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Abstract The present paper investigates the static equilibrium of a thin elastic structure with concave sidecut
pressed against a flat rigid surface, as an idealization of a ski or snowboard undergoing the conditions of a
carved turn. An analytical model is derived to represent the contact behaviour and provide an explanation
for concentrated loads occurring at the sidecut extremities. The deformations are prescribed assuming tied
contact along the sidecut line and neglecting torsional deformations. The loading conditions leading to this
ideal deformed state are then sought, in order to better understand the mechanics of the turn. The results are
illustrated with different sidecut geometries and compared with finite element computations for validation
purposes. Depending on the function describing the sidecut line, concentrated force and moment are found to
take place at the sidecut extremities.

1 Introduction

1.1 Background

In the 1990s, influenced by snowboard designs, the classical ski geometry was replaced by a deep sidecut ski,
the carving ski [1]. The term “sidecut” refers to the shape of the edge line running along the ski or snowboard,
the interface between the skier and the mountain during a turn. If it is established that the sidecut geometry
strongly influences the carving behaviour [2,3], the kinematics of a ski or snowboard undergoing a carved turn
are, to date, still not fully understood [4]. In particular, the assessment of the contact pressure along the sidecut
line remains an open point.

An early investigation of a ski undergoing the conditions of a carved turnwasmade in 1989 byRenshaw and
Mote [5], representing the ski as an Euler–Bernoulli beam. The free boundary problem was solved by setting
free-end boundary conditions at the ski tips, assuming a zero transverse shear force at the sidecut extremities
(the third derivative of the bending deflection was assumed to vanish at the beam ends). This approach, used in
various studies ever since [6,7], seems to be in contradiction with more recent measurements and simulation
results, where the presence of contact forces at the sidecut extremities is suggested [8,9].

Previous investigations on contact problems already reported local reaction forces at the contact boundaries.
In the problem of a convex beam pressed on a flat surface [10], the contact stress distribution asymptotically
approached a concentrated force at the edge of contact. Depending on the choice of the boundary conditions,
the contact load was reported to be supported by a moment at the ends of the beams. Similarly, in the studies
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Fig. 1 Local coordinate system and initial sidecut representation. The sidecut line set under investigation is the lower arc
�

T N ,
described by the continuous function y = −h(x)

of adhesive stresses of a beam bonded to an elastic plane, asymptotic behaviour of the stress field was reported
at the beam ends [11,12]. Furthermore, a beam to beam contact representation of a train moving on a bridge
has shown a concentrated force and moment acting at the front of the train, where the curvature and third
derivatives of the deflection of the bridge did not vanish [13].

The objective of this paper is to investigate the kinematics of a ski or snowboard undergoing the conditions
of a carved turn in an idealized framework. A relationship between the sidecut geometry and the loading
environment is sought, in order to better understand the mechanics of the turn.

1.2 Paper content

This work describes the general static representation of a thin elastic structure with concave sidecut pressed
on a flat surface. The structure is tilted on its edge and deformations are sought, such that the deformed sidecut
line entirely comes in contact with a flat surface representing the ground. The problem can be formulated as
follows: given a sidecut geometry, which external loading is required to achieve this ideal state of deformation,
and can it be reached under realistic physical conditions?

In Sect. 2, the problem is set and the basis for the beam representation is defined under pure-bending
conditions. In Sect. 3, the deformations required to bring the sidecut coincident with the running surface are
assessed, and the related internal bendingmoment thereby determined. The external loading conditions leading
to this deformed state are then sought, following the Euler–Bernoulli beam theory. The outcome is illustrated
in Sect. 4 with three case studies, where different sidecut functions are investigated. The results are finally
compared with those of corresponding finite element analysis for the purpose of validation. In the last section,
the practical feasibility of the results is discussed and some conclusions are drawn.

