PHUONG PHAP NGUYEN LY CUC TR| GAUSS
TiNH DAY BON CO CHIEU DAI DAY KHAC CHIEU DAI NHJ}
VA ANH HUGNG COA NHIET DO

Tém tat: Bar bao Irinh bay phuang phap nguyén Iy
cyc Iri Gauss 3p dung vao thidt 1dp va gidi bai 1odn tinh
két cau diy mém dang don gidn chju tc dyng cta &
trong véi cdc trudng hgp DAy dai han nhjp, ddy ngdn
hon nhjp va day chiu anh hudng cua thay d&i ntét d§
Phuong phap tinh kél cdu déy trinh bay trong bai bdo
che phép xéc dinh ddng thdi ¢d luc cang va chuydn vj
clia ddy ma khong cdn gid thidl trudc do vong cua ddy
nhif cac phugng phap mén hanh.

Abstract: This arlicle presents application of the
Gaussian Exireme Principle method o lormulale and
analysis of simple cable subjected lo conceniraled load
and lemperalure variaticn, the lengih of cable can be
ionger or shorter than span The presented method
allow o defermine both internal lension force and dis-
placement of cable withoul knowing the dip of cable.

DAt van dé

Tinh todn day don la mét bai toan cd ban trong
phan tich cac kél cdu day va hé treo. Trong tinh toan,
day dudc xem I1a day mam chi lam vigc chiu kéo, bd
qua kha ndng chiu udn. Tinh todn day don hién nay
dya trén dudng cong day xich do trong lugng ban than
(the common calenary) c6 dang hyperbolic hoac
parabol [5,6,7]. Luc céng trong day ¢hl dugc xac dinh
khi da hiét trudc do vong 18n nhél cua day.

Trang bai bao trudic (3], 1a¢ gi4 da ap dyng phudng
phap nguyén ly cuc tr Gauss dé thiél lap hé phuang
trinh cda bai toan tinh day mém dudi tac dyng tai
trong 1ap trung khi xét chiéu dai day bhng chiéu dai
nhip, ¢ho phép giar duge d8ng théi chuyén vi va Iy
cang trong day. Khi day chiju tdc dyng cla 1ai trong
hay nhiél 86, day sé bi bién dang so vdi lic truéce khi
chiu tac dyng cua 1ai lrong hay nhiét do; Iyc céng
trong méi doan day s& phy thudc vao dé dan da) va
do dé la chuyén vi clia doan day. Ap dyng phudng
Phap nguyén Iy cuc tri Gauss sé 1dp dugc phiém ham
bidu dién lugng cudng bite trong day & trang Ihai khdo
sat (3]:

[
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NEu khéng xét Iuc phan bd do trong lugng bén
than cbia day thi cé thé xem rang do dan dai va lyc
céng trong méi doan day 1a hang s6. Trong phiém
ham Z, cdn xem bign dang €. doc lap vdi ndi lye
: chuyén vi ¥, déc lap vdi ngoai lye £ . TU didu kign
cye 1155 clia phiém ham sé lap dugc hg phuang trinh
phj tuyén chifa 4n s& 1a gia tri chuyén vj clia day tai
diém dat tai, sau khi gidi s& xac dinh duge trang thai
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bién dang cOa day va Iyc cang trong cac doan diy
tugng Ung.

Dudi day sé 1an Iugt irinh bay cach x4y dyngh
phuang trinh va 181 gidi cho cac trudng hgp day da
chiu 1ac dung cba lyc tap trung khi chiu dai d2y khic
chidu dai nhip va khi cd anh hudng cla sy thay &i
nhiét dé.

