2. Non-symmetric Catenary

Nond-symmetric catenary has generally the
same shape, only ends in points of different
heights.

To describe a non-symmetric catenary, we will
look for such a coordination system where the
equation of non-symmetric catenary Is the same
as for a symmetric one:

y=c-cosh§ (m)

Coordinate system origin position determi-
nation

Presume that we know the span length a, the
constant ¢ and the different of heights of sus-
pension points h. We can than write two equa-
tions for x-coordination of suspension points Xa
and xg (see Fig 2.1 and use equation above for

ya and ys):



Ya

Fig. 2.1. Position of coordination system
origin

X X
h =ccosh 2B —ccosh ZA
C C

We can solve this system of equations for xg
(and xa). At this point we know the horizontal
position of axes origin. To get the vertical posi-
tion we will use again equation of catenary to
solve ye:



X
yg =Cccosh =2
C

Now, the position of coordination system
origin relative to the suspension points posi-
tions is defined.

Catenary vertex position

Maximal theoretical sag fm is

1:m =Yg —C
Vertex of the catenary Is between suspension
points A and B if

a
h<—-Cc+ccosh—
C

Vertex of the catenary Is In the low suspension
point A if

a
h=—-Cc+ccosh—
C

Vertex of the catenary is not between suspen-
sion points A and B if

a
h> —Cc+ccosh—
C

Length of non-symmetric catenary



Length of wire between points A and B is

lag = _(i J1+y"? dx+)jf 1+ y'* dx
—Xu 0

Using
X
y =ccosh—
C
y' —sinh 2
C

We will get formula for evaluation of length of
the wire from coordinates xa and xg and param-
eter c:

0 X
X X X X

.. = | cosh=dx+ | cosh=dx =c|sinh=B +sinh=2& | (m

AB j C ! C ( C 20) (m)

However, it is possible to find a formula for
|ag that uses parameters independent on the co-
ordinate system (parameters ¢ and dimensions
h and a). To derive the formula, let’s examine
the following expression:



LY (hY X X, )’ X X, )’
(ﬂj —(—j =(sinh—3+sinh—Aj —(cosh—B—cosh—Aj =
C C C C C C

= —2+2(C05h§-COShX—A+Sinh§-sinh X—Aj = 2cosh (M)—Z =
C C C C C
= 4sinh? (Mj — 4sinh? 2
2C 2C

We got the enquired formula:
2
.. a
17, =h? +(Zc-smh Z—Cj

The expression In brackets is length of wire In
case of symmetrical catenary |, (for the same ¢
and a). Therefore:

2 W2 2
l'e =h"+1I

| tis called generalized Pythagorean theorem

Obr. 2.2. Generalized Pythagorean theorem



Sag of non-symmetric catenary

Following sags can be defined:

a2

Obr. 2.3a

Obr. 2.3b



Characteristic sag: in the middle between A
and B — vertical distance between catenary and
line AB.

_ Xg + X,
2

Apparent sag: It is a vertical distance between
a line connecting points A and B and parallel
line tangential to catenary.

Xy

y’=tg¢:hzsinh&
a C

X
y, =C-cosh—-
C



3. Stress In wire

- Horisontal component of stress is constant
along a catenary.

- Vertical component of stress in a point at ca-
tenary is equal to the weight of weir between
this point and vertex.

- Stress In any point at catenary has always
tangential direction to the catenary.

Ptf1 vypoctu pruhybu jsme zjistili, Ze vodo-
rovna slozka namahani on je v kazdém bod¢,
tedy 1 v zavésném stejna. Vysledné namahani
os v zavésném bod¢ B lezi ve sméru teCny k
fetézovce v tomto bode¢.

Smér teCny svira v zavésném bod¢ S 0SOU X
uhel «. Plati tedy

Oy

Og = (MPa)
COSo

a pro teCnu v libovolném bod¢ fet€zovky plati




y’:tga:sinhz

C
y = a
aVvzavésném bod¢ © o muzeme psat
i a
tg =sinh—
2C
upravou dostaneme
1 a
—— =cosh—
COS 2C

Po dosazeni dostaneme

oy =0y, -Cosh a_ o Yo (MPa)
2C o

Z rovnice pruhybu dostaneme

cosh 2 _ T +1
2C C

po dosazeni

Op =0, (%+1j:aH +f yz

Tim jsme dostali vztah pro namahani v za-
vésneém bod¢ fetézovky, ktery zavisi pro dany
vodic jen na pruhybu fp.

