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The high-rise steel structure building (structure) is a relatively special structure. Due to its high height characteristics and the
overall structure height and narrowness, there is still no unified method for this type of demolition. This paper is aimed at
studying the simulation of the demolition of high-rise steel structures by blasting through computer video images. For this
reason, this paper proposes a simulation of its specific blasting demolition work based on LS-DYNA software. Through an
update to its core algorithm, it is more suitable for the simulation of this type of structure and simultaneously carried out
simulation experiment research on the improved results. The experimental results of this paper show that the LS-DYNA
software after the algorithm update is more referential to the simulation results of the simulation structure of high-rise steel
structures. The simulation structure can increase the similarity to 97% in the actual demolition work, and the comparison
probability of risks is also increased by nearly 31%. It can greatly improve the demolition problem of this kind of high-rise
steel structure building (structure).

1. Introduction

As an important part of engineering blasting, disintegration
blasting has gradually developed after World War II and
has achieved brilliant results in the past 50 to 60 years.
Using the dismantling blasting method to dismantle large
and diverse buildings has become the best choice for dis-
mantling projects. The theory of disintegration and blasting
has also been continuously developed on this basis and has
been improved. The demolition and blasting of frame
structures, towering structures, foundations, bridges, etc.
also have relatively mature calculation theories or experi-
mental formulas and achieved good results in actual work.
However, the explosive cracking of a part of a structure
using a special structure is a stage in which empirical data
obtained from engineering practice is used as the main
design basis, and it needs to be improved.

In order to study the mechanical properties of high-
rise steel structures, it is not enough to rely on empirical

data alone. This article introduces a numerical method
for simulating the collapse process widely used in the field
of engineering. Using the unique stress cloud diagram and
real-time animation function of the numerical simulation
software, it intuitively describes the stress change and col-
lapse process in the building explosion. This is very mean-
ingful to support the design of blasting schemes. This
numerical solution has been widely used in explosive
cracking of high-rise buildings in recent years. Through
multiple numerical simulations, specific structures are
guided to select the most suitable blasting plan. The data
actually collected after the explosion also proves that the
prediction reliability of the numerical simulation method
is very high. In high-rise steel structures such as prilling
towers, in order to achieve a good blasting effect, numeri-
cal simulation software is used. It is very meaningful and
promising to carry out computer simulation before deter-
mining the blasting plan and to predict the explosion
effect intuitively and find the plan.
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With the rapid development of China’s infrastructure
construction, many high-rise buildings have been erected,
and many high-rise buildings are constantly being demol-
ished and reconstructed. For the blasting demolition of steel
structure buildings, the previous model is definitely no lon-
ger applicable. And this makes more and more people begin
to invest in the simulation research of building blasting.
Ainalis et al. pointed out that for a long time, the mining
and construction industries have been facing considerable
concern and criticism regarding the impact of blasting.
Any increase in the explosion will generate ground vibra-
tion, which can spread over long distances and cause struc-
tural damage or discomfort to residential buildings in
surrounding urban areas. In order to accurately predict the
propagation of ground vibration near these sensitive areas,
it is necessary to characterize and understand the blasting
process and the surrounding environment [1]. Xie et al. used
numerical simulation methods in his research to evaluate the
reasons for the difficulties encountered in cutting and blast-
ing. To overcome this difficulty, he adopted the Riedel-
Hiermaier-Thoma (RHT) model in LS-DYNA software. In
the simulation, the parameters of the RHT model are deter-
mined according to the existing experimental data, and the
existing blasting experiments are used to verify the deter-
mined parameters of the RHT model. Finally, the RHT
model is used to study the cutting blasting injury mechanism
under different hydrostatic pressures and different lateral
pressure coefficients [2]. Zhang et al. solved the problem of
on-site measurement of the Excavation Damaged Zone
(EDZ) and a numerical simulation method that simulta-
neously considered the effects of excavation unloading and
blasting loads. He conducted a detailed analysis of the
mechanical response of the actual measured data to the
excavation and blasting rock mass. Subsequently, based on
the findings of on-site measurement data, he proposed an
EDZ determination numerical evaluation method that
simultaneously considers the effects of excavation unloading
and blasting loads [3]. Based on the Qifeng Mountain Tun-
nel of Zhengwan Railway, Wang et al. used field tests and
three-dimensional dynamic numerical simulation methods
to study the propagation law of cut-hole blasting vibration
under the condition of axially uncoupled charges of air and
water media and comparatively analyzed the attenuation
characteristics of the vibration velocity of the main support
at different distances and positions behind the working face
[4]. Feng et al. passed the verification of the full-scale SER-
CEL impact test results and developed air gun impact test
simulation technology for the design of the near-field non-
explosive UNDEX test model scale. There is a highly
advanced M&S (modeling and simulation) system using
FSI (fluid structure interaction) analysis technology of LS-
DYNA code for underwater blasting response analysis of
full-scale air gun impact test and by comparing its impact
characteristics and behavior with the results of the air gun
impact test [5]. The first goal of Armaghani’s research is to
develop a flying rock estimation and prediction model based
on multiple regression (MR) analysis and then use the devel-
oped MR model to simulate flying rock phenomena through
the Monte Carlo (MC) method. In order to achieve his

