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Fig.1 Layout diagram of confined explosion test (scenario 1)

in masonry-concrete building
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masonry walls RC slabs

moderate damage severe damage

moderate damage

severe damage

Transverse cracking, with through

There is obvious displacement in

Whole or most of  cracks appearing, partial concrete

the middle of the wall, separating

from the structural column

Completely broken

the wall collapses  spalling at the bottom of the slab, and

the reinforcement is exposed.

. The bearing rota-
The wall is cracked, )
. . tion angle ex-
with through cracks appearing
ceeds 8 degrees

The bearing rotation angle exceeds

4 degrees

The concrete is severely spalled, the rein-

forcement is exposed, yielding and break-

The area of the opening exceeds 10%

ing, resulting in a large number of through

cracks, or the whole structure is tilting

The deformation exceeds 8% of the span  The deformation exceeds 12% of the span

Note: 1) Meet any one of the above conditions.
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Fig.2 Layout diagram of confined explosion test (scenario 2)

6000
%
\
\
H#h-—-— —L“f— —_———-—
\
—l’f————ar—
- ‘ - = —
85
: ER
: €S
=) PRpR—
%

in masonry-concrete building

1.2 RKWER
1.21 IoR1

30 THL 1V IRER S5 0L, i TA D B M A S
P e A= 5 3, LA 43 S8 PRt B 0 vk R B
) A2 S8 05 DA BB 0 L e A SR 3 A 1 1 AT 5 A
VEAR o BT 3 e 20 8 DX sl oy ) P A i RE B DX B, B
o DX A R et b R S DXt AT DL R R, R
P XS T S 2 R E ARSI T T ARk
JER JES A T A M it X & A R R BB AT 5 e AH S 1 A
J [ 149 PN Stk 0 A1 S 359 A o R B, — DY R Sy o
S5, AR TOURR AR Ay v B B 40 5 C 4% s [R] S ik Oy
JEE SR A, A0 o e DU R R A S . R 2 O = )RR IR
ARG AT R TR B, 2 28% I 1% 5% F1 30%
PR A 1 32 3 b BE D) B S

I severe damage
moderate damage

B3l S AL 1 58 0 A5 Iy v B8 s PR AR (T 1)
Fig.3 Damage levels of building components and local dam-
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Table 2

masonry-concrete building (scenario 1)

Damage level statistics of the three-story

masonry walls RC slabs

no moderate  severe no moderate  severe
damage damage damage damage damage damage
80 2 29 38 3 13
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Fig.4 Damage levels of building components and local dam-
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Table 3
masonry-concrete building (scenario 2)

Damage level statistics of the three-story

masonry walls RC slabs

no moderate  severe no moderate  severe
damage damage damage  damage damage damage
51 2 10 50 1 3
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Step2. applied load calculation
p.=f(p, a)xp, p.=p
Step3. damage assessment for component
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Step2. damage radius calculation

= ki/@
Step3. damage assessment for component
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Rank=MD;
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Table 4 Comparison of damage coefficient and environmen-

tal parameters!”’

room size k

length width height moderate severe
/m /m /m damage damage
6 4 3.5 1.42 1.59

6 5 3.5 1.53 1.71

6 6 3.5 1.63 1.82

6 7 3.5 1.71 1.91

6 8 3.5 1.79 2.0

6 9 3.5 1.86 2.08

6 10 3.5 1.93 2.16
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Step3. damage assessment for component
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Step1. propagation distance calculation
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result of equivalent dynamic

load method
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e. result of equivalent method

Schematic diagram of confined explosion test and fast-running method results of damage effect of masonry-concrete

Table 5 Statistical table of fast-running calculation results of damage of masonry-concrete building (scenario 1)

masonry walls

RC slabs

method
moderate damage severe damage moderate damage severe damage
FIST 2 22 8 18
charge weight-standoff graphs method 8 64 10 31
equivalent dynamic load method 0 84 4 39
energy method 10 44 2 11
equivalent method 0 46 17 26
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Schematic diagram of confined explosion test and fast-running method results of damage effect of masonry-concrete

Table 6 Statistical table of fast-running calculation results of damage of masonry-concrete building (scenario 2)

masonry walls RC slabs
method
moderate damage severe damage moderate damage severe damage
FIST 1 2 12 6
charge weight-standoff graphs method 3 12 4 23
equivalent dynamic load method 0 9 4 23
energy method 2 3 0 2
equivalent method 0 12 6 14
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Table 7 Scoring criteria for calculation ability of fast-running method for damage assessment of building structure subjected to

confined explosion

value

ability indicator value score score value score value score value score

E. 200% 4 150% 8 100% 12 50% 16 0% 20

E, 200% 4 150% 8 100% 12 50% 16 0% 20

Ebp 200% 4 150% 8 100% 12 50% 16 0% 20

ESp 200% 4 150% 8 100% 12 50% 16 0% 20

E, 10 4 32 8 100 12 316 16 1000 20
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Fig.12 Five dimension capability graph of fast-running methods and comparison (scenario 1)
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Comparative Study on the Fast-running Method for Damage Assessment of Building Structure Subjected to

Confined Explosion

ZHANG Yun-feng, GAO Hao-peng, WU Yi-xuan, SUl Ya-guang, LIU Wen-xiang, ZHANG De-zhi
(National Key Laboratory of Intense Pulsed Radiation Simulation and Effect , Northwest Institute of Nuclear Technology, Xi'an 710024, China)

Abstract: The fast-running method based on engineering experience is an important tool to assess the explosion damage inside
the building structure. To provide the reference for the selection and subsequent improvement of relevant calculation methods,
the full-scale confined explosion tests on three-story masonry-concrete building were carried out under two scenarios. The five
fast-running methods developed in recent years (i.e. FIST method, charge weight-standoff graphs method, equivalent dynamic
load method, energy method, equivalent method) were used to calculate the damage of the buildings. The evaluation indicator
and scoring criteria of 5-dimensional calculation ability were put forward. The characteristics of each fast-running method were
compared and analyzed. The reasons for the difference in the ability of each method are discussed. Some suggestions for im-
provement are given. The results show that the charge weight-standoff graphs method is not suitable for the damage assessment
of building structure subjected to confined explosions. The FIST method and equivalent method have high accuracy in calculat-
ing the masonry wall. The energy method has high accuracy in calculating the RC slabs, but the computational efficiency is low.
The calculation efficiency of equivalent dynamic load method is high, but the calculation accuracy is low. In addition, consider-
ing the propagation law of the shock wave in complex building structure, improving the scale of numerical simulation are the
main way to improve the computing ability of FIST-like and equivalent-like method.

Key words: damage assessment;building structure;explosion;fast-running method; comparative study
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The fast-running method based on engineering experience is an important tool to assess the explosion damage inside the building
structure. To provide reference for the selection and subsequent improvement of relevant calculation methods, five fast-running
methods developed in recent years (FIST method, charge weight-standoff graphs method, equivalent dynamic load method,
energy method, equivalent method) were used to calculate the damage of three-story full-scale masonry-concrete building. The
evaluation indicator and scoring criteria of 5-dimensional calculation ability were proposed. The advantages and disadvantages

of each fast-running method were compared and analyzed.
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