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taken 

,....,. ........ .ll ...... ,.,... of the fictitious 
widening the fictitious crack in polymer mortar it was 

the crack evolution at a point approximately 1.8mm 
notch tip. Immediately after the maximum in the force­

displacement diagram had been passed a first photo is taken (Fig 2.1). A 
continuous crack can be observed. It is quite obvious that, per unit of 
length of the fictitious crack an average load can be transfered by the still 
existing bridges. A further stage of deterioration is marked with point 2 in 

2. The corresponding opening is shown in Fig. 4.2. The micrographs 
shown in Fig. 4.3 and 4.4 correspond to the situation marked with 3 and 4 

Fig. 2 
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2.3 Preparation of specimens 
We prepared mixes with two types of binder: an 
hardener system and a portland cement. Crushed grains 
size of 200µm were embedded cement and 
both mortars the volume aggregates was ....,._ ... ,_,....,.....,.,u, 

35%. This corresponds to the of fine mortar concrete. 
The specimens used to carry out cast 

standard moulds (160*160*40mm). a bladed saw 
geometry of the WOD-specimen (30*30*5mm) was cut. Using a ...,..., .. .,,...,.._, ... JL 

saw the notch was cut (notch ligament 
of 1 Omm. In Fig. 1 the geometrical shape of 

5mm 

F 

_ 5mm 

30mm 
Fig. 1. Schematic representation of WOD-specimens 

cement mortar 

3 Experimental Results 

3.1 Force-displacement diagrams 

polymer 

In Fig. 2 the force-displacement diagram of a polymer mortar as 
tested under electron microscopical observation is shown. The indicated 
numbers point out the corresponding levels along the softening branch 
which microphotos have been taken. 

In Fig. 3 the equivalent force-displacement diagram as observed on 
cement mortar specimen is plotted. From these experimental results 
fracture energy and the strain-softening relation have been determined by 
inverse analysis. 
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position: X = -460µm 
y = 1800µm 

Fig. 4. Microphotos corresponding to load points 1 to 4 the 
force-displacement diagram of Fig. 2 

In Fig. 5 different stages crack formation a cement mortar 
are shown. corresponding on force-displacement 
are marJ<:ed 1-3 in Fig. 3. addition 
observed at a stage of higher damage (points 4 
observation micrographs are shown in Fig. 6. 
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5. Microphotos corresponding to load points 1 to 3 shown in the 
force-displacement diagram of Fig. 3 

position: x = -80µm 
y = 4010µm 

Aicrophotos corresponding to load points 4 and 5 shown in 
1e force-displacement diagram of Fig. 3 

162 



/ 
/ 

/ 
/ 

/ 

/ 

/I~-/ co 
/ ,_ 

/ - - ] 

/ 
/ 

63 



4 

'V'L.>U''-""'""'-A.'U'AL of 
strain-softening 

material parameters 
area 

following ""'"-I" .......... ,,_"' ....... 

energy 

principle the strain-softening diagram can be 
uniaxial tension tests, but these tests are 

that reason, the softening diagram is 
diagrams obtained on WOD-specimens combined 
inverse analysis (Roelfstra and Wittmann (1986)). 
relevant mechanical properties obtained polymer 

Table 1. Fracture energy 

we 
is modelled by a 
cr I, w1 and w2). 

given by the 

obtained by 
to be performed. 

order to take the heterogenous character the composite material 
account we introduced a statistical the Young's modulus E 
and the tensile strength 

The numerical analysis crack ..,.,.,. ... ...,.,.,." specimen was 
performed by means of FE-package MARC 
(MARC 1994 ). Linking a special user subroutine 'TENSOF' the 

.... _.__.__. _ _.__._..., ..... _._ treatment of cracking process is The 
generation carried out .......... 'U'_.u_ ......... ., ... ..., .......... 

conditions account. 
Fig. 8 and Fig.9 the strain-softening curves and cement 

mortar are shown. This can be for 
..,_, ... _,,...,_.__,.__ ........ ,,., . ..,_ ........ Jl results. 
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Fig. 9. Strain-softening of cement mortar 

5 Comparison of experimental and numerical results and discussion 

In Fig. 8 and Fig. 9 of the previous section the numerically determined 
strain-softening relations for polymer and cement mortar are shown. 
Along the descending branch the figures indicate the degree of damage 
which corresponds to the micrographs presented earlier. The points 4.1 
and 4.2 for example correspond to the micrographs 1 and 2 shown in 
Fig. 4. In this way the degree of damage can be visualized. 

The crack opening at a given point along the crack path has been 
calculated numerically by using the experimentally determined 
parameters. In Fig. 5 a typical example is shown. The crack opening 
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(fictitious real) as numerically predicted is compared with 
observations in the ESEM. A fair agreement is found, as it can be seen in 
Fig. 11, it is not the width but the length of the fictitious and 

total (fictitious and real) crack which are shown. Again a reasonable 
agreement can be observed. It must be stated, however, that this 
comparison is not yet based on a statistical evaluation of many cracks. 
Therefore contribution has to be considered as an attempt to develop a 
new method for the validation of numerical predictions. 
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Fig. 11 Calculated and observed fictitious and total crack lengths 
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6. Conclusions 

Basic assumptions of numerical models need to be 
verified. The extension, the width of the fictitious crack can be 
by means of an electron microscopical observation. 
corresponding numerical simulation are in good agreement. means 
that a numerical model based on the concept of the fictitious crack 
sound physical basis. The experimental results validate 
assumptions of the fictititous crack model. 

The observation of the evolution of crack 
distinguish between different energy consuming 
fictitious crack. Strain energy in remaining solid bridges, 
interlocking all contribute to the energy consumption. 
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