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Rezumat:

Lucrarea isi propune sa prezinte o metodologie
de proiectare a cercurilor butoaielor, folosind
calculele de rezistentd adecvate in care sa se aiba in
vedere asigurarea etangeitatii butoaielor simultan cu
pastrarea integritatii materialului lemnos inglobat in
doagele din structura butoiului, atat de la nivelul
mantalei cat si al fundurilor.

Pe baza acestor calcule se pot defini
dimensiunile  cercurilor  (lungimea, Iatimea  si
grosimea) in functie de tipul butoiului (de transport
sau de depozitare) si de pozitia lor fatd de capetele
butoiului.

Definirea caracteristicilor dimensionale ale
cercurilor se impune in mod obligatoriu, cercurile fiind
elemente de siguranta in functionarea butoaielor.

Cuvinte cheie: butoi din lemn, cercuri de rezistenta,
doage, manta.

INTRODUCERE- ELEMENTE GENERALE

Mentinerea formei si asigurarea etanseitatii
butoaielor presupune existenta unor elemente care
sa tina in contact doagele din structura mantalei si a
fundurilor, care, sub influenta presiunii hidrostatice
creatd de lichidul depozitat, au tendinta de a se
indeparta, cauzand distrugerea structurii.

Elementele care tin in contact doagele de
manta si pe cele de fund sunt cercurile, de forma
unor benzi din otel asezate pe circumferinta
exterioara a mantalei asa cum se vede in Fig. 1.

Cercurile trebuie sa-si pastreze pozitia de pe
manta pe toata durata utilizarii butoiului. Ele trebuie in
acelasi timp sa introduca forte exterioare care sa tina
in contact doagele (pe canturi), realizadnd la nivelul
separatiei dintre doage o presiune de etansare care
nu trebuie sa depaseasca tensiunea de strivire a
materialului lemnos din aceasta zona.

In plus, mentinerea pozitiei doagelor pe manta
presupune ca, intre cercuri $i manta, sa apara o forta
exterioara care sa genereze frecarea care nu-i
permite cercului “sa alunece” spre zone cu diametre
mai mici. Forta exterioara introdusa prin baterea
cercurilor nu trebuie sa realizeze insa o presiune la

Abstract:

The aim of this paper is to present a design
methodology for the circles of wooden barrels, using
appropriate strength calculations, so as to provide
tightness while maintaining the integrity of the
wooden material embedded in the barrel structure, in
the jacket and bottom staves, respectively.

Based on these -calculations, the circle
dimensions (length, width and thickness) can be
defined, depending on the barrel type (for transport
or storage) and their relation to the barrel bottoms.

Defining the dimensional characteristics of the
circles is mandatory, as these are safety elements in
the barrel operation.
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INTRODUCTION — GENERAL ITEMS

Maintaining and ensuring the barrel shape and
tightness implies the existence of elements to keep
in contact the staves and bottoms of the shell
structure of a barrel, which under the influence of the
hydrostatic pressure created by the stored liquid,
tend to move, causing the destruction of the
structure.

Items to keep in contact the jacket staves and
the bottoms are circles, under shape of steel strips
placed on the outer circumference of the shell as
shown in Fig. 1.

Circles should retain the position on the jacket
for the complete duration of use of the barrel. At the
same time, they should introduce external forces to
keep in contact the staves (on the edges), providing
at the separation level between the staves a sealing
pressure, which should not exceed the crushing
strength of wood in this area.

Additionally, maintaining the position of the
staves on the jacket also implies the occurrence of
an external force which generates friction and does
not allow the circle to slip into areas with smaller
diameters. However, this external force generated
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limita de separatie (cerc-manta) care sa depaseasca
limita de strivire a materialului lemnos.

when hitting the circles should not generate at the
circle-jacket separation limit a higher pressure than
the crushing limit of the wooden material.

Fig. 1.
Forma generala si structura butoiului din lemn /The general shape and structure of a wooden barrel:
1-doage de manta/ jacket staves; 2-doage de fund/ bottom staves; 3-cercuri de rezistenta/ resistance
circles; 4-orificiu de umplere/ filling hole; 5-orificiu de golire/ drain hole.

Toate aceste conditii nu pot fi realizate decéat
prin efectuarea unor calcule in care sa se tina cont de
proprietatile mecanice ale lemnului speciei din care
sunt realizate doagele, de proprietatile mecanice ale
materialului metalic din care sunt confectionate
cercurile, de modul de innadire a cercurilor si de
marimea suprafetelor de contact dintre cercuri si
doage.

Datorita formei paraboidale, cercurile au
lungimi diferite, ele fiind amplasate pe zone cu

All these conditions can be achieved only by
making calculations that take into account the
mechanical properties of the wood species the
staves are made of, the mechanical properties of the
metallic material the circles are made of, the joining
modality of the circles and the size of the contact
surfaces between the circles and the staves.

