bai bao con
nghién ctru sw &nh hudng do véng két cau dan vom
khéng gian mét I6p dén do chénh léch két qua gidia
phén tich tuyén tinh va phan tich phi tuyén hinh hoc.

Abstract: This paper presents the results of
geometrically nonlinear analysis of latticed shell
which based on Gaussian principle and this results
will be compared with the result of linear analysis in
order to see the difference between these two
methods. In addition, the paper also studies the
effect of height-to-width ratio of latticed shell to the
difference of the calculated results between linear
analysis and geometrically nonlinear analysis.

Keywords: Latticed Shell, Geometrically
nonlinear, Gaussian principle (Dan vom khéng gian;
Phi tuyén hinh hoc; Nguyén ly cuc tri Gauss)

1. Dat van dé

Trong cac ndm gan day, ngay cang cé nhiéu
cobng trinh vwot khdu d6 1én nhw: nha thi du, san
van dong, nha hat... Vi vay két cu dan 1a mot trong
nhirng két cAu dwoc cac nha thiét ké lwa chon lam
gidi phap két cdu cho cac cong trinh nay [3,5,9,15].
Céc phuong phap phan tich két ciu dan ciing duoc
nghién ctu tlr rat sém va da dwoc trinh bay trong
rat nhiéu tai liéu khac nhau [4,6,7,14]. Mot trong
nhitng dang két cdu dan dwoc s& dung rong rai
hién nay la két cadu dan vom tru khéng gian mét 16p,
vi két cAu dan vom tru khéng gian mot I1&p la hé két
céu nhe, c6 dd cing tét va thuwong dwoc siv dung
lam két cAu mai trong cac cong trinh c6 kich khau
dé nhé (thwong B<25m;1<30mva B/1<1)[15,16]
nhw: cac xuwéng san xuét, gara stra chiva co khi,
cac cong trinh phuc vu cho ndng nghiép... Két ciu
dan vom tru khéng gian thwong dwoc lién két vai hé
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két cdu bén dwdi théng qua hé thédng dam bién ndm
trén dinh céc cét. Tuy theo cong trinh cu thé ma két
cau dan vom tru khéng gian mét I1&p c6 thé lién két
trén hai bién ho&c lién két trén bon bién véi két cau
bén dwdi. D6 vong k=f /B cua két cdu dan vom
try thwong (1/5+1/3) [16]. Két ciu dan vom try
khéng gian moét I&p cé rat nhieéu cach phan loai, tay
theo céc tai liéu khac nhau. Nhwng néu dwa vao
hinh dang 6 lwéi cla két cdu dan vom cé thé chia
dan vom khéng gian mét Iép ra lam bdn loai nhw
hinh 1 [16].

