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The work’s aim is to study the horizontal supports stiffness impact, which simulate the
conditions for supporting the domes upper tier on the von Mises trusses' stability. A three-hinged
truss' deformed scheme with a concentrated vertical load in the ridge joint was considered. A two
transcendental equations' system for the dependence of the load on vertical and horizontal
displacements taking into account the rods' compression was obtained. The truss' stability
numerical studies were carried out depending on the structure's design geometry.
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1. Introduction

Topicality. Dome coverings are used in the public buildings construction.
Such constructions best meet the rational design criterion - minimizing the
difference between construction and functional volume [4, 5], along with other
design solutions [5].

It should be noted that there are a large number of the solid shell structures
stability studies [1, 2, 3, 17, 23]. But in the transition to rod dome systems it is
possible to design cylindrical shells and geodesic domes structures with
different tiers' variable stiffness to reduce the inclined elements deformation's
impact with small uppermost tier angles.

There are also known dome coverings accident studies, which showed the
rod domes or shell systems sensitivity to the stability loss with the joints' snap-
through effect to the covering's center [22]. It is important that the several rods'
stability loss effect which hinged in the dome's node has a caloptic character
[6, 7, 9, 17, 19, 20]. Dome node stability loss effect description similar to
snap-through effect first was studied in von Mises works (Richard Edler von
Mises) [19, 20], which were described a trusses deformation model that
consists of two rods or several rods hinged at the ridge and hinged to the base.
However, these studies relevance remains, because it is possible, by
complicating the von Mises truss physical and mathematical model, to study
the sloped rod structures (cylindrical shells and geodesic domes) nodes snap-
through effect, by modeling the load at an angle and elastic supports in the
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ridge node [6,9]. In the next, some similar structural systems nonlinear
deformation problems, including the loss of stability, are described in [10, 11,
12, 13, 14, 15, 16]. Some scientists to illustrate the theory of catastrophes cites
the von Mises's truss snap-through effect example. The following works were
devoted to such phenomena [21, 22]. The researchers paid special attention to
the tall two-rod systems stability loss, in which they discovered the skew-
symmetric stability loss possibility [7].

An important task is also to avoid, during dome with rods made of thin-
walled profiles deformation, local stability loss by choosing the optimal cross-
section of the rods [8].

Modeling the dome system upper tier elements support's elasticity with
small angles inclination to the horizon will make it possible to predict such
system’s stability loss. Therefore, the upper tier support elastic conditions
influence study on the lower tiers for such rod-systems is relevant. At the same
time, it is necessary to study displacements' growing and impact in the
horizontal direction. In this case, into the von Mises truss structural model
should be added the horizontal elastic supports. Such asymmetrical
constructive systems are considered in work [18].

Topical von Mises trusses stability problems, which needs to be further
investigated, include the two-rod systems on elastic supports stability
problems. The need to solve them is conditioned by the compliance influence
of dome upper-tier rods connection to the rods structures lower-tier.

2. Works’ purpose

Obtain analytical dependencies and reveal the elastic horizontal supports
stiffness influence on the von Mises trusses stability at small inclination
angles and at different elastic supports' stiffness, thereby simulating the dome
annular elements stiffness effect on the its upper tier stability.

3. Basic research

The von Mises truss design scheme is a three-hinge rod system: the support
risers are hinge supported on the foundations; the rods are pivotally connected
in the ridge node (Fig. 1).
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Fig. 1. Three-hinge system design scheme and its deformed scheme
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Three-hinge sloping truss (Fig. 1) has rods length 1y, a truss span equals to
2a, the truss height 7, — the distance between hinge-supports to the ridge joint.
The initial support-rod angle from the vertical axis equals ag. The horizontal
elastic support stiffness characteristic is taken as follows — ky=1)/19;, where
T)- standard force at which an elastic support elongation or contraction occurs
by a certain value - uy;.

Truss elements are made from linear elastic material with the deformation
module E.

