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Abstract 

 
In the article are given the results of the test of dynamic action of protective steel-reinforced concrete slabs. The results have been 

confirmed, and proved the feasibility and expediency of application for their manufacture of high-strength fast-hardening concretes. Us-

ing external damper blades for supporting the slabs allows to absorb the energy of the impact of the weapon up to 30%  , which increases 

their overall resistance to dynamic influences. The use of high-strength concrete will reduce the thickness of the plates in 2 ... 3 times 

compared with the concrete of conventional classes. 
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1. Introduction 

Concrete protective fortifications are widely distributed in the 

general defense system of many states. First and foremost, thanks 

to the high strength and durability of such structures. In such 

structures there is a certain specific work of concrete in conditions 

of high-speed impact. This prize leads to the need to consider 

issues related to constructs and materials for the construction of 

fortifications. The use of reinforced concrete in fortifications is 

becoming more relevant with the emergence of new high-strength 

fast-acting concrete [1 - 6]. The negative experience of using con-

crete is typical only for fortification structures made of low-

strength non-reinforced concrete, without obligatory elements of 

protection. 

The most protected protective structures always have some main 

bearing elements made of reinforced concrete. This is  the 

underground walls of various shapes and configurations, beams, 

crossbars, runways, shells and overlays. However using of 

reinforced concrete in modern fortifications, as a protective cover 

is virtually absent, or has very limited protection. Basically, these 

are not large checkpoints, checkpoints, which give light protection 

against splinting coating. The thickness of concrete in such 

buildings is not much more than 300 mm. They have a powerful 

triple reinforcement, which is carried out with the displacement of 

reinforcing nets and high pro-cent reinforcement [7, 8, 9].  

The purpose of the research is: 

- to establish the conformity of the theoretical provisions with 

regard to the expediency of the use of high-strength fast-hardening 

concrete for the manufacture of protective structures under the 

action of dynamic loads; 

- to investigate the resistance of the test boards and the nature of 

their damage during dynamic action; 

- compare the theoretical calculations with experimental data. 

2. Research methods 

In the laboratories of the department of industrial, civil 

engineering and engineering buildings, and the department of 

technology of building materials and material science, two series 

of slabs of high-strength, fast-hardening concrete were designed 

and manufactured. In each of the series, two plates were made. 

Plates of the first series (P1 and P2) had a size of 1000 × 1000 mm 

and a thickness of 300 and 400 mm, and the second (PSH-1 and 

PSH-2) - 2200 × 2200 mm and a thickness of 400 mm (Table 1). 

Plate P1 was designed with a solid section with the thickness of 

300 mm. The reinforcement consisted of three flat grids, forming a 

spatial frame of rods 16A500С (As = 2.011 cm2) in a 150 mm 

step. As a transverse armature, curved rods 6 A240C (As = 

0.283 cm2) were used. with a step of 50 mm. From the outer and 

inner sides of the slab, fence grids with an angle of 20 × 20 mm 

were installed to prevent the possible removal of fragments of 

destroyed concrete (fig. 1). 

 

Fig. 1: Formwork with an enclosed frame, prepared for concreting plates 

P1 and P2 
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Plate P2 was designed as three-layer with a damping layer, which 

served a mineral wool slab with a thickness of 98 mm. The plate 

itself has a thickness of 400 mm. The reinforcement consisted of 

four flat nets, forming a spatial frame of rods 12A500S (As = 

1,131 cm2) with a step of  150 mm. The bars of 6 A240C (As = 

0.283 cm2) were used as a transverse reinforcement with a step of 

150 mm  (fig. 2). 

Beside concreting plates were concreted concrete cubes and 

prisms. As a result of testing the corresponding concrete cubes and 

prisms at the age of 28 days, the following results were obtained: 

the cube strength was fcm, cube = 85.3 MPa, prism strength fcm prism 

= 68.27 MPa. 