Két cdu dan ngay cang nhe, méng va vuot khau
dod Ién nén van dé nghién clu xem xét anh huéng
clia tinh phi tuyén hinh hoc ciing nhw phi tuyén vat
lidu dén sw lam viéc cta két ciu dan da dwoc nhiéu
nha khoa hoc xem xét nghién ctru. Nam 2005
Pajand M.R. va cdng sw dwa trén phwong phap
DRM (Dynamic relaxation Method) cta Frankle da
xay dwng Ién cach gidi maéi cho bai toAn phan tich
két chdu dan co k& dén chuyén vi Ién. Tuy nhién
phwong phap nay con cé mét séb han ché nhw
khong cho két quad hoi tu néu khoéng thém mot sb
diéu kién, trong qua trinh 13p v&i tai trong 14 hang thi
thwong dan dén két qua tai trong téi han khong
chinh xac va trong phan tich phi tuyén thuwéng phai
lap nhiéu hon phwong phap Newton [13]. Nam 2006
Ligaro S.S. cung céng sw nghién ciru phan tich két
cau dan thap k& dén chuyén vi I&n, trong nghién
clu nay trén co s& diéu kién can béng cla toan hé
tac gid da xay dwng dwoc duwdng can bang va tai
trong t&i han tac dung 1én két ciu dan thap trong bai
toan phi tuyén hinh hoc én dinh téng thé dan hbi
[12]. Nam 2009 Kwasniewski L. d& nghién ctru anh
hwéng cua ty sd chiéu cao va nhip dan Mises dén
tai trong t&i han tac dung Ién két ciu trong bai toan
4n dinh tdng thé phi tuyén hinh hoc cta dan Mises
chiu tai trong thdng ding. Trong nghién cku nay,
tac gia da s dung phwong phap can bang nut dé
thiét l1ap dwoc dwdng can bang cho bai toan [11].
Nam 2012 Greco M. va cac cong sw da nghién ctru
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phan tich phi tuyén hinh hoc cla két ciu dan theo
hai cach: cach tht nhét 1a xay dwng theo vi tri nit
dua trén nguyén ly céng &o; cach th& hai phan bién
dang cla két cdu dan ra lam hai thanh phan la bién
dang thé tich twong dbi va bién dang quay cirng
xung quanh ba truc toa d4. Trong cé hai cach cla
cac tac gia la cudi cung dua vé dang cac phwong
trinh can bang phi tuyén, dé giai cac phwong trinh
nay céc tac giad da st dung phwong phap 1ap chiéu
dai cung dé giai [10].

Hién nay ngoai cac phwong phap dwoc trinh
bay trong céc tai liéu nhu: phwong phap tach mat,
phwong phéap luc, phwong phap chuyén vi, phuong
phap phan t&¢ héru han...[3,6,7,9] con cé mot
phwong phap tiép can khac dé phan tich néi luc,
chuyén vi cGa cac bai toan két cdu dwoc nhidu tac
gia da trinh bay [1, 2, 11] théng qua ap dung nguyén
ly cwe tri Gauss. D& lam phong phl thém céch giai
bai toan phi tuyén hinh hoc két cdu dan, trong noi
dung bai bédo nay sé trinh bay tinh toan phi tuyén
hinh hoc cla két cAdu dan vom tru khéng gian moét
I&p loai 1, chju tAc dung tai trong thang dirng tai cac
nat dan dwa trén phwong phap nguyén ly cuc tr

Gauss, két qud phan tich phi tuyén hinh hoc
(PTPTHH) dwoc so sanh véi két qua khi phan tich
tuyén tinh (PTTT) cda dan vom tru khéng gian.
DPdng thoi, tAc gid con nghién ctru anh hwéng do
vong clia dan vom khéng gian loai 1 dén phan tram
chénh léch (PTCL) két qua cac thanh phan chuyén
vi tai nat dan, ndi lyc trong cac thanh dan gilra
PTTT va PTPTHH. Khi phan tich phi tuyén hinh hoc
két ciu dan, trong ndi dung bai bao van s dung
mot sé gia thuyét sau:

- Gia thiét 1: NGt ctia dan phai ndm tai giao diém
cla cac truc thanh va la khép ly twdng (cac dau
thanh quy tu & nat c6 thé xoay mét cach ty do
khéng ma sat);

- Gia thiét 2: Tai trong chi tdc dung tai cac nat
dan;

- Gia thiét 3: Trong lwong ban than cla céc
thanh khong dang ké& so véi tai trong tdng thé tac
dung Ién dan;

- Gia thiét 4: Tai trong tac dung |én két cdu dan
duwoc bao toan vé phuwong, chiéu va do Ién trong
qua trinh két cu bién dang.

