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Abstract: Independent-€émbedded steel sheet piles, characterized by convenient construction and strong resistance to damage, are
widely used in neagshore coastal protection engineering. The damage characteristics of steel sheet piles under shallow water
explosions play,a degisive role in the reliability of their blast-resistant design. However, existing studies are still insufficient in
revealing the damage /mechanism of steel sheet piles subjected to shallow-water blast loading. Based on the attenuation law of
underwater explosion loads, an engineering calculation model for evaluating blast-induced damage of steel sheet piles in shallow
water was established. Meanwhile, a coupled numerical simulation model involving the interaction of multiple materials was
developed. Model tests were further conducted to validate the reliability of both the engineering model and numerical simulations.
The effects of explosive charge equivalent, stand off distance, and water depth on the damage response of the structure were
systematically analyzed. Results indicate that the weak zone of steel sheet piles is mainly concentrated at the water and soil
interface, and the dominant failure modes are punching shear fracture and bending deformation. The scaled distance is identified
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as the key parameter governing damage behavior. When the scaled distance is less than 0.086, punching shear fracture occurs;
when it is greater than 1.026, no significant damage is observed; and in the intermediate range, plastic bending deformation
develops. Increasing water depth has a limited influence on fracture failure but can significantly extend the bending deformation
zone, with an increase of up to 35%. Good agreement is achieved among theoretical calculations, numerical simulations, and
experimental results, with relative errors within 10%, satisfying the accuracy requirements for engineering prediction. The
findings provide a reliable theoretical basis and practical guidance for blast-resistant design, damage assessment, and protective
reinforcement of independent embedded steel sheet pile structures.

Keywords: Independently Embedded Steel Sheet Piles; Shallow Water Explosion; Failure Mode; Damage Characteristics;
Water-Soil Coupling Effect
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DA 7.0m. B8 0.4m. HEVR 3.0m. SURHA 80° 11 g AUp ST A M AN NI A 5, i = 2K T
AT M A AR ANFRE 2 ORYR HAREEES 0.5m. /KIE 4.0m) ; AFEBFEHAREE (TNT
25 80kg. KIE 4.0m) ; AFEKE (TNT 248 80kg. #VH HFREE 0.5m) , Z5RE 2 fror. E
HRNAAAR A 7K R e T ARV AEL, R AR AR AR 15



B oE 5 ol
Explosion and Shock Waves

=5 o] S —
454 in l o Il —— Ske
—— 3n m ! — 10kg
40 o 1 —— L.5m 254 |'/:( —— 5Dkg
3.5] i — Zm I '»51, —— BDkg
= %97 “1 *1 )
§ 25 ERER ‘l\z\ £ 151 “‘5 i\
204 \ = 11N =~ T
15] 1.0 H \5\\ 104 il' t‘;«,“ _
10 asl | \\\\k\ T EARNN o
054 | N T VNS
I } ) T | Vo
0.0+ , , . , ; 0.0 +— . ; . . — 0.0 +— — : T
0 200 400 600 800 1000 1200 0 200 400 600 300 1000 1200 o 2m 400 &0 800 1000 1200
I, (MPa) P, (MPa) Py, (MPa)
(a)Different explosive equivalents (b)Different standoff distances (c)Different water depths

P 2 ASIR] LB 2% A T AR 2 T i 2 20 A
Fig.2 Load Distribution on the Surface of Steel Sheet Pile Under Different Working-€onditions

HIPE 2 BT mT A5 e ANRSOAE 28 I o R VAR R AR X 2 B G A, R RS A I A7 4, 35
R IR ER AR, HK-H A FAAAAE 8 35 i UK RN, Oy i i KME XK, X —HR 5 0f
TR 7K T 0 SR BN RS DI AR QU190 i 8 e L B MR U R PR B in S i %5, HRIR H
PREFESECR, AW 5], A5 & P BRI HIO AR L K R Ay AR S M s, B
CCE-CUNRIAE A NRTE P/ V3 NS P N pli NI =R e AR o7 S i NP i1 1) 2 e R R e 2
22 ) A RFAE
1.2 $RARAEZK B ER R IR

I 32 S MU o AR R B ] PO A S A S SORSOE DA DR O BRI, K- A
Ak DRy B R 5 A RO IRAR R S PR B R DRl APl A B B ORI, b e e 38 AR R B R
DS AR e A2 SRR AR T, G5k TG W] S BB DO 20,

