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• Domingo J. Carreira (Illinois Institute of Technology, Chicago, IL, USA) 
 

with the patronage of ACI American Concrete Institute 
 
Modern concrete structures are becoming more and more complex as a result of 
elaborate conceptual design and intricate construction techniques combining cast-
in-place and prefabricated elements, structural steel components, prestressing 
and segmental erection, tensioning of stays and ties, jacking, and so on. Typical 
examples are large span cantilever and cable-stayed bridges, cast-on-form or 
cantilever built arches prestressed by jacking, composite steel-concrete structures, 
concrete or steel-concrete high-rise and supertall buildings. Some of these 
examples represent extreme recent applications of structural concrete. In general, 
we may speak of structures characterized by sequential applications of external 
actions (loads and imposed deformations) and by progressive variation in the 
restraint conditions during construction and early life. For these reasons, these 
structures are very sensitive, from the construction stage until the end of their 
service life, to time-dependent effects caused by delayed deformations of concrete 
(creep and shrinkage). If proper attention is not devoted to these effects, 
structural reliability in terms of serviceability and, in some instances, of ultimate 
safety may be adversely affected. 
An appropriate evaluation of such effects for designing durable and safe structures 
requires the establishment of reliable methods for predicting creep and shrinkage 
strains (a material properties problem), and for determining the consequent time-
dependent structural response with an adequate degree of accuracy (a structural 
analysis problem). 
The first part of the course briefly addresses the problem of selecting realistic 
prediction models, focusing on factors affecting rheology of hardened concrete, 
criteria for construction of a comprehensive database of creep and shrinkage tests 
and validation/calibration of prediction models with respect to it, comparison and 
statistical evaluation of different models, with a discussion on adequate statistical 
indicators.  
The second and main part of course deals with analysis of structural effects. 
Fundaments of the theory of aging linear viscoelasticity are reviewed and basic 
theorems and general solutions illustrated for the cases of effective homogeneous 
structures with rigid or elastic (steel) restraints and of heterogeneous structures 
and sections. Numerical methods for the solution of hereditary integral equations 
in terms of incremental forms based on a sum or on conversion to rate-type laws 
with internal variables are illustrated, as well as algebraic simplifications like the 
age-adjusted-effective-modulus method. Guidelines are indicated for selecting the 
appropriate computational approaches, with attention to design stage and 
sensitivity of the structure.  
Advanced problem like hygrothermal effects and cracking, interaction of creep 
with shear-lag and with flexible shear-connections in composite beams, effects of 
creep and shrinkage in complex structures such as tied arches, cable-stayed 
bridges and high-rise buildings are discussed in the last part of the course, 
together with techniques for long-term structural monitoring and interpretation of 
results. 



 

CISM • International Centre for Mechanical Sciences 

Palazzo del Torso • Piazza Garibaldi, 18 • 33100 Udine • Italy 

Telephone: +39 0432 248511 • Fax: +39 0432 248550 • E-mail: cism@cism.it 

 

The course is modeled after the harmonized formats of the following technical 
guidance documents: the CEB Manual on the same subject (1984), the 
corresponding sections of CEB-FIP Model Code 1990 and of fib Textbook on 
Structural Concrete (2010), and, especially, the recent advanced ACI Guide 
“Analysis of Creep and Shrinkage Effects in Concrete Structures” (2010, under 
final approval) and the proposed new section on the same subject for the fib New 
Model Code 2010 under final editing. The whole set of these documents was 
edited by the first coordinator with the cooperation of other experts and in 
particular, for the last two, of the second coordinator and most of other lecturers. 
Emphasis will be given within the course to this favorable scenario of 
internationally harmonized, although progressively evolving, fundaments and basic 
rules of application for codes and technical guidance documents on a subject of 
significant relevance for the long-term reliability assessment of modern concrete 
structures, highlighting areas of well established consensus and open problems. 

The course is addressed to doctoral and postdoctoral researchers, teaching and 
research assistants in structural mechanics, civil and structural engineering, 
specialists and practicing engineers in the field of advanced structural analysis and 
design.  

Keywords: Concrete, Creep, Shrinkage, Prediction Models, Creep Analysis, Aging 
Viscoelasticity, Time-dependent Structural Response, Long-term Reliability, 
Structural Monitoring 
 

Invited Lecturers 

Domingo J. Carreira (Illinois Institute of Technology, Chicago, IL, USA)  
5 lectures on: Advanced problems. Hygrothermal effects and cracking. 
Interaction of creep with shear lag effects in box girders and in wide flanged 
concrete or steel-concrete composite beams and additional influence of flexible 
shear connections. Effects of creep and shrinkage in high-rise concrete or steel-
concrete buildings. 

 
Mario Alberto Chiorino (Politecnico di Torino, Torino, Italy)  
7 lectures on: Fundaments of aging linear viscoelasticity. Effective homogeneous 
concrete structures with rigid or plastic yielding restraints. Basic theorems: 
imposed loads and deformations; single and multiple changes of structural 
system. Effective homogeneous concrete structures with elastic restraints. 
Heterogeneous structures. Computational methods for the numerical solution of 
hereditary integral equations. Algebraic simplifications: AAEM method. Guidelines 
for time dependent analysis of structures. 
 

Mamdouh M. El-Badry (University of Calgary, Calgary, Alberta, Canada)  
7 lectures on: Cross section analysis. Prestress losses in members with one layer 
of prestressing steel. Time dependent analysis of prestressed concrete members 
with multiple layers of prestressing and reinforcing steel using creep-transformed 
section method. Time dependent analysis of composite members: influence of 
different thickness of concrete; steel-concrete composite members. Members 
subjected to sustained temperature gradient. 
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Ian N. Robertson (University of Hawaii, Honolulu, HI, USA)  
4 lectures on: Monitoring of time dependent effects in large structures. Design of 
instrumentation system for long-term structural monitoring. Instrument 
installation and monitoring challenges. Short-term loading and thermal effects. 
Long-term shrinkage and creep effects. Comparison with shrinkage and creep 
prediction models. 
 

Mario Sassone (Politecnico di Torino, Torino, Italy)  
8 lectures on: General numerical incremental solutions for heterogeneous and 
sequential structures in the aging linear viscoelastic domain. Solutions by AAEM 
method. Solutions for effective homogeneous concrete structures with elastic 
restraints. Discussion of case studies: segmental concrete bridges and 
constructions, tied concrete arches, cable-stayed bridges, high-rise concrete or 
steel concrete buildings. Analysis of beams and framed structures with account 
for cross section heterogeneities. 
 

Carlos C. Videla (Pontificia Universidad Católica de Chile, Santiago, Chile)  
4 lectures on: Creep and shrinkage prediction models and related uncertainty 
aspects. Factors affecting creep and shrinkage of hardened concrete. 
Comprehensive database on creep and shrinkage. Guide for modeling and 
calculating shrinkage and creep in hardened concrete. Statistical evaluation of 
available prediction models. Discussion of statistical indicators. Influence on the 
reliability assessment of structures: random scatter, uncertainty of prediction 
and confidence limits. 
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