KHOA HOC CONG NGHE

PHUONG PHAP TiNH KET CAU DAN
CO XET DEN BIEN DANG DOC TRUG GUA THANH

1. DAT VAN DE

Dan l1a két ciu tao bdi cac thanh ma cac dau thanh
lién két véi nhau lai cdc nat. Lién két tal nit dugc xem
la khdp véa trong tinh todn bd qua trong lugng ban
than cla thanh. Hién nay trong céc phuong phép tinh
ngudi ta coi dd cimg cac thanh dan 14 rét 10n va bd
qua bién dang doc cha thanh. Thyc t& do cing clia
thanh dan‘1a hdu han nén can phéi xét dén bién dang
doc clia thanh trong tinh toan.

2. PHUONG PHAP TiNH DAN CO KE DEN BIEN
DANG DOC CUA THANH

Céc gia thiét

- Vét lidu thanh la dan héi tuyén tinh,

- Bd qua trong lugng ban than cla thanh dan.

- Tai trong chi dat tai cac nut.

- H& khéo st 1a ha dan phang.

So d8 tink:

Céc thanh dan dugc biéu thj bang cac dudng tryc
va nit dan 1a diém giao nhau cua cac truc.

Vi nit dan dudc xem la khop, tai trong chi dit tai
nut dan nén céc thanh chi chiu kéo nén. Khi chiu tai
do dd cing clia thanh dan [a hitu han va céc thanh bj
dan dai hodc co lai 1am cho cac nit dan bi dich
chuyén.

V6i so dd tinh thiét 1ap theo nguyén tic trén, ta
khao sat hé trong hé toa dd Dé cac x0y. Trong hé toa
d8 vudng gbc (x0y), ky hidu (xg;,Yo) va (XgYe) trang
tmg la toa dd cla nut i va nit j cla thanh dan ij trude
khi chuy@n vi; (x,y;) va (x,y;) trong ung la toa do nat

TH.S PHUNG BA THANG

va n(t j clia thanh dan ij sau khi chuyén vi.

Khi d6 chiéu dai cla thanh ij trudc va sau khi bién
dang Sg; va §; dugc xac dinh nhu sau:

Seij = \/(xo,"xor)z"‘(yo;_}’oi)z‘ ;
v 2

Sj= J(xj*-xj) +(YJ“J’:) (1M
Bi&n dang va ndi luc trong thanh ij sé Ia:
Sy = Soy _

Soy

Theo nguyén Iy cuc tri Gauss clia GS.TSKH Ha
Huy Cuong ta viét dugc lugng cudng birc cla bai
toan nhur sau:

Z= ZNygﬁSOg - ng,- - Zquj - min (3)
if i J

Eij B

2

Trong dé P;, Q; 1a luc tap trung théng ding va nam
ngang tac dung tai ndti, j; N; 1a luc dec trong thanh ij;
vi, U; la céc chuyén vi ding va ngang tai nit i, j.

U déy can xem cac bién dang €; 1a ddc 1ap ddi véi
cac ndi lyc Ny, cac chuyén vi u,.v; doéc 1ap vai cac luc
tac dung P, Q.

Khi coi &n |4 cac chuyén vi nit thi didu kién cyc tri
cua phiém ham Z 1a cac dao ham riéng cla Z theo
cac chuyén vi bing khong. Khi dé ta s& nhan dugc hé
phuong trinh dai s6 phi tuyén. H& phuong trinh nay
dugc gidi gan ding bing phuong phap 13p va két qua
ta s& nhan dugc cac chuyén vi nit. Sau khi ¢é duoc
chuyén vi ndt, tir (2) tim dugc cac bién dang «; cla
thanh ij, va ndi lyc trong thanh ij dugc xac dinh theo
quan hé sau:

Njj = EA;j.85 (4)

Thuét toan trén duge minh hoa trong cac vi du
trinh bay sau day.

Mat khac tr (2) ta thdy réng céc bién dang g la
cac ham clia céc chuyén vi nit cho nén 14y dac ham
clia Z theo cac chuyén vi nay ta s& nhan duoc di va
dang céc phudng trinh can bang lyc tai cac nat. Cach
lam nay khéng thé hién chi tiét & day.
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3. CAC viDu

Duéi day vi du 1 va vi du 2 ta xét bai tean tinh dan
cb xét dén bién dang doc clia thanh, Trong vi du 3 va
vi du 4 ta khao sat su thay d&i chuyén vi dimg clia
cac nit bién dudi khi cho dé cing clia cac thanh bién
dudi thay déi.

Vi du_1: Tinh dan trinh bay & trén hinh 1, cac
thanh dan c6 dd cing kéo nén giéng nhau EA =
7.200.000KN, chiu cao dan h = 5m, chiéu dai nhip
| = 20m, chiu céc tai trong thdng dimg Py = P, = P =
1500KN.

