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Fiber volume (%)

Specimen

Dimensions of compressive

Dimensions of tensile Dimensions of bending

Steel Nylon specimens (cm) specimens (cm) specimens (cm)
SO-NO 0 0 10x10x10 10x20 32x8x6
S1-NO 1 1 10x10x10 10x20 32x8x6
SO-N1 0 0 10x10x10 10x20 32x8x6
S0.5-N0.5 0.5 0.5 10x10x10 10x20 32x8x6

Table 1. Details and amount of fiber in slab specimens

e g kS (golid lad sad sl 5 BU Ol Y J g

Fiber volume in first layer (%)

Fiber volume in second layer (%)

Fiber volume in third layer (%)

Specimen Steel Nylon Steel Nylon Steel Nylon
S0-NO 0 0 0 0 0 0
S1-NO 1 0 1 0 1 0
SO0-N1 0 1 0 1 0 1

S0.5-N0.5 0.5 0.5 0.5 0.5 0.5 0.5
S-FG1 1.2 0 0.6 0 1.2 0
N-FG1 0 1.2 0 0.6 0 1.2

S-N-FG1 0.6 0.6 0.3 0.3 0.6 0.6
S-FG2 1.5 0 0 0 1.5 0
N-FG2 0 15 0 0 0 1.5

S-N-FG2 0.75 0.75 0 0 0.75 0.75

Table 2. Fiber dimensions and dimensions of compression, tensile and flexure samples
OL (0 5 8) Jyhr 5o i eslinal 550 (Kbl WY e sladls Sl ) S
el 0l 0315
First layer
Second layer
oslizul 5 30 Olowns Slos gz ¥ J gl Third layer

Chemical properties

Si02 21.1

Al203 4.37

Fe203 3.88

MgO 1.56

K20 0.52

Na20 0.39
CaO 63.33

C3S 51

C2S 22.7

C3A 5.1

C4AF 11.9

Physical properties

Special gravity(kg/cm?) 31

Special surface(kg/cm?) 3000

Table 3. Properties of cement used
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Fig. 1. Details of three-layer slab
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Sty Sl sls S350 Jgr
Length Width Density E

Fiber  “cmy  (em) (kg/m®) (GPa)
Nylon 4 0.3 920 2.2
Table 5. Properties of nylon fiber
salanal S50 Lo lea A d"-\’-

Sand Cement W/C Water SP
(kg/m*)  (kg/m?®) (kg/m*)  (kg/m?)
1200 1200 0.38 453 4.8

Table 6. Mix design used
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Fig. 3. Flow slump test
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. Length  Diameter Density E
Fiber “em)  em P (kgm®) (GPa)
Steel 5 0.08 62.5 7850 200

Table 4. Properties of steel fiber

s sl B (d) Blas (€) (Sadly U (b) ¥ U @) .y YK

(d)
Fig. 2. (a) Steel fiber (b) Nylon fiber (c) Materials (d)
Wooden mold

1 Superplasticizer
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Mix design Flow slump V-funnel L-box U-box
cm Tso (S) S (H,/H,) (H;-H,) (cm)
S0-NO 73 1.66 3.21 0.94 12
S1-NO 61 1.81 5.97 0.79 18
S0-N1 69 1.78 4.01 0.84 14
S0.5-N0.5 63 1.82 5.36 0.80 17

Table 7. Result of (SCC) performance tests
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Fig. 5. Compressive strength test
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Fig. 7. Tensile strength test

iS lesT =B 8 dsd
Tensile strength (MPa)

Specimen
SP1 SP2 SP3 Ave SD
S0-NO 245 369 379 331 0.75
S1-NO 853 637 9.3 8.07 152
SO-N1 395 363 392 383 0.18
S0.5-N0.5 768 6.62 6.82 7.04 0.56

Table 9. Tensile strength test results
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Fig. 8. Increase tensile strength (%)
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Specimen Compressive strength (MPa)
SP'1 SP2 SP3 Ave SD
SO-NO 77.3 68.7 776 745 5.05
S1-NO 813 826 741 79.3 458
SO-N1 73 793 757 76 3.16
S0.5-N0.5 81.1 821 773 80.2 253
Table 8. Compressive strength test results
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Fig. 6. Increase compressive strength (%)
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Fig. 10. Crack bending stitching by fibers
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Fig. 9. Flexural strength test
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Flexural strength (MPa)

Specimen  sp1 gpy  Sp3 Ave  SD
S0-NO 442 498 471 470 0.28
S1-NO 869 985 916 923 058
SO-N1 55 531 5 527 025

S0.5-N0.5 6.84 9.06 732 7.74 1.17
Table 10. Flexural strength test results

Ll 5 e ealizal 3550 GLOUI das o LIS islesl ol
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Muzzle velocity — Effective firing Maximum Rate of fire

Gun type Cartridge (m/s) range (m) firing range (m)  (round/min)
Kalashnikov 7.62x39 mmR 715 350 2000 550
PK kalashnikov ~ 7.62x54 mmR 825 1000 3800 650
Dragunov 7.62x54 mmR 830 800 4000 30

