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Abstract. Blast load is one of the common phenomena that may heavily damage a building. As
a dynamic force, blast loads require further studies. The effect of blast loads on ground floor slab
is studied in this paper. Dynamic responses are affected by many factors, such as shear modulus,
soil stiffness modulus, and slab thickness. In this study, blast load is modeled in accordance to
Friedlander local load, including its negative phase. Although being smaller in amplitude,
negative phase causes larger deflections as shown in some previous studies. The Cubic Negative
Phase equation used in modeling the Friedlander local load is recommended by Naval Facilities
Engineering Command Design Manual 2.08. A number of variations on loading positions, slab
thickness, and damping ratios are made to observe the change in its dynamic responses. The
result of the study shows that the addition of slab thickness and damping ratio helps reduce the
absolute maximum deflection, while the further the local load is located, the larger deflections
are caused.

1. Introduction

A blast load is characterized by a rapid release of energy [1]. This study aims to learn the effect of
Friedlander local load on a ground floor slab. Friedlander local load represents a blast load as a dynamic
force as seen in Figure 1. This model of blast loading is recommended by Naval Facilities Engineering
Command Design Manual 2.08 [2], and has been widely used in previous researches, including the
recent study of blast wave induced brain injury [3].
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Figure 1. Friedlander local load graph [4]
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There are some models proposed by researchers to represent Friedlander local load. Cubic Negative
Phase is considered the most accurate model [5]. The equation of this load, according to Cubic Negative
Phase is as follows:
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2. Methods

2.1. General Analysis
Pasternak elastic foundation models the soil underneath a slab as a layer of spring and a shear layer, as
shown in Figure 2.
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Figure 2. Pasternak elastic foundation model [6]
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The motion equation of a dynamically loaded orthotropic plate with Pasternak elastic foundation
support can be expressed as:
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2.2. Homogeneous Solution

The equation as shown in (2) can be solved by using separation of variables method, thus making two
separate equations, which are spatial differential equation W(x,y) and temporal differential equation T(t)
[7]. Therefore, homogeneous solution can be expressed as:

Wra(X,¥.8) = W(X.Y).T(1) = XpalX). Ypa(y).T(1) = X.Y.T )

where:

W(x,y): spatial function
X(X): position in x-axis
Y (y): position in y-axis
T(t): temporal function

2.3. Particular Solution

Particular solution can be obtained by using separation of variables method. Coefficients of
homogeneous solution are expanded according to excitation forces that have not been included in
homogeneous solution. The particular solution can be expressed as:
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Wp = wWp(X,y,t)
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2.4. Dynamic Force Function
The function used in this study is Cubic Negative Phase. The constants of the function are used
according to a past study [8]. The dynamic force function can be expressed as follows:
= t
28906 (1 ———) e™"**sois,t < 0,0018 5
P(t) = 0.0018 ;
~7226,5 (20 (1 - 22ER)T 09,0018 < t < 0,0054
0,0036 0,0036 (5)

2.5. Properties of Slab

Three types of slab with different thickness and damping ratio are modeled in this study. The properties
were made according to the commonly used properties of ground floor slab, with 5 meter length, 3.5
meter breadth, 5% damping ratio, and 20 cm thickness. To study the effect of damping ratio to the
dynamic response, a similar slab with 10% damping ratio is modeled, and to study the effect of thickness
to dynamic response, the thickness of the slab is increased to 22 cm.

2.6. Dynamic Response Analysis Method
Modified Bolotin Method is used in this study. This method is known to produce a more accurate
solution on higher vibration modes [9].

2.7. Boundary Conditions and Edge Restraints

In order to evaluate the dynamic stiffness matrix, the kinematic and static boundary conditions must be
imposed [10]. The boundary conditions imposed in this study represent semirigid restraints on every
edge. This is based on a standpoint that simply supported slab is an oversimplification.

3. Results and Discussion

3.1. The Effect of Friedlander Load Position to Maximum Dynamic Deflection

The effect of different loading points to maximum dynamic deflection in positive phase of the load can
be observed in Figure 3. X-axis shows the position of loading, and y-axis shows the maximum
deflection in meter.
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Figure 3. Load position effect in positive phase
The effect of different loading points to maximum dynamic deflection in negative phase of the load

can be observed in Figure 4. X-axis shows the position of loading, and y-axis shows the maximum
deflection in meter.
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Figure 4. Load position effect in negative phase

According to the results shown in Figure 3 and Figure 4, the further the blast load is located from the
support, the larger deflection can be observed. These results also show that although having a smaller
amplitude, negative phase causes larger deflection than the positive phase.

3.2. The Effect of Damping Ratio to Maximum Dynamic Deflection

Figure 5 shows the effect of higher damping ratio to the maximum dynamic deflection of a slab. X-axis
shows time in second, and y-axis shows deflection in meter. The increase of 5% in damping ratio caused
35.63% lower maximum deflection.
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Figure 5. Time history of slabs with different damping ratios

3.3. The Effect of Slab Thickness to Maximum Dynamic Deflection
Figure 6 shows the effect of higher slab thickness to the maximum dynamic deflection of a slab. X-axis

shows time in second, and y-axis shows deflection in meter. The increase of 2 cm in damping ratio
caused 2.35% lower maximum deflection.

Figure 6. Time history of slabs with different thickness

4. Conclusion
A research has been conducted to study the effect of Friedlander local load to dynamic responses of
ground floor slab. It can be concluded that the negative phase causes larger deflection despite its lower

amplitude, making it not conservative to be neglected. The increase of damping ratio and slab thickness
can help minimize the maximum deflection of the slab.

5. References

[1] Rigby, 2014. The Negative Phase of the Blast Load. International Journal of Protective Structures,
Volume 5 Number 4.

[2] Naval Facilities Engineering Command, 1986. Blast Resistant Structures Design Manual 2.08,
NAVFAC, Virginia.

[3] Corwin, 2011. Characterization of a Blast Wave Device and Blast Wave Induced Traumatic Brain
Injury in a Rat Model by Magnetic Resonance Imaging and Spectoscopy, Virginia
Commonwealth University.

[4] Eveillard, 2013. Towards a Fast-Running Method for Blast-Wave Mitigation by a Prismatic Blast
Wall, Comptes Rendus Mecanique Volume 341, Issue 8.



TICATE 2018 IOP Publishing
IOP Conf. Series: Materials Science and Engineering 508 (2019) 012015 doi:10.1088/1757-899X/508/1/012015

[5] Rigby, 2013. The Negative Phase of the Blast Load. International Journal of Protective Studies
Volume 5 Number 1.

[6] XL Gao and GY Zhang, 2016. A Nonclassical Mindlin Plate Model Incorporating Microstructure,
Surface Energy and Foundation Effects. Proceeding of the Royal Society A: Mathematical,
Physical, and Engineering Sciences.

[7] Sofia W. Alisjahbana, 2011. Dinamika Struktur Pelat 1l. UB Press,ISBN 978-95879-4-8

[8] Susler, 2012. The Nonlinear Dynamic Behaviour of Tapered Laminated Plates Subjected to Blast

Loading. Shock and Vibration, Volume 19 Number 6.

[9] Sofia W. Alisjahbana, 2006. Dynamic Response of Rectangular Orthotropic Plate Supported by
Pasternak Foundation Subjected to Dynamic Load, Proceeding CSCE 2006 1st International
Structural Specialty Conference.

[10] Ivo Calio and Annalisa Greco, 2013. Free Vibrations of Timoshenko Beam-Columns on Pasternak
Foundations. Journal of Vibration and Control.