Under the vertical load (P) which effects to the ridge joint the system
deforms symmetrically. The ridge node is undergoing displacement - v, , and
the rods length is reduced due to the compression, the longitudinal reduction in

length is indicated by Aly; =, — ;. In the deformed state the length of each
element will be - /;. Now each inclined rod’s deformation will be as follows:

Slel()]/l() :1—11/1(). (1)

Under the load action, due to the occurrence in the supports, in addition to
vertical reactions, also horizontal reactions in elastic supports, the horizontal
supports will move by an amount u, . The relations between rods angles (o.; )

in deformed state depending on horizontal and vertical displacements will be:

tan oy, = D0 (2,a)
tan Qo
TR N B _ 1 Y
(f vp) (tan Aoy V‘DJ % (tan Aoy ay J (z’b)
cos (o) = fz_vp —= ((f/:lo)—(vp/ao)) _
@y +ug) +(f =v,) J(1+(u0 Jag))” +((f/ag) (v, Ja))
sin (o) = ay +ug _ (1+ (ug /ay)) ’

\/(ao ug)? +(f ~v,)? \/(1+(“0/“0))2 +((f/a0)_("p/“0))2

1+(u0/a0)
(f Jag)~ (v, Jag)
From the deformed truss state equations (2,3) it is composing a

deformation’s continuity equation through the conjoint vertical displacements
at the ridge node under the load:

f=v, =l cos(ay ), ag+ug=1Isin(ay), Iy =ay/sin(og). (4)
The deformations in rods by (1) (Fig.1):

)

tan (o) =
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ao _ ao +u0
sin(o sin(o sin(o.
_ sin(agy)  sin(oy;) { (14 (up Jag)) ( 01)} 5)
] sin(o;)
sin(ag;)
The compression forces in rods (N, ) at deformed state under the vertical
load has type:

sin(aLg;)
Nl = SIEAcal;_> Nl |: (1 + (uO/ )) o :|EAcal' (6)

111(0(11)

The forces in the rods, which are due to the balance of the forces in the
node:

P =2N, cos(ay;). 7
The ratios combination (1, 2,5) with equation (7) gives an equation
(criterion) for the two-rod truss structure on elastic supports operation:

= 2{1 -(1+ (uO/aO))W}COS(aU);

EOAcal 111(0(11)
P54 (1+(up /ag))sin(ogy ) (f/ag)=(v, [ao)
EgAca (1+(ug/a9)) 2 bV
e
J(l+(u0/a0)) +((f/a0)—(vp/a0)) a, a, a
EZ =z[f VPJ L sin(ag) |- (7)
04cal ay q \j(1+(“o/a0)) ((f/ao) (v /“0))

However, the horizontal displacements u, depends on thrust (Ts =k ;g ).
From the forces balance at the ridge node:
TKS = ksouo, TKS = N] Sin(OLU).

P =2N,cos(ay;). > N, = KIEQ).
17
1
Tys = k sotig = gtan (o) = g_(f/;o )(Lio(/vao/)a_o) , (®)
p

From the equilibrium equation of the moment’s sum that arise due to
external forces-reactions in the semi-arch support in the deformed state, the
following equation can also be obtained:
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ot ((F a0) =5, fa0)) =5 (1+ g ) =

(1 )= 5, fa0)) - 1+ o)) =0
0 s0“0
((f/ag)~(v, /ao))Z—Z= 2ki " (1+ (ug /ay)) - 9)

Next, we will find the relationship between the supports horizontal
displacements and the ridge node vertical displacements under the action of the
force P according to equation (8.9).