research goals, he investigated 62 blasting operations at the
Ulu Tiram quarry in Malaysia and carefully recorded/calcu-
lated some controllable and uncontrollable factors. The
obtained MC modeling results show that the method he
studied can simulate the flying stone range with good accu-
racy [6]. The purpose of Ye’s research is to develop and
introduce new technologies to predict and simulate the fly-
ing rock phenomenon that occurs in the mine due to blast-
ing. He has carried out the identification and measurement
of important parameters affecting flying rocks in six different
quarries in Malaysia and established an extensive database
for various parameter studies of GP and RF models to obtain
the best model [7]. In his research, Jayasinghe et al. used the
coupled SPH-FEM method to study and quantify the
response and possible damage of rock-socketed piles near
the soil-rock interface underground impact excitation. The
results show that the pile foundation is relatively fragile,
and the nature of the soil has a significant influence on the
response of the pile under a specific explosion load. In addi-
tion, based on the numerical results, he proposed the ground
vibration attenuation equation (7). The abovementioned lit-
eratures have detailed introductions to blasting demolition,
but most of the literatures explore the experimental part
through actual experiments, and there are still too few sim-
ulation experiments. The research in this article is based
on the LS-DYNA software to conduct simulation experi-
ments on the blasting demolition of steel structures; so, a
lot of simulation data is needed for research.

The innovation of this article is to conduct a practical
investigation on the dismantling of the Red Square Pelletiz-
ing Tower of China Salt Hunan Zhuhua Group. After under-
standing its blasting and demolition work in detail, the LS-
DYNA software is used to simulate its work, and the soft-
ware algorithm (Lagrangian algorithm) is updated to make
the simulation effect more referential. In the experiment
and analysis part, it also analyzes the results of its simulation
to improve its performance and analyze the improvement of
the actual construction process.

2. Finite Element Analysis Method

2.1. Project Introduction. The Red Square Pelletizing Tower
of Zhongyan Hunan Zhuhua Group has been in disrepair
for a long time. For safety reasons, it was decided to
demolish it by blasting. Because the steel structure has
not been repaired for many years, the steel body is cor-
roded, and occasionally, there will be debris falling, which
brings great safety hazards to the construction safety.
Before blasting, it is necessary to derust the periphery of
the steel structure in the cut area to ensure the smooth for-
mation of the cut [8].

2.1.1. Surrounding Environment. The steel structure to be
dismantled (including the pelletizing tower, elevator shaft,
and step ladder) is located next to the abandoned industrial
plant. The northern part of the center point of the prilling
tower is 165m away from the office building; the houses in
the area within 200m of the northeast have been demol-
ished, the eastern part is the factory fence and the residential
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area outside the fence, and the closest distance to the blast-
ing point is 140 meters; there is an inside road from north
to south in the west, 137m from the center of the tower; in
the southwest, there is a 110 kV transmission line going from
the southeast to the northwest with a vertical distance of 91.6
meters [9]. Due to the large number of surrounding build-
ings, there are few choices for the location of the collapse.
After on-site environmental investigation, it was determined
that the collapse direction of the prilling tower was set at 23°

east by north. Before demolition by blasting, dismantle the
factory buildings and uprights where the prilling tower has
collapsed. According to the tender documents and on-site
surveys, there are no pipelines and communication lines
for the factory buildings and green spaces to be demolished
under the collapsed area [10]. The schematic diagram of the
surrounding environment of the prilling tower is shown in
Figure 1.

2.1.2. Pelletizing Tower Structure. The prilling tower to be
dismantled is a straight cylindrical steel structure with a
height of 99.4m. The side of the tower is supported by
24 vertical I-steel columns as columns, and the column
spacing is 2.15 meters. A steel ring beam is installed every
1.8m in the support column. U-shaped channel steel diag-
onal braces are set between the ring beam and the ring
beam and between the ring beam and the support. The
outer diameter of the ring beam is 17.1m. Below ±0 is a
reinforced concrete foundation with a buried depth of
8m. The south side of the prilling tower is a steel struc-
ture square elevator and step ladder [11]. The structure
of the steel structure is shown in Figure 2.

2.1.3. Engineering Requirements

(1) Ensure the construction period: adopt reasonable
and advanced construction methods and strong
technical measures to meet the construction period
requirements proposed by the owner

(2) Ensure safety: accurately control the collapse direc-
tion of steel structures to ensure the safety of sur-
rounding high-voltage lines, office buildings, and
residential areas. Taking effective protective mea-
sures to reduce vibration and noise and strictly con-
trol the impact range of flying objects from shaped
energy blasting; reduce the secondary flying stone
hazard caused by the collision of steel structures on
the ground; minimize the vibration of the prilling
tower body impacting the ground; operate strictly
in accordance with relevant regulations, strengthen
safety measures, and ensure construction safety;
and strengthen safety alert to ensure the safety of
roads, buildings, and personnel and property near
the explosion point [12]

(3) Ensure quality: meet the quality requirements of the
owner

2.2. LS-DYNA Software. LS-DYNA is originated from
DYNA3D of Lawrence Livermore National Laboratory in

the United States. It was developed by J.O. Hallquist (elected
as a member of the American Academy of Engineering in
2007) in 1976. In the early stage, it was mainly used for the
stress analysis of the structure under impact load [13]. In
the later stage, it was continuously updated to further stan-
dardize and improve the research results of DYNA. The
application scope of DYNA program in the national defense
and civil fields is expanded, the functions are enhanced, and
a complete quality assurance system has been estab-
lished [14].

