
slide 1

ALEXANDER C. SCORDELIS:
LEGACY IN FINITE ELEMENT ANALYSIS OF REINFORCED CONCRETE

Kaspar Willam
University of Colorado at Boulder (willam@colorado.edu)

Reference: Alexander C. Scordelis

His Legacy: Finite Element Analysis of Reinforced Concrete

Open Issues: Post-Peak Performance Evaluation
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ALEXANDER C. SCORDELIS [1923-2007]

Professor= Scholar+Educator, Structural Engineer, PhD-Advisor=Doktor Vater

Foto taken from ACI-SP 205 [2002], ASCE/ACI 447 Committee on FEARCS
Includes Biographical Summary of A. Scordelis (eds. Kaspar Willam, T. Tanabe)
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ACI SP 205

,
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ALEXANDER C. SCORDELIS

Three Computational Milestones:

1. Scordelis, A.C. and Lo, K.S.: Computer analysis of cylindrical shells
ACI Journal, 61, 1964, 539-562.

2. Scordelis, A.C. and Ngo, De: Finite element analysis of reinforced concrete
beams, ACI Journal 64, 1967, 152-163.

3. Scordelis, A.C., Nilson, A.H. and Gerstle, K.: Finite Element Analysis of
Reinforced Concrete, ASCE State-of-the Art Report, New York, 1982.

Early Finite Element/Finite Strip/Layered Frame Dissertations:
K.S. Lo [1964], Abu Gazaleh [1965], Art Nilson [1967], Larry Selna [1967],
Kaspar Willam [1969], Andy Franklin [1970], Christian Meyer [1970], W.
Knudsen [1972], C.S. Lin [1973], De Ngo [1975], A.F. Kabir [1976], Y.J.
Kang [1977], Günter Müller [1977], Frieder Seible [1982], Mark Ketchum
[1986], et al..
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STATE-OF-THE-ART REPORT ON FEARC

ASCE-SP, New York [1982], ASCE/ACI 447 publ. by Committee on FEARCS
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ASCE STATE-OF-THE-ART REPORT ON FEARC

Chapter 1. Introduction: A.C. Scordelis, A.H. Nilson and K. Gerstle
Reinforced Concrete Beams, B. Bresler, V. Bertero [1968]
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ASCE STATE-OF-THE-ART REPORT ON FEARC

Chapter 1. Introduction: A.C. Scordelis, A.H. Nilson and K. Gerstle
RC Beam, De Ngo and A.C. Scordelis [1967]
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ASCE STATE-OF-THE-ART REPORT ON FEARC

Chapter 1. Introduction: A.C. Scordelis, A.H. Nilson and K. Gerstle
RC Finite Elements, De Ngo and A.C. Scordelis [1967]

(a) Analytical model (b) Linkage element (c) Reinforcement representation

(d) Crack and aggregate interlock (e) Effective dowel length
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ASCE STATE-OF-THE-ART REPORT ON FEARC

Chapter 1. Introduction: A.C. Scordelis, A.H. Nilson and K. Gerstle
Box Girder Bridge, A.C. Scordelis [1978]

,
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ASCE STATE-OF-THE-ART REPORT ON FEARC

Chapter 8. Numerical Examples and Applications: A.C. Scordelis et al.
Hypar Gable Roof, A.F. Kabir and A.C. Scordelis [1979]

,
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ASCE STATE-OF-THE-ART REPORT ON FEARC

Chapter 8. Numerical Examples and Applications: A.C. Scordelis et al.
1:5 Scale THTR Vessel, J.H. Argyris and K. Willam et al. [1974]
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ASCE STATE-OF-THE-ART REPORT ON FEARC

Chapter 8. Numerical Examples and Applications: A.C. Scordelis et al.
RC Elements, J.H. Argyris and K. Willam et al. [1974]

,
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ASCE STATE-OF-THE-ART REPORT ON FEARC

Chapter 8. Numerical Examples and Applications: A.C. Scordelis et al.
PV Proof Test, J.H. Argyris and K. Willam et al. [1974]

Circumferential Crack Zones Radial Crack Zones

751 Degrees of Freedom
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ASCE STATE-OF-THE-ART REPORT ON FEARC

Chapter 2. Constitutive Relations and Failure Theories: W.F. Chen et al.

