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Aircraft Impact Analysis of New York World Trade Center Tower 2
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In this paper, the previously developed ASI-Gauss technique is applied to an aircraft impact analysis of New York World
Trade Center Tower 2 (WTC2), to evaluate the structural vulnerability and behavior of the aircraft, at the horrifying scene that
occurred in 2001. The ASI-Gauss technique is a modified version of the formerly developed Adaptively Shifted Integration (ASI)
technique for the linear Timoshenko beam element, which computes highly accurate elasto-plastic solutions even with the
minimum number of elements per member. The ASI-Gauss technique gains still higher accuracy especially in elastic range, by
placing the numerical integration points of the two consecutive elements forming an elastically deformed member in such a way
that stresses and strains are evaluated at the Gaussian integration points of the two-element member. From the numerical results,
propagation of the shock waves resulted from the impact and high-level stresses in the structural members were observed. We
could also see how the main wings of the aircraft cut through the perimeter columns and spandrels, how the debris moved through
the building and to where it caused damages. Moreover, the velocity reduction of the right engine and the location from where it

moved out of the building were in good agreement with the observed data.
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Fig. 1: Cross-section of WTC2 model

KFEm—F—& L, RERICIZFES 829 kN/m?> D L4 #
fif Lz, EREAMHTCIE, BWEEIBEEL TR, £ 1
\ZEA DWFE IR E X OB EHESRE 2 7~ d

B767-200ER U & [FIARICHE T £ = 23 v EH
TETF ML, MEFER 4322, BB 2970, #H HE
17820 & L7z, HM oWk zfmimme L,
Va2 TN OMEHERMEE VL. TITHEEORER
1425t L, 205 BEREBIOERIT30t, Hrozr v
DOEEIT 19315t & L=,

X 2 (2T T AR OB & TRATHS O WA & % 7R



Table 1: Dimensions and material properties of structural members in WTC2

Name Shape Cross-section Young’s Yield Critical | Critical
(mm) Modulus | strength axial bending
(GPa) (MPa) strain strain
Perimeter column Box-shaped | 356x356x4.5x9.5 206 439 0.1 0.00030
Spandrel Plate 1321x16 206 439 0.1 0.00005
Main double truss H-shaped 700x300x13x24 206 243 0.1 0.00005
(double)
Transverse truss H-shaped 900x300x16x28 206 243 0.1 0.00005
Diagonal brace member H-shaped 900x300x16x28 206 243 0.1 0.00005
Intermediate support angle | H-shaped 500x200x10x16 206 243 0.1 0.00005
Core column Box-shaped | 550x550x52.5x52.5 206 243 0.1 0.00030
Core beam H-shaped 500x200x10x16 206 243 0.1 0.00005
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Fig. 2: Analyzed model and initial position of aircraft
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Fig. 3: Aircraft cutting through perimeter columns and
spandrels on the south face
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(a) Impact damage obtained from analysis

(b) Observed impact damage [1]

Fig. 4: Impact damages on the south face obtained from
analysis and observation
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Fig. 5: Motion of aircraft debris during impact
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Fig. 6: Velocity reduction curve of the right engine
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Fig. 7: Impact damages on the east and north faces
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Fig. 8: Locations of fractured columns