¢) Dan vom khéng gian mét I1&p loai 3

d) Dan vom khéng gian mét I&p loai 4

Hinh 1. Mét sé dang két cdu dan vom khéng gian mét 16p
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2. Xay dwng ly thuyét phan tich phi tuyén hinh hoc dan vom khéng gian mét |&p theo nguyén ly cwc

tri Gauss

Xét thanh ij trong dan khong gian. Goi toa do ban diu cta cac AY
nat 1an lwot 1a i(X,Yi,2;), j(xj,yj,zj). Sau khi dan chiu lwc, céc

nat chuyén sang vi tri méi la i'(x;.,y;.2,), j'(%;.y;.2) (hinh 2).

i(x.y,.2)

, Xp =X, +U; Y=Y +V, =7+ W,
Ta co: ) ) (1)
Xp=X;+U; ;5 Y, =YHU 5 Zp =74 w,
U w w  u . . 0 X
trong do: ii'=u;, +v, +w, : chuyén vi cda diém i >
l:!] wuu uu uu . . L . z
ji'=u; +v;+w; : chuyen vi cia diem j Hinh 2. So' dé chuyén vj ciia nat thanh
Y N N . Y . 1(0) 2 2 2
Chiéu dai cta thanh dan trecc khi bién dang: 19 = /(x;-x ) +(y;-vi) +(z,-z) 2
Chiéu dai cGa cac thanh dan sau khi bién dang:
2 2 2
Ii(js> :\/(xi+ui—xj—uj) +(yi+vi—yj—vj) +(zi+wi—z].—wj) 3

Bién dang dai tuyét déi ca thanh la: Al =19 -1

(4)

Nhw vay néu két cdu dan gdébm n thanh va r nGt chiu tai trong tac dung thi lwong rang budc cta bai toan

theo (1) dwoc viét nhw sau:

" EA, L
Z:kz:; |(g) ) ZZP") Z;ZP;').Vi —ZZZPZ(').Wi — min (5)
(Xi+ui—xj—uj)2+(yi+vi—yj_vj)z+ i
n + r r r
" - 7| Ve owz vy 32RO, -3 28 -3 20w, s min (O
= \/(xi—xj) +(vi-y;) +(z-2)) : 2 2 2. >
7\/(Xiij) (y yJ) (Zlfzj)

Xét tai nGt i cha dan c6 m la sb thanh quy tu,
diéu kién cuwec tri clia bai toan tai nat i:
ou; 6u ov,

T diéu kién (7) thiét lap dwoc hé phuong trinh
sau:

iZEuAIJ Al (X Uy ) 2P(') =0
=Y (19 +Aly)
iZEIJA“ AI (y TV _yJ_ ')_Zp(i) =0 (8)
=g (19 + Al,) ’
i 2E,A; Al (Zi tW; =2z, _Wi) _opi _
© (0) z
j=1 I (1" +Aly)

Céac phuwong trinh (8) chinh la cac phwong trinh
can bang cac nat c6 chuyén vi tai thoi diém két ciu
sau khi bién dang.

Néu bai toan c6 C lién két ndi datva S, nat dan
thi theo diéu kién (7) sé& c6 duwoc hé phwong trinh
bao gém (3S,—C) phwong trinh phi tuyén va c6
(3S, —C) &n s la cac thanh phan chuyén vi u, v, w.
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Gia’}i hé phuong trinh (8) sé tim dwoc cac thanh
phan chuyén vi u, v, w tai cac nat dan.
Noi lwe clia cac thanh dan dwoc xac dinh theo
AIU_.EUAij
cong thwe:  N;; =@ 9)
ij
3. Vi du phan tich phi tuyén hinh hoc dan vom
khéng gian mot 1&p loai 1
Xét dan vom khﬁng gian mot 1&p loai 1 \{é’i bé
rong dan B=15m, d6 vong cla dan k=1/3, chiéu dai
dan I= 27m va cac thanh co6 cung moé dun dan hdi

E=2.10 (kN/cm) Tiét dlen cac thanh xién Ila
$133x4mm (A=16 221cm) cac thanh doc Ila

$89x4mm (A—10,681cm ) va chju tac dung Iyc
P=20(kN) theo phwong thdng dirng tai cAc nat dan.

