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Abstract—Spatial Roof Slabs (SRS) are developed, 

numerically calculated and designed of the full-scale SRS by 

the authors.  Main dimensions: length-6 m., width-1.32 m., 

height-0.6 m, with insulation and waterproofing layer placed 

on the top chord SRS for the climatic construction area - 

Dudinka town. For the experimental research, the reduced 

model of the SRS was calculated, designed and 

manufactured, in accordance with the similarity coefficient 

of 3.33, with dimensions: length 1.8 m, width 0.4 m, height 

0.18 m. Experimental research were carried out, as a result 

the performance capability of this construction was proved 

and precision of efforts of research and numerical 

experiment are acceptable was revealed.   

 

Index Terms—spatial roof slab, SRS, strip battens, tips, 

decreased model, batten elements 

 

I. INTRODUCTION 

In modern construction, the most promising direction is 

the use of spatial roof slabs. Compared to planar structures, 

spatial slabs are lighter, less resource demanding, and 

affordable. The closest analogue according to the technical 

solution is lens-shaped coating blocks with belts made of 

profiled metal sheet [1, 2] of curved shape, which work 

together. The belts are bent in the form of a square parabola 

with the maximum bend in the center-the form that is most 

rational for the perception of the span moment, the joint 

work of the belt sheets is provided by the racks and braces 

from bent corners located between them, and at the ends of 

the block, the corrugations of the upper belt are placed in 

the corrugations of the lower belt and are connected to 

each other by contact spot welding along the entire 

contacting surface . In addition to saving materials 

obtained as a result of the inclusion of a profiled sheet in 

the work as the main load-bearing element, a significant 

reduction is achieved when using steel corrugated sheeting 

as a roof, due to the exclusion of roofing work, That is, this 

design uses the principle of combining load-bearing and 

enclosing functions. 

To compare the technical and economic characteristics, 

consider a lenticular coating block with a span of 12 m and 

a width of 3 m, the upper and lower belts of profiled sheets 

S44-1000-0.8 according to GOST 24045-94 are curved in 

 

the shape of a square parabola and connected to the racks 

using self-tapping screws. The maximum structural height 

in the center of the block is 0.6 m. The step of the racks is 

1 m. The profiled sheets of the lower and upper belts are 

arranged with a wide shelf up, and a narrow one – down. 

This is done in order to reduce the area of distribution of 

normal compressive stresses in the shelves of the profiled 

sheet, which are a criterion for local loss of its stability. 

The main disadvantage of this technical solution is the high 

cost of a metal profiled sheet, from which the belts of the 

structure are made. In addition, this design is relatively 

more time-consuming to manufacture. 
Construction of interest is spatial roof slab (SRS) with 

belts of strip batten elements (Fig. 1, 2 3) – is a combined 

modular unit and can be used in industrial and agricultural 

construction. The ability to transport structures in folded 

form (with the belts not pushed apart in height) with the 

additional blocks assembling on the construction site 

(pushing the belts in height and placing struts and braces 

between them) allows using these structures in remote 

areas, for example, in the Far North. 

II. GOAL OF RESEARCH 

Goal of research is to create an effective coating design 

by reducing the cost, material consumption and weight of 

the coating by giving the structure the most effective space 

form, using lighter and less expensive materials, and a 

tenuous belt structure. 

The goal is achieved by the fact that in the roof slab (Fig. 

1, 2, 3), which includes the upper (1) and lower (2) batten 

belts of rectangular cross section, bent longitudinally in the 

form of a square parabola, and intermediate elements (3) - 

solid or through-section struts located between the slab 

belts. Vertical cross braces made of wooden rods (4) are 

located between the struts. The tenuous spatial structure is 

created by the fact that the strip elements of the belts 

alternate with each other. At the ends of the roof slab, tips 

(5) with holes are attached to the ends of each of the strip 

elements of the belts. The tips are fastened together in the 

crosswise direction by use of a through rod (6) passing 

through the holes of the tips. The tips with holes allow the 

belt elements to rotate relative to each other around the 

crosswise axis passing through the support part of the roof 
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slab, when the upper and lower belts are pushed apart 

during its manufacture. A patent for the invention [3] 

defends this technical solution. 

 

Figure 1. SRS, side view. 

 

Figure 2. The variation of node connection of belts SRS. 

 

Figure 3. 3D–model SRS of strip batten elements. 

III. THEORETICAL RESEARCH 

Previously, the calculation was performed in the SCAD 

PC, and the design of the full-scale coating plate. Main 

dimensions: length L=6,0 m, width B=1,32 m, height H= 

0,6 m, step of struts 1,2 m (quantity 4 PCs.), elements of 

the upper and lower belt-boards made of material-2nd 

grade pine [4]. Nominal case conditions according to the 

construction area- Dudinka town. Uniformly distributed 

equal-sided and one-sided snow loads [5], the load from 

the insulation and coating, as well as the stresses caused by 

the original bending of the belt elements were taken into 

account in the calculation. 

