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ABSTRACT: One of the kinds of structural floor systems is consisting of profiled steel sheet and
dry board which is connected by self-drilling and self-tapping screws. This research aims to study the
behavior of mentioned floor under explosion load. For this purpose, effects of various parameters such
as the thickness of the dry board and profiled steel sheet, kind of dry board, screw spacing, boundary
conditions, floor dimensions, using of double profiled steel sheet and dry board, and also weight and
distance of explosive material from the center of the floor, on the nonlinear dynamic behavior of the
mentioned floor are studied. This study was performed by using the numerical finite element method
taking advantage of ABAQUS software. The research results showed by varying parameters such as
thickness and kind of dry board, dimensions and boundary conditions of the floor, using of double
profiled steel sheet and dry board, and also distance and weight of explosive materials, significant
changes are created in maximum displacement and strain energy of floor. But, varying other above-
mentioned parameters did not create important changes in them. The profiled steel sheet and dry board
reached their yield stresses under various conditions, though in many conditions they did not reach
their yield stresses. The results of current research present great help to researchers and designers in
identification effective and ineffective parameters on the behavior of studied floor under explosion load.
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1. INTRODUCTION

One of the structural composite floor systems is consisting
of profiled steel sheet (PSS) and dry board (DB) which are
connected by self-drilling and self-tapping screws. This
system is known as profiled steel sheet dry board (PSSDB)
and was introduced by Wright and Evans in 1986 [1] and also
Wright et al. in 1989 [2]. The central core of the system is
PSS and the DB is screwed to PSS in one layer or two layers
[2]. In addition, this system may be made by two layers of
the PSS and DB, which the recent system is known as double
profiled steel sheet double dry board (DPSSDDB) [3]. Fig. |
shows components of the PSSDB system.

In the last decades, many studies were performed about
the effects of explosion load on the dynamic behavior of
structures. In this case, dynamic behaviors of various floor
systems under explosion load were examined. In recent
studies, lannitti et al. performed a study on the dynamic
behavior of reinforced concrete slabs under explosion load [5].
Also, Abdel Wahab ef al. investigated the dynamic behavior
of composite V shape panels under explosion load [6]. Based
on accomplished studies, no research was found on revealing
the dynamic behavior of the PSSDB or DPSSDDB system
under explosion load. Therefore, the main aim of this study
is to investigate the dynamic behaviors of the PSSDB and
DPSSDDB systems under explosion load. For this purpose,
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effects of various parameters such as the thickness of PSS and
DB, kind of DB, screw spacing, floor dimensions, boundary
conditions, use of double PSS and double DB, distance, and
weight of explosive materials, are evaluated on the dynamic
behavior of the studied systems.

2. METHODOLOGY

Results of the current study were obtained from the
numerical finite element method, implemented by ABAQUS
software. The option of CONWEDP is utilized to apply the
explosion load on the surface of DB. In the current study,
explosion load is applied to the system in various weights and
distances from the center of DB. First, modal analysis was
performed on all structural models of the studied systems,
to extract their natural frequencies. Second, for all structural
models, Rayleigh coefficients were calculated by the first and
fourth natural frequencies of the structural models and also the
damping ratio of 1.1% which was measured by Gandomkar et
al. [7] for the studied system. Third, nonlinear dynamic time
history analysis was performed on the structural models.

3. RESULTS AND DISCUSSION

Due to the main objective and the sub-objectives of
the study, 28 structural models were simulated to show the
effects of various parameters on the dynamic behavior of the
system under explosion load. These models were verified
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Fig. 1. PSSDB system [4]
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Fig. 2. Time history of strain energy in the base model

by the study of Gandomkar ef al. [5]. A model is considered
as a base model with 0.8 mm thickness of the PSS, 18 mm
thickness of the DB (Plywood), 200 mm screw spacing, 2385
mm width, 2800 mm length, and both ends simply support,
under loading of 10 kg TNT as explosive material with 2 m
distance of TNT from the center of DB. For this model, the
time history of strain energy, the time history of displacement
at the center of DB, and also Von Mises stress contour is
shown in Figs. 2 to 4.