2 Problem formulation

2.1 Model geometry

Throughout this paper, coordinate systems are defined as Cartesian and denoted by a bold capital letter. Their
definition is given between curly brackets by the origin followed by the three basis vectors,mutually orthogonal.
Vectors are denoted by a bold lowercase letter (e.g. Ox = O[1 0 0]T ), where the upper left index indicates the
coordinate system in which the vector is expressed. Planes are described between curly brackets by a point
lying in the plane followed by the two vectors spanning it.

The initial geometry is represented in the local coordinate system O = {Ox yz}, such that the sidecut line
can be described in the plane {Ox y} by a continuous function y = −h(x) (see Fig. 1). The sidecut line extends
from point T to point N and passes through the mid-point M, with

T = O[xT − yT 0]T ,

M = O[0 − yM 0]T ,

N = O[xN − yN 0]T .

(1)

The radius R of the circle passing through T, N and M is denoted as average sidecut radius. The opposite
sidecut line is mirrored such that

−→
Ox is an axis of symmetry of the structure.
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Fig. 2 The sidecut line is tilted around the u-axis by an angle θ and initially lies below the running surface. Deformations are
sought such that the deformed sidecut exactly coincides with the running surface

2.2 Running surface

The flat surface representing the ground (denoted as running surface) is idealized by the plane {Muv}. No
contact interaction such as friction is considered. The running surface is tilted at an angle θ with the plane
{Ox y}, u and x being colinear (see Fig. 2).

The global coordinate system refers to the running surface and is denoted by M = {Muvw}. The trans-
formation matrix MOAx(θ) corresponding to a positive rotation around the x-axis by an angle θ , used for
coordinate system transformation from O to M, as given by:

MOAx(θ) = MO

⎡
⎣
1 0 0
0 cos θ − sin θ
0 sin θ cos θ

⎤
⎦. (2)

2.3 Beam representation

The structure is represented by a one-dimensional inextensible beam running along the x-axis, assumed to
be subject only to bending deformations around the local y-axis. As per [14], the deformed beam mid-line is
described on D = [xT ; xN ] (see Eq. (1)) by the vector function r0:

Or0 : D → R
3 : s �→ O

⎡
⎣
rx (s)
0

rz(s)

⎤
⎦ , (3)

where s refers to the arc-length of the beam mid-axis in the deformed configuration, and the components rx (s)
and rz(s) are the unknowns of the problem.

Likewise, the deformed sidecut line is represented on D = [xT ; xN ] (see Eq. (1)) by the vector function
rs. Since only bending deformations are considered, the beam mid-line is not subject to any twist, and the
deformed sidecut line rs can be retrieved from the deformed beam mid-line position:

Ors = Or0 + O

⎡
⎣

0
−h(s)

0

⎤
⎦ = O

⎡
⎣
rx (s)
−h(s)
rz(s)

⎤
⎦. (4)

The mid-point M is taken as reference, since it is assumed to be coincident with the running surface in the
initial configuration. Therefore, it is fixed in space and the following deformations are null:

rx (s)|s=xM = rz(s)|s=xM = 0. (5)
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Fig. 3 The deformed beam mid-line is represented by the vector function r0, s being the arc-length of the beam mid-axis. The
tangential vector to the deformed beam mid-axis r ′

0 is represented by the bending angle β

3 Bending deformation

A bending angle distribution β(s) is sought such that a rotation around the local y-axis of the beam by an angle
β (see Fig. 3) brings the sidecut line coincident with the running surface (tied contact is assumed between
the sidecut line and the running surface, see Fig. 2). The constraint can therefore be expressed such that the
tangential vector to the deformed sidecut line rs lies within the plane {Muv}.