Due to their paraboidale shape, circles have
different sizes in length, which are located in areas
with different diameters and different specific
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diametre diferite si tensiuni specifice diferite | stresses (introduced by the hydrostatic pressure of

(introduse de presiunea hidrostatica a lichidului din
interior) in functie de tipul butoiului (de transport sau
de depozitare)(Fig. 2).
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the liquid) inside the barrel depending on its type (for
transport or storage)(Fig. 2).
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Fig. 2.
Schema de asezare a butoaielor pentru definirea bazei de calcul a cercurilor, in functie de tipul
butoiului / Layout for defining the calculation base for the circles, depending on the barrel type:

a - butoi de depozitare/storage barrel ;

Calculul de dimensionare a cercurilor de
rezistenta trebuie sa aiba in vedere structura orientata
a lemnului din cadrul doagelor stiind ca tensiunile de
strivire sunt diferite la lemn dupa directie radiala si
tangentiala (Cismaru 2003). De aceea trebuie avut in
vedere faptul ca doagele se debiteaza radial, avand in
vedere ca lemnul are rezistente la Tncovoiere diferite
dupa directie radiala si tangentiala (Fig.3).

Toate aceste elemente trebuie avute in vedere
pentru corectitudinea calculelor care au efect atét
asupra sigurantei in functionare a butoiului cat si
pentru stabilirea corecta a adaosurilor de prelucrare si
implicit a consumului de lemn inglobat in doaga,
respectiv in butoi.

AW

gb

(g
bb

a

b- butoi de transport/transport barrel.

When dimensioning the resistance circles,
one must have in view the structure of the wood
staves, knowing that the crushing strength of wood
has different values in radial and tangential direction
(Cismaru 2003). Staves are cut radially, considering
that the bending strength is also different in radial
direction compared to the tangential direction
(Fig.3).

All these issues should be considered for the
accuracy of calculations that affect both the
operational safety of the barrel and the correct
establishing of processing oversizes that affect the
consumption of wood embedded in a stave and in
the whole barrel.
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Fig. 3.

Orientarea structurii lemnului in volumul doagei / Structural orientation of wood in the volume of a
stave:
a - doaga bruta dupa debitare / raw stave after cutting; b - doaga dupa curbare / stave after bending.

41




ONLINE ISSN 2069-7430
ISSN-L 1841-4737

PRO LIGNO

www.proligno.ro

Vol.7 N°1 2011
pp. 39-50

DIMENSIONAREA CERCURILOR

Pentru efectuarea calculului de dimensionare a
cercurilor se porneste de la dimensiunile elementelor
geometrice ale butoiului si de la forma stabilita care
ramane finala Tn executie.

Avand definite aceste elemente (Cismaru si
Fotin 2010) se trece la intocmirea la scara a schitei
butoiului pentru a se stabili pozitia si numarul
cercurilor in functie de capetele acestuia asa cum
rezulta din Fig.4.

[

DIMENSIONING THE CIRCLES

For the calculation of the dimensioning of the
circles is based upon the size and geometry of the
barrel to form the final set remains running.

Having defined these elements (Cismaru and
Fotin 2010) proceed to preparing the draft barrel
scale in order to determine the position and number
depending on the ends of the circles as shown in
Fig.4.
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Fig. 4.

Schita butoiului cu pozitionarea cercurilor fata de capete / Sketch of the barrel with the positioning of
the circles relative to the barrel bottoms.

Prin efectuarea desenului la scara al butoiului
de transport si pozitionarea cercurilor se definesc
(prin masurare) urmatoarele elemente:

e 1y Iy r3 — razele interioare ale butoiului Tn
dreptul centrului cercurilor (cazul folosirii a
cate trei cercuri la fiecare capat);

e [;; I, I — distantele dintre centrele cercurilor.

Pentru pornirea calculului se considera desenul
din Fig.5., unde se ia ca baza o doaga din manta
pentru care se scriu relatiile de echilibru static.

Din analiza desenului din Fig.5. rezulta ca:

e doaga sub influenta presiunii hidrostatice pj (intr-o
sectiune “x”) si sub influenta presiunilor de etansare
Pex (€xercitate de doagele alaturate) are tendinta de a
fi scoasa din manta, de catre forta interioara P si
fortele de etansare Pey;

e mentinerea doagei in manta si mentinerea n
acelasi timp a etansarii se va putea face doar cu o
fortd exterioara P,y care trebuie sa respecte conditia
PexZPix:'

o forta exterioara P, va fi introdusa de cercuri.