The explosion load applies to the system at a time of 0.1
sec. According to Figs. 2 and 3, it is shown a gap in time of
0.1 sec. After that, meaningful changes can be seen in strain
energy and displacement time histories, and so free vibration
behavior of the studied system is shown after the time of 0.1
sec. By using Fig. 4, maximum Von Mises stresses can be
extracted in the PSS and DB. These stresses compare with the
yield stresses of PSS and DB materials to show their yielding.

The results uncovered by decreasing thickness of Plywood
as DB from 18 mm to 12 mm, maximum displacement
increased by 76.35% and maximum strain energy decreased
by 29.29%. In addition, by increasing the thickness of PSS
from 0.8 mm to 1.0 mm, maximum displacement decreased
by 5.63% and maximum strain energy increased by 0.6%.
Also, the results showed varying kinds of DB changed the
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Fig. 3. Time history of displacement at the center of DB in the
base model

maximum displacement and strain energy of the system,
greatly. Furthermore, by reducing screw spacing from
200 mm to 100 mm maximum displacement of the system
decreased by 2.69%. Also, by increasing screw spacing from
200 mm to 300 mm, the maximum displacement of the floor
system increased by 2.29%. Moreover, when screw spacing
increased from 200 mm to 300 mm, the maximum strain
energy of the system reduced by only 1.78%. The results
revealed by increasing the width of the system from 795 mm
to 3975 mm, maximum displacement decreased by 22.14%,
and maximum strain energy increased by 364.13%. Also, by
increasing the length of the system from 2000 mm to 3200
mm, maximum displacement and strain energy increased
by 62.37% and 41.27%, respectively. The results showed
varying supports of the system from Pin-Pin in two sides
of the system (perpendicular on length of system) to Pin-
Roller, maximum displacement and strain energy increased
by 165.48% and 13.21%, respectively. On the other hand, by
changing supports from Pin-Pin to four-pin supports in four
sides of the system, maximum displacement decreased by
30.56%, and maximum strain energy increased by 61.44%. In
addition, by converting the PSSDB system to the DPSSDDB
system, maximum displacement not changed much, but
maximum strain energy was reduced by 45.63%. Also, by
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Fig. 4. Von Mises stress contour in the base model

varying supports in both ends of the DPSSDDB system,
maximum displacement and strain energy changed by
36.28% and 23.02%, respectively. Furthermore, it was shown
by changing the distance of TNT from the center of DB from
2 m to 14 m, when the weight of TNT was constant and equal
to 10 kg, maximum displacement decreased by 77.08%, and
maximum strain energy-reduced manifold. In the end, the
results revealed by the increasing weight of TNT from 10 kg
to 30 kg, when the distance of TNT from the center of DB was
constant and equal to 2 m, maximum displacement and strain
energy increased by 253.86% and 33.34%, respectively.

By comparing the Von Mises stresses of PSS and DB
with their yield stresses, it was uncovered unknown effects
of studied parameters on conditions of yielding PSS and DB.

4. CONCLUSION

This paper investigates nonlinear dynamic behaviors of
the PSSDB and DPSSDDB systems under explosion load
by using the numerical finite element method. The results
are extracted from ABAQUS software. Effects of changing
various parameters such as the thickness of DB and PSS, kind
of DB, screw spacing, boundary conditions, floor dimensions,
distance and weight of the explosive load, and also using of
double PSS and double DB, were investigated on mentioned
behaviors. The results of the study showed changing the
thickness of DB, kind of DB, floor dimensions, boundary
conditions, weight and distance of explosive load, and also
using of double PSS and double DB, had considerable effects
on varying displacement and strain energy of the system.
On the other hand, changing screw spacing and thickness of
PSS had not much effect on their changes. Based on the sub-
objectives of this study, the PSS and DB reached their yield