+(uy/ay)) = P (1+(u0/a0))
(o) = 3 eV [ Jao) oy fa)

+(ug/ag))|1- P =1
(1 ))[1 2(kSOaO)((f/aO)_(vp/a()))] 1
(1+(uo/ag)) = L : (10)
_ P
[ 2(ksoao)((f/ao)—(v,,/ao))]

Thus, the condition that the structure is quickly geometrically unchanged is
the condition:

1- P >0, (11,a)
2(k ya0)((f/ag)— (v, [ay))

i <1. (11,b)
2(k y0a0)((f/a0) = (v, fay)
That is, the elastic support rigidity must be sufficient to fulfill the last
condition so that the structure does not instantly turn into a mechanism.
Equation (8.9) implies another equation for the vertical and horizontal
displacements dependence on the vertical load:

= ag)—(v,/ay)). (12)
S ey (0=

Combining equation (12) with equation (7), we obtain a system of two
transcendental equations with two unknown relative displacements

((vp fa) . g /ag) ):

Sin(OLOl)

P =2[ f VPJ 1
Eodea g ag \/(1+(u0/a0))2 +((f/a0)—("p/“0))2 - (13)
P =|:( (UO/GO) :|((f/a0)_(vp/a0))

2(k30a0) 1+(u0/a0))
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Thus, the two nonlinear equations system for the two-rod hinge system
deformation calculation with a certain geometry on elastic supports with two
unknown displacements v,, u, under a load with a force P and the rods

constant stiffness £,4,,, and the supports stiffness & .
To solve the equations system (13), we introduce a dimensionless relative
vertical and horizontal displacements parameter (y,,, ).
()=, fag)) g (1=0v, /1) (14
" (1+(uo/ap)) ag (1+(up/ag))
The relative displacements parameter (y,,) is a rod's inclination angle
changes trigonometric function:
(f/ao) (v, /ag)
tan(ey) = iy, = ( b/) = tan(cg;)

(1+ (g /ay))

In addition, we have dependencies:
(1+ (g /ap)) Wy = ((f/ag) = (v, Jap)) = (f [ag)(1=(v, /.1))-
Wy /1) =1~ )1+ (g /0)) Wy (15)

Now, the given equations system has single common reduced argument
(V)

(l_("p/f))
(1+ (g fag))

ez
EZ s ay a, 1 - _(1+u—0jsin(oc01)
0A4cal (HM_OJ 1 ((f/a9)- (v, Jay)) ay

+

N (U wofa))? |
P 2k (1) (F/a9) =, Jay))
EyAw  Eod \ag (14 (up/ay))

P _ 1 _ ;
oAy 2y, [—\/”wa (1+ (up/ag))sin oy )]. "
P _, (ksoao)(“oj

EgAdyy "™ EgA \ay
Eliminating the load parameter (P/(Ey4,,)) from the two equations, we
have the equation:

2(k jpa9)( u Uo |
—é i;) 0)[_()}“/14\/ = 2\‘rluv %_[l_F_OJ Sin (aOl) ’
04%cal A Vl TV o

cal cal
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M[“_ojz #{n“i}m(aw) .

Egdew \ao ) | 142 ag
Next:
ug | kyoag . 1 .
— —+sm(oc0,)} =————sin(oy).
ag |:E0Acal +v2

Finally, from the last equation, a recurrent formula for determining
horizontal and vertical displacements was obtained depending on the
displacements relative parameter (y,,, ):

u |:1/V1+WL2W:|_Sin (otor)
L_Oj == , (17,a)
" [
" [l/\/1+wfv}—sin(a0,)
[—OJH: +1. (17,b)
“o

k oa .
[E(:ilcj] +sm(a0, )j

Thus, combining the recurrent formula (17, b) with the first equation from
the equations system (16), we can obtain a criterion for the two-rod system
deformation on elastic supports under symmetric nonlinear deformation:

1

ﬁ—sin(a(]l)
P _ |1t .
v =2y, \/1 . oay +1(sin(ag)p.  (18)
0%al Wy ESA +sin (o, )
0“%cal

The resulting equation (18) is a criterion for the sloped two-rod truss
stability of the Mises truss type on elastic supports. It should be noted that
equation (18) is an analytical equation for direct calculation in the critical force
relative coordinates. Moreover, the obtained equations (17, b) and (15) are
recurrent formulas for the transition from the displacements relative parameter
(w,, ) according to formula (14) to relative displacements ((v,, /ao) ,(ug/ag)).

from the relative vertical

At Fig. 2 is shown the dependency of

04*cal
. L . k s0a9
displacements — with o,;; =80°. Where: 1 - a diagram when =1;2-
f OAcal
: k 50 : k 50 :
a diagram when ————= 2; 3 - a diagram when =5; 4 — a diagram
OAcal OAcal
k 500
when =15.