By making the barrel drawing circles transport
and positioning are defined (by measurement) the
following elements:

e ry; Iy, 3 — inner radius of the barrel in the
right circle center (the use of three circles at
each end);

e /;; Iy I3 — distances between the centers of
circles.

To start the calculation is considered drawing
in Fig.5. which is taken as the basis for which a lag
in the mantle of static equilibrium relations are
written.

The analysis of drawing from Fig.5. shows that:
e the stave under the influence of hydrostatic
pressure pj (in a section "x") and under the influence
of pressure of watertight p., (exercised adjacent
staves) tends to be removed from the mantle, by the
inner force P, and forces of watertight Py
e maintaining the mantle stave while maintaining the
watertight will be possible only with an external force
P., to the condition P,2P;;

e the external force P, will be introduced by the
circles.
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Solicitarile la care este supusa doaga de manta / Stresses to which the jacket stave is subjected.

Pentru a defini marimea fortelor exterioare P,
— din dreptul fiecarui cerc, trebuie definite valorile
fortelor care tind sa “dezmembreze” mantaua.

Pentru definirea acestor forte care trebuie
preluate de catre fiecare cerc, se porneste de la
ipoteza ca fiecare cerc va prelua forta creata de
coloana de lichid pentru Tnaltimea corespunzatoare
dintre cercuri si anume:

e cercul 1 va prelua forta data de presiunea
interioara pentru Tnaltimea coloanei de lichid
egala cu /;;

e cercul 2 va prelua forta specifica Tnaltimii
coloanei de lichid egala cu /;

e cercul 3 va prelua forta specifica inaltimii
coloanei de lichid egala cu /3;

Cercurile de la capatul superior sunt simetric
egale cu cele de la capatul inferior (de calcul) avand
in vedere ca in transport sau depozitare, butoiul se
poate aseza pe oricare din capete.

In acest caz se poate scrie relatia de definire a
presiunii hidrostatice interioare (Cismaru 2007)
specifica Tnaltimii coloanei de lichid astfel:

p,=y-H, [Nmm? (1)
in care: y este densitatea lichidului depozitat, N/mm?;
H,—inaltimea coloanei corespunzatoare
fiecarui cerc; Hi= H;, H= H —I;; Hs= H— |, =5, mm.
Forta interioara generata de presiunea
hidrostatica va fi:

Bx = pix ’ rx elx [N] (2)
in care: r,, este raza interioara masurata pe desenul
din Fig.4. in dreptul fiecarui cerc (ry, r, r3);

6, unghiul la centru al unei doage (6=360/2));
Z;, este numarul intreg de doage din manta;
I, este Tnaltimea coloanei de lichid — preluata de
fiecare cerc (/y; Io;l3), mm.
Pentru cele trei cercuri se pot scrie ecuatiile
pentru cele trei forte de interior astfel:

Py=p,-n-0-L=y-H-1r,-6-1 [N]

To define the dimension of external forces
P - the right of each circle, should be defined the
values of forces that tend to "dismantle" the jacket.

To define these forces what must be taken by
each circle, it begins with hypothesis that each circle
will take over the force created by the liquid column
for the height corresponding between circles,
namely:

¢ the circle 1 will take over the force given of

internal pressure for the height of liquid
column equal with /;;

e the circle 2 will take over the specific force

for the height of liquid column equal with /y;

e the circle 3 will take over the specific force of

the liquid column height equal with /3;

The circles at superior end are symmetrical
equal with those at the lower end (of calculation)
taking into account that at transport or storage, the
barrel may be placed on whatever end.

In this case we can write down the
relationship what define of hydrostatic inner pressure
(Cismaru 2007) specified the height of liquid column
thus:

p,=y-H, [Nmm?
where: y is the density of the liquid stored;
H, — the column height corresponding each

circle; Hi= H; Ho= H—I;; Hs= H — I, =I5, mm.

The inner force generated by hydrostatic

pressure will be:
ix :pix 'rx el!c [N]
where: r,, is the inner radius measured on the
drawing of Fig.4. to each circle (ry, s, r3);
6, angle at the center of the one stave (6=360/2);
Z, is the integer number of staves in the jacket;
Iy, is the height of liquid column - taken over by
each circle (/3; Io;13), mm.

For the three circles can write equations for the

three internal forces such:

Py=p, n-60-L=y-H-1r-6 [N]

(1)

()
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F,=p,-1 '9’12:7'(1{_11)' r,-0-1, [N] (3)
Py=psn '9'13:7'(H_l1_lz)' r,-6-1; [N]
Presiunile laterale necesar a se realiza pentru

asigurarea etansarii trebuie sa aiba in vedere
mentinerea integritatii structurii lemnului, asa Incat:

p.. <o, [Nmm?

