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Abstract

In this study, the effect of wall curvature and post-tension force on impact resistance is evaluated by numerical analysis method.
A total of twelve cases with two parameters such as wall shape of flat and curved, and consideration of post-tensioning force were
included in this study. A 3D detailed finite element model of commercial passenger plane engine is utilized as projectile. The depths
of penetration and central displacement calculated from the numerical simulations were compared and analysed. As the results of the
numerical simulations of this study, penetration depth was reduced approximately 60~80% due to the application of post-tension
force, but the decrease of maximum central displacement was not remarkable. Also, the effect of curvature was relatively
insignificant.
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Table 1 Rebar and tendon details

Diameter Area Efiectwe
(mm) (mm?) stress
(MPa)

#ll 35.8 1006
Rebar

#14 43.0 1452 -
Tendon Vertical 86.5 5880 993.6 (¢) Tendons

Hoop 86.5 5880 853.0 o, 3 e
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Table 2 Material model input parameters

Part Category Value
Mat. model | *MAT CSCM _CONCRETE
Concrete Input »=2300kg/m’ d_agg=19mm

parameters fck=41.37 MPa erode=1.4
Mat. model *MAT PLASTIC KINEMATIC

Rebar Input E=199.9GPa v=0.3
parameters fy=413.7TMPa €7 =0.15

Mat. model | *MAT PLASTIC_KINEMATIC

Tendon Input E=193.1GPa v=0.3
parameters | fy=1655MPa € =0.15

*MAT PIECEWISE LINEAR

(a) Concrete part

Mat. model | o\ amicrmy
pa;;izters p=2146kg/m’  1=0.33
(MAT 1) E=T72GPa
(b) Rebars r—
paraieters —8111kg/m’  ©»=0.35
Engine (MAT 2) E=200GPa
pa::ri‘éters )=8672%kg/m’  »=0.35
(MAT 3) E=207GPa
parI;Ifleers p=4572kg/m*  1»=0.35
E=114GPa
(c) Tendons (MAT 4)
Fig. 4 Curved wall model
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Table 3 Numerical analysis cases

Pre- Pre-
Case 1D Wall stressing |Case 1D Wall stressing
shape . shape .
ratio ratio
F-0 0% C-0 0%
F-20 20% C-20 20%
F-40 Flat, 40% C-40 Curved 40%
F-60 60% C-60 60%
F-80 80% C-80 80%
F-100 100% C-100 100%
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Fig. 9 Deformed shapes of flat walls
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Fig. 10 Deformed shapes of curved walls

Table 4 Numerical analyses results summary

Max. penetration depth

Max. deformation

Case ID (mmm) (xm)
F-0 155.98 105.71
F-20 153.89 69.31
F-40 116.17 60.97
F-60 64.95 63.61
F-80 72.84 54.82
F-100 57.41 53.16
C-0 147.94 69.69
C-20 124.78 65.72
C-40 92.31 52.61
C-60 33.23 69.08
C-80 27.51 45.15
C-100 26.72 53.20
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Fig. 13 Response ratios between flat and curved walls
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