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ABSTRACT. In textbooks about strength and resistance of materials, absolute deformations of 

structural members are determined using models which are based on a few hypotheses, among 

which are a hypothesis for homogeneity of the material properties and the known Saint-

Venant’s principle. Construction components, however, are real parts, i.e. they have not only 

material and volume, but they have also surfaces. A model of mechanical contact between two 

structural members is considered in the paper and furthermore, deformations near the contact 

zone are accepted as nonlinear, i.e. they do not comply with the homogeneity principle. Some 

techniques for experimental measurement of the size of these “non-homogeneous” 

deformations that appear near the contact zones are discussed in this report. This theory 

explains why and when the experimental mechanical diagrams (force-displacement and stress-

strain) have a non-linear portion at low loads.  
KEY WORDS: Contact mechanics, variable compliance, compression 

1. Introduction 

In textbooks, like [1] and [2], absolute deformations of structural members are 

determined using models which are based on a few hypotheses. One of them is the 

hypotheses for homogeneity of the material properties, more precisely, it is accepted 

that the mechanical properties are the same in all points (i.e. infinite-small volumes) 

of the considered material volume. Construction components, however, are real parts, 

i.e. they have not only material and volume, but they also have a few surfaces. When 

we consider two structural members, which are subjected to a mechanical contact, 

should we expect that deformations near the contact zone still fit with this principle? 

I.e. do the strains near the contact zone are in accordance with the homogeneity 

principle? The right answer is: no, this principle is not fulfilled there.  This answer is 

supported by the known Saint-Venant’s principle, which states that the difference 

between the effects of two different but statically equivalent loads becomes very small 

at sufficiently large distances from the (contact zone of application of the) load. This 

means that near the contact zone – the mentioned effects, i.e. strains – are more 

different.  

There is a big theoretic interest about mechanical contacts, [3], [4]. A simple 

approach is suggested by the author [5] for describing the non-linear relation near a 

contact surface, as a second order equation (between the load and measured linear 

deformation).  

This contribution, however, pays more attention to some experimental 

techniques for measurement of the size of those “non-homogeneous” deformations, 

which appear near the contact zones.  
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2. Theory  

We consider here a few types of joints between structural members with the 

aim to illustrate schematically how their contact zones deform and to specify some 

approaches for experimental evaluation of the size of these contact deformations. 

2.1. Contact deformations of a compressed zone 

Let us consider the linear deformations in a compressive contact between two 

members pressed with force F, Figure 1.  

Fig. 1 Two members in compressive contact and a contact layer between them. (a) Common 

measuring scheme, (b) Measuring length does not contain the second member, i.e. L2=0.  

 

We measure a distance between two parallel plains a, b, which are fixed to the 

both members. One part of this distance belongs to the first member and the other part 

belongs to the second member: 

 

(1)  𝐿0 = 𝐿1 + 𝐿2 
 

There is a contact zone between these two elements and we aim to find a 

physical description of its size, usable for its measurement as a linear size. This 

physical description I call “contact layer”. The measured lengths will deform because 

of the force and the contact layer will also change its size: 

 

(2) 𝐿0 = 𝐿1 + 𝐿2 + 𝛿𝐶𝐿  
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(3)                                  ∆𝐿0(𝐹) = ∆𝐿1(𝐹) + ∆𝐿2(𝐹) + 𝛿𝐶𝐿(𝐹) 

 

The size of the contact layer 𝛿𝐶𝐿 can be determined experimentally by eq. (4) 

 

(4)                              𝛿𝐶𝐿(𝐹) = ∆𝐿0(𝐹) −   ∆𝐿1(𝐹) − ∆𝐿2(𝐹) 

 

where ∆𝐿0(𝐹) is the experimentally measured linear deformation of the base length, 

subjected to load F,   ∆𝐿1(𝐹) and ∆𝐿2(𝐹) are the theoretical linear deformations of 

these lengths, which use the assumption for equal physical properties along the all 

length.  

If the members have constant cross-sections 𝑆1 and 𝑆2, and their materials 

have Young’s moduli 𝐸1 and 𝐸2, then these deformation functions will be: 

 

(5)                                                ∆𝐿1(𝐹) =
𝐿1

𝐸1𝑆1
𝐹 

 

(6)                                                ∆𝐿2(𝐹) =
𝐿2

𝐸2𝑆2
𝐹 

 

The linear deformations must be computed in respect with the centreline of 

the system, but always there is a possibility for buckling. This is why the experimental 

measurements for two or more sides must be averaged. If deformation is measured at 

two opposite sides, designated here as “Left” and “Right” side and indexes “OL”, 

“OR”, then:  

 

(7)                                  ∆𝐿0(𝐹) =
∆𝐿0L(𝐹)+∆𝐿0R(𝐹)

2
 

 

Left and right displacements should be measured at an equal distance from the 

center line.  

