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Abstract: Rapid andsaccufate prediction of blast loads on urban buildings is of great importance for post-disaster assessment
following accidefital jurban explosions, including terrorist attacks and industrial explosion accidents, and for improving the
comprehensive disaster-prevention and mitigation capability of cities. To enable rapid calculation of blast loads on the blast-
facing surface of rigid buildings subjected to far-field explosions, an analytical calculation method was developed based on
Hudson’s theoretical blast loading model incorporating rarefaction wave propagation. The original Hudson method was
improved for moderate-intensity shock waves by revising the calculations of the incident wave wavelength and rarefaction

wave propagation velocity. An incident pressure approximation was further introduced for long duration shock waves to correct
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the overestimated clearing effect once the calculated surface pressure fell below the incident pressure. In addition, symbolic
regression, a supervised machine learning method, was employed to approximate the clearing pressure relation obtained from
the Dewitt integral equation. An explicit expression for calculating the pressure-time history on the blast-facing surface was
consequently established, avoiding repeated numerical evaluation of the original integral equation and improving the
convenience of engineering calculations. The accuracy of the proposed method was evaluated through comparisons with
numerical simulations and existing calculation methods. The method was then applied to investigate the spatial distribution of
positive impulse over the blast-facing surface and to examine the effects of incident-wave characteristics and building
dimensions on the impulse distribution. The results show that, for incident peak overpressures of approximately 100-500 kPa
and positive-phase durations of approximately 0.5-2.0 s, the proposed method provides more accurate predictions of blast-
facing surface pressure-time histories and impulses than the current standard method and the original Hudson method under
most of the investigated conditions. Near the boundary of the investigated applicability range Cotesponding to a peak
overpressure of approximately 100 kPa, a positive phase duration of approximately 0.5 s, and 4 t€latiyely large building, the
prediction error of the proposed method can be greater than that of the original Hudson methed;‘\nevertheless, its deviation from
the numerical simulation remains within 20 %. The method therefore provides a relialescalculation tool for rapid damage

assessment and blast-resistant design of buildings subjected to far-field explosions,

Keywords:Far-field explosion; Blast-facing surface load; Calculation method; Symbolic regression; Impulse distribution
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Fig.1 The interaction process of planar shock waves and buildings
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(a) Grid convergence
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Table 3 Case parameter settings
NI IE AR I
S NSRRI T N AR ASEEAE @REE @RaE @RKE
5 Psoma/kPa a I/kPas W/m H/m L/m
tq/s
1-1 450.8 2.13 4.58 166.2 40.0 50.0 10.0
1-2 395.6 2.03 4.34 144.4 40.0 50.0 10.0
1-3 307.7 2.01 4.27 112.2 40.0 50.0 10.0
1-4 201.0 2.00 3.41 85.3 40.0 50.0 10.0
1-5 99.1 1.92 2.04 54.1 40.0 50.0 10.0
2-1 535.9 0.41 6.51 55.4 4040 50.0 10.0
2-2 102.1 0.52 1.64 17.1 40.0 50.0 10.0
3-1 447.7 2.13 4.53 166.1 160.0 80.0 10.0
3-2 98.6 1.92 2.02 54.0 160.0 80.0 10.0
3-3 101.6 0.53 1.62 17.0 160.0 80.0 10.0

Bl 6 1045 T AN TR 7 V2 B3 1A e 30 TR A VR A B0 (V) AR o b PR PT 6, T 43000 1-1 &8 14, 7E
SRR, ARSCER A RS B AR 5 SR A B e B A s TR 1-5, AR
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BB X LR, Hudson 757 BT TN A FRBARe 21 1A B 20 AH LU B ASEADL I T S T R Xof 2 (R B 1)
K, BAEEW] 1-1 2 1-4 v, BEEANGHEEE R, &z L. M, BREH 1-5 4,
AL T7IFAF B R B 2 IA I 2155 BB AL Hh iple T e A w0 L PR 2 B Rz . LSRG 1-2 s, P
e ERI R AL SN J7 0 7 AR R RN Bk, HSE ALADL 8 T e 4T s RIS %1294 30.0 ms, Hudson 77
AT B B IE R 2109 42.3 m$p A TR R A RN 31.9 ms. AR, WEEA (). (6)FTH,
TERNTFUER 0 5 5 A5 APRGBLIE EIERZ] ¢ = d/V. BT Hudson {5 &M B P 2 T A58 4
M, AE1E VRN, SE Hudson S 1245 2 A B BIA R 2k K s 17 AR STt T R i R PR B
P53 ()5 Bk 2IE 2] BB R 45 SRV A 8 o XFF 51 1-5, ASCT570R1 Hudson 7% 5 Bl A%
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