The bending angle β is represented in Fig. 3 according to the sign convention defined in [15] (positive
counterclockwise rotation). Let’s express the tangential vector to the deformed beam mid-axis r ′

0, where the
apostrophe denotes the function derivative with respect to the arc-length parameter s:

Or ′
0 = dOr0

ds
= O

⎡
⎣
r ′
x (s)
0

r ′
z(s)

⎤
⎦. (6)

Because of the zero stretch condition, the vector quantity r ′
0(s) can be replaced by a scalar function β(s), such

that {
r ′
x (s) = cosβ(s),
r ′
z(s) = sin β(s). (7)

3.1 Bending rotation

In this section, the bending angle distribution β(s) required to bring the sidecut coincident with the running
surface is assessed. The constraint is expressed such that the tangential vector to the deformed sidecut must lie
within the running surface (see Fig. 2). The tangential vector to the deformed sidecut line r ′

s is derived from
Eq. (4) with the use of Eq. (7):

Or ′
s = dOrs

ds
= O

⎡
⎣

r ′
x (s)−h′(s)
r ′
z(s)

⎤
⎦ = O

⎡
⎣
cosβ(s)
−h′(s)
sin β(s)

⎤
⎦. (8)

The tangential vector is expressed in the global coordinate system:

Mr ′
s = MOAx(θ)Or ′

s = M

⎡
⎣

cosβ(s)
−h′(s) cos θ − sin β(s) sin θ
−h′(s) sin θ + sin β(s) cos θ

⎤
⎦. (9)

In order for r ′
s to lie in the plane {Muv}, its coordinate along the w-axis must be null, and therefore:

− h′(s) sin θ + sin β(s) cos θ = 0

⇔ sin β(s) = h′(s) tan θ

⇔ β(s) = arcsin(h′(s) tan θ).

(10)
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3.2 Deformed sidecut

In this section, the deformed sidecut rs is expressed in the local coordinate system O. Since M is considered
as the reference point, see Eq. (5), the deformed sidecut can be retrieved by integrating Eq. (8) on the interval
[0, s]:

Ors =
∫ s

0

Or ′
s ds ⇔

{
rx (s) = ∫ s

0 cosβ(s) ds,

rz(s) = ∫ s
0 sin β(s) ds.

(11)

Replacing the bending rotation β(s) determined in Eq. (10), one obtains after simplification:

rx (s) =
∫ s

0
cos(arcsin(h′(s) tan θ)) ds =

∫ s

0

√
1 − h′(s)2 tan2 θ ds,

rz(s) =
∫ s

0
h′(s) tan θ ds = (h(s) − yM ) tan θ.

(12)

The deformed sidecut can therefore be expressed in the local coordinate system O:

Ors = O

⎡
⎣

∫ s
0

√
1 − h′(s)2 tan2 θ ds

−h(s)
(h(s) − yM ) tan θ

⎤
⎦. (13)

3.3 Deformed sidecut curvature

The curvature distribution along the deformed sidecut is of particular interest and can be easily retrieved
by expressing the deformed sidecut as a plane curve within the running surface ({Muv}-plane). The vector
function rs describing the deformed sidecut line is expressed in the global coordinate system M with the
following transformation:

Mrs = MOAx(θ)
(
Ors + O−−→

MO
)

⇔ Mrs = M

⎡
⎢⎢⎣

∫ s
0

√
1 − h′(s)2 tan2 θ ds

yM−h(s)
cos θ

0

⎤
⎥⎥⎦ = M

⎡
⎢⎣
ru

rv

rw

⎤
⎥⎦.

(14)

The derivatives of the deformed sidecut Mrs with respect to the parameter s are:

r ′
u =

√
1 − h′(s)2 tan2 θ,

r ′′
u = −h′(s)h′′(s) tan2 θ√

1 − h′(s)2 tan2 θ
,

r ′
v = −h′(s)

cos θ
,

r ′′
v = −h′′(s)

cos θ
.

(15)

The signed curvature κ(s) along the deformed sidecut rs is [16]:

κ(s) = r ′
ur

′′
v − r ′

vr
′′
u

(r ′2
u + r ′2

v )
3
2

⇔ κ(s) = −h′′(s)
cos θ

√
1 − h′2(s) tan2 θ(1 + h′2(s)) 3

2

.