The stresses from the structural bending of the belts 

were determined as for a single-span articulated beam 

loaded with a uniformly distributed load, expressed from 

the deflection formula fmax = 5 q L4 /384 EI, from this 

formula we express the load q and find its value for fmax 

= 300 mm (0.5 N is the value of the structural bending of 

the belts). We will determine the internal forces and 

stresses from this load, and then add these stresses to the 

stresses obtained in the SRS belts as a result of static 

calculation in the SCAD software package. 

 The calculation results are shown in Fig. 4, 5, 6. As a 

result of the calculation, the cross section of the belt 

elements (165 x 40 mm) and struts (thickness t=21 mm) 

was found. The cross section of the braces is 20x50 mm. 

The least favorable was the combination of loads with a 

one-sided snow load (the load combination C2), the 

maximum displacement in this case was -28.23 mm, the 

maximum compressing stress in the upper belt was 8 MPa, 

and the maximum tensile stress in the lower belt was 2.86 

MPa. 

According to the numerical experiment data the reduced 

model of the SRS [6, 7, 8] was calculated, designed and 

manufactured. A physical model can be considered an 

installation in which complete or incomplete modeling and, 

accordingly, physical similarity are carried out, so that all 

the essential characteristics of a full-scale object can be 

obtained from the characteristics of the model by 

multiplying by scale coefficients. A physical model differs 

from a full-scale object in its size, but the processes 

occurring in it do not differ in nature from the processes 

occurring in nature (that is, it is a copy of a physically real 

system). 

Similarity criteria can be found if its mathematical 

description is known, or at least the set of parameters that 

can characterize the phenomenon under study in this 

problem and under these conditions. From the point of 

view of using the methods of similarity theory, the 

phenomenon of the stress-strain state of the spatial coating 

plate can be attributed to the phenomenon of the second 

group – a phenomenon that has been studied so much that 

it is only possible to list the physical quantities essential 

for this phenomenon.  

 
These values are: 
− linear dimensions, the similarity of which expresses 

the similarity coefficient of geometric parameters: 

 

  ksimilarity= 𝐿

𝐿𝑚

= 𝐵

𝐵𝑚

= 𝐻

𝐻𝑚

= 𝑡𝑏

𝑡𝑏.𝑚

= 𝑏𝑏

𝑏𝑏.𝑚

  

 

where L, B and H – geometric dimensions of the natural-

size structure; 

Lm, Bm and Hm – geometric dimensions of the reduced 

model; 

tb and bb – geometric dimensions of the cross-section of 

the elements of the construction belts of natural size; 

tb.m and bb.m – geometric dimensions of the cross-section 

of the elements of the belts of a reduced design; 

− maximum deflections; 

− maximum effort. 

The determining control of the plate design is a check 

for rigidity. Therefore, the determining criterion of 

similarity is the criterion of equal stiffness: 

 
 𝑓

𝐿
=  𝑓𝑚

𝐿𝑚
 

 
where f and fm– the maximum deflections of the full-size 

design and the reduced design, respectively. 
The coefficient of similarity of geometric parameters for 

the manufacture of a reduced model of a plate intended for 

full-scale tests of ksimilarity= 3.33.  

Accordingly, the dimensions of the reduced model will 

be: length 1.8 m, width 0.4 m, height 0.18 m. 

IV. THE MANUFACTURE OF A REDUCED MODEL 

Before testing the reduced model, the belt coupling unit 

(the metal tip of the belt element of the reduced model, 

connected to the wooden belt element with a 50x10 mm 

cross-section with four M5 bolts) was tested for tension in 
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order to identify the value of the critical load at which the 

wood will split along the section weakened by the bolts 

and compare this value with the force in the lower belt 

element from the calculated load. 

The tip was fixed on the hook of the crane beam, and a 

loading platform was suspended from the wooden element. 

Loading took place with concrete blocks of 100x400x600 

mm in size and weighing 60 kg, as well as full-bodied clay 

bricks with an average weight of 3.3 kg.  

Loading took place in stages (the values given are 

calculated without taking into account the weight of the 

slings and slinging devices):  

1 stage – 1 plate = 60 kg;  

2 stage – 1 plate and 3 bricks = 69.9 kg;  

3 stage – 1 plate and 6 bricks = 79.8 kg;  

4 stage – 1 plate and 9 bricks = 89.7 kg;  

5 stage – 1 plate and 12 bricks = 99.6 kg;  

6 stage – 1 slab and 15 bricks = 109.5 kg. 

