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Mass efficiency determination for shear joint
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Formulae permitting to determine parameters of jointed members and fasteners influence to joint
mass are given.
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When selecting the joint type, it is necessary to ensure not only provision of
strength (static and fatigue), but also an expense of the least mass.

As mass efficiency criterion of the constructive solution of joint the factor
determined by the relation can be adopted:

K = M, +M,,
MO !
P
where M, — mass of the modular structure in a joint zone; My, — total mass of

fasteners; P — load transmitted by joint.
The mass of joined members from the same material in the joint zone is equal to:

o
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where p, - specific material density of joined members; J,- pack (joined members)

thickness; K — static notch-sensitivity index; b, | — width and length of the joint zone
accordingly; m— number of fasteners in the joint; d; — diameter of the fastener; 7 - form

factor characterizing the difference of the real joint form in plan from the rectangular
one.
The mass of fasteners can be determined by the relation:

md? 3,
My = O anl 4| d arllgr|+a6|,36|)

where p - specific material density of fasteners; a,a;,B,B;, - coefficients of
proportionality between geometric parameters of nuts (closing heads), bolts
(manufactured heads), fasteners and their diameters which are determined by relations:
— hn - h6| . D6i

B = B =

I i i
where D; D; — diameters of nuts and bolts or closmg and manufactured heads of nuts,

h,, h; — depths of nuts and bolts. It according to corresponding tables in standards are
taken

Values of factors a; aj, B ,85 are determined by static processing of geometric

parameters for fasteners of various type sizes. If fastener diameter in the joint is equal
(that especially typically for riveted and bolt-riveted joints), total mass of shear joint is
determined by expression:
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The condition of balanced life is the necessary one (but not enough) ensuring the
minimum joint mass.:

P=P =P =

cp K3 cp pasp — P cm (1)

where P, x5 — breaking shear force of fasteners; P.,, P, P., — breaking force of
shear, tensile and bearing load of a joint pack.

From the condition (1) we shall determine the geometric parameters of the shear
joint ensuring fulfilment of these conditions. To analyze the joint parameters effect on
their mass the following assumptions will be taken, when calculating:

a) the force is distributed between fasteners uniformly;

b) material of joined members is equal;

c) there are no limitations on geometrical sizes of the joint.

Then, from the condition P, x» = P we obtain:
2P

d - 1 (2)|
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where N — number of shear planes of a fastener; 7, - breaking shear stresses of

fastener material.
From the condition P,,, = P, subject to (2), we find:

5, = sz Vs @3),
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where 0, - breaking bearing stresses of a joint pack material.

The joint width will depend on bolt number in the first row my, and this number, in
its turn, will be determined by width b and recommended sizes of strips.

From the condition P,,,, = P, subject to (2) and (3), we obtain:

2\/5 g
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b=
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from the condition of providing allowable strips between rows —
b=(m -1)yd+2yd, (5)

where yd- distance between rows; /d - distance from an axis of fasteners up to an

edge of a joined member.
From (4) and (5) we find

S _
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Length of the joint zone will be represented by the relation:

| =2a+gd( L -1), (7)
my

where a - strip width of a joined member shear zone; @d - distance between fasteners
in a row.
From condition P, = P ,in view of adopted assumptions, we obtain:

_ o, P
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where 7, - breaking shear stresses of the joined members material.

In view of obtained previously relations the expression (7) is written in such a way:
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With the help of obtained expressions the effect of parameters of shear joint on its mass
will be estimated:

1. The mass of a pack and fasteners grows with increase of transmitted load in
extent 3/2.

2. The mass of a pack is proportional to the relation o,/ T,.,,+/T«, , i.e. application
of fasteners from stronger material results in mass reduction of a pack.
3. The mass of fasteners is reduced with reducing the relation o,/ 7, .

4. The mass of a pack and fasteners are reduced with increase of their number.
5. The relation of pack mass on the value of strips between fasteners in a row has
linear character and from value of strips between rows — nonlinear one. Depending on

3/2
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number of fasteners prevailing effect on mass is rendered by one or other type of strips:
with increase of number of fasteners the effect of strips between fasteners increases
and between rows reduces.

6. Effect of a static notch-sensitivity index on pack mass is reduced with increase
of fastener number.

7. Mass efficiency of the shear joint is reduced with increase of load.
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Onpenesienue MaccoBou 3PPeKTUBHOCTH CPE3HOT0 COCAMHEHMS
npe,D,CTaBJ'IeHbI CbOpMyJ'IbI, nossondAwmne onpenennTb BrindHMe Ha Maccy

COoeVHEHUsI NapaMeTPOB COeAMHAEMbIX 3NIEMEHTOB 1 Kpenexa.
Knouyeenie cnoea: Harpyska, maTepuar, Kpenex, pasmepsl, Macca.

BusnayeHHs1 MacoBoOi e(peKTHUBHOCTI 3Pi3HOTO 3’ €ITHAHHSA

HaBsegeHo chopmynu, WO OO3BOMSAOTE BU3HAYUTM BNSIMB HA Macy 3 €4HaHHS
napamMeTpiB 3'€QHYBaHNX €NeMEHTIB i KPinneHHs.
Knroyoei crnoea: HaBaHTaXXeHHA, MmaTepian, KpinfeHHs, po3mipu, maca.
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