(16)
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Remark: To obtain a constant curvature distribution along the deformed sidecut, the differential equation (16)
can be rewritten with κ(s) = −κ0 (constant) and therefore leads to the differential equation

h′′(s) = κ0 cos θ
√
1 − h′2(s) tan2 θ(1 + h′2(s))

3
2 (17)

with the initial conditions {
h(s)|s=0 = yM ,

h′(s)
∣∣
s=0 = 0.

(18)

The solution of Eq. (17) is an elliptic integral, which cannot be expressed in terms of elementary functions. It
can be solved by parametric equations [17] or evaluated by numerical means.

3.4 Bending moment

In this section, the internal bendingmoment relating to the prescribed deformations is expressed according to the
Euler–Bernoulli beam theory. The bending curvature of a curve parametrized along its arc-length corresponds
to the negative of the derivative of the bending angle, according to the sign convention defined in [15]. For the
bending curvature κy of the beam mid-line, it holds:

κy = −dβ

ds
= −β ′. (19)

Following the Euler–Bernoulli beam theory with a linear material constitutive law, the bending moment My
is related to the bending curvature κy by the bending stiffness E Iy :

My = κy E Iy = −β ′E Iy (20)

with E the Young’s modulus and Iy the area moment of inertia of the beam cross section.
From Eq. (10) follows:

β ′ = h′′ tan θ√
1 − h′2 tan2 θ

, (21)

and the internal bending moment can be expressed as:

My(s) = −h′′(s) tan θ√
1 − h′2(s) tan2 θ

E Iy(s). (22)

Remark: If the first derivative h′(s) is small enough to be neglected, the denominator in Eq. (22) approaches
1 and the bending moment can be approximated by

My(s) ≈ −h′′(s) tan θ E Iy(s) = −r ′′
z (s) E Iy(s) (23)

with rz(s) being the bending deflection. Equation (23) reflects the expression of the bendingmoment according
to the linear beam theory [15].

3.5 Contact forces

In this section, the external loads leading to a bending moment distribution as expressed in Eq. (22) are sought.
According to the linear beam theory [15], the bending moment induces intern transverse shear forces Qz(s)
along the local z-direction, with:

dMy(s)

ds
= Qz(s). (24)

The transverse shear is related to the external applied transverse load pz(s) along the z-direction:

dQz(s)

ds
= −pz(s). (25)
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Fig. 4 Static equilibrium of forces in the z-direction. Reaction forces RT , RN and moments MT , MN are required at the beam
extremities to counterbalance the effects of the transverse load pz (arbitrary representation)

The external transverse load pz(s) therefore relates to the second derivative of the bending moment:

pz(s) = −d2My(s)

ds2
. (26)

The external transverse load pz(s) can be interpreted as a contact force distribution. Since tied contact is
assumed, the contact load can be positive or negative, depending on the force required to bring the sidecut
coincident with the running surface. It will be noted that, since no torsion is considered, the external transverse
load can be applied equivalently along the beam mid-line or along the sidecut line Fig. 4.
The equation of equilibrium of forces in the z-direction implies the existence of reaction forces to counterbal-
ance the effect of the external applied transverse load pz . These reaction forces can only apply at the beam
extremities, since pz(s) is a continuous function (see Eqs. (26) and (22)). Let RT and RN be the reaction forces
in the z-direction at point T and point N , respectively. According to the sign convention used [15]:

RT = −Qz(s)|s=xT = −dMy(s)

ds

∣∣∣∣
s=xT

, RN = Qz(s)|s=xN = dMy(s)

ds

∣∣∣∣
s=xN

. (27)

Likewise, the equation of equilibrium of moments implies the existence of reaction moments at the beam
extremities, where the internal bending moment My(s) is not necessarily null (see Eq. (23)). Note that no other
punctual moments can occur along the beam mid-axis, since My(s) is a continuous function (see Eq. (22)).
Let MT and MN be the reaction moments at point T and point N, respectively:

MT = My(s)
∣∣
s=xT

, MN = −My(s)
∣∣
s=xN

. (28)

It is acknowledged that a concentrated force or moment is not achievable in practice for the considered contact
case. However, it is shown in Sect. 4 that there exist particular sidecut functions for which these concentrated
loads vanish, and a tied contact between the sidecut line and the running surface can be foreseen.

