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Abstract

This research aims to study the effects of cracked concrete that affects the adhesive anchoring system using a three-
dimensional finite element model. Adhesive anchoring system under the pull-out force was modeled under cracked
condition with different vertical cracks zone. The failure response of anchor model, adhesive model and concrete model
are defined failure response types Ductile Damage, Shear Damage and Concrete Damage Plasticity Model respectively.
For the model of adhesive/concrete interface are used cohesive elements and defined failure response type Traction-
Separation Behavior. The results showed that when the position of cracked in concrete is deep, their behavior and the

pull-out strength of the adhesive anchor was closed to the case of adhesive anchor in the uncracked concrete. The effect
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of the crack zone was increased when the cracks were closed to the top surface of the concrete. The cracks under the
embedding phase do not affect the behavior and strength of the system. It also found that increasing of the cracked

plane of one-plane and two-plane would result in the reduction of maximum pull-out strength by 25% and 39%

respectively.
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Properties of Part instant
Elements Anchor Adhesive Adhesive/Concrete Interface Concrete

Element type C3D8R C3D8R COH3D8 C3D8R

Element family 3D stress 3D stress Cohesive 3D stress

Element size 2-3 mm 2-3 mm 2-3 mm 3-15 mm

Number of elements 1,450 504 504 11,347

Materials behavior Elastic+Plastic behavior

behavior

Elastic+Plastic

Elastic+Plastic Concrete Damage

behavior Plasticity (CDP)

Damage response Ductile Damage

Shear Damage

Traction Separation Law Concrete Damage

(TSL) Plasticity (CDP)
Interaction Surface to surface Share node Surface to surface
Tie constraint Tie constraint
Load Displacement control
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(N) ratio
Uncracked concrete 93,406 1.00
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S, Max. Principal
(Avg: 75%)

+8.782e+00
+8.052e+00
+7.321e+00
+6,591e+00
+5.860e+00
+5,130e+00
+4.399e+00
+3.669e+00

+2,938e+00
+2,208e+00
+1.477e+00
+7.4658e-01
+1.636e-02

S, Max, Principal
(Avag: 75%)

+8.744e+00
+7.885e+00
+7.0268+00
+6.1678+00
+5.307e+00
+4.448e+00
+3.58%+00
+2.72%8+00

+1.8708+00
+1.011e+00
+1.517e-01
-7.076e-01
-1.567&+00

(b) ABUNIHSNIFLIUN 1

5, Max, Principal
(Avg: 75%)

+8.591&+00
+7.858&+00
+7.1258+00
+6.393e+00
+5.660e+00
+4.928e+00
+4.195e+00
+3.463e+00
+2.730e+00
+1.998e+00

+1.265e+00
+5.326e-01
-1.99%e-01

(C) ABUNIHSNIFNLLIAUIN 2

S, Max. Principal
(Avg: 75%)

+7.998e+00
+7.311e+00
+6.624e+00
+5.938e+00
+5.251e+00
+4.564e+00
+3.877e+00
+3.190e+00
+2.503e+00

+1.816e+00
+1,129e+00
+4.419e-01
-2.450e-01

S, Max. Principal
(Avg: 75%)

+92.414e+00
+8.54%e+00
+7.684e+00
+6.819e+00
+5.955e+00
+5.090e+00
+4.225e+00
+3.360e+00
+2.496e+00

+1.631e+00
+7 662e-01
-9.85%e-02
-9.633e-01

(e) ABUNINS1IALNAUIT 4

JUN 4 msnszneveilsusmanlueduudiasuniniloszuy

IS HvNAANAN hy/3

HeNATUININNNTNTE YR IVDINUIBLIINSNTUY9

Ain1sidgundasainnuunsddusua 4 azwuinis

I 12 atudi 2 43

(a) CR-1 (b) CR-2 (¢) CR3 (d) CR4

SDEG

(Avg: 75%)
+1.0006+00

+9.167e-01

+0.0006-+00

(e) UNCR
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Uncracked

....... Cracked zone-5

= = = « Cracked zone-6

----- - = . =Cracked zone-7

Force (kN)
1

Head anchor displacements (mm)

JUN 6 anuduiusvesusafienauLazmMsiadeuniuatvausdn

Turpun3nsnATFunLIsassuAnA1eTY Wiasees1il

YUINANNAN 2-h/3

A1997 4 9RTINTUABULUAIUBILTIAIN DU IEALIT DA UYL

F0USIUANFNAY (2+h /3)

Peak Value Reduction
Model
(N) ratio
Uncracked concrete 93,406 1.00
Cracked concrete zone-5 76,674 0.82
Cracked concrete zone-6 84,887 0.91
Cracked concrete zone-7 90,208 0.97
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S, Max. Principal
(Avg: 75%)

+8.782e+00
+8.052e+00
+7.321e+00
+65.5918+00
+5.860e+00
+5.130e+00
+4,399e+00
+3.66%e+00
+2.938e+00

+2.208e+00
+1.477e+00
+7.468e-01
+1.630e-02

(a) mouN3AlLs?

5, Max. Principal
(Avg: 75%)

+7.759e+00
+7.111e+00
+6.463e+00
+5.815e+00
+5.1678+00
+4.518e+00
+3.6708+00
+3.222e+00

+2.574e+00
+1.9268+00
+1.277e+00
+6.292e-01
-1.897=-02

5, Max, Principal
(Avg: 75%)

+7.311e+00
+6.673e+00
+6.034e+00
+5.3968+00
+4.757e+00
+4.118e+00
+3.480e+00
+2.641s+00

+2.203e+00
+1.564e+00
+9.253e-01
+2.8678-01
-3.519e-01

S, Max, Principal
(Avg: 75%0)

+7.908e+00
+7.135e+00
+6.363e+00
+5.590e+00
+4.817e+00
+4.045e+00
+3.272e+00
+2.49%e+00
+1.727e+00

+9.538e-01
+1.812e-01
-5.915e-01

-1.364e+00

(d) ABUNIHSNIFLIUIN 7

JUN 7 n1snsgatevemuisusavanluediuudaaunia Lile

STUNNTSTEVUINAIINEN 2-hy/3

SDEG

(Avg: 75%)
+1.0006+00
+9.167e-01
+8.333¢-01
+7.500e-01
+6.667e-01

+8.333-02
+0.000€+00

(a) CR5 (b) CR6 (¢) CR-7 (d) UNCR
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Uncracked

= = = = 1-plane cracked

= . =2-plane cracked

Force (kN)
3

Head anchor displacements (mm)
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Wisueuiunsalneunsalidn

M990 5 IIINSUREULUAIYBILTFnRUgEAaTYUIUNTT

ity
Peak Value Reduction
Model
(N) ratio
Uncracked concrete 93,406 1.00
1-Plane cracked 69,766 0.75
2-Plane cracked 56,534 0.61
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