Srad

(4)

in care: 0, este tensiunea limitd admisibila (Curtu

Srad
s.a. 1981) la strivire dupa directie radiala, in functie
de specie.
In aceste conditii (la limita) se pot scrie relatiile
de calcul pentru fortele laterale:

P, =0, -S,=0, -l -g,N (5)

in care: S, este suprafata de contact dintre doage pe
care trebuie sa o asigure fiecare cerc.
Se poate scrie:

py=0, g, N

PIZZGa '12 'gm [N]

Srad

(6)
PI3 = O-a‘.md '13 'gm [N]

Suma tuturor fortelor care tind sa scoata doaga
din manta, care trebuie sa fie preluate de fortele
exterioare introduse de cercuri, se poate scrie la
limita pe baza relatiilor (2) si (4) astfel:

P, =P +2-P,

. 0
-sin— [N 7
I Slnz[] (7)

sau, tindnd cont de relatiile 3 si 5 se pot scrie fortele
exterioare pentru fiecare cerc astfel:

Rzlz;/Hr] Hll-i-2 O-a; " 'll .gm'Sing[N]
sz:y'(H—ll)'rz'e'lz+2' o, y 1y -8, ~sin§ (NI (8)

Pe3=7'(H_ll_lz)'r3'0'13+2' g, /'13 'gm'smg [N]

Ecuatiile (8) definesc astfel fortele exterioare ce
trebuie introduse de catre fiecare cerc pentru a se
mentine structura butoiului simultan cu realizarea
etanseitatii.

In aceste conditii trebuie avut in vedere ca la
contactul dintre cerc si suprafata de lemn a mantalei
nu trebuie sa se genereze tensiuni de strivire care sa
duca la distrugerea structurii anatomice a lemnului.
Astfel, in aceste conditii trebuie sa se respecte si

conditia ca: pEXSO'a“ (Curtu si Ghelmeziu 1984) si

ca atare fortele exterioare se pot defini cu relatia:

=0, -(r+g,)60 b, N
©)

in care: 0, , este tensiunea limita de strivire in plan
e

Pex = pex'SxSO-a\.m 'Sx

tangential in functie de specie, N/mm?;

F,=p,-1 '9’12:7'(1{_11)' r,-0-1, [N]
Py=psn '9'13:7'(H_ll_lz)'rz -0-1; [N]
The side pressures necessary achieve to

ensure the watertight must consider preserving the
integrity of the wood structure, such that:

p..<o,  [INmm?

Srad

)

(4)
where: 0, is the admisible limit tension to the
Srad

crush (Curtu et.al. 1981) after the radial direction,
depending on the species.

Under these conditions (the limit) can write
relations for calculating the side forces:

p,=0, S.=0, -l -g,N (5)
- Srad . .
where: S'X is the area of contact between the staves

Srad
that must an ensure each circle.
One can write:

Pll = O-ab‘md .ll 'gm [N]
PlZ = O-ajmd '12 “8m [N] (6)
by=0, L-g,N

Srad
The sum of all forces which tend to stave out
the jacket, which must be taken over by external
forces produced by the circles, can be written at limit
the relations (2) and (4) as:

P,=R,+2:P

. 6
-sin— [N] (7)
Ix 2
or, taking into account the relations 3 and 5
can be written the external forces for every circle,

such:

Rz=7'(H—11)'Vz'9'lz+2'O-a‘ d'lz -gm-sing (N] (8

Pe3=j/~(H—ll—lz)-r3-9-l3+2~ o, ,'13 -gm-sing [N]

Equations (8) define the external forces to be
introduced by each circle for is maintained to the
structure barrel, simultaneous while achieving
tightness.

Under these conditions must be considered
that at the contact between the circle and wood
surface of jacket should not generate crushing
tensions that lead to the destruction the wood
anatomy structure. Thus, in these conditions must

be respected the condition that: p,. <o,  (Curtu

and Ghelmeziu 1984) and as such the external

forces can define by the relationship:
Pex:pex'S;So-uJ .S;zo-u (rx+gm)‘0‘bcx [N]

(9)
where: 0, ,is the limit tension of crushing in the

8

tangential plan depending on the species, N/mm?;
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S’, este suprafata de contact dintre cerc si
manta, mm?;

9m, €ste grosimea doagei de manta, mm;

bey, este latimea cercului pentru care se face
calculul (by, bz, bs), mm.

In desenul din Fig.6. rezultd ca prin
introducerea unor forte “de tragere” in cerc P, se
introduce forta exterioara P, care trebuie realizata
pentru asigurarea conditilor de functionare ale
butoiului.