0 Acal
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Fig. 2. Numerical studies of von Mises truss with horizontal elastic supports results
by formula (18) with the displacements parameters by formulas (15, 17)

4. The numerical studies results

In order to determine certain regularities of elastic double-rod trusses' on
elastic supports nonlinear deformation under a vertical load in the ridge node
numerical studies were carried out. Thus, it was found that the truss' inclined
rods angle, as well as the elastic supports stiffness, affects the ridge node
vertical displacements dependence on the vertical load.

When manufacturing a truss structure from an elastic material without
elastic supports (u,/a,=0) that is a rigid horizontal support, at small rods

inclination angles, the obtained expression (16, the first equation) goes over to
the traditional solution given in [19, 20].

v
P =2[ 1 __pj 1 : —sin(og;) | (19)
Ed.u tano, g Jl+((l/tana0,)—(vp/a0))

At the first researches stage, the elastic supports rigidity influence was

determined at a fixed initial angle a,; =80° and a;; =82.5° (Fig. 2, Fig. 3).
At Fig. 3 is shown the dependency of P/E,4

cal

from relative vertical
displacements v, / S with  op;=80°. Where: 1 - a diagram
when (k ygag)/(EgAey) =1; 2 — a diagram when (k ;g ag)/(EgAeq;) = 2; 3 — a diagram
when (k ;0ag)/(EyA.q) =5; 4 —a diagram when (k goag)/(EyA.q;) =15

It is shown that the general deformation's nature is similar to the traditional
von Mises truss deformation without elastic horizontal supports - the truss'

ridge node is snapping through the horizontal axis, but under a vertical load,
which depends on the horizontal supports stiffness.
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Fig. 3. Numerical studies results of the von Mises truss with elastic horizontal supports
deformation according to equation (18) with displacement parameters according to formulas
15.17)

It has been established that the lower the horizontal supports rigidity, the
lower the truss critical buckling force. The critical force value corresponds to
such a load at which a slight decrease in the vertical force does not lead to the
return the truss to the design position. It was also found that at an initial angle
value o; =80° (Fig. 2), an increase in the elastic supports relative stiffness
from (k y9a9)/(EyAq) =1,0 to (kg9ag)/(EyA.q)=2,0 increases the critical
force reduced to the rods stiffness by almost 1.4 times. But with a further
increase in the relative horizontal elastic supports stiffness from
(k y0a0)/(EgApy) =2 to (k soay)/(EgA.) =15 an additional increase in the
critical reduced force can be achieved, but such an increase in the horizontal
supports stiffness is apparently not economically feasible. The same effect is
observed at the initial design support rods angle o.;; =82,5° (Fig. 3).

Thus, by constructive measures by creating additional horizontal rigid
elements in the domes belts, or by increasing the elements' cross-sections for
lower tiers, it is possible to increase the domes upper tier stability, which will
ensure the architectural form and structural safety.