The LS-DYNA program is a full-featured program for
geometric nonlinearity (large displacement, large rotation
and large strain), material nonlinearity (nearly 300 mate-
rial dynamic models), and contact nonlinearity (nearly
100 types). It is based on the Lagrangian algorithm and
has both ALE and Euler algorithms: mainly based on
explicit solution, with implicit solution function; mainly
structural analysis, combined with heat transfer, fluid,
acoustics, electromagnetic, discrete element, chemical reac-
tion, and multiphysics coupling functions; and mainly
based on nonlinear dynamic analysis, with static analysis
function. LS-DYNA is a general-purpose nonlinear multi-
physics analysis program that combines military and civil-
ian use [15]. The multiphysics coupling in LS-DYNA is
shown in Figure 3.

Now, LS-DYNA has developed into the world’s most
famous universal multifunctional dynamic analysis pro-
gram. It can simulate various complex problems in the real
world and is especially suitable for solving explosions, rapid
collisions, and various dimensional conflicts. Nonlinear
dynamic impact problems such as metal forming can simul-
taneously solve the problems of heat transfer, fluid, sound,
electromagnetic, chemical reaction, and fluid-solid combina-
tion [16]. Because the towering steel structure (structure)
studied in this paper has a fast collapse rate and a high
degree of nonlinearity, it is very suitable for LS-DYNA soft-
ware to simulate its propagation law.

At present, in the field of steel structure building
research, there are mainly three numerical simulation
methods: finite element method, finite difference method,
and finite volume method. Since this article mainly involves
the introduction of the finite element method, it is only
explained. Among them, the finite element method is the
most commonly used [17–19]. It divides the continuous
solution domain into multiple finite elements and forms a
discrete model. Among them, LS-DYNA software is mainly
used for the exploration of nonlinear problems such as blast-
ing and building demolition. There are two main forms for
solving similar values. One of them is structural finite ele-
ment; the other is dynamic finite element. Among them,
the application of finite element software LS-DYNA is the
most common [20]. The steps for solving dynamic differen-
tiation using LS-DYNA are as follows:

2.2.1. Pretreatment. Preprocessing mainly includes the fol-
lowing: setting preference options, selecting element types
and algorithms, defining real constants, defining material
properties, building solid models, meshing, creating PART,
etc. [21].
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2.2.2. Loading and Solving. Loading and solving mainly
include applying loads, constraints, boundary conditions,
setting basic parameters, generating and outputting K files
(file suffix k), and calling LS-DYNA for solving [22].

2.2.3. Postprocessing. Postprocessing is mainly to use ANSYS
general postprocessor LS-PREPOST to read the calculation
results of LS-DYNA and process the stress, strain, plastic
strain, temperature, displacement, velocity, time history,
and other curves [23].

2.3. Update Lagrangian Algorithm. Considering that the LS-
DYNA program is based on the Lagrangian algorithm, and
the algorithm capability of the Lagrangian algorithm in the
LS-DYNA software occupies a relatively important propor-
tion, so this article updates the Lagrangian algorithm [24].
The governing equation of the updated Lagrangian format
consists of the following:

2.3.1. Mass Conservation Equation.

ρ X, tð ÞJ X, tð Þ = ρ0 Xð Þ: ð1Þ

Momentum conservation equation is as follows:

∂σij

∂xj
+ ρbi = ρiii: ð2Þ

Energy conservation equation is as follows:

ρw
· int ji i j : ð3Þ

Deformation rate is as follows:

Dij =
1
2

∂vi
∂xj

+
∂vj
∂xi

 !
: ð4Þ

Constitutive relationship is as follows:

σ = σ Dij, σij,⋯
� �

: ð5Þ

Boundary conditions are as follows:

njσji

� �
A
= ti,

vijA = vi,
ð6Þ

Office building
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Plant to be demolished Pelletizing tower
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Figure 1: Schematic diagram of the surrounding environment of the prilling tower.
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Initial conditions are as follows:

_u X, 0ð Þ = _u0 Xð Þ, σ X, 0ð Þ = σ0 Xð Þ, ð7Þ

u
·
X, 0ð Þ = u

·
0 Xð Þ, u X, 0ð Þ = u0 Xð Þ, ð8Þ

The actual situation of the problem requires that the
momentum conservation equation is satisfied everywhere
in the solution area, and it is almost impossible to solve this
set of equations directly. The numerical algorithm starts

from the weak form of the differential equation and only
requires the momentum equation to satisfy in the sense of
inner product. From this, the virtual power equation is
derived, and after the finite element discretization, the node
unique equation is obtained [25].

Taking the imaginary velocity as the weighting coeffi-
cient, using the weighted margin method, the weak form of
the momentum equation can be written as

ð
v
δvj

∂σij
∂xj

+ ρbi − ρu
··
i

 !
dV = 0: ð9Þ

(a) The overall view of the steel structure (b) The bottom structure of the prilling tower

(c) Structure drawing of elevator and step ladder

Figure 2: Structural drawing of steel structure.
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In the formula, it is the virtual speed. Integrating the for-
mula step by step, we can get

ð
v

∂ δvið Þ
∂xj

σjidV −
ð
v
δviρbidV −

ð
A
δvi�tidV +

ð
v
δviρu

··
idV = 0:

ð10Þ

The formula is the weak form of the momentum conser-
vation equation and the surface force condition, which is
called the virtual power equation. The solution is solved by
the discretization of the finite element structure space, which
can finally be written as the finite element ordinary differen-
tial equation format:

MU
··
= F: ð11Þ

Solving the formula, the node displacement at the cur-
rent moment can be obtained, and then the structural stress
and strain can be obtained.

