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The behaviour concrete slabs with ,.,.,..,.,,.,.,....,,,,,, 
exposed to shrinkage 
experimental 

stresses at 
The 

age periods where self-desiccation 
for later ages where drying dominates. 

element program system 
element types together 

models available the standard version. 
ii""""'""""'""" .... and it is concluded the obtained so 

1 

project is to Jl.Jl..I."''-'-""''"'...,.., 

of concrete structures 

1459 



1460 



Strain 

l-t--

-_J_ 

Elevation 

1461 



3 

= 13 

+ 
0 

age concrete and concrete exposed to 
temperature and mechanical 

the only coupling between the two 
strains caused by the volume changes. 

""''-1'~ ..... ·-Jl"' .... .., are included as a general model 
element types as volume elements, 

JLLJULL • ....,,,JL_....., or interface elements. 

n are parameters. 

( 

water/binder-ratios self-desiccation is a ..,,_..J-,AAJL,,JL...,.~ .. JL~ 

of the equivalent time teq is 
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temperature development is governed by the general 

p + --

a. = 1+ 

JL.l..11..11. '"'JI" ... strains 
~~AAA~··~ expansion relations 

rate ET are assumed: 

= T h 

a polynomial expression of maturity, ex, is assumed since, 
especially in the very early phase, cxT shows a strong age dependence 
Kanstad 1994). For shrinkage the expansion coefficient ash is assumed to 
independent on the humidity h (f.i. Bazant and Najjar 1972). 

4 Results 

Drying of concrete cylinder 
verification of the diffusion theory a benchmark example is used (Espion 

1993). The cylinder was sealed at top and bottom, drying took place 
radial direction only. In the analysis axi-symmetric elements were used. 
Calculated and experimental results are compared in Fig. 3. 
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one-sided drying 
4 shows experimental and calculated results for the two beams in Fig. 2. 
n""<:J'rn° were modelled with plane stress elements, and divided into 50 

..., ... ..,.ILJL.L..,, .. ,.,,,.., over height and 10 elements in the length direction. The length 
steps was 1 day. Creep was included by the CEB 1990 Model 

as a cross section property, and approximated by an aging Maxwell 
......... '-' ...... ..., ... (Visschedijk 1995). The smeared crack approach was used, 

degree of cracking was low. 
comparing the results, it should be noted that this work still not is 

more experimental data has to be studied and the material 
...... a,..·arn, 0 r""r0 determined with larger significance before any conclusions about 

validity of theory can be drawn. Anyway, for the restrained 
can partly be due to nonlinear creep effects and 

creep properties over the cross section height. 

strength concrete overlays 
5 shows temperature compensated strains versus time after casting for 

locations in the cross section. The experimental results are 
of four sections in the smallest slab (800·800 mm). The 

..,..,""''-' ... 1' .......... U.§0., stresses showed that in this particular case, the cracking risk 
age is low, although the self-desiccation shrinkage is 

this concrete. It should be noted that an approach, alternative 
one presented Ch. 3, is used for the early age part of this analysis 

et 1994, Kanstad 1994). The main difference is due to 
shrinkage which is modelled directly as a function of the 

a, (Mazars 1994): 

(2- a.) (8) 

""''-'_.., ...... ""' . ..,.., ... ,.._..., structure was modelled with plane stress elements. It was 
20 elements the length direction, and 20 elements in the 

direction for the overlay and for the structural concrete. The 
1 "1-·=-rr·::.00 between the two materials was modelled by interface elements and 

...., ........ ....,JL...,.A .. §0., and linear softening. Calculated and measured strain 
compared in Fig. 6 for several locations in the composite 

structure. Also here the experimental results are average values of four 
sections smallest slab. It is seen that the strains at the top of the 
.. , .... ,-.... "decrease with increasing distance from the edge, which is explained 

of restraint from the structural concrete. The main reason for 
between the calculated and experimental results is probably due 
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Fig. 3. Experimental and theoretical relative humidity distributions at 
different drying times. Cylinders with d=l52.4 mm. C1=38.2 mm2/day, 

a0=0.05, hc=0.75, n=16. Ambient conditions RH=50%, T=23°C. 
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Fig. 4. Measured and calculated results for the beams in 2. (a) Free 
beam, (b) Fixed beam, C1=25 mm2/day, a0=0.05, hc=0.75, n=16, ash=l.75 

10-3
, Ec=22000 MPa, RH=50%, T=20°C, Creep Model Code 1990. 
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5. Temperature compensated strains in the slabs.Eshoo=0.05· 10-3 
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6. Strain development in the overlay after exposure to drying.(a) 
...... _ .... ,,., ......... (b) Analysis. Material parameters: Overlay: C 1=25 mm2/day, 

a0=0.05, hc=0.75, n=l6, ash=2.0· 10-3
, Ec=33000 MPa, RH=40%, T=20°C. 

Interface: ft= 1. 7 MPa, Gr=50 Nim. 
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to degree of cracking at the interface between two .......... ,..,...., ............... ...,. 
statement is supported by the results in Fig. 7 which shows vU.l.vUJLUl-'-;U 

stresses along the interface 40 days after start of drying. 
It is also important that this type of fracture is rather unstable 

difficult to handle numerically. The analyses are very 
so far it has not been possible to use as fine mesh as desired. 

5 Conclusions and plans for further 

For structures exposed to drying and autogenous shrinkage, or 
promising agreement between experiments and is a 
method founded on nonlinear diffusion theory and general differential 
equation for transient temperature fields. 

Considering further work, main objective is to ~'U'AAU .............. ~...., 
design, regarding choice of materials, overlay thickness, ...,._.Jl ... JlJ.1". ~.._, .... ._.. .. ,, .. .._, .. u_, 

and need special surface preparation. To achieve this 
research on material models, numerical solution methods 
studies or verification against experimental results 
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7. Calculated normal stresses along the interface after 40 days of drying. 
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