4 Results validation

In order to illustrate the analytical results obtained in Sect. 3.5 and discuss their practical feasibility, three
particular case studies were considered and set under investigation in Sect. 4.1 and 4.2. For validation purposes,
the three case studies were idealized in 3D finite element models (see Sect. 4.3) and the numerical results are
compared to the analytical solutions in Sect. 4.4.

4.1 Case studies

Three case studies were considered based on the specimen described in [8]. The geometrical proportions were
identical for all cases and are reported in Table 1. Only the sidecut function h(s) passing through the points T,
N, M was changed (see Fig. 1).
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Table 1 Geometrical and structural properties common to the three case studies investigated

Parameter Abbreviation Unit Value

Average sidecut radius R mm 7050
Tail x-coordinate xT mm −550
Nose x-coordinate xN mm 550
Half waist width yM mm 124

Half tail width yT mm −
√
R2 − x2T + yM + R ≈145.5

Half nose width yN mm −
√
R2 − x2N + yM + R ≈145.5

Thickness t mm 5.55
Young’s modulus E MPa 10337
Tilt angle θ rad 0.7 (≈ 40◦)

In all three cases, the structure features a constant thickness t andYoung’smodulus E throughout. The geometry
is defined such that the structure exhibits two axes of symmetry

−→
Ox and

−→
Oy. The area moment of inertia of

the beam cross section Iy an therefore be expressed as:

Iy(s) = t3

6
h(s). (29)

Replacing Iy in Eq. (22), the bending moment and its derivative can be expressed as:

My = − Et3 tan θ hh′′

6
√
1 − h′2 tan2 θ

, and M ′
y = − Et3 tan θ

(
(1 − h′2 tan2 θ)(hh′′′ + h′h′′) + hh′h′′2 tan2 θ

)

6 (1 − h′2 tan2 θ)3/2
.

(30)

4.1.1 Sidecut A

The first case consists in an initial sidecut line describing the arc of a circle of radius R. This case is frequently
used in practice and reported in the literature, and therefore was set under investigation. It an be described on
D = [xT ; xN ] by the function hA:

hA(s) = −
√
R2 − s2 + R + yM . (31)

The first and second derivatives of the sidecut function hA are given for information:

h′
A(s) = s√

R2 − s2
, and h′′

A(s) = R2

(R2 − s2)3/2
. (32)

4.1.2 Sidecut B

The second case is intended to show the effects of a vanishing bending moment at the sidecut extremities.
According to Eq. (22), these conditions are achieved if the second derivative of the sidecut function also
vanishes:

MT = My(s)
∣∣
s=xT

= 0 ⇔ h′′
B(s) = 0

∣∣
s=xT

,

MN = − My(s)
∣∣
s=xN

= 0 ⇔ h′′
B(s) = 0

∣∣
s=xN

.
(33)

A fourth order polynomial sidecut line fulfilling these conditions can be described on D = [xT ; xN ] by the
function hB :

hB(s) = yM − yN
5x4N

s4 + 6(yN − yM )

5x2N
s2 + yM . (34)

The first and second derivatives of the sidecut function hB are given for information:

h′
B(s) = 4(yM − yN )

5x2N

( s3

x2N
− 3s

)
, and h′′

B(s) = 12(yM − yN )

5x2N

( s2

x2N
− 1

)
. (35)
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Fig. 5 Sidecut geometries investigated hA, hB and hC according to Eqs. (31), (34) and (38)

4.1.3 Sidecut C

The third case is intended to show the effects of a vanishing transverse shear force at the sidecut extremities.
According to Eq. (30), these conditions are fulfilled if the second and the third derivatives of the sidecut
function also vanish:

RT = −dMy(s)

ds

∣∣∣∣
s=xT

= 0 ⇔ h′′
C (s)