At the same time, in the solution of large deformation
problems, the explicit analysis method with central differ-
ence time integration is mainly used [26]. This method
can directly solve the control equations and eliminates
the numerical iteration process in implicit analysis, which
can save time and use resources. The acceleration vector
of each node of the structural system at the end of the
nth time step is calculated by Equation (11) as

U
··
tnð Þ =M−1F: ð12Þ

Then, the node velocity and displacement vector are
calculated by the following two formulas:

U
··
tn+1/2ð Þ = U

·
tn−1/2ð Þ + 0:5U

··
tnð Þ Δtn−1 + Δtnð Þ,

U tn+1ð Þ =U tnð Þ + U
·
tn+1/2ð ÞΔtn:

ð13Þ

The time step and time point in the formula are
defined as

Δtn−1 = tn − tn−1ð Þ,
Δtn = Δtn+1 − tnð Þ,

Δtn−1/2 = 0:5 tn + tn−1ð Þ,
Δtn+1/2 = 0:5 tn+1 + tnð Þ:

ð14Þ

Therefore, the new geometric configuration can be
obtained by adding the displacement increment to the ini-
tial configuration, namely,

xi X j, t + Δt
� �

= xi X j, 0
� �

+ ui Xj, t + Δt
� �

, i, j = 1, 2, 3: ð15Þ

Regarding the conditional stability of the explicit algo-
rithm, the critical time step to ensure convergence must
satisfy the following formula:

Δt ≤ Δtcr =
2
ωn

: ð16Þ

ω_n is the highest natural vibration frequency of the
system, and the eigenvalue equation of the smallest unit
in the system is

Ke − ω2Me�� �� = 0: ð17Þ

The maximum eigenvalue obtained from this equation
is ωn. In order to ensure convergence, LS-DYNA adopts a
variable step integration method, and the integration step
at each moment is determined by the smallest element
in the current configuration grid.

LS-DYNA
Implicit/Explicit

ALES/SPH/CESE/
Meashfree EM

Thermal

ICFD

DEM

NVH/Acoustic

Figure 3: Multiphysics coupling in LS-DYNA.
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3. Blasting Experiment of Steel
Structure Building

3.1. Blasting Experiment

3.1.1. Design Principles. The basis of analyzing the blasting
data of similar steel structure towering buildings at home
and abroad sums up the past engineering practice experience
of similar blasting of a company, combined with the charac-
teristics of this project, it is safe, reliable and environmen-
tally friendly [27].

3.1.2. Overall Plan. After on-site investigation, the surround-
ing environment of the steel structure is complex, there are
many surrounding buildings, and there are few choices for
the collapse position. After full discussion and demonstration
by blasting experts, the following two solutions were proposed.

(1) Selection of Collapse Direction of Steel Structure.

(A) The collapse direction is 45° south to east. The
advantages are: there is no building in this direction,
no houses, and the site is open. Disadvantages are as
follows: since there is a 110 kV line going from
southeast to northwest in the south, when the steel
structure collapses in this direction, it is greatly
affected by the elevator steps. A slight angular devi-
ation may affect the high-voltage line

(B) The collapsing direction is 23° east by north. Advan-
tages are as follows: the field is open in this direc-
tion, the collapse distance is sufficient, and the
collapse angle is less restricted. Disadvantages are
as follows: there are private houses in this collapse
direction, and the houses will be affected by the
vibration of the collapse

After an on-site environmental survey by experts, it was
finally determined that the direction of the collapse was 23°

26.5 m

80 m

120 m

Pelletizing tower Collapse direction

Collapse safety
range

Figure 4: Schematic diagram of the safe collapse range of steel structures.

Table 1: Main construction equipment and equipment.

Serial
number

Equipment name
Model and
specification

Quantity
Country of

origin
Throughput

For construction
site

Remarks

1 / Carter 320 2 U.S.A. Good
Slag turning
loading

/

2 Middle arm gun Hitachi zx250 5 Japan Good
Demolition
fracture

/

3
Extended arm special

High arm shear
Shengang 480 1 Japan Good Dismantle /

4
High pressure
waterwheel

Fire accident or
sanitation vehicle

1
platform

Domestic Good
Watering down

dust
/

5
Oxygen cutting
equipment

/ 10 sets Domestic Good Steel bar cutting /

6 Walkie-talkie / 15 sets Domestic Good Command liaison /

7 Protective equipment / Some Domestic Excellent
Protective envoy

use
/

8
Emergency rescue

vehicle
/

1
platform

Domestic Excellent First aid aid /
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east of north. The collapse vibration can be effectively
reduced by excavating the damping ditch and constructing
a strong barrier to reduce vibration and shock waves.

(2) Determination of the Overall Plan for the Collapse of the
Steel Structure. The steel structure is self-heavy, the structure
is complex, there are many steel components that need to be
demolished by blasting at the cut, and the collapse site in the
southeast direction is sufficient; so, the overall directional
collapse is adopted.

According to the design standards, the requirements for
the length of the steel structure in the collapse direction are
site length > ð1:1 ~ 1:2ÞH = 120m.

In order to provide enough space for the collapse of the
prilling tower and ensure the safety of collapse, the top two
sides of the top of the collapse center line of the prilling
tower are taken 40m each, and the two sides of the bottom
end are each taken from the buildings within the range of
4.7m for predemolition as a safe space for the collapse of
the prilling tower. The collapse safety range is shown in
Figure 4.