Pe baza desenului din Fig.6. se poate scrie
dependenta dintre forta exterioara ce trebuie realizata
si fortele de “tragere” din cerc P, care trebuie
introduse:

P =2-P

.0
. -sin— [N 10
ex cx Sln2 [ ] ( )

Fi

S’ is the area of contact between the circle
and the jacket, mm?;

9gms 1S the thickness of stave jacket, mm;

b, is the width of circle for which the
calculation is made (b, bz, bs), mm.

In the drawing in Fig.6. resulting that, through
introducing in the circle, the forces of "pulling" Py,
is introduced the external force P.,, which be made
to ensure the operating conditions of the barrel.

Based on the drawing by Fig.6. we can write
the dependence between the external force that
must be achieved and the forces of "pulling" Pcx by
the circle that must be introduced:

P =2-P, ‘sing [N] (10)

Pex

\
)\

338

gt

T

PCX

g. 6.

Introducerea fortei exterioare prin “tragerea” cercurilor / The introduction the external force by
"hitting" the circles.

Dupa o rearanjare a ecuatiei (10) se poate
scrie:

R:Pex

' 2sing
2

(Nl (10)

Avand in vedere ecuatiile (8) se pot scrie
relatiile de calcul ale fortelor de tragere pentru fiecare
cerc in parte:

Py=— N
2sin—
2
P, =Pf—29 IN] (11)
2sin —
2
P=—to s N
2sin —
2

After a rearrangement of equation (10) can be
written:

R:Pex

' 2sing
2

(Nl (10)

Given equations (8) we can write the relations
for calculation of pulling forces for each part circle:

Py=—1 N
2sin—
2

P
Pf#a [N] (11)

2sin—
2

P
Pi=—25 N
2sin —

2
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Daca se inlocuiesc Pes, Pes si Pes cu relatiile (8)
scrise se pot obtine relatiile complete de calcul ale
fortelor de tragere din fiecare cerc.

Revenind la ecuatile (9), acestea se pot
explicita, rezultdnd latimile de contact ale cercurilor
cu mantaua astfel:

Pel < O-ah (r1+gm)0 'bcl [N]

P,<o, (n+g,)6 b, N (12)
PL’3 < O-ab‘ ’ (r3 +gm )0 ‘bL‘?) [N]
care dupa explicitare devin:
P
b, 2 L [mm]
o, (r+g,)0
P
b, > = [mm] (13)
O-ab‘ . : (r2 +gm)0
b, > Fs [mm]

o, (n+g,)0

Valorile latimilor cercurilor care rezultd din
calcul se rotunjesc la valorile imediat superioare
prevazute in STAS 2684-87.

Relatiile (13) au valorile P.s, Peo $i Pes rezultate
pe baza calculului conform ecuatiilor (8).

Pentru calculul grosimii cercurilor se au in
vedere ecuatile (11) care definesc marimile fortelor
de “tragere” din cercuri (Pg1, P2 $i Pe3).

Daca se scrie relatia de solicitare la tractiune a
cercurilor sub influenta fortelor de tragere:

2PC)C S O-a,nL : SC = O- ‘b(,‘)( ’ gC)C [N] (14)

in care: by, este latimea cercurilor calculata cu
relatiile (13) si alese din STAS 2684-87, pentru care
se face calculul (by, bs, bs).

o , reprezinta tensiunea admisibila la

aIOL
tractiunea otelului pentru platbanda (STAS 2684-87),
N/mm?;
Jexs €Ste grosimea necesara a cercurilor, in
mm si se expliciteaza astfel incat rezulta:

4oL

g2 —2Fe oy (15)

Ay X

In aceasta situatie pentru cele trei cercuri se
pot scrie relatiile (Fotin 2009):

842 i [mm]
a,OL. cl
2P
82 < — [mm] (16)
aIOL‘bCZ
> c3 mm
g(,3 o bc?) [ ]

If replaced Pes, Pe; and Pz with relations (8)
written, than can be obtained the complete relations
for calculating the forces pulling from each circle.

Returning to equations (9), these can be
explained, resulting the widths of contact of the
circles with the jacket as:

Pel < O-ah (r1+gm)0 'bcl [N]

P,<o, (rn+g,)6 b, N (12)
PL’3 < O-ab‘ (r3+gm)9 ‘bL‘?) [N]
that after the explanation becomes:
P
b, > = [mm]
o, (r+g,)6
P
b, > 8 [mm] (13)
Gaj '(r2+gm)'9
b, > Fs [mm]
' o, ’ (r3 + gm ) 0

ay,,

The values of the widths the circles resulting
from the calculation are rounded up at the values
provided in STAS 2684-87.

Relationships (13) have values P,;, P., and
P.; resulted on the calculation based on the
equations (8).

