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Microplane Model M7: What did it achieve?
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Caner & Bazant (2013). “"Microplane Model M7 for plain concrete. |. Formulation”, ASCE JEM 139(12):1714-1723.
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What Did Microplane Model M7 Achieve?
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Autocalibrating Microplane Model M7 —

Uniaxial Tension
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Autocalibrating Microplane Model M7 —
Uniaxial Compression
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Autocalibrating Microplane Model M7.
Application to 4 pt Bending
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Rate-Dependent Microplane Model M7R — Uniaxial Compression

35 1 1 1 T 3 5| 10 1 1 1 1 1 1 1 1 1
€=de-y O [ Dilger ©
30 g=3e-3 Abrams A
Atchley v
& 25 F Bresler ¢
% Hatano ©
~ 20 g Rasch O
3 fxi "~ Watstein = ©
3,5; 15 F ;;o Reinhardt&W.
< - Mihashi&W.
:é 10 F Kipp et al.
> Tgst Data: Dilger et al. 1978 ° D -
) ) 1 '0 Q) "“
O B 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 0001 0002 0003 0004 0005 0.006 107 10° 10° 10* 1070 10% 10" 1 10" 10° 10°
Axial Strain Strain rate (S'l)

Z.P.Bazant Workshop, UC Berkeley 7




Rate-Dependent Microplane Model M7R —Triaxial Compression:
“"Hopkinson Pressure Bar Test” Steel
plugs
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Rate-Dependent Microplane Model M7R —Triaxial
Compression: “"Hopkinson Pressure Bar Test”

Step: Step-1 Frame: 0
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Symbol Var: W, W3
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Rate-Dependent Microplane Model M7R —Triaxial Compression:
"Hopkinson Pressure Bar Test”
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Rate-Dependent Microplane Model M7R —Triaxial
Compression: “"Hopkinson Pressure Bar Test”
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Caner & Bazant (2014). “Impact comminution of solids due to local kinetic energy of shear strain rate: Il. Microplane
model and verification”, JIMPS 64:236-248.
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Rate-Dependent Microplane Model M7R - CTT
v =100mm/s

Model M7R Ozbolt et al 2011
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Rate-Dependent Microplane Model M7R - CTT
v = 500mm/s

Model M7R Ozbolt et al 2011
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Rate-Dependent Microplane Model M7R - CTT
v =5000mm/s

Model M7R Ozbolt et al 2011
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Comminution Theory of Concrete
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Comminution Theory of Concrete — Basic

Concept
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Bazant & Caner (2014). “Impact comminution of solids due to local kinetic energy of shear strain rate: I. Continuum
theory and turbulence analogy”, JMPS 64:223-235
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Comminution Theory Applied to Projectile
Penetration - 127mm Wall
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Comminution Theory Applied to Projectile
Penetration - 254mm Wall

LE, Max. Principal
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Comminution Theory Applied to Projectile
Penetration — Exit velocities
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Simulation of Explosion of 4009 TNT on A Plain Concrete
Plate

TNT -alr

et
ol
0%1

SN
VAYAVAV. A

Empty space Plain concrete

Z.P.Bazant Workshop, UC Berkeley 20




21

Simulation of Explosion of 400g TNT on A 30cm Thick Plain

Concrete Plate
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evolving cracks”, Comput. Methods Appl. Mech. Engrg. 196:2777-2799.
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Simulation of Explosion of 4009 TNT on A 30cm
Thick Plain Concrete Plate
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Simulation of Explosion of 4009 TNT on a 3ocm Thick
Reinforced Concrete Plate

Reinforcement at upper
and lower faces
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Fiber Reinforced Concrete
M7F — Harex Fibers
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Test data: Kim DJ, El-Tawil S, Naaman AE (2009). “Rate-dependent tensile
behavior of high performance fiber reinforced cementitious composites”,

Materials and Structures, 42:399-414.
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Rate-Dependent Microplane Model for Fiber
Reinforced Concrete M7FR —Torex Fibers
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Test setup
Test data: Kim DJ, EI-Tawil S, Naaman AE (2009). “Rate-dependent tensile behavior of high performance fiber
reinforced cementitious composites”, Materials and Structures, 42:399-414.
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Rate-Dependent Microplane Model for Fiber
Reinforced Concrete M7FR —Torex Fibers
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Test data: Kim DJ, EI-Tawil S, Naaman AE (2009). “Rate-dependent

tensile behavior of high performance fiber reinforced
cementitious composites”, Materials and Structures, 42:399-414.
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LE, Max. Principal
(Avg: 75%)
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Step: ApplyDisp

Increment 0: Step Time = 0.0
Primary Var: LE, Max, Principal
Deformed Var: UT Deformation Scale Factor: +2,000e40
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Rate-Dependent Microplane Model for Fiber
Reinforced Concrete M7FR —Torex Fibers
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Test data: Kim DJ, EI-Tawil S, Naaman AE (2009). “Rate-dependent tensile behavior of high performance fiber reinforced
cementitious composites”, Materials and Structures, 42:399-414.
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Conclusions

The Microplane Model M7 solved 3 20-year-old problems :
1. ltremoves the excessive lateral contraction in tension.
2. It correctly predicts damage in the loading/unloading stiffness in tension.

3. Itreduces the number of stress-strain boundaries from five to four.

The model successfully simulates:

1. The quasi-static and dynamic behavior of plain concrete over strain rates in the range
[0,0001—10,000]/s.

2. The quasi-static and dynamic behavior of fiber reinforced concrete over strain rates in
the range [0,0001 —10,000]/s.

3. Mesh independence by treating the element size as a material property.
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Thank you for your attention.

Test Simulation

Z.P.Bazant Workshop, UC Berkeley

30