(3) Directional Dumping Measures. Due to the surrounding
environment restrictions, the collapse direction angle of the
prilling tower requires strict control; so, the following dump-
ing measures are adopted:

(1) Take an A-shaped blasting incision with accurate
orientation

(2) Open a directional window in a trial explosion mode

(3) Use measuring instruments for precise positioning
and determine the blasting location

(4) The blasting method uses shaped energy blasting to
cut and dismantle the steel structure

(5) The combination of passive and active protection is
adopted to strictly control the damage of the
rebound rod of the energy-forming blasting, seismic
waves, air shock waves, secondary splashes and
ground vibrations, etc. Ensure the safety of sur-
rounding buildings (structures), facilities, personnel,
etc. that need to be protected

(6) Strictly organized, scientific, safe, and civilized
construction

3.1.3. Pretreatment Work

(1) Deal with the ancillary facilities around the steel
structure and predemolition the structures (facto-
ries) within the safe range of the collapse of the steel
structure

(2) Cut and dismantle the connecting parts within the
blasting incision range of the prilling tower, the
two-layer funnel at the bottom of the prilling tower,
auxiliary supports, and beams in the blasting
incision

(3) Open a blasting directional window, customize a
suitable shaped energy blasting cutter according to
the experimental blasting, and cut off the support

(4) The ground vibration reduction measures in the
direction of collapse are preset

(5) Before construction, the eccentric compression of
the prilling tower was tested with theodolite, and
the accurate collapsed central axis and cut position
were identified

(6) Treat the surface of the steel structure to be cut

3.1.4. Main Construction Machinery Equipment Plan. The
configuration of mechanical equipment can be flexibly
deployed and supplemented within the company according
to the actual conditions after construction. The construction
equipment and equipment are shown in Table 1, and the
construction network schedule is shown in Table 2.

3.2. Design of Blasting Parameters

(1) Cut form according to the structural characteristics
of steel structure, comprehensive consideration of
various factors such as construction, choose A-
shaped mouth with accurate orientation. The bottom
line of the cut is at the ground +1.4m level

(2) The height of the cutout h is calculated based on the
outer side of the support point where the center of
gravity of the upper structure of the dismantled
object is located in the dumping direction

H −ð Þ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
H2 − 2L2

p

2 ≤ h
: ð18Þ

In the formula, L is the span between two external load-
bearing supports, which is 2.5m.

H is the height of the center of gravity of the superstruc-
ture, taking 49m.

h is the height of the gap in m.
Calculate the height of the overturning disintegration

gap according to the theory of collapse angle:

h = L tan φ, ð19Þ

where L is the span between two external load-bearing
supports, which is 2.5m.

Φ is the collapse angle, which is 20°.
After calculation, h = 2:5m.
In view of the large height of the prilling tower and

most of the vertical I-beam supporting surface is rusted,
experts have demonstrated that the height of the gap can
be appropriately increased, and the maximum opening
position is 9.3m.

3.2.1. The Central Angle of the Incision.With reference to the
conditions of demolition of high-rise concrete buildings by
blasting and instability of high-rise buildings, the central
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Table 2: Construction network schedule.

Serial
number

Process name
Days
1-3

Days
4-6

Days
7-10

Days
11-14

Days
15-19

Day 20

1

Mobilization preparation: mobilization of personnel and
equipment, erection of temporary facilities, erection of

water and electricity pipelines, and handling of
administrative permit for blasting operation

3
days

2 Erection of predemolition platform
3

days

3 Predemolition
4

days

4
Shaped energy cutter, parameter determination,

customization
4 days

5
Arrange warning points, conduct the first explosion test,

and cut off the directional window
5 days

6
Install the shaped energy cutter according to the

construction scheme
1 day

7 Protection, warning, and initiation
Same day as installation of

shaped energy cutter

8 Crushing, garbage removal, and recovery

9 Acceptance and demobilization

Days 21-25.

Right 1

23°

165°

Right 2Right 3
Right 4

Right 5

Right 6

Right 7

Right 8

Right 9

Right 10

Right 11

Right 12
Left 12

Left 1

Left 2

Left 3

Left 4

Left 5

Left 6

Left 7

Left 8

Left 9
Left 10Left 11

Collapse direction

Figure 5: The central angle of the blasting gap of the prilling tower.
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angle of the incision is 225°. The prilling tower needs to cut
14 support columns (left 1#-left 7#, right 1#-right 7# col-
umn). The central angle of the blasting notch of the prilling
tower is shown in Figure 5.

3.2.2. Cutter Experiment. Experiment with the prefabricated
cutter in the laboratory. The I-beam with thickness δ = 24
mm, surface width B = 0:8m, to carry out single-side cutting
and two-side cutting. After arranging the cutting rope as
required, the personnel were evacuated and detonated. After
the explosion, the I-beam steel plates were cut, and the sec-
tions were neat.

At the same time, the I-beam has not been repaired for a
long time on site. In order to reduce energy waste and noise
pollution, single-sided cutting is adopted. The unilateral cut-
ting effect of vertical support I-beam is shown in Figure 6.

3.2.3. The Amount of Blaster Used. The usage of the blaster is
shown in Table 3.

3.2.4. Safety Distance for Ground Contact Vibration. For the
blasting and demolition of high-priced buildings, we must
pay attention to and check the vibration when it collapses.
Generally, the collapse vibration is described by the vibra-
tion speed of the medium, and its vibration can be formally
calculated:

The slumping vibration velocity is calculated by the fol-
lowing formula:

Vt = Kt
R

MgH/σð Þ1/3
 !β

: ð20Þ

Vt is the ground vibration velocity caused by collapse,
cm/s, and Kt is the attenuation coefficient.

According to the analysis of the blasting measured data
of several high-rise buildings, the collapse vibration will be
significantly reduced when the ground is excavated to reduce
the vibration ditch, and the earth wall is built to change the
ground contact condition of the building. kt generally takes
3.37. In this project, the buffer layer was laid. According to
Zhou’s “Discussion on the Calculation Formula of the
Vibration Velocity of Blasting Demolition” from the

Figure 6: Before and after cutting the vertical support I-beam.