At the second stage, to determine an inclination angle influence on the truss
with elastic supports stability, the studies were carried out at a fixed elastic
supports stiffness: it is assumed that the relative elastic supports stiffness is
(k y0a0)/(EyAzy) =2. The studies were carried out at the truss' elastic
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supporting elements deflection angles from the wvertical axis:
Oy =75% 0Lg;0 =77,5; 0g;3=80° a4 =82,5°. The research results are shown

at Fig. 4.
At Fig.4 is shown the dependency of P/E,A4,,

displacements parameter v, /f and with (k ;oag)/(Eg4.,) = 2. Where: 1 - a

diagram when a,y;; =75° 2- a diagram when o;, = 77,5; 3 — a diagram when

from the relative vertical

aOl} :800’ 4—-a diagl‘am when OL014 :82,50.
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Fig. 4. Numerical studies results of the von Mises truss with elastic horizontal supports
deformation according to equation (18)

Studies have confirmed an additional essential sensitivity to the two-rod
three-hinged trusses stability loss from the initial inclination angle and at a
certain horizontal supports stiffness.

The presented results analysis (Fig. 2) showed that on snapping through the
neutral axis which connecting the supports, the rods are stretched. It was also
noted that, regardless from small inclination angles, at a given stiffness ratio of
the rods and horizontal supports, the truss nonlinear deformation occurs rather
quickly. In the stability loss case, any small reduction in the critical load may
not lead to a stable state, but will lead to an increase in vertical and horizontal
displacements. Therefore, a more detailed dependence graph vertical
displacements on the load at different stiffness of horizontal supports is shown

in Fig. 3 and Fig. 4.
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5. Conclusions. Scientific novelty and practical significance

1. The horizontal supports elasticity influence which is simulating the
domes upper tier supporting conditions on the Mises trusses stability has been
investigated. A three-hinged truss deformed scheme when a concentrated
vertical load is applied to the ridge node is considered. An analytical method is
used to obtain a generalized equation for the three-hinged trusses stability
criterion to determine the critical load depending on the design system
parameters: the rods' inclination angle, the rods' stiffness, and the horizontal
elastic supports' stiffness. A two transcendental equations system for the load
dependence on vertical and horizontal displacements is obtained, taking into
account the rods' compression. Such equations system analytical solution using
a generalized parameter - an inclined rods variable angle's tangent, made it
possible to obtain one equation for the vertical load dependence on the vertical
and symmetric horizontal supports displacement. The truss' numerical stability
studies depending on the design geometry of a structure was carried out.

2. The dependence analytical expression of load on the structure reduced
to the rod's stiffness on the rods' inclination angle and the supports' horizontal
stiffness was obtained. The inclined double-rod three-hinged trusses nonlinear
deformation's nature, depending on the elastic supports stiffness and the rods
angle was confirmed. It has been established that the inclined two-rod three-
hinged systems' deformation nature has the node snapping-through effect. It
was found that, depending on the horizontal supports rigidity, and with a
decrease in the rods angle, the relative critical load reduced value significantly
decreases.

3. On the three-hinged inclined two-rod truss with elastic horizontal
supports deformed scheme's theoretical studies basis, was obtained a
generalized analytical solution to determine the critical load for such systems.
The horizontal supports' elasticity influence regularities on a decrease in the
critical load value and a decrease in such systems stability was obtained.

4. The obtained generalized analytical solution models the dome system's
annular elements stiffness through the horizontal supports stiffness and
determines the lower tier's elements stiffness effect on the dome's uppermost
tier structural system's stability.

The obtained analytical equation and a numerical studies has a practical
importance, since they allow one to determine the dome's annular elements
rigidity's rational design parameters to ensure the upper tier stability.
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binux C.1., binux A.C., Tonkauees B.I".
CTIAKICTh OJOTUX ®EPM ®OH MI3ECA MPH MPYKHUX T'OPU3OHTAJIBHUAX
OIIOPAX

