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A physics-information and data fusion-driven method for rapid
prediction of’blast loads in complex urban environments
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Abstract: Rapid and‘accurate assessment of blast loads in complex urban blocks is critical for efficient blast-resistant structural
design and post-disaster-damage evaluation. However, traditional methods, including empirical formulas, physical models, and
numerical simulations, struggle to simultaneously achieve high computational efficiency and prediction accuracy. Furthermore,
existing deep learning-based blast load prediction models are hard to be applied in complex urban block scenarios. To achieve
rapid and accurate assessment of blast loads in complex urban street blocks, a physics-information and data fusion-driven method

is proposed. The core idea of the method is a “spatial partitioning and progressive inference” strategy, which involves constructing
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distinct rapid prediction models for “the detonation street” and “non-detonation streets.” These models then collaborate
synergistically via their shared boundary pressures to predict the spatiotemporal evolution of the pressure field across the entire
urban block. The two network models incorporate the results from method of images, signed distance fields, and energy density
factors to integrate key physical features of the flow field. For the architectures, the two models adopt a 3D-UNet and a cascaded
network composed of a 2D-UNet and a 3D-UNet, respectively. The target outputs for both networks were generated using a
validated numerical simulation method, which were then used to train the models. Evaluation of the model’s predictive
performance demonstrates that the proposed method accurately predicts the spatiotemporal evolution of the pressure field. The
relative error between the predicted flow field and numerical simulation results is within 20% in both detonation and non-
detonation streets. Moreover, the method effectively captures the pressure-time histories at specified locations. The inference
time of the proposed dual-network collaborative method is approximately 2% of the computation time of the corresponding
numerical simulation, and the flow field storage cost for a single time step is less than 0.2%6f"a’DSPLOT file, thereby
significantly reducing computational and storage costs. The research provides a novel methed fof tlie rapid assessment of blast
loads in large-scale, complex urban blocks, offering efficient decision-making support for the blast-resistant design and evaluation
of urban buildings.

Keywords: complex urban environment; explosion load; method of images; energy density factor; deep learning
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Table 1 Comparison of peak overpressures from numerical simulations and the experiment
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ABRT 1R 22 xR 2
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T21 82.32 kPa 61.23 kPa -25.62% 79.33 kPa -3.63%
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Table 2 Explosion scenario design for detonation streets

e AR TNT %4 &E/kg JEL R B eyl TNT % /kg I RUAAbR
(0.10, 1.40, 0.08) (0.10, 1.40, 0.08)
0.070 (0.00, 0.50, 0.08) 0.070 (0.00, 0.50, 0.08)
(-0.20, 0.70, 0.08) (-0.20, 0.70, 0.08)
L #4558 (0.10, 1.40, 0.08) +F (0.10, 1.40, 0.08)
0.035 (0.00, 0.50, 0.08) 0.035 (0.00, 0.50, 0.08)
(-0.20, 0.70, 0.08) (-0.20, 0.70, 0.08)
0.019 (0.10, 1.40, 0.08) 0.019 (0.10, 1.40, 0.08)
(0.10, 1.40, 0.08) (0.10, 1.40, 0.08)
(0.00, 0.50, 0.08) (0.00, 0.50, 0.08)
0.070 (-0.20, 0.70, 0.08) T BUAE 070 (-0.20, 0.70, 0.08)
T A
(1.00, 1.50, 0.08) (1.00, 1.50, 0.08)
(0.90, 1.40, 0.08) (0.90, 1.40, 0.08)
0.019 (0.10, 1.40, 0.08)
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Fig.9 Numerical templates for non-detonation street configurations
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Table 3 Explosion scenario design for non-detonation streets

E|FarISip e yit] P IE 95 /m TNT & /kg AR E
0.5 0.05 (-0.2, 0.7, 0.08)
1.0 0.05 (-0.2, 0.7, 0.08)
L A
0.5 0.07 (0.0, 0.5, 0.08)
1.0 0.07 (0.0, 0.5, 0.08)
0.5 0.05 (0.2, 0.7, 0.08)
B 1.0 0.05 (0.2, 0.7, 0.08)
T B4fiE
0.5 0.07 (0.0, 0.5, 0.08)
1.0 0.07 (010,0.5, 0.08)
0.5 0.05 (40:2, 0.7, 0.08)
. 1.0 0.05 (-0.2, 0.7, 0.08)
+F e
0.5 0.07 (0.0, 0.5, 0.08)
1.0 0.07 (0.0, 0.5, 0.08)

TERIEMERR S R, 1RSI s P P — A TR W30 v, DA4EREA[L, 21, 21]
(1) BLJE I — sk R AP0, VB VAR IR A E T A HA 2D, UNet BN . 5T 1.3.1~1.3.2 57,
Iy RIS S N ) ECF B8 . (5 BIRIE, J4M# [ 2D-UNet i &9, 1E BRI+ 3D-
UNet (B3I N. LA 0.01 ms AR, 75 =425 [A44°0:05 m [ RRHCGN &, $RES 3 5th e i
=Y )13, VAR B ETE R b 3D-UNet [ Bbrii . & EiRD I, @748 10 RIFEA
FIEHESE, Hob 60%EHEIE NI, 20%E0HE R IRAEEE, 20% 5 a1/ 4L .