Table 3: Quantity of blasting equipment.

Material name Specifications Quantity Remarks

Shaped energy cutter 200-250 g/m (RDX content) 70 rice About 24 kg

Ordinary millisecond detonator (1 section) Foot line length 10m 200 hair

Ordinary millisecond detonator (3 sections) Foot line length 10m 200 hair

Ordinary millisecond detonator (5 sections) Foot line length 10m 200 hair

Detonating cord 200 rice

Detonating tube 3000 rice

Table 4: Collapse parameters of prilling tower.

Name Pelletizing tower Name Pelletizing tower

M (t) 1000 H (m) 49.2

Kt 3.37 Σ (MPa) 10

G (m/s2) 9.8 β -1.66
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Institute of Mechanics of the Chinese Academy of Sciences,
it was concluded that kt could be 3:37 × 40% = 1:348.

M is the quality of the falling component, t, g-accelera-
tion of gravity, m/s2, H is the height of the center of gravity
of the component, m, σ is the breaking strength of the
ground medium, MPa, R is the distance from the observa-
tion point to the center of the impact ground, taking the dis-
tance from the nearest residential house to the center of the
impact ground 115m, and β is the slump vibration attenua-
tion index, β = −1:66 − 1:80.

According to the site survey and drawings and data, the
demolition value of the prilling tower is shown in Table 4.

3.2.5. Signal Regulation. The signal is a police siren.
The first signal is an alert.
This signal will be issued by the on-site commander after

all preparations for blasting are completed, security person-
nel are in place, and personnel and vehicles within the cor-
don have been evacuated. After the warning signal was
issued, the guards at each guard point further checked the
evacuation situation, confirmed that there was no problem,
and reported to the commander. The personnel at the igni-

tion station ensure that the detonating circuit is kept in good
condition and ready for ignition.

Second signal is the detonation.
After this signal is reported at each security point, the

commander confirms that all personnel and vehicles within
the security line have been evacuated. After the detonation
signal was sent, the fireman at the ignition site charged
immediately and reported to the commander of “charging
completed” after completion. The commander then verbally
issued the detonation command, the ignition hand pressed
the button to detonate, and the two-person detonation was
performed.

The third signal is lift the alert.
After the detonation, the blasting technicians quickly

checked the blasting effect and reported to the commander
when it was confirmed that there was no safety hazard.
The commander issued a signal to lift the alert. After the
dealert signal was issued, the personnel at the alert points
withdrew and traffic resumed. The letter marking require-
ments for blasting are shown in Table 5.

3.3. Calculation Model Simulation. The finite element
model of the tower is shown in Figure 7. Due to the large

Table 5: Blasting letter mark table.

Signal type Siren (whistle) Instruction issuance Main work

Advance signal For the first time Person in charge Alert in place, traffic control

Initiation signal The second time Person in charge Ignition initiation

Disarm signal Third time Person in charge Alert evacuation

(a) Overall model (b) Partial model

Figure 7: Tower finite element model.
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size of the tower collapse calculation model and the long
physical time for calculation, the calculation is very expen-
sive. In order to reduce the calculation time, beam ele-
ments are used for I-beams, and shell elements are used
for elevators and internal equipment. In order to reduce
the calculation time, beam elements are used for I
-beams, and shell elements are used for elevators and
internal equipment. The ground is simplified by rigid
walls, which can greatly reduce the calculation time, apply-
ing gravitational acceleration on the tower model.

Setting the bottom I-beam to cut off approximately 1m
from the ground at 0.05 s, as shown in Figure 8(a), cut off
the structure and equipment at a distance of 63m from the
ground at 2 s, as shown in Figure 8(b).

The calculation software uses LS-DYNA. The tower
adopts ∗MAT_PLASTIC_KINEMATIC material model.
This is an elastoplastic material model with strain rate corre-
lation and failure. The stress-strain relationship is approxi-
mately expressed by two straight lines. The slope of the first
straight line is equal to the elastic modulus of the material,
and the slope of the second straight line is the tangent mod-
ulus. The model can adopt isotropic hardening (β = 1), kine-
matic hardening (β = 0), or mixed hardening ((0 < β < 1).
The strain rate effect is described by the Cowper-Symonds
model, and it is recommended to consider the viscoplastic
strain rate effect (VP = 1).

∗The relationship between the yield stress, plastic strain,
and strain rate of the MAT_PLASTIC_KINEMATIC model
is as follows:

σY = σ0 + βEpε
eff
p

� �
1 + _ε

C

� 	1/P
" #

: ð21Þ

In the formula, σ0 is the initial yield stress, _ε is the strain

rate, εef fp is the effective plastic strain, β is the hardening
parameter, Ep is the plastic hardening modulus, and C and
P are strain rate parameters. The relationship between plas-
tic hardening modulus Ep, elastic modulus E, and tangent
modulus Et (tangent modulus Et cannot be less than zero
or greater than the elastic modulus) is as follows:

Ep =
EEt

E − Et
: ð22Þ

4. Explosion Simulation Analysis

4.1. Simulation Results of Component Explosion Shock
Wave Pressure

4.1.1. Simulation Results of Shock Wave Pressure in Air
Medium. Curve A is the time-history curve of the head

(a) 0.05 s cutting position

(b) 2 s cutting position

Figure 8: Tower cutting position.
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pressure on the head of unit 7335 at the bottom of the col-
umn, curve B is the time-history curve of the head pressure
of the column 1/4 height of unit 7324, curve C is the time-
history curve of the head pressure of unit 7313 in the middle
of the column, curve D is the time-history curve of the head
pressure of the column 3/4 height of unit 7302, and curve E
is the time-history curve of the head pressure of unit 7291 at
the top of the column. The simulation results of column
pressure are analyzed.