1. Truting h¢p ddy don cé chiéu dal ddy dal hon
chiéu dai nhip

Xé! bai toan day ddn treo Irén hai g&i ngang mit
AB cé chiéu dai day 7 1dn hon chidu dai nhip 1, chiy
Ic 1ap trung # tac dyng lén déy tai diém cdch diu
g6i A khoding /, , d6 cung khang kéo clia day I4 EA,
gid thiét trong lugng ban than cia ddy nhé va cd hé
bd qua (hinh 1)

Hinh 1, So dé tinh déy don cé chiéu dal déy idn
hon chiéu dai phip

Bai toan day 14 bai loan phi luyén, vl vay cdn phii
xac dinh trang thai day rudc khi chiu tAi rdi so sdnh
trang thai sau chiu 13i véi trang thai trudc do.

- Xac dinh trang thai ban ddu cba day trudc ki
chiu tai. Trong bai toan day ¢é chidu dai day 1on ho
nhip, vi Iri ban ¢4u cia day wudc khi bién dang k
AC,B v8i chidu dai cc doan day [a 4 /. da biétv

h+1, =1, khi dé 10a dd dim C, dugc xéac djnh:

s = (07417 =120 v = -5 i
- Xac dinh trang thai eha dAy sau khi bién dang.
Duéi tc dynglyc £, diy bi bi&n dang, trang thai dd
sau khi bi&n dang la AC,B . Goi u.v tudng ing B
chuyén vi clia diém d31 Iyc theo hai phudng x.v.Ti
¢6 1ga db cha di€m Ci:
=X, b0, =Y @
Chigu dai cc doan day sau khi bién dang:
54=\J-':’+J’;)i-’;=\ﬁ"f1.]’+y,’ 4]
- So sanh trang thai cia day sau khi chiu e !l

trung P vditrang thai Ini6c dé. Ta ¢4 bign dang o
day:
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Lyc c&ng lrong cac doan day:

N,=EAg, | N,=Ede, (5)

Theo phudng phap nguyén ly cyc tri Gauss ta viét
lugng cudng buc bai todn:

Z=Ngl +N,e,l, - Pv— min

(6)
Bidu kién cye tri ctia phiém ham Z;
_Z:m 0E‘+-’N de,
du Su 7
&z, b 2. ;
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Hé (7) l& hé hai phudng Irinh phi tuyén chua hai
ansd v, SU dyng phuong phap gidi s4 dung dan dé
gidi, & day 1ac gid dang ham fsolve trong phan mém
Matiab, gidi xac dinh dugc «.» va thay vao céc bidu
thictu (2) dén (5) xac dinh dugc lyc cang trong day.

Vi dy 1: Day ddn co chiéu dai nhip L, = 100m,
chidu dai day /=100.5 m, EA = 1708000 kN: Iyc l&p
teung P = 100 kN dat cach gé1 A mat khoding /, =30 m:

Két qud tim dugc diém dat luc ban déu
29.6488m. Y = 4.5773m va ndi luc, chuyén vj dudc
thé hién trong hinh 2
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' Hinh 2. Két qua bai todn diy don cé chidu dal

déy Idn hon chiéu dal nhip

So sanh vdi trudng hgp day dai bang nhip (bang 1)
Bang 1. Két qua tinh lodn ndi e, chuyén v
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Trong bang 1 ta thiy so vdi trudng hgp day da) han
nhip (/> /») v& cing vi il dat lyc cho ta k&1l qua nbi
Iyc nhé hon 131 nhidu so vai truéng hdp day dai bAng
a1 nhip (/=)

Trong céc trudng hop déu kiém tra diéu kign can
34ng nit, t8ng hinh chiéu cac Iyc theo cac phudng
Xy
. (S Fx=0.12 J0*1% O

i da i n nhip:

Khi day cai hon nhip 125 -

i (S Fx=0.48 107"%1= O
b kni day dai biing nhjp: X
5 Y Fy =04510" = 0

« Dibu kién can béing thda man cho thay két qua tinh
'oan 1a hoan toan chinh xac.

2. Trudng hgp day don co chiéu dal ddy nhé
hon chiéu dai nhip (day cing truéc)

Xél bai l0an day don treo trén hai gét ngang muc
AB c6 chiéu dai day / nhé hon chiéu dai nhip b , chiu
Iyc 14p trung P cdch gbi A khodng /| d¢ cling khang
kéo cha day 1 EA. (hinh 3).