To calculate the thickness of the circles are
taken into consideration equations (11) which define
the sizes of forces of "pulling" of the circles (Pg1, Pe2
$| PcS)-

If is written the relationship the tensile
resistance of the circles under the influence the
forces of pulling:

2F.<o0, -S.=0, ‘b, g.,INl (14

where: b, is the width circles calculated with
relations (13) and chosen by the STAS 2684-87, for
which is made the calculation (b;, bz, bs).

o, ,is the tensile tension permissible for
L

flat steel (STAS 2684-87), N/mm?;

Jox IS the required thickness of the circles, in
mm and so, is given as follows results:

4oL

8.2 —ZP‘”‘ [mm] (15)

Ao X

In this situation for the three circles we can
write relations (Fotin 2009):

82 2k [mm]
0-”101, Pl
2P
8., 2 —=— [mm] (16)
Aop Ye2
8,42 i [mm]
[ e
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Valorile rezultate din calcul conform relatiilor
(16) se rotunjesc la valorile imediat superioare din
STAS 2684-87.

Se practica trei variante de rezolvare a
dimensiunilor cercurilor din punct de vedere al latimii
si grosimii astfel:

Var.l.
be1stas# Deostas # Desstas  Si
Go1sTAs # JeosTas F QeasTAS
Var.ll.
bestas = max(bey; beo; bes — rezultate din calcul)
Si
Gc1sTAS # JeosTas F 9easTAs
Var.lll.
be1stas # Deostas # Desstas i

Jestas = Max(ger; gez; 9es — rezultate din calcul)

Pentru estetica butoiului varianta Il este cea
mai recomandata, latimile fiind descrescatoare de la
capatul butoiului spre centru, cercurile avand aceeasi
grosime.

Pentru determinarea lungimii cercurilor se are
in vedere desenul la scara efectuat ca in Fig.4.

Relatia generala de calcul a lungimii cercurilor
este de forma (Cismaru |. 2007):

L,=2x(r,+g,)+1, [mm]
in care: L,, este lungimea totala a cercurilor, iar
I, lungimea de suprapunere a capetelor in
portiunea cu nituri.

Determinarea lungimii /, se face ca pentru

calculul imbinarilor nituite (vezi Fig.7), astfel:

(17)

The values resulted of calculating according
to relations (16) rounded-up to the next higher
values by STAS 2684-87.

Taking into account the width and thickness
the circles there are three variants solutions to the
circles dimensions:

Var.l.
be1stas# boostas # besstas  and
Jc1sTAS # JozsTAs # JeasTas
Var.ll.
bestas=max(bg1; beo; bez — results of calculation)
and
Jc1sTAS # GezsTas F JeasTas
Var.lll.
beistas# Beostas # besstas  and

JesTas=Max(ge1; 9eo; 9es — results of calculation)

For barrel aesthetics, option Il is the most
recommended, the widths are decreasing at the end
of the barrel to the center, circles having the same
thickness.

To determine the circles length it is considered
the drawing done at scale as in Fig.4.

The general relationship for calculating the
length circles is of the form (Cismaru |. 2007):

L, =272:(rx +g, )+lx [mm]
where: L,, is the total length of the circles, and
Iy, the length of the overlap portion ends with

(17)

rivets.
The calculation of the length I, it is made as
the calculation the riveted joints (see Figure 7) so:

- L —
=
Pex. 'Pex
(9 0 & ) +—m
! <£>‘ 7*‘#« e !
. dx o0
X 2 2 Pex
- 1 | 1 | S
B
Fig. 7.

Schema de calcul a lungimii de suprapunere a cercurilor / The calculation scheme for the overlapping

length of o

a) din conditia de forfecare (Curtu si Ghelmeziu 1984)
a niturilor rezulta:

2F,_ 8P,
S

- 2
won -dy
in care:

dny- reprezinta diametrul niturilor, mm
n, - numarul niturilor

T, - reprezinta
forfecare a niturilor, N/mm?

T, =

!

<r, [Nmm?  (18)

!

tensiunea admisibila la

f the circles.

a) from the condition of the rivets shear (Curtu and
Ghelmeziu 1984), results:

2P 8P

T, === o« <7, [Nmm?  (18)
S, 7mn.dy v

where:

dny- is the diameter rivets, mm
n, - the number rivets

(o is the tension permissible at shear rivets,
N/mm?

of

47




ONLINE ISSN 2069-7430
ISSN-L 1841-4737

PRO LIGNO

www.proligno.ro

Vol.7 N°1 2011
pp. 39-50

Relatia (18) se poate explicita:
e atunci cand se impune numarul de nituri si
rezulta diametrul niturilor:

dy, 2 /SL [mm]
7Z"I’L‘Taﬁv

e atunci cand se impune diametrul nitului si
rezultd numarul de nituri:

(18)

8P
2——=—— [buc]
zT- de ' TafN
b) din conditia de strivire a niturilor (Curtu s.a,1981),
rezulta:

ny (18"

X

F P P
O,=—=%=—29 <o, [Nmm’ (18"
S K Ssx dN c : g cx '
in care:

dny - reprezintd diametrul niturilor calculat din
conditia de forfecare sau impus (la conditia de
forfecare), mm

S.x - reprezinta suprafata de contact dintre nit si
cerc (luata acoperitor ca proiectia suprafetei reale pe
un plan vertical), mm?

