B’ OJE 5 M &
Explosion and Shock Waves

DOI: 10.11883/bzycj-2025-0386

IK TR IEAE B TR B £ B A SRR 5 1
BUME 1, BRI, BIRY, ERERES, M, R

CLABMR KA 5 AZIE A Be, TEg KB 4500015
2 M ZYR TREHARA RN T, JH FM 4500165
3 BUR /K BHE LR S I R 4 R B TS %, Wik s 430072)

O OAERFUK AR IEVE R N IREE L B 1 S R, X EHOR B L O R K N AR, IF
X RITE W HERAE B AT T R E S XA TG R -hikg I H %% (Coupled  Eulerian-Lidgrarigian, CEL) #5777
COR-TREEL-TNT” =4EUE D FARRL, ol 50 g RIXTH, J0UE TR R EEEe SELE RN B, B AT T R
BN HEAR N R AL AR, B TR B L BRI N, IR PR AT TR KR B LA T AR S R B AR 54
FRYERIRENT . A5 RR W] K REMRIEER N, BUBGMER T B B R S IR S I IR R S B PR B s RN
TG, HURFIER A2 BT 90k, BURES B, 4T G AR WS TNT & 04 g MINE
1.6 g, USRI Y B FIR B A H 5 308 X )™ e 28 1 2 B 4 T E, Bt AR R = ) e 4 4% 0 A DAy i Ak
B WGBS IO, Bm AL AR BRI P XA VE R K MR TS 400 mm (WHMR, B
FE9 600 mm BHEBCRAFERRERE I T 4.3%.

KRR K NERNE: TREBETHING BRNERES: SRt

FESAS: 0382; TUS99 EFRFRHERD; 13035 MHEAFRIRED: A

Analysis of the Damage Characteristics of Concrete Arch Slabs Subject

to Underwater Contact Explosion
ZHAO Xiaohua!, ZHANG Jiaqi!, ZHAO Peng?, WANG Gaohui?, DU Xueming', ZHAO
Haonan'

(1. School of Water Conservancy\and Traunsportation, Zhengzhou University, Zhengzhou 450001, Henan, China;
2. Zhengzhou Anyuan Engineering Technology CO Ltd., Zhengzhou 450016, Henan, China;

3. State Key Laboratory of Water Resources Engineering and Management, Wuhan University, Wuhan 430072, Hubei, China)
Abstract: To investigate the'damagecharacteristics of concrete arch slabs subjected to underwater contact explosions, a series
of underwater contact.£xplesion™tests were conducted on three concrete arch slabs. During the experiments, the spalled
fragments generated after ‘detonation were carefully collected and quantitatively analyzed using a mass-based partitioning
statistical method, enabling a systematic characterization of the fragmentation and spalling behavior of the slabs. On this basis,
a three-dimensionals, fluid—structure interaction numerical model incorporating water, a concrete arch slab, and TNT was
developed using the Coupled Eulerian-Lagrangian (CEL) method. The reliability and effectiveness of the numerical model were
validated by comparing the simulated macroscopic failure patterns and crack propagation paths with the experimental
observations. Based on the validated model, further analyses were carried out to investigate the damage evolution process and
stress wave propagation characteristics within the arch slabs under explosive loading, thereby systematically elucidating the

damage mechanisms of concrete arch' slabs subjected to underwater contact explosions. In addition, parametric studies were
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performed to examine the effects of explosive charge and span length on the damage characteristics of the arch slabs. The
results indicate that, under underwater contact explosion, an annular damage zone composed of radial and circumferential
cracks forms on the blast-facing surface of the arch slab. With increasing explosive charge, the number of spalled fragments
increases and their size becomes progressively finer. As the span length increases, the structure tends to generate larger
fragments. When the TNT charge increases from 0.4 g to 1.6 g, the annular damage zone on the blast-facing surface expands
from a localized region to the full width of the slab, and the failure mode transitions from localized damage to global failure.
With increasing span length, the damage degree at the arch ends decreases, while the damaged region near the mid-span
expands. Compared with the slab with a span of 400 mm, the total energy dissipation of the slab with a span of 600 mm
increases by 4.3%.

Keywords: Underwater explosion; Concrete arch slab; Explosion test; Destructive characteristics
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Table 1 Experimental conditions of underwater contact explosion tests

WA 5 PR 75 1% /mm TNT 4%/g LR
Ql 600 1.6 P A5
Q2 500 1.6 P HE 5
Q3 500 47 P HE 5
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Fig.3 Underwater contact explosion test results of concrete arch slabs (Unit: mmn)
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Table 2 Comparison of failure condition in the mid-span area of blasting surface of different span arch slabs under the same
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Fig.5 Distribution map of fragment mass
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Fig.6 Comparison chart of fragment mass percentage
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Table 5 Material parametets of’concrete CDP model

E./(MPa) VAR EL K 1/(°) P Jeolfwo K S5
29791.5 0.2 30 ol 1.16 0.667 0.0005

3.3 MIAEEURME A

N TR BUE IS R ER M S AT SEE, AT MRS BUR AR A+ 40 b 22, R S M T R
S (1 mm, 3mm, 5mm, 7 mm,»9 mm) X E5E N 500 mm [F7REE - HHAREATEL, 2R 1.6 g,
Hhi B 3.1 TR AR SR 8 Bl ReHh R A I, B fE VG R B HEAR O A& 14 KT T i
MRS RS NT 5 mooils, SIRBIE(ETCRA . 22 . DAL, Ralfe ot HORE R S e, Bk S
mm [E] PR BERR AT s

40 T T T T T T T T
— | mm
35 —3mm |
| 5 mm
30 f 34.86 — 7 mm ]
= __ i —— 9 mm
23 32,01 1
2 I\
22 30 I A 2829 i
s [ o
£ L 28 1SS 28.58 i
g 15 [ \ 28.58
10l 0.02 0.04 0.06 0.08 0.10 i
5H i
0 1

00 02 04 06 08 10 12 14 16

Time/ms
8 AR RS R HEAR (1950 e i 1 2% ]

Fig.8 The kinetic time-history curves of the arch slabs under different grid sizes
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Fig.12 Stress distribution diagram of the arch slabs in the span direction
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Fig.14 Damage modes of concrete arch slabs subject to different underwater explosiveloads
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Fig.15 The kinetic time-histery curves 0f arch slabs subject to different underwater explosion loads
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Fig.16 Damage modes of arch slabs with different span subject to underwater explosivedoads
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