The pressure time history curves of the five characteristic
units of the explosion face are selected to represent the pres-
sure changes of the explosion face at different heights. Gen-
erally speaking, the pressure at the detonating surface at each
point in the time period of 0~ 0.5ms is positive; in the
0.5~ 3.5ms time period, the pressure at each point of the

explosion face is negative pressure; within the period of
3.5ms to 5ms, the head pressure at each point is positive.
On the whole, the central unit of the column has the highest
pressure; units at 1/4 height and 3/4 height are followed by
pressure; units at the top and bottom of the column have
the least pressure. In each characteristic unit, the maximum
value of positive pressure is 175MPa, which occurs at
0.25ms. The maximum negative pressure is 270MPa, which
occurs at 0.75ms.

4.1.2. Simulation Results of Shock Wave Pressure in Soil
Medium. Curve A is the time-history curve of the pressure
on the head of unit 7086 at the bottom of the column; curve
B is the time-history curve of the pressure on the head of
unit 7096 at the height of column 1/4; curve C is the time-
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(a) Time history curve of typical unit pressure on the front surface of a round steel tube when exploded in air
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(b) Time history curve of typical unit pressure on the front surface of a round steel tube when exploded in air

Figure 9: Time-history curves of typical element pressure on the front surface of a round steel tube when exploded in two different media.
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history curve of the head pressure of unit 7107 in the middle
of the column; the curve D is the time history curve of the
head pressure of the 7130 unit at the height of column 3/4;
curve E is the time history curve of the head pressure of
No. 7119 unit at the top of the column. The simulation
results of column pressure are analyzed.

From an overall point of view, the change trend of the
pressure time history curve at each characteristic point is
similar, and the pressure value tends to be stable after a com-
plete half cycle. At 1/4 column height and 3/4 column
height, the pressure value of the characteristic unit is greater
than the pressure value of the characteristic unit in the col-
umn and the pressure value of the characteristic unit at the
top and bottom of the column. The maximum positive pres-
sure value is 700MPa, which occurs at 0.25ms. It occurs in

characteristic units at 1/4 height and 3/4 height. The maxi-
mum negative pressure is 100MPa, which occurs at the
top and bottom of the column. It happens at various
moments after 0.75ms.

Different from the previous two media, the boundary
condition of the rigid ground reflection has almost no effect
on the pressure distribution of each point on the explosion
face. The pressure distribution along the height direction
of the burst face is highly symmetrical about the horizontal
plane in the column. The pressure time history curves of
the characteristic units at the top and bottom ends of the
column are almost coincident, and the pressure time history
curves at the height of 1/4 and 3/4 of the column are also
nearly coincident. It illustrates the asymmetry of the bound-
ary conditions at the top and bottom ends under the
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Figure 10: Time history curve of typical element pressure on the explosion face of steel pipes with different cross-sections during an
explosion in the air.
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explosion load type selected in this paper. This has almost
no effect on the stress distribution of the explosion-proof
surface of the concrete-filled circular steel tube in the soil.
The typical unit pressure time history curve diagram of the
front surface of a round steel pipe when exploded in two dif-
ferent media is shown in Figure 9:

4.1.3. Analysis and Comparison of Shock Wave Pressure
Simulation Results in Two Media. After comparing the pres-
sure time history curves in two different media, the following
conclusions are drawn:

(1) Comparison of the peak positive pressure on the
explosive face of the components in the two media

The peak positive pressure of the explosive face of the
component in the soil medium is the largest, which is much
greater than the peak positive pressure of the medium in the

air, and the peak positive pressure of the explosive face of the
component in the air medium is the smallest.

(2) Comparison of the peak negative pressure on the
explosive face of the components in the two media

The component in the air medium has the largest peak
negative pressure on the explosion-facing surface, and the
component in the soil medium has the smallest peak neg-
ative pressure on the explosion-facing surface.

(3) Comparison of the peak difference between the pos-
itive and negative pressures on the explosive face of
the components in the two media

The component in the soil medium has the largest differ-
ence between the positive and negative pressure peaks on the
explosion face, and the component in the air medium has
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Figure 12: The collapse process of the tower.

16 Wireless Communications and Mobile Computing



the smallest difference between the positive and negative
pressure peaks.

(4) Comparison of the peak position of the positive
pressure on the explosive face of the components in
the two media

The peak of the positive pressure on the explosive face of
the component in the air medium occurs at the middle of the
column height, that is, at the position of 1/2 column height;
the peak positive pressure on the explosive face of the com-
ponent in the soil medium occurs at the position of 3/4 col-
umn height.

(5) Comparison of the peak position of the negative
pressure on the explosive face of the components in
the two media

The peak of the negative pressure on the explosion face
of the component in the air medium occurs at the top of
the column; the peak of the negative pressure on the explo-
sion face of the component in the soil medium occurs at the
top and bottom of the column almost simultaneously, and it
is almost symmetric.

