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SUMMARY

A springboard as commonly used in diving is considered. It is hinged at the rear end and
rests free on a rubber fulcrum at the middle of the board. Ifan excentric load is applied to its front
end, then due to torsion it is possible that the board is lifted away from the fulcrum along a cer
tain distance. This problem is investigated for a static load. Although a linear small displacement
theory is applied, the problem is non-linear due to the unknown length of non- contact.
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1. INTRODUCTION

Springboards used in diving are hinged at the rear end and rest free on a movable fulcrum

somewhere between the middle of the board and the rear. Those presently at use at international

contests are extremely flexible, but also vulnerable to overloading, causing fatigue (aluminium)

or internal buckling of fibres (wood). Top divers, making first a take off with one foot at a dis

tance of some 50 em from the front end and then landing with both feet on it, depress this end

down to 80 em or even more. The maximum load they thus exert at the front end amounts to

about 4000-5000 N. In view of this, a springboard is usually designed to be able to withstand

100,000 deflections under a load of 5000 N before the material fails. This corresponds with a life

of 3 to 7 years, depending upon the intensity of use. In fact, in public pools very often the average

life reduces to barely twelve months. This results from an improper use of the board: not being

able to execute the above manoeuvre correctly, many persons keep "dancing" on the front end

until they attain enough height. Moreover, they do not land precisely at the middle of the front

end. Due to the subsequent torsion of the board they experience, what divers call, a "side throw".

As to the springboard the torsion has a number of detrimental effects. Among others it gives

rise to a non uniform distribution of the reaction load at the fulcrum. Often we see that this causes

local cracks in the board which, extending from the fulcrum, ultimately lead to failure of the

board.

Although the demands put to the strength of a springboard are excessively high,

specifications with respect to the allowable amount of torsion are neither prescribed by the

FJ.N.A. (Federation International de Natation Amateur), nor given by the producers of spring

boards. We feel that a simple static test, in which a board is loaded by an excentric force, would

be of some value to qualify the springboard. This paper has been written to evaluate the results of

such a test quantitatively. Hence, in what follows we shall analyse the deformation of the board

and, specifically. we shall concentrate on the distribution of the reaction forces at the fulcrum in

the presence of a possible detachment of the board from the latter. In doing so, we shall assume

that the fulcrum behaves as a linear foundation of the so called Winkler type. which gives rise to

a line load along the contact line between board and fulcrum. Throughout the analysis we apply

linear field equations ensuing from a small displacement beam theory. However. in view of the

unilateral characteristics of the contact between board and fulcrum, the problem is essentially a

non-linear one.



2. MATHEMATICAL ANALYSIS
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Fig. 1. The springboard ABC is loaded by a force P applying excentrically at the front end C.

We consider a springboard ABC of length 21 and width b (Fig. 1). The hinge is at the rear

end A and the fulcrum is placed in the middle B of the board. Until further notice we shall assume

that the board has a uniform cross-section, so that its bending and torsional stiffnesses are con

stants. We note that usually springboards are tapered; therefore we shall return to this point in the

sequel. The board is loaded by a static force P applied at a distance d from the center of the front

end C, as shown in Fig. 1 (O~ d ~ b/2). In what follows we shall neglect the effect of the anti

clastic bending of the board. Although for a beam of homogeneous material this anti-clastic effect

can be quite strong, we nevertheless think that the neglect of this effect is justified here. The rea

son for this is in the special construction of springboards, which are constructed such as to keep

the lateral contraction as small as possible. This can be achieved, for instance, by using layered

materials. When the lateral contraction is small, also the anti-clastic bending is small. Under the

neglect of anti-clastic bending any cross-section of the board remains straight and may show only

a translation and a rotation. Then, as for the contact of board and fulcrum we have to distinguish

between a rigid fulcrum and a resilient one.

In the event of a rigid fulcrum there are exactly four possibilities, viz. no contact at all,

point contact of a twisted cross-section at one of the two ends of the .cross-section at Band.

finally, kinematical contact along the full width of the fulcrum without rotation of the cross

section at B about the longitudinal axis of the board. It is obvious that the first three possibilities

drop out; only the case of full contact along the cross-section B is left The distribution of the

reaction forces along the fulcrum remains unknown then (and will be acted upon unfavourably by

the phenomenon of anti-clastic bending, not taken into account in this paper). However, in view
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of the absence of rotation of the cross-section B, the resultant force exerted by the fulcrum applies

at a = dl2 (see Fig. 1). Then it follows immediately that the whole part AB of the board is free

from torsion. We note that these findings hold irrespective of the magnitude of P and of the tor

sional stiffness of the board. In what follows we shall return to this point

Next, we consider a resilient fulcrum. Here, we have to distinguish between full and partial

contact If we assume the fulcrum to be a linear elastic foundation, then the first case is com

pletely linear. Therefore, we omit the simple analysis of it, which yields the following results

(Fig. 2). Iu(l)

",(l)~

Fig. 2. The schematic cross-section through the board and fulcrum at B.

The displacement u(l) at B equals

2P
u(1)=- ,

cb
(1)

and the torsion angle '1'(1) of the cross-section at B is

(2)

where c denotes the modulus of the foundation (defined as the magnitude of the reaction of the

foundation measured per unit of length along the fulcrum if the deflection is equal to unity) and

Ut is the torsional stiffness of the board. It is obvious that the analysis applies only if

u(l) + TI 'I'(l)~ 0, (3)

for every 11 satisfying ITII ~ b12.