Fig. 1b presents a situation when the measuring chain contains just one part of 

the measured specimen and one contact layer. In this case, the plain b is fixed to the 

surface of the second (supporting) member and therefore 𝐿2 = ∆𝐿2 = 0. In this case 

Equation (4) reduces to (8): 

 

(8)                                         𝛿𝐶𝐿(𝐹) = ∆𝐿0(𝐹) −   ∆𝐿1(𝐹) 

 

For right use of Eqs. (4) and (8), the measured deformation ∆𝐿0 must have the 

same sign as theoretic deformations have, which usually are accepted as negative for 

compressive loads.   

Size of the contact deformation is a linear quantity. It characterizes the ability 

of the both surfaces to deform and penetrate into each other. To think for contact 

deformations as relative no dimensional quantities, i.e. strains it is senseless.  However, 

it looks more reasonable to present loads as stress and surface pressure: 
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(4a)                              𝛿𝐶𝐿(𝑝) = ∆𝐿0(𝐹) −  
𝐿1

𝐸1
𝜎1 −

𝐿2

𝐸2
𝜎2 

 

(8a)                              𝛿𝐶𝐿(𝑝) = ∆𝐿0(𝐹) −  
𝐿1

𝐸1
𝜎1 

 

Where 𝜎1 = 𝐹/𝑆1 is the average stress in the first member, 𝜎2 = 𝐹/𝑆2 is the 

average stress in the second element and 𝑝 = 𝐹/𝑆1 is the average surface pressure. 

It could be said, as definition, that contact layer has a thickness which is the 

difference between experimental displacement and theoretical displacement of a point 

in specified direction, assuming that the materials have equal elastic properties in the 

all measured lengths, including the height of surface roughness.    

2.2. Contact deformations in thread connections 

Two members can be connected via thread and the thread surface can be 

thought as a contact layer, Fig. 2b.  Fig. 2a shows a scheme of a threaded stud subjected 

to tension and it is suitable for measuring the linear contact deformation of engaged 

screw turns. This scheme is similar to that of Fig. 1b and therefore this contact 

deformation should be found by Eq. (8) or (8a). 

 
Fig. 2. (a) Scheme for measurement contact deformation of threads. (b) Contact layer lies 

between the threads. 

 

F 

- F 

L
0R

 
L

1
 

a 

b 

Contact Layer on 

the threaded 

surface  

L
d
 

L
0L

 

(a)                            



 

 

 

 

 

 
Contact deformations 

5 
 

However, in this case 𝜎1 and 𝑆1 refer to stress and cross-section of the stem of 

the stud. Furthermore, surface pressure over threads depends on their size and number. 

Its average value for z engaged turns is calculated by Eq. (9): 

 

(9)       𝑝 =
4𝐹

𝑧𝜋(𝐷2−𝐷1
2)

 

 

Where D is nominal thread diameter and 𝐷1 is the drill diameter, Fig. 2b. The contact 

surface is not parallel to the cross-section, it is inclined, but the normal pressure is also 

sloped and Eq.  (9) is obtained after taking into account only the forces which act along 

the stud axis.  

Eq. 8 is applicable for both, compression and tensile loads, however variables 

should be negative, in the former case.  

 

Fig. 3a. Measurement of elastic modulus of 

the material (Light concrete, displacement 

sensor is at the left side of the specimen). 

Fig. 3b. Measurement for deformations of some 

material and a contact layer (Light concrete, 

right side) 
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3. Experimental 

3.1. Specimens 

This article presents experimental data characterizing the contact deformations 

of two specimens. The first one is a prism of light concrete, with cross-section 

40.0x41.0 mm, initial length 160.5 mm and density 1070 kg/m3, Fig. 3. It was tested 

on a compression up to 10 kN by the scheme shown in Fig. 1b.  

 The second tested specimen is a steel stud with thread M12x1.75.  It was tested 

on a tension up to 10 kN by the scheme shown in Fig. 2a. Measured base length is 35 

mm. Tests were made for several engaged turns and depth 𝐿𝑑 varies between 1.75 mm 

(for z = 1) and 21 mm (for z = 12 turns). 

3.2. Equipment 

The measurements were carried out on a universal testing machine 

"TIRATEST 2300". A load cell with a range of up to 10 kN and a T1/2000 

displacement sensor were used. The machine has analogous outputs (± 10 V DC) and 

two digital multimeters were used for synchronous recording of the measured force 

and displacement on a PC.  

The concrete specimen was loaded using a spherical joint on the top side. The 

elastic modulus of its material was determined as deformation was measured by the 

help of two fastening pieces, positioned on the specimen’s surface on a base distance 

𝐿0 = 68.7 mm, Fig. 3a. A test for measurement of contact deformation in accordance 

with the scheme of Fig. 1b is shown in Fig. 3b. Obtained results for both sides were 

averaged manually.   
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Fig. 4 Calibration diagram of the new lever displacement transducer. 
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The steel stud was tested in tension, according to the scheme depicted in Fig. 