(6) Comparison of the influence of the restraint condi-
tions at both ends of the top and bottom of the col-
umn on the pressure distribution on the explosion
face of the two media

In the air medium, the constraint conditions at the top
and bottom ends of the column are asymmetry. It will
have a more obvious impact on the pressure distribution
in the height direction of the explosive face and the pres-
sure on the explosive face of the component presents an
obvious asymmetric distribution; as for the soil medium,
the constraint conditions at both ends of the top and bot-
tom of the column are asymmetry. It has almost no effect
on the pressure distribution in the height direction of the
explosion face, and the pressure on the explosion face of
the component is almost symmetrical.

(7) Comparison of the pressure change characteristics of
the components in the two media

In the air medium, the change trend of the pressure time
history curve of each characteristic unit at different heights is
very similar, but the pressure peak is different, and there is a
certain phase difference. The pressure time history curve of

each characteristic unit can be summarized into four differ-
ent stages according to the change trend: steep ascending
section, steep descending section, slow ascending section,
and stable section. In the soil medium, the change trend of
the pressure time history curve of each characteristic unit
at different heights is also very similar, but the pressure peak
is different, and there is a certain phase difference. The pres-
sure time history curve of each characteristic unit can be
summarized into three different stages according to the
change trend: steep ascending section, steep descending sec-
tion, and slow descending (rising) section.

(8) The components in the two media have positive and
negative pressures on the explosive face; so, the com-
ponents need to consider symmetrical reinforcement

4.1.4. Analysis of Numerical Simulation Results of Explosion
Shock Wave Pressure of Steel Pipe Members. Curve A is the
time history curve of the pressure on the explosion face of
unit 6579 at the bottom of the column, and curve B is the
time history of the pressure on the explosion face of unit
6590 at the height of the column, curve C is the time his-
tory curve of the front pressure of unit 6601 in the middle
of the column, curve D is the time history of the front pres-
sure of unit 6624 at the height of the column, and curve E is
the time history of the pressure of unit 6613 at the top of
the column, analyzing the column pressure simulation
results.

The maximum positive pressure value is 220MPa, which
occurs at 1.5ms and at 1/4 column height unit; the maxi-
mum negative pressure value is 285MPa, which occurs at
the characteristic unit in the 0.5ms column.

It is worth noting that the maximum negative pressure
value is actually greater than the maximum positive pressure
value. This inspires us that for load-bearing components that
may be subjected to explosive loads, the cross-sectional form
of the component should be designed to be symmetrical as
much as possible. When exploded in the air, the typical unit
pressure time history curve of the explosion face of different
cross-section steel pipes is shown in Figure 10.

After comparing the pressure time history curves of two
different cross-section steel pipes, the following conclusions
are drawn:

(1) Comparison of the peak positive pressure on the
explosion face of the equal-material square steel tube

.43439

Figure 13: Tower collapse range.
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and the equal-diameter square concrete-filled steel
tube column

The peak value of the positive pressure on the explosion
face of the equal material square steel tube concrete column
is the largest, and the peak of the positive pressure on the
explosion face of the equal diameter square steel tube col-
umn is smaller.

(2) Comparison of the peak negative pressure on the
explosion face of the equal-material square steel tube
and the equal-diameter square concrete-filled steel
tube column

The peak value of the negative pressure on the explosion
face of the equal material square steel tube column is the
largest, and the peak of the negative pressure on the explo-
sion face of the equal diameter square steel tube column is
slightly smaller than that of the equal material square con-
crete filled steel tube column.

(3) Comparison of the peak difference between the pos-
itive and negative pressures of the equal-material
square steel tube and the equal-diameter square
concrete-filled steel tube column

The peak difference between the positive and negative
pressure on the explosion face of the equal-material square
steel tube concrete column is the largest, and the peak differ-
ence between the positive and negative pressure on the
explosion face of the equal-diameter square steel tube col-
umn is small.

4.2. Apply Load and Define Constraint Analysis. Unlike
many implicit analyses, all loads in an explicit analysis must
be related to time. A vertical load of 2MPa is applied to the
top section of the column. The displacement of the column
top applied in this paper is also applied in the form of load.
The force vs. displacement-time curve is shown in Figure 11.

Because the bottom of the column in this model is a
fixed end, the freedom of movement in the X, Y , and Z
directions of the nodes on the bottom of the column is con-
strained, and the displacement of all nodes at the bottom of
the column is restricted. At the same time, it combines the
degrees of freedom of all nodes in the top section of the col-
umn on the Z axis.

4.3. The Finite Element Calculation Simulation Results and
Analysis of the Collapse Process. Set the cut area in the tower
at a predetermined time. The collapse process of the tower is
shown in Figure 12. The tower collapsed at 10 s, and the col-
lapse range is shown in Figure 13: the main direction is
102.4m, and the lateral direction is 23.7m.

From the results of the finite element calculation and
simulation of the two collapse processes above, we can per-
form a good simulation process of the collapse process of
the prilling tower, to understand the changes in the shape
of the prilling tower during the collapse process and to avoid
the risks in the actual construction process. After simulation,
the risk aversion rate for the actual demolition of high-rise

steel structures can be increased by 31%. The coincidence
rate of the actual collapse and the simulated structure during
the demolition process was increased to 97%, which greatly
improved the difficulty of construction for the actual build-
ing demolition work.

5. Conclusions

This article mainly studies the simulation of blasting demo-
lition of high-rise steel structures under computer video
images. Through the use of LS-DYNA software, the staff
can perform a simulation of its blasting demolition work
on the computer, so that we can have a specific understand-
ing of the demolition work, and at the same time, through
the update and improvement of the Lagrangian formula in
the technical aspect, so that the improved Lagrangian for-
mula in LS-DYNA can be more suitable for the subject of
this paper, making the simulation level higher and more in
line with actual construction requirements.
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