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TiNH DAY BON THEO PHUONG PHAP
NGUYEN LY CUC TRI GAUSS

Tém tét: Bai bao trinh bay phurong phdp nguyén Iy cuc trj Gauss
4p dung vao thiét 16p va gidi bai toan tinh két chu By mém dang
don gidn chju tAc dung cta luc tp trung vé trong luong ban thén.

NCS. THS. PHUNG BA THANG
DH Céng nghé GTVT
GS. TSKH HA HUY CUONG
Hoc vién KTQS

Phuong phap tinh két céu déy trinh bay trong bai bso cho phép
xac dinh dbng thdi cé e cang va chuyén vj cua day ma khong cén
gid thiét trudc 06 vBng cua déy nhw cac phuong phép hign hanh.

Abstract: This anicle presents application of the Gaussian
Extreme Principle method lo formulate and analysis of simple
cable subjected to concentrated load and self-weight load. The
presented method allow to determine both internal tension force
and displacement of cable without knowing the dip of cable.

va trong lugng ban than day, cho phép gidi dugc

BAT VAN DE
déng thei chuyén vj va lyc ¢ing trong day.

Tinh 104n day don |12 mét bai todn co ban trong
phan tich cac két chu day va hé treo. Trong tinh
toan, day duwgc xem la didy mém chi [am viéc chiu
kéo. bé qua kha n3ng chiu udn. Tinh toan day don
hién nay dya trén dudng cong day xich do trong
lwgng ban than (the common catenary) c6 dang
hyperbolic hodc parabol. Sy khac nhau hai dang
dwrong cong & chd dudng cong day xich hypecbolic
xét trong luong day phan bé déu theo chidu dai
day, con duding cong day xich parabol lai xét trong
lugng phan bé déu theo chidu dai nhip cang day
theo phuong ngang. Lyc cang trong day chi dugc
xac dinh khi da biét trudc 86 vdng 16n nhat clia day.

1. Bai toan day don chju lyc tap trung

Xét day mém treo cé dinh qua hai diém ngang
murc A, B va chiu n lyc tap trung 2 (i =1+n), chidu
dai day I, béng chidu dai nhip /. Day cb 8% cimng
chéng kéo EA , bo qua d6 cirng chéng uén £J cla
day (Hinh 1).

Chon hé tryc tea d6 Oxy véi gbe O trung véi A
nhu hinh vé. Chua xét dén trong lugng ciia day. Xét
doan day thu i.

Goi x,,,, 1 toa dd ban dAu cla diém a3t Iy
P x,y, 13 oa 46 cha diém dat lyc P sau khi d&y
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rong bai bao nay 4p dyng phuwong phap nguyén bi bién dang.

ly cye trj Gauss dé thiét 13p hé phuong trinh clba bai

toan tinh day mém dudi tAc dung tdi trong tap trung Goi u,,v, la chuyén vj cia diém dt lyc £, thi
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Hinh 1. So db tinh day don chiu lyc tap trung
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K =X FU LY, =Y, Q)]

Chiéu dai doan day truéc khi bién dang:

=%, “Xor (2)
Chiéu dai doan day sau khi bién dang:
5=y -x ) (00 ) @)
Bién dang trong doan day:

s| - Il
£ = 4)

,
Lwe cang trong doan day:

N, =Ede, (5)

Theo phuong phap nguyén ly cyc tri Gauss,
lwong cu&ng blre ciia bai toan dugc viét:
Z= ZJ'Nedx ZPv - min (6)

o
Trong mbi doan day e doc va bién dang 1a
khéng d0| doc theo chiéu dai day nén dugc viét fai:

Z= ZNCI—ZFV — min (7)
Trong phiém ham Z, can xem bién dang s, doc
18p véi ndi lyc N, ; chuyén vj v, dgc 18p véi ngoai
lwc P .
Diéu kién cyc trj cua phiém ham Z1a 0Z =0 hay
a_w
a" =l

[ Zioq
o o ®
— Z Nl —-P =0

]

Pay la he 2n phuong trinh phi tuyén v&i 2n 4n sé
u,v, . D& lim nghiém cua chung thwdng ding cac
phurong phap gidi s6 dung dan (1%p) 1a phuong phap
rét ph bién trong toan va quy hoach toan (van ri
hoc). Trong phdn mém Matlab cé ham fsolve cho
phép gidi hé cac phuong trinh dai sé phi tuyén. Sau
khi gidi hé phwong trinh cho ta cac chuyén vi u,v,
tiép theo st dung cac bidu thirc v Gén sé xac d|nh
dugc lye cang trong cac doan day.

Vidy 1:

Tinh chuyén vj va ndi lyc trong day don co 4o
cirng EA=1708000 kN, treo & hai gbi ngang mirc A,
B, chidu dai day béng chidu dai nhip / = /, = 100m,
chju tac dung ctia mét lyc 1ap trung P =100 kN dat
cach A khodng X, = /, = 30m.

