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Abstract Review History
Concrete slabs subjected to near-field explosion loading often fail in a brittle manner. Received: Oct 26, 2024

Common failure types include spalling and scabbing. Brittle failure leads to an inflexible and Revised: Jan 1, 2025

brittle structural response, producing small and large fragments that can be extremely dangerous  Accepted: Mar 11, 2025

due to their high velocities. Therefore, designing concrete slabs for explosive loading requires
methods that either prevent or mitigate brittle failures or transform them into ductile failures.
This study validates numerical models using LS-DYNA finite element software and compares —concrete slab
them with reputable research. Simulations of concrete slabs were conducted using conventional brittle failure
methods, reinforced concrete slabs with steel plates, reinforced concrete slabs with wire mesh, near field explosion
and ultra-high-performance concrete (UHPC) slabs. The analysis of five slab types under similar | 5. pynA
explosion loading reveals that UHPC slabs exhibit less deflection and damage compared to other

types, while conventional concrete slabs experience greater deflection and damage. The optimal

reduction in damage for reinforced concrete slabs occurs when a steel plate measuring 2 by 4.2

meters and 0.5 centimeters thick is applied to the backside. Additionally, using wire mesh

dimensions 25% larger than the initial slab damage yields the best performance. A comparative

analysis of explosion-induced damage across different slab types indicates that reinforced

concrete slabs with a 0.5-centimeter thick steel plate exhibit the largest damage area (8m?);

whereas UHPC slabs show no damage, resulting in the smallest damage area. Further

investigations into the dynamic response of these slabs demonstrate that advanced materials and

reinforcement techniques significantly enhance their resilience against explosive forces. This

study emphasizes the importance of innovative design strategies in civil engineering, highlighting

that the adoption of UHPC slab minimizes structural damage and improves safety in high-risk

environments. These findings underscore the necessity of incorporating modern materials and

methodologies in protective structure design, ensuring better performance and longevity under

extreme loading conditions. A comparative analysis of various methods for strengthening

concrete slabs using identical materials shows that UHPC slabs outperform others in reducing

deflection and failure. This illustrates their exceptional ability to withstand explosive dynamic

loads. However, the primary limitation of UHPC slabs is their high cost and complexity of
implementation. Reinforcement with steel sheets has proven more effective than wire mesh in

minimizing deflection. In models reinforced with 0.5 cm steel sheets, deflection was reduced by

50% compared to conventional concrete slabs. The slabs reinforced with wire mesh demonstrated

a significant decrease in failure rates compared to conventional slabs, with reductions ranging

from 75% to 80% across various reinforcement methods using the same materials. Conversely,

some models reinforced with steel sheets exhibited increased failure rates. The findings indicate

that, in most cases, slabs with greater flexibility, such as those reinforced with wire mesh,

sustained less damage. This can be attributed to the enhanced flexibility and ductility of wire
mesh-reinforced slabs compared to those reinforced with steel sheets.
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Table 1: Specifications of slab and explosive material

. Support
length  width conditions

The weight
of the explosive  material to the surface of the slab

The distance of the explosive

6m 4m 4 sides 15

4m




UL 9 (G dom] A

35 Cannslls Sl Lzl gl ool )bl 5o (s IS Silwpslie slaghgy 2L

RCIH e S S VS
4ty Ly oded o g8 ks 0 I (2ol s VYT
ey

gy g s g A slasllas 53 OLKes 5 sils
o ol 5l ol s e il 5 AL
s Olye 4 20 0,00 x ) ,F8 X FLF slal L SB 4 5ed s S
5 e e VY a8 (glls Loas Shos s Ol o o
VEZ X V0 6oV 48,5 SO s e L V00 (o 1S Aol
ot feate Sl i b s ool LB s S e s e v 0 ) X
S8 s e 51 (555 0 0 alols 53 TNT 5 LS V0 o
5CSCM Juiie U (3lmags (1) ISs s [18] el a3 S
L ooV slacs 5 on luie 5 ol el 58 A,
s e DL gl aglin ol 438 5 5 50 e sLaOLI
ol Jd 1B i U olging iluand oy S
sl 03,8 (g5l e
K Ly edd oy g5 s o I gl s —Y-YF
>V (oo