Do dan déi xirng vé hinh hoc chiu tai trong dbi
xng dé gidm 4n sb khi tinh toan nhwng khong lam
anh hwdng dén két qua cla bai toan, tac giad phan
tich tinh toan cho 1/4 dan. Trwéc khi viét lwong rang
budc cho két ciu, cac nat dan va thanh dan dwoc
danh sé hiéu nhw hinh 3.
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a- Sé hiéu cac nat dan o b- Sé hiéu cac thanh dan
Hinh 3. Két cau dan vom khong gian mét [6p
- Thiét 1ap luong rang budc cia két cau
Lwong rang budc cua két cidu dan vom khong gian mét 1&p loai 1 (6) dwoc viét nhw sau:
5 £ A , L 16 22 28
2= SGEx(Al) + D 2P Wi+ 2P Wi+ Y 2P Wi+ D P w; +P . (Wy + W) > min  (10)
k=1 Ik i=7 i=13 i=19 i=25
Do tinh d6i xing nén: U —Uy; =0; Wi —W,;; =0; Wog —W,g =0

(11)
Theo phwong phap thira sé Largrange phiém ham rang budc mé réng L cho két cu c6 thé viét nhw sau:
L=Z+2; (Ug —Usz )+ 2y (Wys —Wi7 )+ g (Wog —Wog ) = min (12)
trong céng thirc (10, 11, 12) bién dang tuyét dbi ctia cac thanh dan dwoc lién hé véi cac thanh phan
chuyén vi tai cac nat dan déi véi bai toan phi tuyén hinh hoc 1a méi quan hé phi tuyén.
- Thiét lap hé phuong trinh phi tuyén ter didu kién cuc tri cda phiém ham mé réng
Diéu kién bién cla bai toan:

Up=U,=Ug=Uy;=Ug=Ug=Up =Ug =Uy =Up =Upys =Uy =Uyg =Upy =0

Vi =V, =Vy =V, =V =Vg =V =Vjp =V =Vig =Vp3 =Vy =V =0 (13
Wy =W, =W3 =W, =Wg5=Wg =Wy, =W;3 =W, =0
Diéu kién cuec tri ctia phiém ham rang budc mé rong L theo cac thanh phan chuyén vi chwa biét 1a:
i—7-11 j=7+10 k=7+11
%:0 i=13+17 ; STL:O Jj::; ;N_L: tfi;’:g %:oa:us) (14)
P li=19+23 Vi [ITHF k s !
j= 2528 K =25-29

phan chuyén vi tai cac nut dan dwoc thé hién nhw
hinh 4.

- Xac dinh ndi lwc trong cac thanh dan

Tl diéu kién cuc tri cta phiém ham mé rong L
(14) sé& thiét lap dwoc hé phwong trinh gdm 54
phwong trinh phi tuyén chira 54 &n sé la cac thanh
phan chuyén vi cla cac nat dan va cac thra sb
lagrange.

- Xéc dinh cac thanh phan chuyén vj tai cac nat dan

Giai hé phwong trinh (14) tim dwoc cac thanh
phan chuyén vi tai cac nat dan. Két qua cac thanh

Sau khi x&c dinh dwoc cac thanh phan chuyén
vi tai cac nat dan, sé xac dinh dwgc ndi Iyc trong
cac thanh dan. Két qua noi luc trong cac thanh dan

dwoc thé hién nhw hinh 5.