2 L:s0.0000

3 =0.0000

| i 00000 B u:=0.0000 a
3.

ve=0.0047
Hinh 1

Cac nit 2, 3, 4, 5 ¢6 cac chuyén vi 14 uy, v, Ug, Vs,
Uy, V4, Ug, Vs. Bai todn co 8 &n. Chon hé truc toa 9
nhu hinh v&. Ta ¢6 toa dé clia cac diém trude va sau
khi bign dang |a:

1(0,0); 2(10,-5); 3(5,0); 4(10,0); 5(15,0); 6(20,0).
1°(0,0); 2°(10+U,,-5+V,); 3’ (B+Uq,V3);
47 (10+U4,Vy); 5° (15+Us,vs); 67 (20,0).

Chidu dai cac thanh trude bién dang la:

Sor= ({I/2F +h*;
Soas= (/4] +h*
Spae= h ;
Spzs= y{/4y + 1

b
Sepe= (112) +h
Spia=1/4 ;
Sozs=1/4 ;
Sgus=1/4 ;
Sgse= /4 ;
Chiéu dai cac thanh sau bién dang la:
Spp= {10+, —0F +(=5+v, —0) ;
JG6+u=10—u,F + (v, +5-7, )

823=

Spa= 10+, ~10-u,) +(v, +5-v,f ;

Sas= (15+u~10—w, P + (v, +5-v,)  ;

Spe= V(20-10—u, ) +(0+5—v,}
S= V5+u,—0) + (v, —0) ?
Sap= ..J(10+u4~5—u;)2+("4*"3)2 ;
Sp= AJ(15+u; —10—u, F +(v,—v, ] ;
Ss= J(20-15-2, )} +(0—v, )’ :

Biét chiéu dai cac thanh trudc va sau khi bién
dang, ap dung cdng thitc (2) sé tinh dugc bién dang
trong thanh €45, £33, €24, £25, €26, €13, B34 E45. E55 VA NG
Iue Nya, Noa, Nag, Nas, Nag, Nz, Nag, Nys, Nig duoe xac
dinh theo cong thic (4):

Nij = EA'JSII (4)
Viét lugng cudng bl Z:

Z = NypE1pS 15 + NageasSag + NoyeosSps + NopseagSos
+ NygEagSpg + Nig€13S13 + Nga€3sSaq + NygssSys +
N56555855 = 2P3Ua = 2P4U4 = 2P5U5 -> m|n

Thay céc biéu thirc da tim dugc cla bién dang va
ndi lue vao ta tim dugc:

4

2&,2[%\/(12 + 4, +4u,’ +4h* - 8hv, +4v2’)-%,ﬂ4h2 o i]

7=
Jant + 12

1 !
W"(EJF =B, + B, +16," -2, + b 16K - 300w+ 30w, + 16, - 0n 406, -%Jwﬁ +F]

+.
T

T

2
EAH(Ju: u, +u 4~ 2k, + 2, 4 v, - v v -h]
P

)
T

4£A,j[Lﬂu,+sru,+16u,’-mgj+1suj+16ﬁ1-3ﬂw,+321w,+16pj -32v1v,+16vf—l\hﬁk’+{’]
+

e+

2
ZEA%[%JP — 8luy + 4u + AR — 8hv, + 4v, -%J&;f +12J

+
VA 41

4EAL3(1 \/fz +8lu, +16u," +16v, _ng
+ 4 4

!

1
4&4,,(%\!;1 +Bluy — Bhu, 160 —32u,u, +160 +16v, ~32vy, + 160/ —%I]
+

!

4
4EA56[‘-:- JP 8l + 160, +16v5” l/)
i
- 2p3vy- 2pgvy - 2psvs

+

Diéu kién cuc tri la:

_QZ_=O;‘6_Z =0; ELZW =0; £=0;
cu, ov, Ou, ov,
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oz o 2
ou, ov, Ou,

o7

— =0
ov,

Tur didu kién cuc tiéu ta nhan dugc 8 phuong trinh
dé xac dinh cac chuyén vi nit (khdng viét & day). Cac
phuong trinh trén 14 cac phuong trinh dai s phi
tuyén, dé tim nghiém ctia ching thudng ding cac
phuong phap gidi s& ding dan (iap). & day dung
phan mém MatLab dé gidi. Giai hé phuong trinh ta
tim dugc cac nghiém;

u, = -0.0000; v, = 0.0175;

uz= 0.0005; v5= 0.0210;

uy = 0.0000; v, = 0.0186;

us = -0.0005; vg = 0.0210.

Dura vao (2) tinh dugc ndi e trong cac thanh:
N;, = -5.0380e + 003 ; Nps = 2.1164e + 003;
N, = 1.4993e + 003 ; Nys = 2.1164e + 003;
Ng = -5.0380e + 003 ; N,y = 779.9748;

Ngq = -715.9297 i Ny = -715.9297;

Ngs = 779.9748 |

K&t qua dugc trinh béy trén Hink 2, \ue doc truc
duoe viét theo chidu truc thanh, don vi luc 1a KN, don
vi chuyén vi ta m.