Kdyz vezmeme v Givahu parabolu
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f _a’yz

=
8o,

a namahani
2 2
a (yz)
8o,
bude tah v zavésném bodé

oy =0, +

FB:O-BSZO-H'COShZi'S:O'HS+fmSyZ:O'Hhs -
C C

= k= yB(q1+q2)

Z této rovnice je zieyme, Ze tah v zavésném
bod¢ se rovna tize vodice délky yg nebo tahu ve
vrcholu Fy a tize vodiCe délky rovnajici se
prahybu fn. Svislou slozku namahani o
ur¢ime z obr. 2.3. Plati

O =04 0

. X
tg a =sinh—
C

a Vv zavésném bodé
.. a
tg o =sinh—
2C

tedy
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2
O,z =0 -Sinh—

2C
kde je podle (2.45) delka retézovky
|, =2c-sinh a
2C
Dosazenim
l, Lyz | yz
O =0, —=0,, — =
M2 "2, 2 (2.61)

svislou slozku tahu ur¢ime z namahani

.. a
F.=So.=So, -SInh—
B vB H 2C

- Sliyz _ (9, +0,) _ a(a,+9,)
T2 2 2

Svisly tah v zavésném bod¢ se rovna tize
poloviéni délky vodiCe, zvétSené o pridavne
zatizeni. VSechny tyto vztahy plati pro
fetézovku 1 parabolu.

Jen tehdy, je-li vzavésném bod¢ vodice
mechanické napéti alespon o 4 % vétSi nez
Vv bod¢ priuhybové kiivky, je nutné uvazZovat
mechanické napéti v zavésném bod¢. Tento
piipad nastavda u velkych rozpéti nebo pii
velkém pirevySeni zavest.
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4. Odvozeni stavoveé rovnice

Predchozi vypocty vznikly za predpokladu, Ze
namahani napnute¢ho vodiCe je konstantni. Ve
skute€nosti se vSak namahani méni vlivem tep-
loty, namrazku a vétru. Jsme v oblasti konstant-
niho prurezu, tzn. plati Hookuv zakon.

Nyni uvazujeme dva stavy vedeni. Pocate¢ni
stav ozna¢ime indexem 0 a novy stav oznacime

indexem 1. Zména délky vodice Al (m)
vlivem zmény teploty se urci ze vztahu

Aly=al)($+9,) Al,>0 pro 3 >,
a - Cinitel délkove tepelné roztaznosti lana (
OC'l ),
lo - ptivodni délka zavéSeného vodice (m),
% - ptivodni teplota vodice (°C™),

d - nova teplota vodige (°C™).
Zména délky vodiCe a, (m) vlivem zmény
namahani

|
Al_ = EO(O'Hl +0y,,) Al <0 pro o, <oy,

E - modul pruznosti vodi¢e (MPa),
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Ouwo - horizontalni slozka namahani vodicCe
V ptivodnim stavu (MPa),

On1 - horizontdlni sloZzka namahani vodicCe
V novém stavu (MPa).
Celkova zména z lp na |1 se urc¢i podle vzorce

Al =1 -1, =Al, +Al_ =1, [a(%—%ﬁé(%-%)}

De¢lka lana zavéseného mezi dvéma stozary pii
stavu K se vypocte podle vzorce

a —rozpéti (m).

y- mérna tiha 1 m vodice (MPa-m™).
Zména delky vlivem zmény namahani se
vypocte podle vzorce

2 2

|—| _a 7/1 _7/0
17l = 2 2
24 0y Ohy

3

Al =
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Porovnanim vyse uvedenych rovnic dostaneme
stavovou rovnici

1 [ :
|O|:a(‘9'1_80)+E(GH1 GHO):| 24(;(2;1 _C;YIZEI)O)

Protoze 1ze piiblizné uvazovat
lp =a
potom lze psat stavovou rovnici ve tvaru

1 2 2 2
a(81_80)+E(GH1_GHO) 24£ o Yzo ]

H1 Gho

a po upravé do tvaru kubické rovnice pro
vypocet namahani noveho stavu 1

E
oo, +ol, 2:1 /o +aE (9 -9)- JH0:|

HO

a’y E
24

=0

Pro praxi se 70 71 nahradi pomoci mérmné

tihy vodiCe /v a pretizeni vodiCe s pomoci
nasledujicich rovnic

1=V 4 Vo=V 1
potom stavova rovnice prejde na tvar

2
Ey, [az Ey.
Gﬁﬁﬁﬁll ( OJ +aE(91—30)—0H0]— > (az) =0
Oho

24
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