Jex - reprezintd grosimea cercului rezultata din
calculele anterioare — specifica cercului pentru care
se executa calculul, mm

P, — forta de tragere din cerc — specifica
cercului pentru care se executa calculul, mm

o, - rezistenta admisibila la
materialului din care este efectuat cercul, N/mm?

Prin calcul se verificd daca rezistenta efectiva
de tesire la limita de contact nit-cerc este mai mica
decét valoarea admisibila din STAS.

In cazul in care nu se respectd conditia de

rezistentda o < 0O, atunci, se calculeaza diametrul

strivirea

nitului care va duce la respectarea conditiei:

d, R [mm] (18")

g(TX ’ a

>

xs
0

Valoarea rezultata din calcul se standardizeaza
la valoarea imediat superioara d, _ =>d,
sSTAS

In final diametrul nitului adoptat va fi:
deSTAS =max (d Ny TS 2 d

NX;STAS
in care:
d

folosit pentru fiecare cerc “x”, mm
de sms - reprezinta diametrul standardizat al
g

niturilor rezultat pentru fiecare cerc, din conditia de
forfecare, mm

d Nxssms -
niturilor rezultat pentru fiecare cerc, din conditia de

strivire, mm
c) din conditia de forfecare a platbandei (Curtu

reprezinta diametrul STAS al nitului

N, stas

reprezinta diametrul standardizat al

The relationship (18) it is explicit:
¢ when required number of rivets and resulting
the diameter rivets:

de 2 1 8 PCX [m m]
Z-n 70/‘3/

e when required the diameter of rivet and
resulting the number of rivets:

(18)

8P
2——=—— [buc]
T-dy T,
b) from the rivets stress condition (Curtu et.al. 1981),
resulting:

ny (18"

X

F P P
0,=—="S=—"9_<g [Nmm? (18"
Ss Ssx de 8 cx '
where:

dnx — diameter is calculated from the condition
of shear rivets or imposed (the condition of shear),
mm

Ssx - represents the area of contact between
rivet and circle (taken covering the actual area
projection on a vertical plane), mm?

Jex - is the thickness of the circle resulting from
previous calculations - specifies circle to calculating
is done, mm

P, — draw force of the circle - circle specifies
that the calculating, mm

o, - permissible resistance to crushing of the
material circle it's made on, N/mm?

By calculation we verify that effective
resistance to limit contact chamfering nit-circle is
lower than the permissible from Standard

If do not respect condition of resistance

0,< 0, , than the rivet diameter is calculated that
will lead to respecting condition:

d, R [mm] (18")

g(TX ’ a

>

xs

The amount resulting from the calculation will
be standardized to the next higher value.

dy  =2d,

N stas
Rivet diameter finally will be:
deSTAS =max (deFSTAS s deSSTAS )

where:
dy . - Standard diameter of the rivet used

xs

[Tl

X", mm
standardized

for each circle
d Nsz*ms -
resulted from shear condition for each circle, mm

rivets diameter

standardized rivets diameter for

d Nig STAS ©

each circle, resulted from crushing condition, mm
c¢) from the shear condition of the flat bar (Curtu et.al.
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s.a,1981), rezulta: 1981), results:

7, < <z [N/mm? 19) 7, < <z, [N/mm? 19)
f 2'x' gcx fnL f 2.x. gcx fOL
Relatia (19) se poate explicita astfel si rezulta The relationship (19) can be explained, and
cota “x”: the share "x" results:
2P 2P
X 2———— [mm] (19) X 2————— [mm] (19)
2 8ex” TdfOL 2 8ex” afor

in care: where:

Ty, -~ Teprezintd tensiunea admisibila la T,,, - is the permissible shear tension of the

forfecare a platbandei.
In acest caz lungimea de suprapunere se
calculeaza :

[, =(nN)C +1)- X [mm]

atunci, relatia de calcul generala a lungimii
cercurilor va fi:

L, :27[(rx + gm)+(an)- X [mm] (21)
Lungimile pentru cele trei cercuri va rezulta:

L :271'(’] + gm)"'(nm)'xl [mm]

L, =27(r,+g,,)+(ny,)-x, [mm]

L, :2”(’3 +gm)+(”1v3)'x3 [mm]

Avandu-se in vedere ca la butoaiele de
transport pot apare socuri ca urmare a caderii de pe
mijloacele de manipulare sau a modului de incarcare
— descarcare, in acest caz in calcul — incepand cu
calculul fortelor interioare P si a celor laterale Py, —
se introduce un coeficient de soc, fortele respective
multiplicAndu-se cu acesta. Coeficientul de soc
aplicat tuturor ambalajelor este de 1,7 + 1,75 (Cotta
1983).