Multiple Approaches to 2D and 3D Concrete Models:

1. Elasticity-Based: K-G, Orthotropic (PA), Continuum Damage

2. Plasticity-Based: Isotropic Hardg/Softg, Ass. vs Non-Associative

3. Endochronic: Internal Variable Format (Generalized Standard Solids)

Issues: material stability, uniqueness, well-posedness
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ASCE STATE-OF-THE-ART REPORT ON FEARC

Chapter 2. Constitutive Relations and Failure Theories: W.F. Chen et al.
Concrete Failure Envelope, K. Willam and E.P. Warnke [1974]

Triaxial strength surface in principal stress space
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ASCE STATE-OF-THE-ART REPORT ON FEARC

Chapter 2. Constitutive Relations and Failure Theories: W.F. Chen et al.
5 Parameter Model, K. Willam and E.P. Warnke [1974]
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ASCE STATE-OF-THE-ART REPORT ON FEARC

Chapter 3. Modeling of Reinforcement and Bond: M.S. Mirza et al.
RC Beam, De Ngo and A.C. Scordelis [1967]
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ASCE STATE-OF-THE-ART REPORT ON FEARC

Chapter 3. Modeling of Reinforcement and Bond: M.S. Mirza et al.
Layered RC Plate, A.C. Scanlon [1971]
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ASCE STATE-OF-THE-ART REPORT ON FEARC

Chapter 3. Modeling of Reinforcement and Bond: M.S. Mirza et al.

Multiple Approaches to Composite Action of RCS:

1. Full Bond: Embedded vs Discrete Reinforcement

2. Contact Models: Nodal Links vs Cohesive Interface Elements

3. Reduced Material Models: Traction-Separation Relations (fracture energy
basis)

Issues: elastic penalty stiffness, numerical conditioning
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ASCE STATE-OF-THE-ART REPORT ON FEARC

Chapter 3. Modeling of Reinforcement and Bond: M.S. Mirza et al.
Link and Interface Elements, De Ngo and Scordelis [1967], Goodman, Taylor
and Brekke [1968]
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ASCE STATE-OF-THE-ART REPORT ON FEARC

Chapter 4. Concrete Cracking: W.C. Schnobrich et al.

Multiple Approaches to Tensile Cracking:

1. Discrete Cracking Models: Nodal Separation (Ngo and Scordelis [1967]),
LEFM-fracture basis (Ngo [1975])

2. Smeared Cracking Models: Fixed (orthotropic) vs Rotating (isotropic)
Cracking Models (Rashid [1968])

3. Degradation Models: Damage-based (elastic stiffness) vs plastic softening
(strength)

Issues: cracking = continuum vs surface phenomenon, fracture mode I vs mode
II, mode III cracking, cohesive interface models, tension stiffening vs tension
softening in RC.
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ASCE STATE-OF-THE-ART REPORT ON FEARC

Chapter 4. Concrete Cracking: W.C. Schnobrich et al.
LEFM Fracture Mechanics, Ingraffea [1978]
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ASCE STATE-OF-THE-ART REPORT ON FEARC

Chapter 5. Shear Transfer: O. Buyukozturk et al.

Multiple Approaches to Shear Transfer:

1. Interface Shear Transfer: Aggregate Interlock

2. Dowel Action in RC: Shear Friction

3. Shear Slip Relations: Joint Elements

Issues: dilatancy and locking behavior.
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ASCE STATE-OF-THE-ART REPORT ON FEARC

Chapter 5. Shear Transfer: O. Buyukozturk et al.
Aggregate Interlock Pauley and Loeber [1974], Rough Cracks, Bažant and
Gambarova [1980]

Specimen Used in Paulay and

Loeber’s Investigation
Concrete Plate Considered by Bazant

and Gambarova
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ASCE STATE-OF-THE-ART REPORT ON FEARC

Chapter 6. Time-Dependent Effects: Z.P. Bažant et al.

Multiple Approaches to Creep and Shrinkage:

1. Creep and Shrinkage: Concrete Rheology and Viscoelasticity

2. Effect of Ageing: History Effects

3. Recursive Algorithms: Maxwell Series Expansion

Issues: drying shrinkage (Pickett effect) and transitional thermal creep.
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ASCE STATE-OF-THE-ART REPORT ON FEARC

Chapter 6. Time-Dependent Effects: Z.P. Bažant et al.
Cooling Tower, A.F. Kabir and A.C.Scordelis [1979]

(a) Shell Roof (b) HP Cooling Tower

(c) 15 DOF Triangular Finite Element (d) Layer System
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ACI SP-205
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ACI SP 205

NLFEARC: ‘Look both Ways before Crossing’, Frank Vecchio and D. Palermo
,
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ACI SP 205

NLFEARC: Example Deep Beams, Angelakos, Bentz and Collins [2001]

,
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ACI SP 205

NLFEARC: Example Deep Beams, Angelakos, Bentz and Collins [2001]

,
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CONCLUDING REMARKS

Alexander C. Scordelis: Legacy in FEARC

Reinforced Concrete = Composite Action:
Role of Confinement and Bond

Challenge - Robust Prediction of Strength and Especially Ductility:
Internal friction - drop of resistance due to loss of confinement
Internal Cohesion - drop of resistance due to tensile cracking
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