∣∣
s=xT

= 0 , and h′′′
C (s)

∣∣
s=xT

= 0, (36)

RN = dMy(s)

ds

∣∣∣∣
s=xN

= 0 ⇔ h′′
C (s)

∣∣
s=xN

= 0 , and h′′′
C (s)

∣∣
s=xN

= 0. (37)

A sixth order polynomial sidecut line fulfilling these conditions can be described on D = [xT ; xN ] by the
function hC :

hC (s) = yN − yM
11x6N

s6 + 5(yM − yN )

11x4N
s4 + 15(yN − yM )

11x2N
s2 + yM . (38)

The first, second and third derivatives of the sidecut function hC are given for information purposes:

h′
C (s) = 2(yN − yM )

11x2N

( 3

x4N
s5 − 10

x2N
s3 + 15s

)
,

h′′
C (s) = 30(yN − yM )

11x2N

( s4

x4N
− 2

x2N
s2 + 1

)
,

h′′′
C (s) = 120(yN − yM )

11x2N

( s3

x4N
− s

x2N

)
.

(39)

4.2 Analytical results

In the three case studies presented in Sect. 4.1, only the function h(s) describing the sidecut line was varied.
The sidecut functions investigated are shown in Fig. 5 along with their corresponding curvature distributions
in Fig. 6.
The distribution of the internal and external forces is assessed for all three cases. The internal bending moment
according to Eq. (22) is presented in Fig. 7, transverse shear forces according to Eq. (24) are shown in Fig. 8
and the external transverse load (or contact load) according to Eq. (26) is shown in Fig. 9.
The reaction forces in Eq. (27) and reaction moments in Eq. (28) occurring at the sidecut extremities T and N
are computed for all three cases and shown in Table 2. The linearized values (resulting from the computation
of a linearized bending moment according to Eq. (23)) are shown for comparative purposes, together with the
error made by considering a linearized model.
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Fig. 6 Initial curvature distributions of the sidecuts investigated

Fig. 7 Bending moment distributions My(s) according to Eq. (22)

Fig. 8 Transverse shear force distributions Q(s) according to Eq. (24)

Fig. 9 External transverse load distributions pz(s) according to Eq. (26)
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Table 2 Reaction forces (RT , RN ) and moments (MT , MN ) at the sidecut extremities T and N . Linearized values resulting from
Eq. (23) are shown for informative purpose

Abbreviation Unit Sidecut A Sidecut B Sidecut C

Exact Linearized Err Exact Linearized Err Exact Linearized Err

RT N −3.00 −2.95 1.59% 22.40 22.37 0.14% 0 0 –
RN N −3.00 −2.95 1.59% 22.40 22.37 0.14% 0 0 –
MT N.mm −5177.72 −5166.46 0.22% 0 0 – 0 0 –
MN N.mm 5177.72 5166.46 0.22% 0 0 – 0 0 –

Table 3 FEMmaterial properties simulating a rigid torsional behaviour.Young’smodulus (E), Poisson’s ratio (ν) and shearmoduli
(G) are reported. Local directions 1, 2, 3 correspond to the longitudinal, transverse and out-of-plane directions, respectively

E1 [MPa] E2 [MPa] ν12 G12 [MPa] G13 [MPa] G23 [MPa]

10337 1e6 0 1e6 1e6 1e6

+θ

running surface

mid-line

Fig. 10 Finite element model. The vertical displacement of the nodes along the sidecut line was constrained such that they lie
coincident with the running surface