stresses in some of the conditions but did not reach in some
other conditions.
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Fig. 3. (a) Explosion wave-Impact wave characteristics, and (b) Pressure drop relative to distance from the explosion site
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Table 2. Comparing numerical results with two modeling methods of self-drilling and self-tapping screws and experimen-
tal study of Gandomkar et al. [21]
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Table 4. Characteristics of studied models
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Continued Table 4. Characteristics of studied models
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oyl Joo 14 q \Y Y \¥ 1O
) ﬂdﬁ» <IVESY <IYYSA o[FeYe <IYYSA </FYF- LAY <[FYAA
Lo s Ctnsd g
(m) Y . -0/FY Y&V O =Y\ ? YIYA YYV/e Y/0)
)
. )L\i.o VV\Yef YYAYA AYYAID INEZARE \Z-VIPY  YOAY/TY  \2VA/FA
&5 Al —
Lo g Comund g
(]) G‘;"’)S p -Ya/y1a -0F/\Y -AZIYY BINdAtd -APIVY
)
o,ﬁ O‘""’ Al PSS Y/ffaey Y/vivey Y/ffrey  Y/Vasdev ANAYer AYaver ANAefr
(N/m2) J.MHLO DB Y/ovey Y/ovey V/IAYYeY  \/\rreY Y/ores Y/faer Y/bdfer

o ;9 FCB g5 Jkz olow sl ooy oslizal Plywood s>
Sy 55 55 Cansl 00 ey 45 sF Lo 45 00T B yme g
RS gl aeall 5 ity oo Dslie BT g osms JSis
Co b Ll (o uf (Sl ey Azt )0 5 gl 525 Ll
B8 Jgaz 5o 0dds ) s gy amlys Eiglie 55 ol Ll Sy il
=5 o 4 Plywood 5l cos amio s b o5 wims e ola
Jsl &5 bise Gl i et o J5l 5 52 @ FCB )
13 s0g5 oo Plywood & cos S pis zals” cel FCB
Jsse Gl T (Lol e bl o oolii] gz (e 435
FCB ;o ()b 5l canl (Sonlos Jb b agzse o o] il
ol Sl (s Gl j0 s T g VY g4
Plywood g Primaflex ey a1, cov axio (e 398

¥4+

Plywood cos amin cules pals Las sias oo ylis s

Slime 4 e esinshen VY & oo WA Sl Lo Jan o
T IWIRN L OYVES TN L LV SR KUKV P Ay [T IRWSR § A A
cwls b slaPlywood 5l )l o jlxisl Jb cos addllas 0,90
sl ol sl a5 ISy T 55T 05 ooliial iy
Ve el A 51 03,555 SV5b 55 Culid il 3,k Sl
oalS cpl s oo alS wo 3 BIFY | S s ol hae ¢ e oo
L lais w157 0 Peva¥to cole b,k 5l .cusazg L6 L
Cooles 1A) g 00,5 o ploxl o s V g o le < /A Calbes g
S5 g o ggezme ;0 9 0 dszg el (nl Uy Caz 6,50
S 2 6ok 3l 03,555 (63Vh 59 Culis pois o] S
S S (S )3 0l b (800 s A 50 g (FS (300

mFCB)I‘dMC_.LvawWMH,UbJ,J



YA B YA doxis Ve e Jlo Y o)l Y 095 ¢S ol (lpos susi 4y

p9d Bu2 1y oo jualo (198 (AT g (55 ($5 51 9 (S0 et Al P Jgux
Table 6. Maximum displacement, strain energy and von Mises stress for models of second sub objective
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Table 7. Maximum displacement, strain energy and von Mises stress for models of third sub objective
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Table 8. Maximum displacement, strain energy and von Mises stress for models of fourth sub objective
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Table 9. Maximum displacement, strain energy and von Mises stress for models of fifth sub objective
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Table 10. Maximum displacement, strain energy and von Mises stress for models of sixth sub objective
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