For reinforcement of the test boards was used armature class 

A500S with diameters of 12 and 16 mm. The mechanical 

characteristics of the valves were determined experimentally by 

standard techniques. Three 40 cm long stems were tested in the 

UIM 50 (measuring scale 100-500 kN) bursting machine. 

Stretching efforts were applied in steps, with the expiry for 

removing the counters on the devices. During tests, the deflection 

of the reinforcement on the loading stages was measured by two 

strains of the Hugenberger with a price of 0,001 mm divisions at 

the base of 20 mm, which were located on the diametrically 

opposite sides of the rod. The beginning of the yield strength was 

recorded with the help of the strain gauge, as evidenced by the 

growth of deformations of rod at the same time as the index arrow 

on the scale of the press was known to be in a stable position. The 

strength limit was determined directly at the time of breaking of 

the sample [10, 11, 12]. 

According to the results of tests, the following characteristics for 

the fittings with diameters of 12 and 16 mm, respectively, were 

set: respectively, the limit of the tensity fy = 538,2 and 556,9 MPa; 

tensile strength fu = 658.7 and 676.3 MPa; maximal deformations 

corresponding to the yield point s0 = 240.2 × 10-5 and 272.2 × 

10-5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2:  Constructive scheme of test slabs P1 and P2 with high-strength 

fast-hardening concrete 

 

Table 1: Program and volume of experimental research 

№ 
Of 

series 

Types of 

samples 

Size of 
samples, 

cm 

Number 
of sam-

ples 

Subject of research 

 

1 

P1 

P2 
 

L = 100 

B = 100 
 

2 

Hitting the plates with 

small guns of 7.2 mm and 
12.7 mm caliber. 

Cubes 15×15×15 6 
Cube concrete strength at 

the age of 28 days. 

Prisms 
 

 

15×15×60 3 
The prism strength of 
concrete, a module of 

elastic plasticity. 

 
2 

PSH-1 
PSH-2 

 

L = 220 
B = 220 

 

2 
Hitting the plates with 

BMP-2 caliber 30 mm 

Cubes 15×15×15 6 
Cube concrete strength at 

the age of 28 days. 

Prisms 

 

 

15×15×60 3 

The prism strength of 

concrete, a module of 

elastic plasticity. 

In the second part of the field trials, was moduled fully - sized  

block of fortification structures. It consisted of a support block (fig. 

3) and a three-layer board that was mounted in front of the block. 

Twelve three-layer twin plates (PNH-1 and PNH-2) of 2200 × 

2200 mm and 400 mm in thickness were made (fig. 4). So, as in 

the plate P2 was used as a damping layer a mineral wool slab with 

a thickness of 98 mm and width 1900 mm. 

 
Fig. 3: General view of the main frame 

 

 

 
 

Fig. 4: Constructive scheme of experimental boards PSH-1 and PNN-2 

which was made of high-precision fast-hardening concrete 

 

The difference compared to the first-stage plate was that the outer 

layers were made of high-strength fast-hardening concrete class 
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C70, and the inner layer of 110 mm thick concrete from the class 

C45. 

The reinforcement consisted of four flat nets, which formed a 

spatial frame from the rods 12A500С (As = 1,131 cm2) in a step 

of 150 mm. As a transverse reinforcement, the rod 6 A240C (As 

= 0.283 cm2) was used in increments of 150 mm (fig. 5). 

Also, concreting plates and concreting frames [13, 14, 15] took 

place during the concreting  cubes and prisms. As a result of the 

testing concrete cubes and prisms at the age of 28 days, the 

following results were obtained: for cubic strength plates, the 

strength was fcm, cube = 73.3 MPa, prism strength fcm prism = 55.1 

MPa; for reference frame fcm, cube = 45,5 MPa, prism strength fcm 

prism = 34,4 MPa. The characteristics of the reinforcement for the 

designs of the second series were the same as for the first one    

(fig. 6). 