So dd tinh thé hién trén Hinh 2a.
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Hinh 2. Day don ngang mirc chju lye tap trung
a. So db tinh; b. Két qua

Theo biéu thirc, hé phuong trinh nhan duoc:

| [@Jom-wmul o —1708000](—60+ )
2 J900-60u+ 4 +v'
) (244004500 14077 - 1708000140+ 20)
2 J4900+ 140+ 7 +v7

(@ 900—60u+u’+v’—|7080(}0}v

J900—60u+ ' +5°
(24400J4900+ 140+l 41 -) 703000) v
|

V4900 + 140u + 4 +

0 ©

00=0

Giai hé phuwong trinh tim dwoc chuyén vij u, v,
thay vao cé4c biéu thirc tr dén tim dugc e cing
trong day. Két qua thé hién & Hinh 2b.

Kiém tra didu kién can bang tai diém nit, 16ng
hinh chiéu céc lc theo cac phuong x, y:

> Fx=-0.13710"° &kNM)D 0
> Fy= 0346 10" (kN)O 0

Ta thdy diéu kién can bang nut duoc thda man
chirng t& két qua tinh ndi lyre 1a chinh xac.

Vidy 2:

Khao sét sy thay ddi noi lye, chuyén vi khi thay
ddi vj tri diém @t lyc x, trong Vi dy 1.
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K&t qua thé hién & Bang 1.

BANG 1.  Két qua bai toan day don khi thay déi
vi tri di

x0m) | 10 20 0 0 50

u(m) | 00428 | 0.0389 | 00284 | 0.0149 |-021e-14
vim) | 09809 | 14413 | 1.7286 | 18899 | 19422
N, (kN) | 918.4419 | 1111 3807 |1216.2080] 1271,1179[1288.1398
N, (kN) | 914 0716 [1108.6746 1214 5601|1270 3298(1288.1398
SFx(kN) | 097e-10 | 062610 | -0 14e-10 | 0.24e-9 | -0.15¢.9 |
SFY(KN) | -0 1e-10 |0 19e-12| 0.35e-11 | 0 11e-10 | 0.80¢-11

Ta thdy khi d3t Iy cang vao phia gita nhip thl
chuyén v| ngang u ¢ang nhé nhung chuyén v) dirng
v, lyc cang N trong déy lai tang lén.

Khi dat lyc & gitra (xO = 50m) thi bai toan 13 déi
xtng, khéng cb chuyén vi ngang. Didu nay khing
dinh sy tin cay cua loi gidi nhéan duge ti phuong
phap da trinh bay.

2, Bal to4n day don chju tal trong ban than
2.1. Phuong phép tinh

Xét bai toan day don, chiéu dai day bing chiéu
dai nhip, chiu trong Ivgng ban than, Bé giai bai toan,
ta chia day thanh cac doan cé chiéu dai bang nhau
va quy d8i irong Irgng phan bé trén chidu dai day
thanh cac Iwe tap trung tvong deong dat & cac diém
chia day véido lon P:

(10)

Pwl
m

trong 46: |, w, m lrang (ng [a chidu dai, trong
lvgng day trén don vi dai, s doan chia cua day
(Hinh 3).

Bang cach nay, bai toan tinh day chiu tai trong
ban than dugc dwa vé bai toan day chiu nhiéu Ive
t4p trung P va ap dung phirong phap tinh day chju
Ivc tap trung dé gidi. Do chinh xac cia 1&i giai nhan
duge tiy thude vao sé doan chia day.
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( Hinh 3. Tinh déy don chiu trong Irgng ban than

o S

Vidy 3:

Xac dinh néi lec va chuyén vj cla day chju téc
dung trong lwong ban than. Chiéu dai day bing
chidu dai nhip ! = [, = 100m, 46 cirng kéo nén EA
= 1708000 kN, trong lvgng day phan bb déu theo
chidu daiw = 5 kN/m.

Chia day thanh 8 doan bing nhau.

Trong lweng day duoc dwa vé cac lye tap trung
aat tai nut:

Powl=62.5kN.
m
Két qua 1hé hién trén Hinh 4,

Ta thdy lyc cing & sat gbi 12 |6n nhdt N, -
2602.6578 kN, chuyén vj 16n nhat & gira nhip v
= 2.4082m: két qua nay phi hop vé quy luat nhu 63
néu trong cac tai liéu vé két chu day (4).

Kh&o st véi sé doan chia dy khac nhau:

Két qua tinh cho cac truedng hgp véi sb doan chia
day khac nhau dugc thé hién trong Bang 2.

V& logic khi sé doan chia tang I&n thi két qua tinh
s& hdi ty v& ghn voi gia tr thyc cua lyc cang va
chuyén vj trong day. Két qua trong Bang 2 cho ta
théy 16 sy hdi ty khi tang sé doan chia m trong day,
sai khac vé Iyc cing va chuyén vj gitra cac truang
hop chia day khac nhau gidm rAt nhanh va hoi .
Khi sé doan chia I&n hon 8 thi sai léch vé két qui
tinh lyc cang va dd véng 1&n nhat 14 dwéi 0.5% néu
tang gap déi sé doan chia.