4.3 FEM representation

The analytical outputs presented in Sect. 4.2 were verified by comparing with the results of 3D finite element
analysis representing the three case studies, whose geometrical and structural properties are reported in Table
1. The basis for the finite element models (FEM) is described in [8]. The structure was represented by general-
purpose shell elements (4 nodes) accounting for finite membrane strain. The shell sections consisted of one
orthotropic plywith a constant thickness. In order to simulate a rigid torsional and transverse bending behaviour,
all shear moduli and transverse Young’s modulus were set to very high values (1e6 MPa) in order to idealize
substantial stiff behaviour, and Poisson’s ratio was set to zero to avoid coupling of deformations. The material
properties used for the analysis are summarized in Table 3. A representation of the FEM is shown in Fig. 10,
where the approximate element size was 10 × 10 mm.
A displacement-driven analysis was set up where the tilt angle θ was imposed to the mid-line nodes. Addi-
tionally, the vertical displacement of each node along the sidecut line was constrained, such that the nodes lie
coincident with the running surface. Displacements and reaction forces along the sidecut nodes were extracted
to compute the numerical results described in Sect. 4.4.

4.4 Numerical results

The three case studies described in Sect. 4.1 were investigated by means of finite element analysis, according
to the methodology described in Sect. 4.3. The deformed curvature distributions along the sidecut line were
computed from the extracted displacements and compared with the analytical results of κ(s), see Eq. (16).
The results are shown in Fig. 11. The vertical reaction forces were extracted for each node along the deformed
sidecut and converted into a distributed load by dividing by the inter-node longitudinal distance. The finite
element results were compared to the analytical results of pz(s), see Eq. (26), and are shown in Fig. 11.
The analytical and numerical results show a good overall correlation. The deformed sidecut curvatures are
matching well within the numerical approximations of the finite element results. The external transverse loads
obtained are in good agreement, though significant deviations are observed at the sidecut extremities, where
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Fig. 11 Comparison between analytical and finite element results for the three cases considered. On the left: deformed curvature
distributions κ(s) along the sidecut line. On the right: external transverse load distributions pz(s). Note: the oscillations observed
on the FEM results of pz(s) reach a maximum amplitude of 330N.mm−1 for Sidecut A and 17N.mm−1 for Sidecut B

some oscillations of the contact forces are observed on the numerical results. A direct comparison of the
reaction forces and moments at the sidecut extremities could therefore not be made. In the finite element
model, since no reaction moment can occur (only nodal displacements of the sidecut nodes were constrained),
a numerical approximation is possibly obtained by the solver by alternating positive and negative reaction
forces. It will be observed that the oscillations fade away for Sidecut C, where the curvature and the derivative
of the bending moment vanish at the sidecut extremities.

5 Conclusions

In this work, we studied the loading environment of a concave sidecut line deformed on a flat surface, as an
idealization of a ski or snowboard undergoing a carved turn. In addition to a contact pressure distribution
required to achieve tie contact with the running surface, concentrated force and moment were found to take
place at the sidecut extremities. It was shown that these concentrated loads can vanish for particular sidecut
functions.
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Themagnitude of these concentrated forces was, depending on the sidecut function considered, in the order
of the weight of a skier, and therefore shall not be neglected. In particular, when solving for the analytical
deformation of a ski or snowboard, attention must be paid to the boundary conditions chosen at the sidecut
extremities. The impact of these local forces onto the structural vibrations during a carved turn is a relevant
concern that could be investigated in a follow-up work.

A sidecut describing the arc of a circle was shown to deform in a non-constant curvature radius, for a
structure featuring constant thickness throughout. In order to achieve the tied contact, concentrated forces and
moments must occur at the sidecut extremities, which is not achievable in practice. The tied contact condition
can be practically foreseen if the internal bending moment and the transverse shear force vanish at the sidecut
extremities. A polynomial function fulfilling these conditions was proposed in Eq. (38).

A formulation of the “exact” bending moment required to deform a concave sidecut line on a flat surface
was given in Eq. (22). The linear beam theory led to an error of about 2% on the reaction forces calculations.
Additionally, a differential equation to solve for a constant curvature along the deformed sidecut was given in
Eq. (17). The results were validated by the means of finite element representations of three case studies.

While the hypothesis of pure-bending deformations is relevant for slender structures such as skis, it becomes
questionable for snowboards featuring wider geometries. The model could be extended to include torsional
deformations in the future.
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