(e

Hinh 3. S0 do tinh déy don cang trudc
- Trang thai trudc cla day dugc xél 1a khi cing day

vé gdi. Diém d4t lyc ban ddu 1a C.  wong Ung €6
chiéu dai cc doan day 18 4, /. (/+h =h),

Khi kéo day vé géi, diém C.. s& di chuyén i diém
Ci wong Ung cé chidu dai c4c doan day 1a hu | fu
(e =t =/ = L) Khi d6 6 thd vigt:

[
L=+, 21— . =y ®
Trong day xudl hign lye cing trudc:
Nu= No- N, = £a2!
! 9)

- Trang thai sau clia day la khi tac dung lyc lap
trung P. Khi tac dung Iyc tai didm Co thivi Iri mél cha
weséla G, lugng Ung cé chiéu dai cac doan day la
5, 5, Gol u.v la chuyén vj cla diém dat luc. Ta céd
10a db cia diém C.

o=l 1 y=v
Chiéu dai diy sau khi tac dung lyc P:

=J(x+37) s, —J([.’,‘ Y+, )(11)

- So sanh trang thai cha day sau khi chju luc tap
trung P vdi irang thai trudc db. Ta co bién dang trong
day:

(10

EA' (12)

Trong cdng thirc , néu khi khéng 1ac dung lic P thi
u=v=0 s, =/, va bién dang chl Ia do lyc
cang trudec

Liyc cang lrong day:

N, = Edg,; N, = EAe, (13

Theo phuang phap nguyén ly cye irj Gauss, lugng

cudng bic bai loan duge viél:

Ln=h,

Z=1l N, +1,,N,&, - Pv— min (14)
Diéu kién cyc Ir| clia phiém ham Z:
d¢, ot
a——n'“N T L+l N, a' =0;
o7 ée ge (15)
Lo, N, _pag
o ™

Hé 1a hé phuang trinh phi luyén cé hai &n w, v,
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Gidi ho trén ta duge c4c chuyén vj #. v, thay vao cac
bidu thire tU d&n xac dinh dugdc Iuc céng trong day.

Vi dy 2: Bai toan day cing trudc, chidu dai day
1=99.5 m, chidu d4i nhip % =100 m, EA = 1708000
kN. P = 100 kN: vj trf dy kign aXt lyc /i = 30 m.

K&t qué thé hign trén . Kiém tra diéu kign can bing
nGt dugce thda méan:

> Fx= 0,79 10 iSO

Y= 077 0020
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z ot 200508 N
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Vi
Hinh 4. K&t qué linh déy don cang lrudc
- So s&nh véi k&t qua khi day cung chiéu dai nhjp,
cung do 16n va vj trl dat tai nhung khbng céng trudc
so sanh véi trudng hgp day dai bing nhj (Bang 1), rd
rang khi cing trude, Iyc cang trong day 18n hon phidu
nhung ngugc lai chuyé&n vi cUa day ral bé.

-Khicho /s =/ k&t qua 18 vé vai bai toan chidu
dai day béng chiéu dai nhip. Khi ¢cho P = 0, néi Iyc
trong day chi con 13 do lc ciing trudc. Piéu dd khdng
dinh cach gidi bai loan & chinh xac.

3. Baitoan day don xét Anh hudng cva nhiét 49

Xét bai todn day ddn ¢ dé cung kéo nén EA,
chiéu dai day | bang chiéu dai nhip /s, Iuc tap trung
P dit cach g8i A khodng /i, sau khi tac dyung lyc tap

trung. nhiét dé6 mai truéng thay déi lugng t, (hinh 5)
k-1

Hinh 5. Tinh ady don chiu liyc t3p trung va nhig! dp

- Trang thai ban dau cia day la trang thai day chju
Iyc tap trung P, da cé k&t qud nhu trong [3).