BANG 2.  Kétqua bai toan diy chju trong lwgng

ban than véi sé doan chia khac nha

Sé | Lye ciingléon nhit | Chuydn v| lén nh‘f‘\

doan (sat géiy (gita nhjp)
chiam[ | e cang |Saisd| Chuydnvj | Sai
(kN) (%) (m)

2 2373.5268 2.6369

4 2558.7770 7.8 2.4477

8 2602.6578 1.7 2.4082

16 2614.1569 0.44 2.3987

32 2617.3907 0.12 2.3963

64 2618.3848 0.04 2.3958

2.2. So sé4nh v&i Iy thuyét tinh day don hién ney

Xét trrong hop day ¢6 chidu dai bing chiéu d&
nhip. Hién nay ly thuyét tinh day don thiréng ding
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Hinh 4. Két qua tinh day khi chia lam 8 doan

Hinh 5. Tuong quan gitra sé doan chia trong day va
sai s8 v& lyc cang trong day don

duding d§ vong cua day dudi tdc dung cia trong
lrgng ban than c¢6 dang parabol, khi d6 theo dién
gidi ctia Sir Alfpred Pugsley [4), iwc cang I&n nhét
trong day 14 & vj tri hai dAu gdi va duoc tinh theo
cong thire:

No =2 14264 an

8d 1

trong dé w 1a trong lrgng ban than phan bb déu
theo phuong ngang, / 1a chiu dai nhip, d 1a do vong
gilra nhip cua day.

Trong ¢6ng thirc dé tinh lyc cang Ion nhéat phai
biét d6 vang I&n nhéat 1a d. Tac gid dung d 1a 36 vong
gitva nhip lay theo két qua Bang 2 dé dua vao tinh
toan. Két qua so sanh trong Bang 3

Bang 3. So sanh véi ly thuyét day hién nay

chia trong day cho cac truding hop day cé chiéu dai
khac nhau, gia trj lwc ¢ang Ion nhét tinh theo (ng
véi d vong d cua day khi chia day 1am 64 doan.
Theo két qua khao sat thi sai khac vé lyc cing khi
tinh theo hai phrong phap 1a dudi 1% néu chia day
1am 8 doan va dudi 0.5% néu chia day hon 16 doan

3. KET LUAN

Phwong phap nguyén ly cyc tri Gauss cho loi
giai chinh xac vé& ndi Iwc va chuyén vi cia day duéi
tac dung cla tai trong tap trung va trong lrgng ban
than day. Khi tinh day chiu tac dung cla trong lvgng
ban than theo phuong phap nguyén ly cie tri Gauss
khéng can gia thiét trong lugng day phan bb déu
theo chiéu dar nhip va chi can chia day thanh cac
doan nhé véi sb doan chia bing 8 33 co thé tinh
dugce e cing trong day voi sai s6 nhd hon 1%.

Khac véi ty thuyét tinh day hién nay, phuong
phap nguyén ly cyc tri Gauss dung tinh toan déay
don la tdng quat hon, da dua ra cac két qua tinh
toan ma khéng can cho trurdc gia tn clia 9 vang lon
nhét d, dac biét con cho biét chuyén vi ngang la van
dé khé trong ly thuyét tinh toan két cdu dayw

Trong Bang 3, khi tinh lyc cang I6n nhét theo
cbéng thirc thi sai khac so véi phuong phap nguyén
Iy cwe trj Gauss rét nhé (t 0.09 + 0.41%).

Dé tim duoc sé doan chia phu hop khi tinh day
don chiu tai trong ban than, tac gia da khéo sat cho
¢c4c treong hop chidu dai day khac nhau, sé doan
chia ciia day thay déi tir 2 dén 64. Khi s6 doan chia
16n hon 16 thi @ vang I&n nhét hdu nhu khéng thay
ddi. bd th| trong Hinh 5 biéu dién trong quan gita
sai sb vé lyc cang lon nhét trong day véi sb doan
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S8 lons Lyc cang 16n nhit (sat géi) (kN) |
von
doan ziirag nTgr:;oe:?y Theoly | o6
chia | ipip ()| cwe trj | UYetddy | Ty
m Gauss hign nay
2 | 2.6369 | 2373.5268 | 23833809 | 0.41
4 | 2.4477 | 2558.7770 | 25656268 | 0.27
8 | 2.4082 | 2602.6578 | 2607.3126 | 0.18
16 | 2.3987 | 2614 1569 | 2617.5440 | 013 TAI LIEU THAM KHAO:
32 | 2.3963 | 2617.3907 | 2620.1417 | 0.10
64 | 23958 | 2618.3846 | 2620.6836 | 0.09

[5}