u=0cm 0 0 0 0
v=0c < < \@9 bq;\ A 2
w=0cn 0 ) Q) ) A 7.
o, £ X% 7 B D
0 010880 %3067 - 3 -2t -5,61808 / fod N\ ’
BV g -2,1311 \\ 94957 7,4811 1,7260 3,
0 -/783Q0 - 8 -3/05890 -354067 o/ R % &/ D s A
5 % 0 o, & RO W
b7 N 2 S NGz
0 143790, 36 5,62 6.71 6,7755 /
g s P T s % 57055 ~196,7130 ~600322 62,1024 I\ 1463299/ \I76.7516
k X g . 3 D P2 P & 7.
EN A N A N AN A
s/
N\ 7 NG N\ & 29 %
-0,08841 0Rgé82 (1) 185286 1,18432 RO, 4 S\ V
0 Vi S5t SHRSH 608322 93,8p20 20,2018 ~6.2917 -33,3576 42,0260
-g/13 -146388 -2/82%46 -3(70%59 4,02261 /D 2 o o
» ) o, S,
4 7. k) S\ Y 4
0 D > 4 PN/
0 03613 045959 6:3577¢ o132 4 2635412 , 53,087 1516547 ~188,6905
0 -2,29397 -6,13181 -101701 -12,88430 12,88430 87.3658 530871

Hinh 4. Két qua cac thanh phén chuyén vj tai nit dan

(cm)
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Hinh 5. Két qué néi luc trong cac thanh dan (kN)
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- Hinh dang dan truéc va sau khi bién dang: dwoc thé hién nhu hinh 6.

500

S A

1000

SN

VAV
LOER

2500 €™

1s00 290
— — Tru6ce bién dang

Sau bién dang

Hinh 6. Hinh dang két cdu dan truéc va sau bién dang khi k=1/3

- So sénh gitra két quad PTPTHH va PTTT: Két qua gitra phan tich PTPTHH va PTHH dwoc thé hién nhuw

hinh 7, 8, 9, 10.
8-
74
~ 6 (/H
E 5] \
2, \
< A \
g 2 \ \
24/ \ \
[N - /Il/I
8 11 >
S /
= 2
Z 21 R —=— Phan tich phi tuyén hinh hoc
Q-4 feben v N . o
2 s —e— Phan tich tuyén tinh
5 o ~
E .
6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

SG hiéu niit

Hinh 7. Chuyén vj cda nat dan theo phuong x

Chuyén vi theo phuong y (cm)

0.7 5

0.6

0 —=— Phan tich phi tuyén hinh hoc|

04 —e— Phan tich tuyén tinh Y oy

. [\

0.2 : \

0.1 5 /./“\

00 s p W ™

-0.1 \ /-

-0.2

03 v/

04

-0.5 T 1
6 8 10 12 14 16 18 20 22 24 26 28 30

S6 hiéu niit

Hinh 8. Chuyén vj cda nut dan theo phuong y

300

—=— Phan tich phi tuyén hinh hoc
—e— Phan tich_tuyén tinh

10
] aiiy
E ] S
S ] oo
£ 2 \
g o]
' L]
é o S/ ) S
5 -6
o -8
g,
=
O

Tén nut

Hinh 9. Chuyén vj cda nut dan theo phuong z

5. Anh hwéng dé vong cua dan vom khdng gian
mot |&p loai 1 dén PTCL chuyén vi, néi lwc gitra
PTTT va PTPTHH

Trong muc nay, bai bdo phan tich bai toan
dan vom khoéng gian mét I&p nhw (muc 3) nhwng
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‘ —=— Phan tich tuyén tinh ‘
200 | —=— Phan tich phi tuy&n hinh hoc |
2 Al
% 100 A
oA\ NN A
E .m?kj\,\\/‘/\/ = (/U\J\J‘\
i -100 V/ M
z V §j / 4 v \
-200
0 All EIQ II2 llﬁ 2‘0 2‘4 2‘8 3‘2 3‘6 4‘0 4‘4 4‘8 5‘2 56 6‘0
S6 hiéu thanh
Hinh 10. Néi lyc trong cac thanh dan
véi cac gid tri dd vbng khac nhau

(k=1/31/4;1/5).

