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Reinforcing Method for the Protective Capacities
of Dispersal and Combat Facilities using Logistic Regression
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Abstract

This study provides the numerical model to assess retrofit and strengthen levels in the dispersal and combat
facilities. First of all, it is verified that direct-hitting projectiles are more destructive to the structures rather than
close-falling bombs with explosion tests. The protective capacity of dispersal and combat facilities, which are modeled
with soil uncertainty and structural field data, is analyzed through finite element method. With structural survivability
and facility data, the logistic regression model is drawn. This model could be used to determine the level of the retrofit
and strengthen in the dispersal and combat facilities of contact areas. For more reliable model, it could be better to
identify more significant factors and adapt non-linear model. In addition, for adapting this model on the spot,
appropriate strengthen levels should be determined by hands on staffs associated with military facilities.
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Reinforcing Method for the Protective Capacities of Dispersal and Combat Facilities using Logistic Regression
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Figure 1. The procedure of the numerical analysis using
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Table 1. The design criteria of protective facilities in UFC and DMFC

Max support
rotation angle

UFC DMFC

Microcrack 0~2° 0~1°
Crack, crush 2~5° 1~3°
Severe collapse 5~12° 3~12°

Capacity Construction Method Damage Aspect

A Elastic design
B Carbon design
C Plastic design

Table 1-2 UFC 3—-340—02 ¥ DMFC(Defense Military
Facility Criteria, =PaARE 7158) 5-50—-3004 22
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Figure 2. Maximum rotation angle
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Table 2. The 1% experiment condition

Content Condition
Structures The Concrete Strength : 92MPa(Age : 32 Days)
The Thickness of the Wall/ Roof : 150 mm
Threaten TNT A Alb, a Close-falling bomb (Distance : XXX m)
Remark 0001b Close-falling bomb Effect

(Using the Cubic Root Scaling.)
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(c) Post—explosion
Figure 3. Explosion verification test for a close-falling bomb
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Figure 4. Displacement and acceleration sensors to measure

structural deformation
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Table 3. The results of the 1% experiment

Sensor # 0} ® ®
; Left Wall Right Wall
Location (Close) (Far) Roof
Max.
Displacement 24mm 22mm 1.1mm
Support . 5 R
Rotation Angle 0.110008 0.100840 0.050420
Naked Eye Front Fragment Crater
Observation (No Rear Crater) None None
Capacity Satisfied with Level “A”
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Table 4. The 2™ experiment condition

Content Condition

The Concrete Strength : 9%2MPa(Age : 32 Days)
SUUCUreS g Thickness of the Wall /Roof : 150 mm
Threaten TNT & A |b, a Direct-hitting Projectile (Distance : None)
Remark 152mm Direct-hitting projectile
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Figure 5. Explosion verification test for a direct-hitting
projectile
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Table 5. Input and output variables in M&S

D T;'f' Pffs Ods CT ¢S ST SR H
1 8 7 700 43 42 20 05 32
2 4 3 30 3 19 & 04 28
3 6 5 50 32 31 95 04 22
5 7 5 250 2 20 9% 04 20
6 6 3 10 18 18 & 03 18
7 5 4 400 40 2 & 03 26
9 7 6 600 B 2 60 03 21
0 9 5 125 20 20 5 04 20
11 4 2 10 20 20 6 05 26
2 9 7 35 37 40 27 05 19
13 4 3 300 43 21 31 04 22
5 4 3 300 B® 42 30 03 20
6 3 1 05 28 27 27 05 24
7 5 > 067 4 21 0 04 21
18 3 1 05 3 4 0 05 23
19 2 0O 000 20 28 0 04 29
0 5 0 o000 32 2 0 03 31
21 3 0O 000 19 3 0 04 29
2 4 0O 000 20 29 0 03 28
3 3 0 000 2 2 0 04 25
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Table 6. Logistic regression results
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Figure 7. Normal PP plot of regression standized residual

Table 7. ANOVA Results

Model Sum of Squares  df Mean Square F Sig.

Regression 1.644 3 548 12752 .001a
Residual 473 11 043
Total 2.117 14
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Table 8. Coefficients analysis results

Unstandardized Coefficients

95.0% Conf. Interval for B Collinearity Statistics

Model t Sig.
B Std. Error Lower Bound  Upper Bound Tolerance VIF
Constant -1.504 319 -4.719 .001 2206 -.803
CT 027 007 3.748 003 011 043 866 1.155
Cs 015 .006 2.35%6 038 .001 .029 895 1.117
ST 010 002 5.330 .000 .006 014 .863 1.159
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