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Object  strength science uses  nonuniversal  dimensional  mechanical  stresses
without expressing their risk (danger) degrees. There are no universal strength laws
of nature. The common reserve is valid for simple loading only. The finite element
method (FEM) gives often unverifiable and inadequate "black box" results.
Object unistrength [1-8] based on material  unistrength includes the fundamental
sciences  of  analytical  macroelements,  equivalent  stress  concentration  factors,
universal reserves, reliabilities, and risks, error tolerance, and analytical fatigue.
Apply the power and integral sciences of analytical macroelements along with the
author's  material  unistrength  universalizations  of  the  Galilei,  Tresca,  Huber-von
Mises-Hencky, and Pisarenko-Lebedev strength criteria in the principal unistresses

 σj° = σj/σt (σj ≥ 0), σj°= σj/σc (σj < 0), j = 1, 2, 3, σeG° = max{|σ1°|, |σ2°|, |σ3°|} ≤ 1,
σeT° = σ1° - σ3° ≤ 1, σeHvMH° = σi° = {[(σ1° - σ2°)2 + (σ2° - σ3°)2 + (σ3° - σ1°)2]/2}1/2 ≤ 1,

σePL° = (1 - χ)max{|σ1°|, |σ2°|, |σ3°|} + χ{[(σ1° - σ2°)2 + (σ2° - σ3°)2 + (σ3° - σ1°)2]/2}1/2 ≤ 1
to a three-dimensional cylindrical glass K8 element with dimensions h = 60 mm, a1 =
30 mm, a = 55 mm; σt = 29 MPa, σc = 1400 MPa, χ = σt/σc = 0.0207 << 1 (Fig. 1):

Fig. 1. Cylindrical glass fracture laws Fig. 2. Cyclically symmetric plate fatigue

1. When reaching critical value Π1 of ratio Π = p1/p, the failure initiation point abruptly
moves from (0, 0) to (a1 , 0). Failure initiation character changes from totally radially
cracking to the cleavage of the central part 0 ≤ r ≤ a1 from the internal base side.
2. Applying side pressure p1 multiplies the cylindrical glass element strength.
3. The Galilei strength criterion and especially the Tresca, Huber-von Mises-Hencky,
and Pisarenko-Lebedev strength criteria universalized by the author lead to similar
cylindrical glass element strength and failure laws experimentally verified.
In the cyclically symmetric plate fatigue problem with the central hole with radius R ic >
0 (Fig. 2, to the right) and without this hole (R ic = 0, to the left), pressure p in all holes
cyclically varies from stationary external pressure pmin to pmax . The Lame and Kirsch
solutions for a small hole in a plate give for the holes surfaces equivalent Tresca
stresses σeφ for n = 2k peripheral holes, σec for the central hole, and optimal Ricopt:



σeφ = (p - pmin){2α2 - Rc
-2[Ak(α2 - 1)Ri

2 - 4Re
2]cos2φ}/(α2 - 1), σec = 2α2(p - pmin)/(α2 - 1),

α = Re/Ric , Ak = 2Sk - 1, Sk = Σj=1
k-1cos(πj/k) / sin2[πj/(2k)], Ricopt =  Re/[1 + 4Re

2/(AkRi
2)].

Fatigue reserve nF = σ0/σec|p=pmax where σ0 is the fatigue limit for the pulsation cycle.
The linear Goodman approximate to the Haigh diagram gives σ0 ≥ 2σuσ-1/(σu + σ-1) (σu

is the ultimate strength, σ-1 is the fatigue amplitude limit for the symmetric cycle).

Object unistrength is directly and adequately applicable also to aeronautical fatigue.
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