 

Then the steps were repeated: the bricks were removed 

and the next slab was laid instead. 

After loading each stage, the connection was maintained 

for 20 minutes under load. 

The destruction occurred at the moment when 6 

concrete blocks and 3 bricks were suspended from the tip. 

Taking into account the weight of the slings, the total load 

on the tip was 415.9 kg (4.07 kN), which is 3.15 times 

higher than the force from the design load in the lower belt 

element equal to 1.29 kN, therefore, the strength of the 

bolted connection is ensured under the action of the design 

load. 

The manufacture of a reduced model of the SRS was in 

the following manner. To pine boards with dimensions of 

180x50x10 mm, acting as upper and lower belts, using four 

M5 bolts arranged in a staggered state. Tips were attached-

bent painted metal plates with a thickness of 1 mm and a 

total length of 150 mm [9] with a gap for a metal rod-

threaded bar with a diameter of 1 cm and a length of 61 cm 

with a free length of 3 cm from the belts.  

 

 

 

Figure 4. Deformed model displacement at load combination С2. 

 

 

Figure 5. Stress field Nх at load combination С2. 

 

 

 

Figure 6.  Stress field My at load combination С2. 

Then the belts were laid on a horizontal surface and 

connected to each other in the crosswise direction of the 

plate by passing a threaded bar through the holes. Then the 

strip elements were pushed apart relative to each other by 

turning around the threaded bar axis and struts were placed 

between them (plywood strips 2.1 cm thick, 40 cm length 

and 16.1 cm and 10.4 cm height) in the amount of 4 PCs at 

a distance of 36 cm from each other and from the supports. 

After that, cross-shaped braces (wooden bars with a cross 

section of 25x25 mm) were placed on both sides of the 

SRS model.  

 

Figure 7. Pattern array of indicators: ПР1-ПР6 – flexometers;    Т56-

Т63 – resistive strain sensors. 
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V. FIELD RESEARCH 

The decreased model (SRS) with belts of strip batten 

elements was manufactured and tested, according to the 

recommendations [10]: 

- under equal-sided load - when the action of standard 

load, which equals 1.64 kN/m2. Calculated load is 2,26 

kN/m2 (at load combination С1) 

- under one-sided load - when the action of standard 

load, which equals 1,26 kN/m2 on the less loaded side 

(nearer to the hinged immovable support) and 2.01 kN/m2 

on the more loaded side (nearer to the hinged movable 

support). Calculated load are 1,74 kN/m2  on the less 

loaded side and 2,79 kN/m2  on the more loaded side. (at 

load combination С2) 

There are the testing bed and pattern array of indicators 

on Fig. 8. 
 

 

Figure 8.  Loading decreased model SRS distributed one-sided load, 

equaled 1,5 qcalculated

 
(4,185 [kN/m2]/ 2,61 [kN/m2]).

 

 

 

 

 

 

 

 

 

 

Figure 9. Lines of deflections at one-sided load qstandard, [mm].

 

 

Figure 10. Stress at one-sided load  (С2) on resistive strain sensors, 
[kg(f) /mm2], indicated by microprocessor multi-channel strain-

measuring system  64.01-1. 

VI. THE FIELD AND THEORETICAL RESEARCHES 

REVIEW 

In analyzing resulting diagrams of variation deflections 

(Fig. 11), it is apparent that the model becomes skewed. 

There is the same effect in the efforts of numerical 

experiments. This is explained by the fact of asymmetry 

belts location: on width the model is started by top chord 

element and ended by a bottom chord. The choice of a 

scheme with an asymmetric arrangement of belt elements 

in both the decreased model and the full-scale construction 

is due to the fact that in this way it is easier to place the 

slabs in order along the span of the building. Thanks to the 

covering, the load will be partially relocated to adjoining 

slabs, and the skew will be minimized. It is also obvious 

that the symmetrical location of the belt elements, when 

the slab begins and ends with an element of the upper belt 

or an element of the lower belt, eliminates skew. 

  In addition, there is a slight deflexion in the middle of 

the construction model (less than 1 mm). The same effect 

is observed in the efforts of numerical experiments and is 

due to the arched shape of the belts: when the load is 

applied, the upper belt deflects down in the extreme sectors, 

but deflects up in the middle sector and "pulls" the lowest 

belt in the middle sector up through the support pillars. 

The maximum uniformly distributed equal-sided load of 

decreased model SRS is 3,73 [kN/m2], that is corresponds 

to the limit load factor - 1,65 from calculated load. 

The maximum uniformly distributed equal-sided load of 

decreased model SRS is 7,23 [kN/m2] from the more 

loaded side and is 4,44 [kN/m2] from the less loaded side, 

that is corresponds to the limit load factor - 1,5 from 

calculated load on Fig. 8. 