Table 11. Characteristics of used guns
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Fig. 11. Projectile impact test: (a) Lateral view (b) Front view
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Fig. 13. Calculate the volume of the destroyed area
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Specimen I;enetration Destroyed front area (cm?) Destroyed back area (cm?) Destroyed3
epth (cm) d1 d2 deq A d1 d2 deq volume (cm?)
S0-NO 7.5 16 16 16 200.96 9 10 9.49 70.70 190
S1-NO 3.9 7 7 7 38.47 0 0 0 0 15
S0-N1 4.9 8 15 1095 94.12 35 3 3.24 8.24 40
S0.5-N0.5 3.9 7 9 7.94 4949 8 5 6.32 31.35 30
S-FG1 3.1 10 11 1049 86.38 0 0 0 0 20
N-FG1 4.7 165 13 1465 168.48 0 0 0 0 55
S-N-FG1 4.8 11 105 1075 90.72 2 5 3.16 7.84 30
S-FG2 2.7 9 9 9 63.59 0 0 0 0 25
N-FG2 4.8 11 95 10.22 81.99 3 55 4.06 12.94 35
S-N-FG2 35 12 11 1149 103.64 35 3.5 35 9.62 20
Table 12. Tests results projectile impact with Kalashnikov gun
T T U PR
Specimen Penetration Destroyed front area (cm?) Destroyed back area (cm?) Destroyed
depth (cm) d1 dz deq A d1 d2 deq A volume (cm?)
S0-NO 7.5 165 155 1599 200.71 135 16 1470  169.63 220
S1-NO 6 5.5 10 742 4322 125 12 1225 117.80 30
SO-N1 7.5 14 16,5 1520 181.37 125 16 1414 156.95 200
S0.5-N0.5 7.5 10 7 8.37 5499 10 3 5.48 23.57 30
S-FG1 7.5 5.5 6.5 598  28.07 75 8.5 7.98 49.99 20
N-FG1 75 13 11 1196 112.29 10 8 8.94 62.74 110
S-N-FG1 7.5 13 7.5 9.87  76.47 13.5 11 1219  116.65 80
S-FG2 5.5 8.5 12 10.01 78.66 8 7.5 7.75 47.15 75
N-FG2 75 165 125 1436 161.87 9 10.5 9.72 74.17 120
S-N-FG1 75 8 8 8 50.24 7.5 7 7.25 41.26 40

Table 13. Tests results projectile impact with PK kalashnikov gun
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Specimen Penetration Destroyed front area (cm?) Destroyed back area (cm?) Destroyed
P depth (cm) 43 d2 deq A d1 d2 deq A volume (cm?)
S0-NO 7.5 17 18 17.49 240.13 16 17 16.49 213.46 620
S1-NO 7.5 6.5 55 5.98 28.07 13 10 11.40 102.02 20
SO-N1 7.5 17 14 15.43 186.90 10 12 10.95 94.12 180

S0.5-N0.5 7.5 8 6 6.93 37.70 10 11 10.49 86.38 40
S-FG1 7.5 8 7.5 7.75 47.15 105 115 10.99 94.81 25
N-FG1 7.5 12 14.5 13.19 136.57 155 12 13.64 146.05 100

S-N-FG1 7.5 8.5 8 8.25 53.43 8.5 12 10.01 78.66 25
S-FG2 6 9 5 6.71 35.34 11 8.5 9.67 73.40 15
N-FG1 7.5 155 125 13.92 152.11 12 10 10.95 94.12 120

S-N-FG1 7.5 7 12.5 9.35 68.63 10 7 8.37 54.99 50

Table 14. Tests results projectile impact with Dragunov gun PK kalashnikov Dragunov
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Abstract

In this study, the impact strength multi-layer slabs reinforced by steel and nylon fibers, as well as the
combination of these two fibers under the influence high velocity projectile, was investigated. To achieve
this goal, 30 slabs one layer and three layers with dimensions 40 x 40 x 7.5 cm were reinforced by 1% of the
fiber, 30 slabs made 10 different models , each with 3 models sample was made. A non-fiber model, as a
control sample, and other slab specimens all have a constant volume 1 percent fiber, the difference being in
the type and composition the fibers in different layers the slabs. The slabs were made with Kalashnikov , PK
Kalashnikov and Dragunov guns at a distance 50 meters tested. In the test the projectile’s encounter, three
parameters penetration depth, area the damaged front and rear area and the volume damaged area in the
samples were calculated and compared. Based on the results obtained, steel fibers can increase the resistance
concrete slabs against the impact the projectile and reduce the surface area and volume the damaged area and
significantly reduce the penetration depth. Steel fibers at best reduced the penetration depth 64 % in the
Kalashinkov gun and reduced the area and volume the damaged area in the Dragunov weapon by 88 % and
98 % respectively. Also, steel fibers can prevent crack expansion by increasing the bond strength, provided
that the fibers the nylon have a much lower impact than steel fibers. the nylon fiber could reduce the
penetration depth and demolition area the sample in Kalashnikov weapon by 37 % and 59 %, respectively,
and reduce the volume damaged area in the Dragunov weapon by 84 %, respectively. In addition, in this
research, 12 samples cubic pressure were placed on the side 10 cm, 12 cylindrical tensile samples 10 x 20
cm and 12 small bending beams with dimensions 32 x 8 x 6 cm and tested. It was observed that steel and
nylon fibers cannot have a significant effect on the compressive strength, As a result the addition one percent
the steel fiber, nylon and a combination these, this increase is 7.7, 2.6 and 6.4 % , which can be neglected.
but steel fibers can significantly increase the tensile and flexural strength the concrete. addition one percent
the steel fiber could create a 2.5 — times increase in tensile strengths and increase the resistance 2 - times in
bending specimens. This is the nylon fibers do not have a significant impact on the tensile and flexural
strength. Adding one percent the nylon fibers in the tensile and flexural samples could increase the resistance
these specimens by 16 % and 24 % respectively. It was observed in the bending test of beams that steel and
nylon fibers can be bent by bending in the cracks to increase the shape the weld so that the change in the
maximum area the beam with the addition one percent steel fiber from about 4 mm in the control sample
increase to about 25 mm.

Keywords: impact resistance, multilayer slabs, steel fiber, nylon fiber, projectile impact
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