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ABSTRACT: The purpose of this study was to provide fundamental data for an anchor collision simulation of an FCM (flexible concrete
mattress). Numerical material models (elastic-petfectly plastic model, Drucker—Prager model, and RHT concrete model) were compared. ANSYS
Explicit Dynamics was used for collision analyses. An FE model was used for the anchor, FCM, andreinforcement bars. The results showed that
the behavior of the FCM was verydifferent that those ofthe material models. In particular, the effect of the pressure dependent strength was most

noticeable among the properties of concrete.
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(b) SFCM (Steel forced-FCM)

(c) AS-FCM (Anchor resistant Steel forced-FCM)
Fig. 1 A Variety of FCMs
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Fig. 2 Shape of a stock anchor (KSSN, 2012)

Fig. 3 FE model of the stock anchor
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Table 1 Initial velocities with respect to the falling distance

Falling distance [m] Initial velocity [m/s]
6.00 10.144

9.00 12.716
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Fig. 5 Finite element model of the FCM
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Fig. 6 Arrangement of reinforcement bars
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3.2 Drucker-Prager 22!

ZIAYES] AFE Mty Al thFd T/
A= Utk 1 5 Drucker-Prager(D-P) 222 878l vl
7L vl A, g o) Frbel wet Ame] Add=
Fkete A4S BARE & 7l wiEel dE AREn
(ANSYS, 2010; Yu et al,, 2010).
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=g FHEH(Yield surface)> Th 22 2|02 epdth

Table 2 Material properties of E-PP model

Parameter Value
Density [kg/m’] 2,300
Young's modulus [GPa] 34
Poission’s ratio 0.18
Yield strength [MPa] 56
Maximum tensile pressure [MPa] -5.6
Erosion strain 1.5
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Fig. 7 Drucker-Prager yield surface in 7, — \/J, plane

Table 3 Material properties of the Drucker-Prager model

Parameter Value
Density [kg/m’] 2,300
Young’s modulus [GPa] 34
Poission’s ratio 0.18
Maximum tensile pressure [MPa] -5.6
Erosion strain 1.5
Drucker-Prager strength [MPa]
Pressure #1 -5.60 Yield stress #1 0.00
Pressure #2 0.00 Yield stress #2 11.20
Pressure #3 16.00 Yield stress #3 56.00
Pressure #4 154.50 Yield stress #4 186.70
Pressure #5 267.00 Yield stress #5 256.00
Pressure #6 519.30 Yield stress #6 372.60
Pressure #7 613.60 Yield stress #7 372.60
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Table 4 Material properties of the RHT concrete strength model

Parameter Symbol Value
Compressive strength fe 56 MPa
Tensile strength S/ 0.1
Shear strength /e 0.18
Intact failure surface constant A 1.6
Intact failure surface exponent n 0.61
Tension/compression meridian ratio Q2.0 0.6805
Brittle to ductile transition BQ 0.0105
Hardening slope 2
Elastic strength/ft 0.7
Elastic strength/fc 0.53
Fracture strength constant B 1.6
Fracture strength exponent m 0.61
Compressive strain rate exponent a 0.032
Tensile strain rate exponent 2 0.036
Maximum fracture strength ratio SFMAX 1E+20
Damage constant D1 0.04
Damage constant D2 1
Minimum strain to failure 0.01
Residual shear modulus fraction 013

Table 5 Stress results with the material models.
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R = max. equivalent stress of lower block %100 (12)

€ max. equivalent stress of upper block

Table 5ol A==E 3 dshzo] W A, HaFsHv
A SR Zzto] BT B8] Arlgh B 57
£ UEhigth AR ESel s AAeke] FEXHeIA Hulg
Ho| WAL, HPRIAAE FRBET] HAFHNA
(Fig. 59141 AX|%) Hrheeo] waysigon], Aoltol 925
t SRERe sl 4T Ae 57 $Ho| WAy

STk Fig. 9 ~ Fig. 11olE AS2 9 Yshzo] ¥ ),

Principal stress [MPa]

Equivalent stress [MPa]

Material Model Falling distance - — R,
Maximum Minimum Upper block Lower block

6m 35.72 -146.65 56.00 46.32 82.71

B 9m 35.97 -147.07 56.00 47.61 85.02

D.P 6m 8.74 -286.00 189.53 55.28 29.16

9m 10.47 -288.22 193.03 58.28 30.19

RHT 6m 10.83 -308.24 207.28 40.47 19.52

9m 12.43 -316.04 208.81 43.29 20.73
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