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ABSTRACT A numerical study was conducted to assess the suitability of a surface-to-surface contact model for modeling a
concrete material test. Three splitting tensile strength tests were simulated using the commercial finite element analysis program
ABAQUS, where its surface-to-surface model was applied to the interaction between the loading plate and the concrete cylinder.
Initially, flat-flat and flat-circle contact tests were performed in a 3D environment to confirm the functionality of the surface-to-surface
contact model. Then, a 3D finite element analysis of a splitting tensile strength test was performed using 2 mm-sized elements.
However, reducing the element size led to a significant increase in analysis time. Consequently, subsequent analyses were conducted
using a 0.5 mm element size with a 2D finite element model. With this approach, as the element size decreased, the numerical results
closely aligned with the experimental splitting strengths, confirming the effectiveness of the proposed modeling approach.
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Fig. 3 Flat-flat contact test model set-up
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Fig. 4 Load-displacement relationship of flat-flat contact test

A L8 A E Aol 1% F<F kNS S 71t

3|49 A 3, Fig. 42} 7&0] static 2} implicit 3|4 o] A2}
%3S 221359 ﬁ, o)== implicit a4} o] Asjlo 77k 4
= 58T ol g i AyE SR -l
A& HAE = implicit 314] 0.2 =35} T}

J

A XREQ} 2
Zx(finite element, ©] 3} FE) B} S AFE-3t
W EH Fig. 59 - A ol E, ah =1 jbA]
0] 100 mm<l 22 E A ¢ drlelny, A-lv= 4

717F 1 mm<] 186,800712] & 49} 198,465712] == 4]
o] ltt. E#°]E SHEE main surface, AT 9] H 51
< secondary surface 2 7 2| 5} t}, 71 = 34 A afof 4
e v A A 7] wiEel Arkee] TAaE 8l A (rigid
body) 7% 715 AHE-aFlth AT 9] s T el A
Ao E WS st A7t shksel & & w2 0]
A FeZ nAsrlom, Edo]E S Fol X Ao (ve-
locity control)S &3l 2% &<+ F 0.1 mmE 71 8= JF 3t
T2 ots Ao E AAsIint o9 &L st =0 A

Velocity control (0.1mm/sec)

Main surface

Steel (ngld body)

Concrete

7

Symm.
plane

Fig. 5 Flat-circle contact test model set-up
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Fig. 6 Flat-circle contact test load-displacement curves for
different mesh sizes using an implicit solver
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Fig. 7 Concrete analytical model (Yang et al. 2014)
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Fig. 9 Geometry model of the 3D splitting tensile test
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Fig. 10 Concrete damage plasticity model compressive
behavior input stress-strain relationship curves

Table 2 Concrete damage plasticity (CDP) model tensile

strength
Specimen CEB-FIP model code, max | ACI 318-14
P (MPa) (MPa)
C4 2.79 2.73
C6 4.18 3.69
C8 4.49 3.89
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A Walker (1960)

® 2D FEA w/ ACI 318-14
O 3D FEA w/ ACI 318-14

Joum Splitting tensile strength (MPa)

10 20 30 40 50
f., Compressive strength (MPa)

Fig. 11 Splitting tensile strength by ACI318 and CEB-FIP
model code and 2D, 3D simulation results
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Fig. 12 Damage field of 3D splitting tensile test simulation
(C4)
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Table 3 Experimental and finite element (FE) splitting
tensile strength and percentage of error

Speci- | Walker | 2D FE (MPa) 3D FE (MPa)
men | (MPa) | FIB ACI FIB ACI
C4 | 268 (221'1;,) (2221&) (217.905/0) (21893/0)
€6 | 364 (g 50/20) (131'2;)) (12§9"6A>) (22;1'7;,)
c8 | 334 (1368;)) (431'12) (2'10/60) (123'9014)

DAMAGET

(Avg: 75%)
+9.000e-01
+8.250e-01
+7.500e-01
+6.750e-01

Fig. 14 Damage field of 2D splitting tensile test simulation
(C4)
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