From this we find readily

D~3d-2, (4)

where the dimensionless torsional stiffness D and the dimensionless excentricity d follow from
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We see that for d < 213 the inequality (4) is satisfied automatically. However, if d ~ 2/3, then for
too small values of D it is not complied with. In that case full contact is not possible and part of
the fulcrum becomes unstuck. At first sight this looks plausible, since a very small torsional stiff
ness will give rise to a large twist detaching one side of the board from the fulcrum. On the other
hand, however, there is a seeming discrepancy with the finding that in the case of a rigid fulcrum
full contact develops irrespective of the value of the torsional stiffness. How things are becomes
clear if we consider the case of partial contact.

I
• I •

b/2

Fig. 3. The point 11 = 110 separates the intervals of contact and non- contact.

As sketched in Fig. 3, we suppose that contact between board and fulcrum exists only for
11 > 110, where 110> -b/2. A straightforward analysis of this case yields the following three equa
tions

U - 2(l-y) '¥ = 0,

(U +y '¥) (2-y) =p, (p = 16;),
cb

'¥{-D +1. (1. d-l-y) (2_y)2} = 0,
2 2

for the three unknown, dimensionless quantities

4 2~
U =b u(l) , 'I' ='V(l) , Y =1 + -b- .

Since 'I' *" 0, we can formally solve y from (8) as a function ofD, after which (6) and (7) yield

(6)

(7)

(8)

(9)

u= 2(l-y)p
(2_y)2

'1'= P
(2_y)2

(to)
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3. DISCUSSION AND NUMERICAL RESULTS

Before proceeding to the numerical evaluation of the results obtained so far, we first note

the following. From (8) we can calculate D as a function ofy, yielding

3 - 2
D=t("2 d - 1- y )(2-y) ,

and from this we find positive values of D only if

3
Y<"2 d - 1 .

Since, a priori, -bl2~ 1'\~ b/2 or, equivalently, O~ y ~ 2, (5)2 and (12) yield

2<d-<13 - - ,

so that y E [0, 1/2] or, equivalently,

b b
1'\0 E [-"2' -"4] .

(12)

(13)

(14)

Evidently, the maximal length of non-contact is b/4, and it occurs if d = I, or d = b/2, as is to be

expected. Moreover, from (11), (12) and (13) it follows that

-
O~ D~ 3d-2, (15)

and this result is in agreement with (4) pertaining to full contact. Fig. 4 shows y as a function of

D, computed from (11) for some values of d.

0.5...---------------------,

0.4

y

0.2 0.4

D
0.6 0.8 1

Fig. 4. The dimensionless non-contact length y as a function of the dimensionless torsional stiff

ness D for several values of the dimensionless excentricity d.
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For strength considerations it is interesting to know the maximal value qmax of the line load

on the board at the cross-section B. For this value we readily find, for the cases of

(i) full contact (y =0)

- 2 2 - -
OS d S "3' D arbitrary, or "3 S d S 1, D ~ 3d - 2 ,

-~[ ~]qrnax- 8 1+ D+2 '

(ii) partial contact (0 < y S 1/2)

2 - -"3 < d S 1, D < 3d - 2 ,

cbp
qmax = 2(2-y) . (17)

As is to be expected, the greatest stress concentration occurs for d =I, showing a concentration
factory of

'Y= ~ =2.67. (18)

Ifone perfonns a static torsion test at a springboard, the twist angle '1'(21) at the front end C
will be measured. From the foregoing it follows

3pd
'1'(21) ='I' + 4D ' (19)

holding for every d and D.

Next we tum to the seeming discrepancy mentioned in the preceding section following for

mula (5). In this respect we note that for very large values of c the value of D approaches zero,

leading to a case of partial contact with the limit y ~ 1/2. However, p becomes very small as
well, yielding U ~ 0 and 'I'~ O. This means that in the event of a very stiff fulcrum the non
contact length fonnally may remain finite, however, the play vanishes. Hence, from a physical

point of view, there is no question of any discrepancy. In addition, we note that the distribution of
the contact line forces between the board and a rigid fulcrum, which according to the previous

section remains unknown, can be estimated from the above results for a resilient fulcrum by let

ting c ~ 00, It turns out that the line load q(Tl) is then distributed according to

(20)

The resultant force is 2P and applies at a =b /4, in accordance with the remark made in Section 2.
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Apparently, although there is no play for c ---+ 00, a quarter of the fulcrum does not transmit any

force.

Finally, we note that real springboards are tapered from the fulcrum toward the ends,

whereas we have assumed that the board has a uniform cross- section. However, by inspection we

find that the results obtained here still hold if we use for at the harmonic mean at of the torsional

stiffness, i.e.

1
a., = 21

1 J dx
21 0 a.,(x)

(21)

Apart from that, it is easy to see that for tapered boards the error resulting from the neglect of the

anti-clastic bending in this paper, will be smaller than for boards with a uniform cross-section.

Also for boards consisting of a plate provided with separate longitudinal stiffeners, the effect of

the anti-clastic bending is smalL However, in the latter case the deformation of the cross-section

in its plane will come into play.
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