 
Fig. 5: Deck frame, prepared for concreting  plates 

 

 
Fig. 6: Constructive scheme of the support unit 

 

The support frame consisted of two monolithic frames of 

2000x2000 mm in size and four 1400 mm long bolts. The cross 

sections of the elements of monolithic frames were 250 × 300 mm, 

and the bars were 250 × 250 mm. Four reinforcement bars 

12A500S (As = 1,131 cm2) were used as working valves in all 

elements of the support frame. As a transverse reinforcement, the 

rod 8 A240C (As = 0.503 cm2) was used with a crown of 100 

mm (fig. 7). To remove the concentration of stress in the nodes of 

monolithic frames were arranged twigs. For concreting monolithic 

frames and crossbars, mortar parts were constructed of plates in 

the thickness δ = 10 mm (fig. 6). The rails of the support frame 

were connected to the monolithic frames in the locations of these 

plates by welding (fig. 8). 

The plate PSH-1 relied on a special spatial reinforced concrete 

frame system using mechanical damping devices (fig. 9). As 

mechanical damper devices served eight steel springs, which were 

located on two racks of the support cube of four on each rack. The 

springs were inserted into metal pipes which were pre-welded to 

the base parts of the support cube. The height of these pipes 

provides free spring movement, that is, the reliable operation of 

damper devices. 

In order to prevent the plate from rolling over after the operation 

of mechanical damper devices, as a result of a shot from the 

weapon, special metal hooks were mounted, which fastened to the 

welded parts of the support block. 

 
 

 
Fig. 7: Formwork with enclosed carcasses and mortar parts, prepared for 
concreting elements of the support unit 

 

 
Fig. 8: Mounting  bolts to monolithic frames with welding 
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Fig. 9: General view of the location of the mechanical damping devices 

3. Results of the researches 

Plates P1 and P2 were subjected to penetration of a firing pin 

thickness of 7.2 mm, 12.7 mm and a firing pin thickness of 120 

mm. Firing pin had the characteristics and properties of weapons. 

When exposed to plates with a firing pin thickness of 7.2 mm and 

12.7 mm, there were prints in concrete of both plates with a depth 

of 3-5 mm and a diameter of 30-40 mm. Instead, in the foundation 

block made of concrete grade C15, the penetration depth was 13-

15 mm. At the impact of plates with a firing pin thickness of 120 

mm in a solid plate there was fragmentation of concrete at the site 

of the defeat (edge of the plate). In the three-layer plate, the 

destruction of the first layer of the plate occurred, and the second 

and third layers of the slab remained intact. The reinforcement in 

both plates suffered damage, but retained its integrity (fig. 10). 

 
Fig. 10: Hitting the plate P-2 with a firing pin thickness of 120 mm 

 

The PSH-1 plate was struck by five strokes of 30 mm firing pin, 

which caused the following local damage: 

- the first strike (the numbering of strokes accepted conventional) 

hit the plate about 15 cm away from the upper face, destroyed not 

the entire thickness of the concrete edge of the plate without 

breaking its geometry; 

- the second and third strokes of firing pin hit the middle part of 

the slab approximately at a distance of 50 and 70 cm from the left 

side and 60 and 35 cm from the bottom edge. Firing pin destroyed 

the concrete of the outer layer in an average diameter of 27 cm to 

the depth6 cm, the middle and internal faces have kept their 

integrity; 

- the fourth strike hit the middle part of the slab (60 cm from the 

left side, 150 cm from the bottom edge) and penetrated the 

reinforcing net of the inner reinforced concrete layer, stopping 

after contact with the rod. On the outer surface of the plate, the 

destruction of concrete was formed at an average diameter of 26 

cm, and on the inner surface of 34 cm; 

- the fifth firing pin also hit the middle part of the plate (from the 

distance from the right side of 150 cm, from the bottom - 60 cm) 

and penetrating all the layers of the plate without encountering in 

its way any reinforcement rod. 