AHortauisi. Mera. Meroro poOOTH € JOCHIDKEHHsSI BIUIMBY Ha CTiiikicte (epm ¢oH Mizeca
IPY)XHOCTI TOPU3OHTAJIBHUX OIOp, SIKI MOJEIIOIOTh YMOBH CIIMPAHHSI BEPXHBOIO SIPYCy KYIIOJIB.
Meronuka. Po3risiHyTo neopMoBaHy CXxeMy TPUILAPHIPHOI (pepMu MpH NPHUKIafaHH] B rpeOCHEBOMY
BY3J1i 30CEPEKCHOr0 BEPTHKAIBHOTO HABAHTAKCHHS. AHATITHYHAM METOIOM OTPHMAHO y3arajlbHeHe
PIBHSIHHSL KPHTEpIIO CTIHKOCTI TPHIIAPHIPHUX (epM Iy BH3HAYCHHS KPUTHYHOIO HABAHTAXKCHHS B
3QIGKHOCTI Bijl IapaMeTpiB PO3PaxyHKOBOI CHCTEMH: KyTa HaXWly CTPHIKHIB, KOPCTKOCTI CTPHIKHIB,
JKOPCTKOCTI TOPU3OHTAJIBHUX MPYKHHX ormop. OTprMaHa crucTeMa ABOX TPAHCLICHACHTHHX DIBHSIHB
3QJIOKHOCTI HABAHTAKEHHS BiJl BEPTUKAIBHUX 1 TOPU3OHTAJIBHHX MEPEMILLICHb 3 ypaxyBaHHIM OOTHCKY
CTPIKHIB. AHaJTHYHE PILICHHS TAaKOl CHCTEMU PIBHSHb Yepe3 y3aralbHEHWi mapamerp — 3MiHHHH
TAHICHC KyTa HAaXWIy MOXWINX CTPIDKHIB, MO3BOJMB OTPUMATH OIHE PIBHSHHS 3aJIOKHOCTI
BEPTHKAJIBHOTO HABAHTA)KCHHSI BiJl BEPTUKAIBHOIO Ta CHMETPHYHOIO FOPU3OHTAIBHOIO MEPEMiIlCHHS
orop. [IpoBeneHO YMCIIOBI DOCTIHKEHHS CTIKOCTI (hepMH B 3aJIOKHOCTI BiJ MPOEKTHOI reoMerpil
KoHCTpyKuil. Pesynbrarn. OTpuMaHO aHATHYHHIA BHPa3 3aJIGKHOCTI IPUBEIEHOrO IO KOPCTKOCTI
CTPIDKHSI HABAHTKCHHSI HA KOHCTPYKLIIO B 3aJIGKHOCTI Bil KyTa HAXMJIy CTPIIKHIB I TOPH3OHTAIBHOL
»opcTKocTi orop. IlinTBepHKEeHO HemiHIHHMI XapakTep AehOpMyBaHHS MOJIOKUCTHX JBOCTPIIKHEBUX
TPULIAPHIPHUX ()epM B 3aJIGKHOCTI BiJ JKOPCTKOCTI NPYXHHX OMOP 1 KyTa HAaXHJIy CTPHIKHIB.
BcraHoBieHO, 1110 XapakTep AehOpMyBaHHS JBOCTPIKHEBHX ITOJOKHUCTUX TPHUILAPHIPHUX CHCTEM Mae
edekT mpokalyBaHHs rpeOEHEBOro By3ily. BCTaHOBIICHO, IO pa3oM 3i 3MCHILIEHHSIM KyTa HaXWILy
CTPIDKHIB 3HIDKYETBCS BITHOCHE IPHBEACHE 3HAYCHHS KPUTHYHOIO HABAHTAXKCHHS B 3aJIOKHOCTI Bif
JKOPCTKOCTI ropu3oHTasbHUX orop. HaykoBa HoBu3HA. Ha mincraBi TEOpeTHYHMX JOCIIDKCHD
ne(OpMOBAHOI CXEMU TPULLIAPHIPHOI ABOCTPIIKHEBOI MTOXHMIIO! (pepMU 3 TIPY)KHUMH TOPH30HTAIBHUMU
OIIOpaMH OTPUMAHO Y3araJlbHeHE aHAMITHYHE DIIIEHHS TAakuX cucTeM. OTpUMaHO 3aKOHOMIipHOCTI
BIUIMBY IIPY)KHOCTI TOPHU30OHTAJIBHHUX OHOp HA CTIHKICTh TAKHX CHCTEM. Y3aralbHEHE aHaJIiTHYHE
PIILICHHST MOJIEIIIOE Yepe3 KOPCTKICTh T'OPU3OHTAIBHUX OIOpP JKOPCTKICTh KUIBLIEBHX €JIEMEHTIB
KYIOJIGHOI CHCTEMH, T4 BH3HAYa€ 3arajlbHAN BIUMB  JKOPCTKOCTI €JIEMEHTIB HIDKHBOrO SIpycy Ha
CTIMKICTh KOHCTPYKTHBHOI CHCTEMH CaMOro BEpPXHBOrO sipycy Kymona. IIpakTHyHa 3HAYHMICTB.
OtpuMaHe aHaNITHYHE PIBHSHHS [O03BOJSE BH3HAYUTH PALiOHANBHI KOHCTPYKTHBHI Mapamerpu
KUJIBLICBHX CJIEMEHTIB KYTIOMY, JUTsl 3a0€3I1E€IeHHS CTIKOCTI BEPXHBOIO SIPYCy.