Dudi tdc dung 14i trong P, di€m dat t& €. di
chuyén t6i Ci. Toa a9 didm Ca 14 Xy =4, 1. =0,

Goi % Ja chuyén v| cla diém dat lye C., ta co
toa dé clia didm C. :

XI:Xﬂ +“I B -yl =yll+vl
Chi8u dai day sau khi bi&n dang:

(16}

2 2y, _ 2 :
Sy :\/(“l Y ], 5= \/((In —X,) + ) an
Bién dang cla c4c doan day:
"':p=31-, ' 5:."‘-’-1 .
l, 1 08)
Luc céng trong cac doan day:
N,,:EAe,’;NI‘,:EA.‘:,, (19)
Ta viSt lugng cudng buc bai to4n:
Z=I,N, 5, +1,N 5, — Py, = min (20)

Didu kién cyc i cha phiém ham ;
4 95, oe,,
a=/,N,Fa—+/,/v,,,—au—'

1)}
Z w2y, o _pop
dv, ’ v, " v,

Gii h¢ phuong Irinh phi luy&n xac dinh dugc b4,
va x4c gjnh dugc irang thai ddy ACyB.
Khi nhig1 a6 mai trudng thay ddi mét lugng 4,
chiéu dai day dudi anh hudng cua nhidt df:
<, =5, (1 +abdt)is, =5,(1+oAr) @
trong d6: a 1a hé s8 gian nd nhidt, Al 4 thay ok
nhigt ad mbi trudng.
- Trang thai day sau bién dang
Goi ¥1+V2 1A chuydn vi cia Cp, t9a dd cla diém C,:
X, =X ULy, = Y, )
Chiéu dai day:

d= vyt do=Jlh-n) +y) oy

- 80 s4nh Irang thai sau bién dang so vbi rang
thdi truéc dé. 1a cb bi&n dang trong day:

oot N don M
5y, EA Sy EA
Lyc céng trong day
N, =Ede,; N = EAe, (%)

Theo phuang phap nguyén ly cyc tri Gauss, lugng
cudng buc bai toan dugc viél:

Z=5,N,g, ++.,¥.£.—Pv, 5> min fer)
Diéu kién cyc tri cia phiém ham Z:
VAL LI
du, @
v B _pap
Gidi hé Im dugc nghiém <+ thay vao cac bidu

thifc 23 + 26 xac dinh dugc ndi lyc lrong day.

Vi dy 3: Bai toan day don c6 chiéu dai day bing
chidu dai nhip /=14, = 100 m, EA = 1708000 kN, k¢
14p lrung P = 100 kN dal cach géi khoang 4 =30m
Nhigt do moi Irudng Ihay dgi At =15°, hé s§ din
nhiéta = 11,7x10*mm/°C.

K&L qué thé hién irén Hinh 6.

& s
Hinh 6. K8t qué tinh day don chju Iyc tip oW
va nhiét d¢
Trong bai to4n nay ta thdy, véi nhigt do tang Dl—15
thi day s& dan, lic cang trong day la: N, =1 124.1339 M
N; =1122.3505 kN gidm s0 véi trusng hgp chi oo e

wung ma khéng xél Aanh hudng nhigt &
Ny =1126.20B0kN, Noj, = 1214506 1kN.
Gidi bai toan véi cac P 5ng hgp thay a8i nhigt o ki

nhau. K&t quéd 1h8 hidn trong (BAng 2).
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Bdng 2. K&t qua tinh day don chju tai trgng va
nhiét d§
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Trong bang ta Ihdy néu ta cho Dt=0, s& nhan dugc
Kt qud: 1, =2.9¢-015=0 v, =-1.2¢-013=0:kél

qua 1rd vé& bai todn day chl chju lyc tap trung.
Con néu cho At <0. thl luc c&ng trong day Iai tang.

£F. IF, trong c4c trudng hgp kiém tra can bing nit
déu thda man . Diéu dé cho 1hay ring két qua 1a hoan
loan chinh xé4c.

