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Jolnt or Block Wall Condition
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Very rough, fresh unweathered surfaces

Rough, slightly weathered,

iron stained surfaces

Smaoth, moderately weathered or
altered surfaces

Very poor

Good
Fair

Masslve - very well interlocked
undisturbed rock mass blocks formed

by three or less discorinuity sets  qzg
with very wide joint spacing

\‘;\ Very good

Joint spacing > 100 cm 4100

Blecky - very well interlocked
undisturbed rock mass consisting
of cubical blocks formed by three
orthogonal discontinuity sets
Joint spacing 30 - 100 cm
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Y compatt coating or fillngs of angular fragments
* Slickensided, highly westhered surfaces with

*{ soft clay coatings or ilings

-

* Poor
N v | Slickensided, highly weathered surfaces with

10E+6

~
~
.
~
“w
‘\

i
hS

~
‘\

~
~
-

)
N

1E+6

A

N
M,

Veory Blocky interlocked, partially

disturbed rock mass with multifai
angular blocks formed by four or more
discoutlnuity sets

Joint spacing 10 - 30 cmn

ic_cm

Blocky/disturbed - folded and/or
faulted with angular blocks formed by
many intersecting discontinuity sets 5 __
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Joint spacing 3 - 10 cm
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Block Volume Vb (cm3)

Disintegrated - poorly interlocked.

/

heavily broken rock mass with a 2
mixture or angular and rounded

rock pleces

Joint spacing < 3 cm
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Foliate i dfshearsd - thinly
laminated or foliated. tectonically sheared
weak rock; closely spaced schistosity
prevails over any other discontinuity set,
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resulting in complete lack of blockiness

Joirt spacing < ¥ cm
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Texture
Rock Type Class Group Coarse Medium Fine Very fine
Conglomerates Sandstones Siltstones Claystones
* 17+4 7+2 442
. Breccias Greywackes Shales
Clastic = i,‘flivﬂ 652
Marls
7+2
. Crystalline PR Mieritic :
Sedimentary Carbonates Limestones Sparitic Limestones Limestones Dolomites
12+3 10+2 9+2 9+3
Non-Clastic Evaporites Gypsum Anhydrite
8+2 1242
. Chalk
Organic =
Marble Hornfels Quartzites
. 9+3 19+4 20+3
Non Foliated Metasandestones
. 19+3
Metamorphic Slightly foliated Migmatite Amphibolites Gneiss
29+3 26+6 28+5
. Schists Phyllites Slates
Foliated 1243 723 74
Granite Diorite
. 32+3 2545
Light Granodiorite
. 29+3
Plutonic Gabbro Diorite
Dark Norite
Igneous 205
& Hypab ! Porphyries Diabase Peridotite
ypabyssa 20+5 15¢5 25%5
Rhyolite Dacite
Lave 2545 2543
Volcanic Andesite Basalt
2545 2545
Pyroelastic Agglomerate Breccia Tuff
19+3 19+5 135

27. Poisson's ratio
28. Disturbance factor
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1. Introduction

To design a safe underground structure, it is necessary to construct this structure at the optimal depth to
be completely safe due to having sufficient overburden. Therefore, knowing the penetration depth of the
bunker buster bombs in which the explosion will eventually occur is essential in the design of defensive
structures. The depth of penetration, in addition to the characteristics of the projectile and the speed of its
impact, depends on the geomechanical characteristics of the rock mass. In this research, the penetration depth
of the GBU-28 bomb is modeled by Abaqus software in rocks with RMR> 90 (three types of granite, sandstone
and lime). This laser-guided bomb is a type of penetrating bomb that penetrates several meters into the ground,
rock, or concrete before exploding and then explodesing.

2. Methodology

First, the geomechanical parameters of three types of rocks (granite, sandstone and limestone) with RMR>
90 are determined by the RocData library and software studies. Then the depth of bomb penetration in all three
types of rocks is obtained by modeling using the FEM-based software package, Abaqus. Since the rock elastic
and strength parameters with specific RMR are not unique, the sensitivity analysis was performed on the rock
mass elastic and strength parameters. In addition, since the presence of joints and discontinuities significantly
affects the mechanical behavior of rock mass the effect of joint/discontinuity angle as wells as the amount of
joints in the model was investigated.

Determining boundary conditions is always one of the key challenges in dynamic and geomechanical
modeling, which are often determined by geotechnical structure, tectonic and geological conditions in
boundary areas. In this study, the boundary conditions of the model are defined as follows:

» The lower border of the model is closed in all directions.

» The upper limit of the model is free.

» There is no normal displacement in the lateral borders of the model.

3. Results and discussion

The depth of bomb penetration in all three types of rocks was obtained by modeling and then sensitivity
analysis was performed on the bomb impact speed, geomechanical formation properties, and discontinuities
angle. Empirical relationships (despite the existing simplification assumptions) were used to verify the
penetration depth values obtained from numerical modeling.
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Results of previous studies on projectile penetration depth relationships show that the relationship of ACE
Army Engineering Group has more coordination and similarity with the curves obtained from laboratory
results and therefore exhibits better performance and accuracy than other relationships.

Comparison of the penetration depth obtained from modeling with the penetration depth obtained from
the ACE relationship shows that the penetration depth values obtained from the modeling are in good
agreement with the penetration depth values obtained from this experimental relationship.

4., Conclusions

Numerical modeling by finite element software shows that the penetration depth in rocks with RMR> 90
granite, sandstone and limestone are 4.33, 4.80 and 5.37 meters, respectively. In addition, the stress
concentration is higher in granite, although the plastic area in limestone is larger.

Increasing any of the elastic/strength parameters (young modulus, poisson’s ratio, friction angle and etc.)
of the rock mass such results in the reduction of the bomb penetration depth. On the other hand, the presence
of joints and discontinuities significantly affects the mechanical behavior of the rock mass so that the depth of
penetration of the bomb will increase.
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