KimouoBi cioBa: criiikicts; ¢epma ¢oH Miszeca, crajneBuil Kyrous, HeMiHIHHI IEepeMillleHHs;
neopMaliiHiil pO3paxyHOK, MPYXKHI FOPU3OHTANIbHI OIOPH; PIBHSHHS KPUTHYHOIO HABAHTAXKCHHS;
MOJICIIFOBaHHs1; BY3JI0Ba CTIHKICTb KYIIOJIB.

Bilyk S.I., Bilyk A.S., Tonkacheiev V.H.
THE STABILITY OF LOW-PITCHED VON MISES TRUSSES WITH HORIZONTAL
ELASTIC SUPPORTS

Abstract. Purpose. The work’s aim is to study the horizontal supports stiffness impact, which
simulate the conditions for supporting the domes upper tier on the von Mises trusses' stability.
Methodology. A three-hinged truss' deformed scheme under applying a concentrated vertical load in the
ridge joint was considered. An analytical method was used to obtain a generalized equation for the three-
hinged trusses' stability criterion to determine the critical load depending on the design system's
parameters such as the rods' inclination angle, the rods' stiffness, and the horizontal elastic supports
stiffness. A two transcendental equations' system for the dependence of the load on vertical and
horizontal displacements taking into account the rods' compression was obtained. Such equations'
system's analytical solution through a generalized parameter - a variable rods' angle tangent, made it
possible to obtain one equation for the dependence of the vertical load on the vertical and symmetric
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horizontal supports' displacement. The truss' stability numerical studies were carried out depending on
the structure's design geometry. Findings. An analytical expression of the dependence for the load on the
structure, which was reduced to the rod’s stiffness depending on the rods’ angle to the horizontal stiffness
of the supports, was obtained. The low-pitched double-rod three-hinged trusses' nonlinear deformation
nature depending on the elastic supports' stiffness and the rods' angle was confirmed. It was found that
with the two-rod low-pitched three-hinged systems’ nonlinear deformation nature the ridge joint's snap-
through effect takes place. It was found that the relative reduced critical load value decreases along with
the rods' inclination angle decrease depending on the horizontal supports' stiffness. Scientific innovation.
On the theoretical studies basis of the three-hinged two-rod low-pitched trusses with elastic horizontal
supports deformed scheme a generalized analytical equation for the such systems' solution was obtained.
The generalized analytical solution models the dome system annular elements stiffness through the
horizontal supports' stiffness and determines the general lower tier elements stiffness effect on the dome
uppermost tier structural system stability. Practical value. The obtained analytical equation makes it
possible to determine the dome annular elements rational design parameters to ensure the upper tier
stability.
Keywords: stability; von Mises truss; steel dome; nonlinear displacements; deformational

calculation: elastic horizontal supports; the critical load equation; domes’ nodal buckling.
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