TABLE
 
I.

 
EFFORTS OF NUMERICAL EXPERIMENT AND RESEARCH

 

Indicator name
 

Efforts of 

numerical 

experiment 
 

Efforts 

of 

research
 

Variance 

percentage

, [%]
 

fstandard  С1, [mm] 
 

-8,454
 

-7,03
 

17
 

fstandard  С2, [mm]
 

-8,527
 

-7,42
 

13
 

fcalculated С1, [mm]
 

-11,392
 

-9,83
 

14
 

fcalculated  С2, [mm]
 

-11,814
 

-11,50
 

3
 

Xstandard  С1, [mm]
 

0,381
 

0,45
 

15
 

-0.037-0.077
-0.115-0.157

-0.233
-0.292

-0.365

-0.580

-0.689

-0.0350.007

0.050
0.1230.163

0.2180.240

0.389
0.460

-0.065-0.090
-0.096-0.121-0.136

-0.193
-0.273

-0.411
-0.533

-0.0130.020
0.0370.060

0.0820.123
0.1680.2120.242

-0.800

-0.600

-0.400

-0.200

0.000

0.200

0.400

0.600

14:24:00 15:36:00 16:48:00 18:00:00 19:12:00

Т56 Т58 Т60 Т63
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Xstandard  С2, [mm] 0,35 0,420 17 

Xcalculated  С1, [mm] 0,545 0,66 17 

Xcalculated  С2, [mm] 0,501 0,550 9 

σX(Т56) standard  С1, 

[MPa] 
-1,326 -1,465 9 

σX(Т58) standard  С1, 

[MPa] 
1,482 1,724 14 

σX(Т60) standard  С1, 

[MPa] 
-0,428 -0,468 8 

σX(Т63) standard С1, 

[MPa] 
0,520 0,573 9 

σX(Т56) standard С2, 

[MPa] 
-1,74 -1,95 11 

σX(Т58) standard С2, 

[MPa] 
1,733 1,894 9 

σX(Т60) standard С2, 

[MPa] 
-0,583 -0,695 16 

σX(Т63) standard С2, 

[MPa] 
0,885 0,924 4 

σX(Т56) calculated  С1, 

[MPa] 
-1,844 -2,090 12 

σX(Т58) calculated  С1, 

[MPa] 
1,843 2,105 12 

σX(Т60) calculated  С1, 

[MPa] 
-0,859 -1,010 15 

σX(Т63) calculated  С1, 

[MPa] 
1,064 1,152 8 

σX(Т56) calculated С2, 

[MPa] 
-3,003 -3,27 8 

σX(Т58) calculated С2, 

[MPa] 
2,574 2,708 5 

σX(Т60) calculated С2, 

[MPa] 
-1,704 -1,99 14 

σX(Т63) calculated С2, 

[MPa] 
1,528 1,76 13 

 

 

Notes to the Table I:   
- In the efforts of numerical experiment presented 

compressing stress on the bottom fiber and tension stresses 

on the top fiber appropriately the specifics of the resisting 

strain sensors location. 

- Maximum deflections of numerical experiment and 

research are given in Table I. 

VII. KEY INSIGHTS 

In analyzing charts on Fig. 9 and 10 and Table I, leading 

us to the conclusion that the stiffness of the tested model 

in the SCAD PC is above than design diagram stiffness 

(probably, the real modulus of elasticity of the model is 

higher than standard one, which was accepted upon an 

analysis). Conversely, the stresses from tests are higher 

than calculated stresses, this can be explained by the fact 

that stresses distribution take place irregularly due to knots 

–they are stress raisers. 

In addition, there are not large error of measurement 

deflexions on the nearest and the farthest model sides by 

virtue of fixing the flexometer hair on pins (are located in 

10 cm from a model). However, in compare to the obtained 

values of deflections, the error is insignificant.  

Overall, precision of efforts of research and numerical 

experiment are acceptable, the maximum percentage of 

disparity is 17 %, and this indicates the performance 

capability of this construction.  

VIII. FURTHER RESEARCHES DIRECTION 

In the future, experimental and theoretical studies of a 

spatial coating plate with belts of plank strip elements are 

planned, in which the internal space between the belts is 

filled with an expanding hardening composition (for 

example, foam insulation). The adhesion of the hardened 

material to the inner surface of the belts significantly 

increases their stability.In this case, the principle of 

combining the functions of the material is used, that is, the 

hardened composition performs the functions of insulation 

and plays the role of intermediate elements, in addition, the 

gaps between the belt elements of the upper belt are filled 

and a solid surface is formed for laying the waterproofing 

layer. There is an analog of such a design with belts made 

of profiled sheets and filling the internal space between 

them with a hardening compound [11]. 
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