4. K&t lugn

Phudng phap nguyén ly cyc tri Gauss cho 9i gidi
chinh xac vé ndli lyc va chuyén vi cua day dud tac
dung cha tal trong tap lrung treo trén dAy va tac ddng
cla bién thién nhiél d6. Phudng phép IInh day don
clia tac gid tinh bay & day cho phep x81 dugc ca &nh
hudng cua chiéu dai day so v8i chidu dai nhip cang
day dén nd! luc trong day.

Khac vdi ly ihuyét tinh day hién nay, phudng phap
nguyén ly cyc iri Gauss dung tinh toan day don la
t8ng quat han, da dua ra cac k&t qua tinh toan déng
thdi ca vé chuyé&n vj va Iyc cang trong dady ma khang
céin cho truéc gia tri cla do vang 18n nhat, dic biet

PHAN TICH HIEU QUA... (Tiép theo trang 35

+ Cao tnh dinh chan k& qua cao, nam trén myc
nuéc thap, nén d& bj moi x6i va 1am s&p mai ké.

+ Cac loai 6ng buy hinh dang khac nhau khéng cai
(hign dugc tinh hinh xéi chan ké.

+ Mot s& ndi hiét ké tdm gidng 6ng buy blng 43
BT tai cho, khong cét thép, Indm d4 ngoai 6ng buy
ciing dé vita BT tryc tiép Ién thdm 1a khong hgp ly.

2.3. Nhiing van dé vé thi cong

+ Dé kin gila cac 3ng buy, cho di la loai 8ng tron,
lyc 1ang... nhigu trugng hap déu khéng bo dam.

+ Néu gia ¢& chan ke bién bing hé coc, ban, thi
vua cb gia thanh cao, vifa khé khan trong \hi cong ha
coc trong digu kién séng gid, nhalt 1 & viing dat cat.

3. M{t s& kién nghj

- Nén thiét k& chan ké 40 rong, du sau, nhung chi
trong hon chiéu rang, nhu modt Ihém gidm séng. Chiéu
rong t8i thidu bang 3 1dn chiéu cao séng.

- Chan ké phai 3t thap hon muc nudc triéu kiél, néu
myc nudc kiét qua thap so vdi dia hinh bd thl can ¢c6 két
c#u tudng cif 86ng sau xudng dudi myc nudc kidt.

- C4c khdi d4 hodc cau Kién tao nén I&ng thé chan
ké ¢6 40 trong lugng va 181 nhat la cac khéi bé téng
dj hinh. Phuong phap tinh todn nhu sau:

Van 18¢c cyc dai cha dbng chdy do song tao ra &
chan dé dugc xac dinh:
mH,

Arh (n

Tror\g d6: Vipax- Van t8ccue dai cha ddng chay (mis);
- Chléaxdai vé chiéu cao séng 1hié1 k& (m);

Tap chi GTVT 8/2012 I EI

con cho bigt chuyén vi ngang la van dé khé trong ly
\huyét tinh lodn k&t cdu day.

Do baitoan day I baitodn phi tuy&n hinh hoc nén
khi xdy dyng lugng cudng buc va céac phuung trinh
Iinh t0&n ¢an chd y so s&nh trang thal chuyén vj va
bién dang cua day trudc va sau khi chat tai dé nhan
dudc 18i giai dung O
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h - D6 sau nudc trudc dé (m);

g - Giatéc trong Ive (m/s?);

- Trong lugng 8n dinh t8i thidu cua vién da & chan
khay ké mai dé bién Gg dugc xéc dinh theo bang 1.

Béng 1. Trong lugng 6n dinh vién d4 theo Vipay

Vou(nvsy 2.0 30 4.0 5.0

G, (kg) 4 80 140 \200

- Mot 86 hinh &nh vé cdng trinh gia ¢6 chan ké &
nude ngoai:

Chan ke bdng bngthe o160y Chincs bang tuong o cém siu

Chan ke bién & H Lan Chan k8 bidn & Trung use
Hinh 5. Hinh dnh 1 s6 két céu chan ke & nudc ngosi
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