1.3 FRKBMESM TR S LIz 4R

BT RS HT, BRI SR AT T AR SL A AN BT 1 55 T wT R4 =2 BRI H AR
PUBIERES N (R 8RE =) AN A R DI R s i H b LU B B v, AW & A 2
AR TR BRI H A OB R R (R R AR, AR TG ) S 58

NEAENFIEbriE, Hres Zamyshlyayev (i B 5 4544 71 2 88, HE A9 BURAARAE 52 A b
B A (R 8] B K BY )R S OR FEM,,, 15, sl (3) ~ (4) Fom:

Tm = (C)/_Cd) X Pm(R_Rmin)

Mm — (Cr_Cd) X Pm(R_Rmin) X R X COSO+veoveveveveccccncccannns (4)

el € KA R RAY), BUE S P BUR RI S T o 5 U BE HITE 25 4 %
KBS RA BRI Py, REBIHE B AL MM B (R ) (Pa)
Ry A SE IR I BN FLFRBERS s BRBETSIE (m) 5 cosOAgRiraRy 1 S BER I Al O AR 3L
COMBBAEI R, RS I SIPERT SRR R0

LG R BN J1A IR, SRR A T S A AR A S5 0 TR 4 -
IR R TR 27 87 A E /PRI F = N 7] AR )Ll NV N T4 L 7 L T

TmZZTXDIFTXBXt .................................... (5)

2) IR AE: MR A L T A, SRR A A B S AR -



B oE 5 ol
Explosion and Shock Waves

MmZZO'XDIFJXW .................................... (6)

3) THIREBAAE: 2 LRI AT LR, DU SRR, T S
Kb OV BIASTUBTRE (Pa) 5 o NNMENASTURIRE (Pa) ; DIF MNE it LN A4 4180
BEJITBEOR A H); DIF gt vb oA PR SR U BE IO R U4 WORNBRPE AR (m?) 5 ¢t
NAHEIEE (m) .

2 RIKIBIESH T INR T BUEEIL
2.1 IHERR
KR Z VAT E Rk H-BRRL (ALE) J7iER /K TR IR AEVE R bl -t - KGR &R
(1) = e AR T R, DT AR AULIT PR B R T BN AN B RR R, R A 5 AN AT R P
ALE i [E 38 e AT T3 . AL Z . KA BRI S D b DU A T e, Hor K iR S50
245K P R B A BT 5 b b b 35 SR P A% B L PO, 30 9 [ R A Bk B 10 22 A o ) PR A B A
U] 3 Frs . HoiR U BUNAOHE L 2 408: &K 7.0m. _%E 0:4my /)= 1.0cm.
BUERIL T 3t MEEE HFRIES (02m)  AREBEFYE" 5kg. 10kg. 25kg. 50kg) ;
MHFEBESE (25kg) « AREE HFRIEE (0.2m. 1.0m. 2.0my/3.0m) ; HFEEN Y E 58 H
FrEEE (25kgs 1.0m) « AFEZKEHE (2.5m. 5.0m) .

Water

TNT Q //

Sheet Pil¢

Soul

B 3 H AR R S R R A
Fig.3 Calculation Model and Numerical Mesh

HEBRURA LSSDYNA 1 ERET, SRR A SR TR E i an RO, JE25 R H
MAT_HIGH EXPLOSIVE BURN AR, 47 EOS_JWL RS F AR RIS KK
MAT NULL ##!, 454 EOS LINEAR POLYNOMIAL JRZS 77 FE R AE KBNS J12A i g, AN R
MAT _PLASTIC_KINEMATIC AM#AL, 045 %0 BN A4 1 SR VERE AL 5 3h a8 S IR 1t s Wb L B %
F MAT SOIL_AND FOAM AR, & TR AI RS TR IERT 3T BRI 5 ot Ry 1 o FHK
P S HOUE AR 1 53R 2.



B oE 5 ol
Explosion and Shock Waves

=1 MES. KR RIRAEIR R S HEVE
Table 1 Model Parameter Values of Explosive, Water Body and Steel Sheet Pile
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Fig. 4 Comparison of Load Distribution on the Surface of Steel Sheet Pile Under Shallow Water Explosion
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