o 4 YT 5T U s 5 I ol
bl 5L ol 5o Ceaslie (6l e (1 03 1y (65N
x ¥ slal b o dIs 5 S s g3te 5 AT & s
Slasels 5 (gt Joe VY (Jsb (slas Ko 5 20 4\ Y x 2 A
5 o e e Yo glls dls Lol edd eslatal (g re deo V0
2 V50 e (450 Ll JISCUL K AD (g Lid e sl
s3I by 53 e 00 (B se s et sk 4 lest
[19]

deols o5 S L3 TNT o Sks Y Jlnisl o Jls 45
inken Ve S 5 o e S X D s o5 ol
sl s sl 63V 5 e 2 YV L Jls e
po=paadb oy s amy gl B glead
Salan sloasolis mls ol il sl (7 5Y) sla I3

Al e [19] Wlis Jus b plesl zeys Je o>

\A)

Golglg ol Jdo 5 oo Jde ol 5 alie Y J g

Table 2: Compare of experimental and proposed numerical model
damage

Simulation failure  Laboratory failure

upper face 20 22
lower face 35 33

S 4y
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Solgdy

Fig. 1. Comparison of the failure of lower face in the experimental
model [18] and the proposed numerical model
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Fig. 3. Failure of the upper surface of the specimen. (a):
Simulation from reference [19], (b): Proposed model of this study.
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Fig. 4. Failure of the bottom surface of the specimen. (a):
Simulation from reference [19], (b): Proposed model of this
research.
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Table 3. Specifications conventional reinforced concrete slab

Shear  Transverse  Longitudinal f f p slab concrete
bar bending bar  bending bar u y ¢ thickness cover
@13  P1L3@310mm  $13@101lmm 620 mpa 455mpa  27.6mpa 230 mm 38 mm

Lacing gl 2 s Slasels ¥ Jgd>
Table 4. Specifications of lacing reinforced concrete slab
Transverse  Longitudinal f f slab concrete
bending bar  bending bar u y ¢ thickness cover
$3@102mm  $3@303mm 650 mpa 455 mpa  27.6mpa 381 mm 38 mm
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Fig. 6. The state of (a) the upper face and (b) the lower face of the
ordinary slab after the explosion
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Table 5. The damage amount of reinforced concrete slabs with steel wire mesh
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Table 6. Comparison of the lowest damage of each method

Damage area (m?) Figure
slab type front side  back side Front side Back side

conventional slab 0.07 3.8

Lacing slab 0.8 21

Use of steel sheet 0.09 0.85

Use of steel wire mesh 0 0.6
High performance concrete 0 0 - -
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Table 7. Comparison of the deflection and damage amount of various strengthed slab models with the same materials

Strengthed method

Description

Volume of materials (m®)  Deflection Damage area

Steel Concrete (cm) (m%
Conventional slab Without use of additional strength method 0.1 5.41 18.6 3.87
Use of steel sheet Sheet 1 cm - front side - dimensions 1.6 x 3.3 (m?) 0.11 5.41 19 4
Use of steel sheet Sheet 1 cm - back side - dimensions 1.6 x 3.3 (m?) 0.11 5.41 16.6 1.2
Use of steel sheet Sheet 1 cm - both sides - dimensions 1.2 x 2.5 (m?) 0.12 5.41 175 5.11
Use of steel sheet Sheet 0.5 cm - front side - dimensions 2 x 4.2 (m?) 0.1 5.41 10 8
Use of steel sheet Sheet 0.5 cm - back side - dimensions 2 x 4.2 (m?) 0.1 5.41 9.3 0.93
Use of seel wire mesh ~ Wire 0.5 mm - 10 layers - dimensions 0.8 x 1.7 (m?) 0.1 5.41 24.9 0.96
Use of seel wire mesh ~ Wire 0.5 mm - 10 layers - dimensions 1.2 x 2.5 (m?) 0.1 5.41 24.8 0.94
Use of seel wire mesh ~ Wire 1.5 mm - 15 layers - dimensions 2.4 x 5 (m?) 0.11 5.41 20 0.74
Use of seel wire mesh ~ Wire 1.5 mm - 20 layers - dimensions 2.4 x 5 (m?) 0.12 5.42 19 0.73
High performance slab The thickness of the slab is 23 cm 0 5.52 4.7 0
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