Pentru butoaiele de depozitare calculul este
identic cu observatia ca Tnaltimea coloanei de lichid
din dreptul fiecarui cerc va fi:

Hi=2r; ; Ho=2r, ; H3=2r; ; acestea fiind valorile
de calcul a fortelor interioare si exterioare, care
solicita cercurile sau care trebuie introduse prin
cercuri.

In cazul butoaielor de depozitare stationare nu
se ia in calcul coeficientul de soc.

(20)

(21)

CONCLuUzil
Metodologia de calcul pentru dimensionarea
cercurilor are la baza urmatoarele elemente:

e asigurarea rezistentei cercurilor la solicitarile
posibile la care vor fi supuse 1n timpul
transportului sau depozitarii;

e asigurarea etanseitatii butoiului fara a se realiza
striviri intre canturile doagelor;

e asigurarea unui contact intre cercuri si mantaua
din lemn a butoiului fara distrugerea structurii
anatomice a lemnului.

Desigur ca la butoaiele de transport trebuie
avut in vedere, calculul si modul de incarcare si
descarcare, de asigurare a butoaielor pe timpul

flat bar.
In this case the length of overlap is calculated:

1.=(n,, +1)-x [mm] (20)

then, the circles length general relationship of
calculating will be:

L :271'(’}"‘ gm)+(an)-x [mm] (21)
The lengths for the three circles will results:
L :27[(’”1 + g,n)+(nN1)'x1 [mm]
L, =27(r,+g,,)+(ny,)-x, [mm]
L :2”(’3 +gm)+(”1v3)'x3 [mm]

Taking into account that in case of transport
barrels may occur shocks, as a result of falling down
from the transport or means of handling charge -
discharge, in this case the calculation -begin from
the calculation of internal forces P, and those lateral
forces P.x — we introduce a shock factor, and
multiplying those forces with it. The shock factor
applied to all the packaging is 1.7 + 1.75 (Cotta
1983).

The calculation for storage barrels is identical,
remarking that the height of liquid column to each
circle will be:

Hi=2r; ; H.=2r, ; Hs=2r; ; these are the
calculating values of the internal and external forces
that stress the circles or must be introduced by
circles .

In stationary storage barrels case it is not
taked into account the shock factor.

(21))

CONCLUSIONS
The methodology for calculating the size
circles is based on the following elements:

e insuring of resistance the circles to the demands
possible they will be subjected during transport
or storage;
insuring watertight barrel achieve without
crushing the edges between the staves;
insuring contact between the circles and the
wood jacket barrel without damaging the
anatomical structure of wood.

Of course, at the transportation barrels should
be considered the calculation and the loading and
unloading of the barrels and its insurance during

49




ONLINE ISSN 2069-7430
ISSN-L 1841-4737

PRO LIGNO

www.proligno.ro

Vol.7 N°1 2011
pp. 39-50

transportului asa incét socurile la care ar putea fi
supuse sa fie cat mai mici.

Metodologia de calcul prezentata in lucrare
permite efectuarea dimensionarii cercurilor de
butoaie, tindndu-se cont de toate solicitarile care pot
apare atat in faza de depozitare céat si in faza de
transport.

Metodologia de calcul propusa are in vedere ca
in relatia functionala cerc-manta sa nu se
depaseasca tensiunile admisibile de strivire ale
lemnului si implicit cresterea sigurantei in functionare
a butoiului.

Prin parcurgerea algoritmului de proiectare
propus se creaza conditile de asigurare a
functionalitatii butoaielor Tn conditi de siguranta
simultan cu personalizarea — prin forma — la cererea
beneficiarului. Metodologia propusa are in vedere
conditiile actuale de frecare la fabricatia butoaielor
nestandardizate, pentru care trebuie definite
dimensiunile si formele tuturor elementelor de
structura.

Prin prelucrarea si adoptarea algoritmului de
calcul propus se poate concepe un soft de calculator
care Tn functie de datele de intrare, propuse de
beneficiar, sa efectueze rapid dimensionarea
elementelor de structura scurtand astfel procesul de
pregatire tehnica si tehnologica a fabricatiei.

Lucrarea are un caracter aplicativ evident,
adoptat la cererile actuale ale pietei butoaielor, care
solicitd o personalizare prin forma si dimensiuni in
functie de solicitarile beneficiarilor.
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