3 RBNIGR R VRE

3.1 #REIZ

HETHIEE, oalx B EanE L AR R B A E R AT R g, EEXBEES ST, ik
B s A 6 L B VIR R R, <R R 43 5 ) X e 8 s KA, T RS e AR Y Y 2k
MR Nk, AR 53R 2 (Weighted Mean Squared Error, WMSE) {E Afi k%, DL
FH AR 0T 3 R (1) 4R B B

1@ .
WMSE = Hzi _ v b n) )

XA, y N E A YOI, wo R E, R R
1 ¥;<0.105MPa
%=L5 y; > 0.105 MPa#(8)
1, 0.105 MPa N—H KAUEMME, FH TETHE UK R EU vkt 0.005 MPa F i 52 fit 5 = AL
H, A, R Adam AL IE AR B 2 URS. ECR T TR B K S e A a0 TR A 25 1) % 5 A
RS b #s 2 2 3, EALRARIRE S 2 400R: T B A AR B i) 00 v REdE A7 TR 48, DATffR
BAY R % B A 1 e
FEWPE ISR e s fe, BT SR EE A | SR DO 5, DA AL 1 W [0 Foa 0 4 e -

3.2 RBFL

11



mOE 5 &
Explosion and Shock Waves

B X IRIE S U RS s la o X Wi 10 fiios . Z3a5tH—A L Bk drE. — 4+
FARRBRETIE A — A T B R T R P R . ETE N 1 m B ATIEN, TA445(-0.2 m, 0.7
m, 0.08 m)Ab5IHE T —H4E N 0.05 kg i TNT #E2h. %355 N B SRR IBETE R U456 R S5 E XA
BHEGHATERMEI PR, R B ASEAL I Tt 25 S n] A 280 B Tl f iz A it e . i
IRHIE ST E AN FRER AL SONIA R, S S S — T BUATIE PEB A A T 2. s T
ZR R DI EA SRR, R AR R E A R O T BRI K S, RRBGA T 1 )
Pifes BhfE, HIEENN, E AR E R R A I 03, 13RI 2 R
Pifds fefE, FETIAT 2 PRI T RS R L 13. @l P =T X E D13, Bier
A HH 58 B X RN fr B A R o 2RI SR AT B S R K B T R R AR
FESLREA bR H 4 YRR 1-0.25 m, 1.5 m, 0.1 m). JAT 2(1.8 m, 1.2 m7 0.2 m) &I 45 3(2.75
mJﬁmmmm%ﬁﬁﬁmEﬁﬁﬁ,#5$i%$%%ﬁﬁ%ﬁ&%%‘%%%b

Non-detonation street-2
Non-detonation street-1 %
Detonation street - %
\"‘

&o SR B
Fig.10 Schematie didgram of the explosion scenario in a complex urban block

EH%%T%%ﬁéﬁ%%%%&ﬁ&ﬁ%%¢%ﬁazmﬁﬁﬁﬁﬁ%ﬁ%%%&:ﬁmﬁ
MR, 12 XML PR AN A A H T R . BT, BTR IR T T AR
ﬁ%ﬁ%ﬁﬁ,Eﬂ%ﬂEﬂ$E@%ﬁ¢%W$ﬁiﬁ%WBﬁ,Eﬁﬁ%%ﬁﬁﬁ%ﬁm%u
Wo X T H IS, PN 500 bt i (0 26 I 20 00 8 s W 25 P S B A v 2 Tl o R
it b o A A CERIRINRGT 55 A, BTN A P T, HHARIRA Rl B2 17 A5 3K
I FE AR AL

12



mOE 5 &
Explosion and Shock Waves

Deep learning

MPa

0.14

Numerical Model o

Relative error

012
0.10
0.08
0.06
(a) 3.5 ms
MPa MPa
o Numerical Model fi) Relative error
0
10
0.12 0.12
20 T
-
0.10 30 0.10
40
0.08 068
50
60
0.06 0 20 40 60 80 0406
(b) Sms
MPa MPa
Deep learning 0.14 Numerical Model 014 Relative error
0 0
10 10
012 0.12
20 20
30 0.10 30 0.10
40 40
0.08 0.08
50 50
60 60
0 20 40 60 80 0.06 A 20 40 60 80 0.06
(c) 6 ms
MPa MPa
04 0.14
Deep learnirig Numerical Model Relative error
0 0
0.12 012
10 10
20 A 20
010 0.10
30 // r 30
40 40
0.08 0.08
50 50
60 60
0 20 40 60 /0 0.06 0 20 40 60 %0 0.06

(d) 8.5 ms

0.8

04

B 11 ASIRIIS 21 (0 s 390 Al R AR 1R 2%

Fig. 11 Pressure distribution and relative errors of different times



mOE 5 &
Explosion and Shock Waves

= = T 0.16 0.115 T T T
— The proposed method ~— The proposed method The proposed method
04F Numerical model g — Numerical model Numerical model
& oo
= =
£ T o008
i Z
: 7
= 0100
0.095 =
0 2 4 [; 8 10
Time,/ms Time,/ms Time/ms
(a) Gauge 1 (b) Gauge 2 (c) Gauge 3

12 P 5 AR X B

Fig.12 Pressure-time histories comparison at different gauges
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