The plate PSH-2 relied on the entire area on the plate PSH-1 after 

its test, that is, without mechanical damping devices. 

The PSH-2 plate was struck by six strikes of 30 mm firing pin, 

which caused the following damage (fig. 11): 

- the first firing pin hit the plate approximately 85 cm away from 

the lower edge and 21 cm from the left face, penetrating all layers 

of PSH-2 and was stopped by the plate PSH-1 (the depth of 

immersion in this plate was 1 cm); 

- the second and third strokes of pin hit the middle part of the slab 

at a distance of 67 and 90 cm from the left side and 90 and 54 cm 

from the upper face. The pin also passed all layers of PSH-2 and 

were stopped by the PSH-1 plate (the depth of immersion in this 

plate was 1.5 cm). Firing pin destroyed the concrete of the outer 

layer in the middle in diameter of 29 cm; 

- the fourth, fifth and sixth strikes hit the right side of the slab (21 

cm, 50 cm and 44 cm from the right side, 115 cm from the bottom 

and 65 cm from the upper face), and as previous strikes passed all 

the layers of the slab and were stopped by a plate of PSH-1 (depth 

immersion in this plate was 1.5 cm). On the outer surface of the 

slab formed the destruction of concrete with an average diameter 

of 30 cm. 

 
Fig. 11: Hitting PSH-2 plate with a 30 mm firing pin 

 

Another 30 mm firing pin was released on a concrete block made 

of ordinary C15 grade concrete. As a result of hit, this unit was 

completely destroyed. 

Also, a comparison was made of firing pin that were subjected to 

strikes with calculations in PC FORT [3]. To do this, in the 

corresponding window of the program we will enter the initial 

data with the size of the plate, the characteristics of the materials 

and the type of firing pin. According to the calculation of plates 

P1 and P2 their strength is ensured as in real conditions (fig. 12). 

When performing a checking calculation for PSH-1 and PSH-2 

plates exposed to a striking thickness of 30 mm (fig. 13), it was 

found that the strength of these plates is not provided. That is, 

both plates should be destroyed from the strike. 

Plate PSH-2 in real field conditions was destroyed as a result of 

firing pin strike, which coincides with the program. Instead, the 

PSH-1 stood a strike of 30 mm firing pin. This can be explained 

by the use of mechanical damping devices (metal springs) that 

were installed at the ends of the plate. 
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Fig. 12: To the automatic calculation of plate P1 

 

As a result of the selection of the required thickness of the slab, it 

was found that to provide the required strength the thickness of the 

slab should be 43 cm (fig. 14). These results are confirmed by 

testing the PSH-2 plate. Firing pin, breaking the plate PSH-2 was 

detained by a plate of PNH-1 and dent in the stove was 1.5-2 cm. 

That is, if the thickness of the plate 43 cm fight would not break 

through this plate.  

 
Fig. 13: Before the automated calculation of plates PSH-1 and PS-2 

 

 
Fig. 14: Updated automated calculation of PSH-1 and PSH-2 plates 

4. Conclusions  

The results of the test with dynamic action with a firing pin of up 

to 30 mm of experimental protective steel-fiber reinforced 

concrete slabs supported the possibility and expediency of 

application for their production of high-strength fast-hardening 

concrete. The depth of propagation of firing pin in high-strength 

concrete compared with the usual class C15 was less than 3 times. 

That is, the use of high-strength concrete will reduce the thickness 

of the boards in 2 ... 3 times compared with the concrete of 

conventional classes. 

The use of external dampers for flattening the plates at the rear 

allows up to 30% to absorb the energy of the impact of the 

weapon, which increases their overall resistance to dynamic 

influences. 

The results of experiments confirmed the predictive prediction 

using the FORT developed complex for this topic. 

The preliminary calculations show that solid plates of high-speed 

fast-hardening concrete having the appropriate reinforcement in 

the thickness of 700 ... 800 mm can make the necessary resistance 

to weapons with a caliber up to 130 mm. 
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