3n=00000
=007

5 u: =0.0060
. 250047

Hinh 2
D& thdy ring bai toan 1a ddi xitng va két qua tim
dugc ciing nhu vay.
Vi du 2:
Lam lai vi du 1. Biéu kién bai todn chi khac la ta

cho dé ciing kéo nén cla tat ca cac thanh rat Ion EA
= 10000 * 72000000 KN.

Van cach lam tuong ty nhu trén ta dugc két qua
thé hién trén Hint 3

2 4 =6.0006
Vz=0‘0013

v =0.0047

Hinh 3

K&t qua trén xadp xi véi két qua cla tinh khi khdng
xét dén bién dang doc truc clia thanh theo céc
phucng phéap théng thudng.

Vidu 3:

Trong cdu day ving, bién dudi |A dam cimg chiu
udn va khi tinh todn ta khéng xét dén chuydn vi
ngang, chi c6 chuyén vi th%ng ding va cac day lam
viéc tuong tu nhu thanh dan.

Xét so db dan tuaong tu nhu cdu day vang don gian
(Hinh 4). Trong vi du ta cho cac chuyén vi ngang clia
cac nit 3, 4, 5 bang khdng (U, = U, = Ug =0). Cac dac
trung hinh hoc va dé cimg cta hé nhu vi du 1.

Trong dan cé thanh xién ¢6 thé chiu nén, nhung
ddi voi cAu day vang cac day khong chiu nén do dé
cac day dugc cang trudce.

Két qua dugc trinh bay trén Hinh 4.

2 w00
V200018

3000000

§u:=0000
w2047

v 200067

Vi du 4:

Lam lai vi du 3 trén nhung cho cac dd cling cla
cac thanh bién dudi 1 - 3, 3- 4,4 - 5,5 - 6 rit nhd
(EA13 = EA34 = EA45 = EASG = EAJ” 0000).

K&t qua duoc trinh bay trén Hinh 5.
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2 120000
v,=0 0013

y5=0.0047

Nhu vdy qua két qud tinh cla vi du 3 va 4 thay
rang voi didu kién nat 3, 4, 5 khéng cé chuyén vi
ngang thi cac chuyén vi dig hau nhu khéng thay ddi
khi dd cling cla cac thanh bién dudi thay déi. Nhan
xét ndy cho thay phuong phép tinh cau day ving hién
nay khong xét dén chuyén vi ngang cla dam cimng 1a
hop 1y. Tuy nhién & day ¢an phai kiém tra 8n dinh doc
clia dam cung.

4. KET LUAN

Bai bao da trinh bay mdt phuong phap tinh két cau
dan c6 xét dén bién dang doc truc cda thanh. Két qua

tinh bang vi du s6 chimg td dd tin cay va chinh xac
cuia phuong phap, déng thdi két qua thr nghiém sd
cling chi ra réng khi khdng xét ¢&n chuyén vi ngang
clia cac thanh bién dudi clia hé dan tam giac thi 46
cing cha cac thanh nay khdng anh hudng dén
chuyén vi ditng clia ndt dan.

Hé day 1a hé phi tuyén hinh hoec ¢6 dic diém la
céc day chi chiu kéo va bién dang doc I6n nén cé thé
ap dung phuong phap da trinh bay trong bai bao dé
tinh toan O
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1.7rén Thj Kim Hué. Luan an thac sj ky thuat.
Trudng Dai hoc Kién tric Ha Nbi - 2005.
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GUT THO CAU XUAN SON

Trinh Ngoe Du

Véi dong dobi toi & Doi cau 10 Anh hing

Ba muoi ndm chua tré lai
Mot budi chiéu gia biet bén Xubn Son
Bom chua ngét con duimg qua Lén Bae

Phia ngudi di déc nguoc, duomg trom....

Pau mé dd bén duomg em viy véy?
Bao ngudi vé, con duomg ditng cho vo*
Nhu chua ¢6 mét thoi dan liva

B.52 toa db tieng giy

Vuon nhén nhon bom bi nhi 6i rung

Bom nghin cén rink rap dudi tding séu

* ¥ mét cau tho Pham Tién Duét

Céu ta dung tix gitta long dét me

Nhip vuon dai qua ndm thdng gian lao

Anh ngd xubng trén dong séng séng vd
Tiéng biia con vang trong nhip hdt bay giy
Duing Quyét Thing, bia ricng em ndm lai

Hoa mua chiéu tim sdm lbi Phong Nha

Nguini vé hom nay khong phdi ngudi ngay 4y,
Dét nutc dong séng nuéi lén lop anh hing
Céu lai moc noi con pha dimg doi

DPay, bit dau ctia day Truomg Son.

Thanh Hod - 2000
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