Két qua so sanh nodi luc, chuyén vi gitta PTTT
va PTPTHH dwoc thé hién nhw trong bang 1, hinh

11, hinh 12 va hinh 13.
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30

Bang 1. Két qué PTCL ndi luc trong céc thanh gitka PTTT va PTPTHH cia dan vom khéng gian mét I6p loai 1
(,ng va&i cac gia tri k=f/l khac nhau

k=1/3 k=1/4 k=1/5
Noi lwec Phan tram N Phan tram e Phan tram
Thanh | b THH chénh l&ch PT;’\I'I?II-“IE:((:kN) chénhléch  [NO 'L-"C(E,\TI)P THH | chenh lech
(kN) (%) (%) (%)
1 31,970 58,009 79,720 8,359 -102,017 6,045
2 27,197 70,884 91,644 9,321 114,113 5,806
3 29,043 64,263 81,759 8,430 98,618 1,507
4 36,474 36,807 63,491 6,994 75,503 4,193
5 42,775 41,365 42,478 4,072 51,802 10,833
6 ~30,050 292,407 9,331 494,186 11,672 41,609
7 -38,084 215,787 4,106 67,152 7,231 186,706
8 ~43,069 307,548 4513 724,038 -6,082 68,054
9 _44,437 1487,059 21,804 7,428 28,278 24,355
10 9,859 109,319 50,717 27,659 57.896 47,879
11 30,661 141,387 31,269 28,070 36,913 123,494
12 239,110 192,288 10,708 36,395 6,379 204,248
13 ~40,118 475,925 11,349 15,790 21,020 26,898
14 -33,448 59,019 34,582 5,092 45,038 12,357
15 33,647 77,243 ~124,056 13,237 -158,235 11,489
16 ~16,103 86,137 ~103,076 11,406 ~130,433 9,339
17 14,434 82,908 81,220 9,464 97,626 1,001
18 22,163 57,977 58,164 7,784 69,251 6,447
19 177,483 46,588 157,732 32,699 ~156,249 29.433
20 _155,146 53,771 ~135,644 32,607 ~139,079 30,222
21 ~123,918 53,530 -106,168 23,860 ~125,807 35,443
22 -86,638 43,129 76,854 11,153 -107,938 36,683
23 ~43,904 8,809 52,378 0,362 74,970 15,244
24 103,856 157,218 53,623 290,607 26,880 386,302
25 81,821 305,153 24,551 962,665 10,727 146,028
26 45,424 337098,07 ~4.949 74517 ~1,846 95,041
27 1,786 108,855 29,599 17,766 30,479 40,397
28 56,784 718,170 -18,682 31,456 14,155 67,774
29 41,550 357,897 21,970 33,184 17,100 64,829
30 23,282 201,067 _18,124 52,932 34,849 34,636
31 _3,2466 89,164 22316 49,432 63,702 9,810
32 ~40,041 10,989 49,760 0,008 72,803 16,102
33 123,447 91,130 79,785 10,420 ~110,598 35,725
34 -108,198 87,638 -83,606 25,476 ~106,749 39,011
35 ~95,488 88,200 87,639 43,656 88,357 22 554
36 75,593 72,538 78,887 42,445 70,339 4,360
37 2,132 97,995 71,475 17,801 85,911 18,122
38 9,496 147,435 12,063 15,784 11,930 7,305
39 7,481 46,827 9,928 17,192 15,164 48,535
40 1,726 93,676 18,308 14,438 21,941 25,321
41 3,662 111,506 21,240 13,003 22,550 14,082
42 196,713 443,020 20,380 138,145 6,818 85,740
43 -60,032 518,726 ~1,015 107,598 10,311 186,266
44 62,102 479,020 8,644 156,628 ~10,446 23,531
45 146,330 520,270 9,811 130,245 6,919 123,837
46 176,752 531,4960 9,356 124,517 18,852 155,202
47 93,892 0,366 121,509 46,307 98,327 36,120
48 40,202 6,651 35,997 8,359 47,393 64,023
49 6,292 33,529 20,115 384,412 12,025 432,932
50 -33,358 1,136 38,163 31,201 29,442 16,453
51 ~42,026 10,808 32,860 20,867 71,133 96,947
52 263,541 282,370 124,286 108,067 144,813 181,222
53 87,366 407,034 58,421 291,209 34,774 170,118
54 53,087 169,583 216,207 5,036 49,870 238,960
55 -151,655 262,410 -90,666 149,998 78,899 152,362
56 -188,690 283,278 -123.875 190,332 76,008 106,646
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Két qua tinh toan ndi lwc trong cac thanh dan
&ng v&i cac gia tri k khac nhau (bang 1) cho thay:

- V&i céc gia tri k khac nhau déu c6 sw xuét hién
ndi lwc trong mot sé thanh gitra PTTT va PTPTHH
hinh hoc |a tréi d4u;
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S6 hiéu niit
Hinh 11. Biéu dé chuyén vj theo phuong x
Két qué so sanh céac thanh phan chuyén vi
tai cac nat dan gitra PTTT va PTPTHH cho
thay:

- Chuyén vi l&n nhét tai cac nat dan theo
phwong truc x theo PTTT: khi k=1/3 la
4,000(cm), khi k=1/4 la 3,667(cm) va khi k=1/5
la 3,215(cm); Chuyén vi Ién nhét tai cac nat dan
theo phwong truc x theo PTPTHH: khi k=1/3 la
6,718(cm), khi k=1/4 1a 1,707(cm) va khi k=1/5
& 2,250(cm).

- Chuyén vi I&6n nhét tai cac nat dan theo
phwong truc y theo PTTT: khi k=1/3 la 0,121(cm),
khi k=1/4 la 0,105(cm) va khi k=1/5 la 0,091(cm);
Chuyén vi I&n nhét tai cac nat dan theo phuong truc
y theo PTPTHH: khi k=1/3 la 0,460(cm), khi k=1/4 la
0,252(cm) va khi k=1/5 la 0,238(cm);

- Chuyén vi I6n nhét tai cac nat dan theo
phwong truc z theo PTTT: khi k=1/3 la 2,952(cm),
khi k=1/4 la 3,433(cm) va khi k=1/5 la 3,749(cm);
Chuyén vi I&n nhét tai cac nat dan theo phuong truc
z theo PTPTHH: khi k=1/3 la 12,884(cm), khi k=1/4
la 6,339(cm) va khi k=1/5 la 5,755(cm).

4. Két luan

Qua cac két qué phan tich da trinh bay trong bai
béo, tac gia cé thé dwa ra mot sb két luan sau:

- Dua trén Nguyén ly cuc tri Gauss va két hop
v&i phadn mém Matlab tac gia da xay dwng dwoc mo
dun chwong trinh phan tich phi tuyén hinh hoc do

Tap chi KHCN Xay dung - s6 1/2021

- PTCL gitra ndi lwc Ién nhat theo PTTT va noi
Iwc I&n nhat theo PTPTHH: khi k=1/3 ctia thanh xién
la 20,036%, cla thanh doc la 84,995%; khi k=1/4
cla thanh xién la 10,315%, cua thanh doc la
42,460% va khi k=1/5 cua thanh xién la 11,489%,
ctia thanh doc la 18,122%.
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Hinh 12. Biéu dé chuyén vi theo phuong y
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Hinh 13. Biéu dé chuyén vj theo phuong z

ké dén sy thay déi goc cac thanh dan trong quéa
trinh két cAu dan bién dang cho bai toan dan vom
khoéng gian chiu tai trong tinh tai cac nut dan;

- Két qua gitva PTPTHH va PTTT dbi v&i két ciu
dan vom khoéng gian mét Iép trong cac vi du khao
séat c6 sy thay ddi ddu cla cac thanh phan chuyén
vi tai mot sé nat va ndi lyc trong moét sb thanh dan;

- Khi @6 véng cla két ciu cang Ién thi PTCL 16n
nhét cta ndi lwc trong céac thanh dan gitra PTTT va
PTPTHH cang lon.
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