2a. It is hooked at the one side and is fixed via a big M12 nut at the other side. A special 

lever device was designed, made and used (it’s not shown) for precise measurement 

of how much the base distance (𝐿0= 35 mm) changes while the load increases. It makes 

averaging of the left and right sensed displacements alone, as the spacing between 

them is 20 mm.  The last calibration is shown in Fig. 4, assuming that displacement is 

0 when the measured signal (voltage) is 0.  

When the voltage is [± 4V DC], the maximum measured path is [± 0.210 mm]. 

Its transformational coefficient is 52.8 μm/V, sensitivity 0.053 μm and precision is 

about ± 3 m for measurements in one direction.   

4. Results and discussion 

4.1. Elasticity of a light concrete prism under compression  

Diagrams of the material elasticity test are shown in Fig. 5, recorded at the 

both sides of the specimen for 3 loading cycles. Data for third load stage are averaged, 

they represent deformation of the centre line and its elastic modulus was computed as 

28.4 GPa.  

 

4.2. Contact deformation of the light-weight concrete specimen 

Fig. 6 shows deformations measured at the bottom side of the specimen, L0, 

during loading. The measuring chain contains one contact layer and some material 

with initial length 36.4 mm and modulus 28.4 GPa. Having in mind Hoke’s law and 

Eq. (5) we expect that this material has a linear behaviour, but experimentally 

measured deformation is nonlinear and much larger. For instance, under a load of -4 

MPa, this material shortens about 5.2 m, but experimentally measured deformation 

Fig. 5 Material elasticity test 
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is -20 m and therefore the contact deformation is -15 m under this load, see Eqs. (5) 

and (8).  

Pay attention that at zeroth load, theoretic and experimental deformations are 

also zero and consequently, size of the contact layer is zero too. 

 

4.3. Contact deformation of a metric thread 

A threaded stud M12x1.75 was tensile loaded by measuring the change of the 

base length 𝐿0 = 35 mm at a different number of the carrying turns z, Fig. 2a. Nonlinear 

diagrams ∆𝐿0(𝐹) were recorded during loading. For z ∈ [5, 12] the maximum force is 

10 kN, and for a smaller number of turns, the maximum load corresponds to ~ 70 MPa 

average pressure on the surface of the carrying threads. The results are shown in Fig. 

7, as the load being expressed by the average surface pressure, Eq. (9). 

The resulting diagrams are nonlinear and have a pronounced tendency for 

higher compliance with an increase the number of carrying turns.  

For material length 𝐿1= 35 mm, stem diameter 9.756 mm, and modulus of 

elasticity of 200 GPa, the theoretical compliance of this size is 2.34 nm/N and 

respectively, under 10 kN load, theoretical elastic deformation of the stem of the stud 

is expected to be 23.4 µm.  

Fig. 8 shows diagrams of the established contact deformation on the surface 

pressure of the loaded threads, see Eqs. (5), (8) and (9). These diagrams are recorded 

during the second loading stage and they are shifted to have a common begin. The first 

loading stage is always softer than the following because these is some fitting of the 

surfaces and this is why some shifting is necessary for the next records, to have a 

common begin. 

Fig. 6. Experimental deformation at the bottom side (∆𝐿0) is 

compared with theoretic deformation of the same base length. 

(Light concrete) 
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The diagrams with z ≤ 6 have similar compliance of 0.14 ± 0.03 m/MPa, for 

surface pressure over 40 MPa.  

For lower loads, there is a clear tendency of variable compliance of the surface 

deformation, which depends on the number of carrying threads. For instance, when 

surface pressures are in the range [10, 20] MPa, the surface compliance increases from 

0.30 m/MPa for z = 1 to 0.60 m/MPa for z = 12. The more wearing threads, the 

more is the bearing area, and contact becomes more susceptible.  

There is a well-known statement, made by N. E. Zhukovsky in 1902, who 

investigated a nut with 10 threads. He concluded that loading on the threads is uneven, 

as the first one bears 34% of the load and the tenth bears only 0.9% of the load, [6].  

Data shown in Figs. 7 and 8 support the idea of the uneven distribution of the 

load along the common penetration depth.  

5. Conclusion  

The question about deformation of the volume of specimens or elements in the 

areas near the force contact between them is discussed. This volume is referred to as 

"contact layer". Two schemes are proposed (Fig.1a, Fig.1b) for experimentally 

measuring the size of the contact layer as depending on the compression force. One 

scheme is proposed (Fig. 2a) for measuring size of the contact layer between internal 

and external threads.  

The size of the contact layer of a light-weight concrete specimen is examined, 

Fig. 6. Contact deformation obtained is non-linear, with increasing load, its 

susceptibility decreases. 

Fig.7. Measured displacement depends not only from the average 

surface pressure, but from quantity of the carrying threads. 
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The size of the contact layer of an M12x1.75 thread is examined depending on 

the number of loaded threads, Figs. 7, 8. It is concluded that the more threads are 

loaded and greater is the bearing area, then the contact layer has bigger 

compliance.Data shown in Figs. 7, 8 support the idea for uneven distribution of the 

load along the common penetration depth. However, a comprehensive interpretation 

of these results requires future attention. 
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