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EASIE REPORT D4.4 MODEL TO EVALUATE REMAINING SERVICE LIFE 
 
1. Introduction 
Evaluation of the service life means the estimation of the time, when the resistance of the 
sandwich panel equals the action affects to the panel. The estimation shall be made at the 
ultimate limit state as well as at the serviceability limit state. Both the resistance and the 
effects can be assumed to change with the time. The safety philosophy including the level of 
the safety factors shall be discussed at the same time. Thus, there are three subject areas to be 
investigated; action effects S, safety factors γ and resistance R. The expression (1) is the 
known design expression given in [1]. The expression (2) defines the moment of time when 
the resistance of the panel equals the actions effects. 
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In the expressions Ski and Rk are the characteristic values of the action effects and resistance. γf 
and γM are the load and material safety factors and ψ is the relevant combination factor.  
ts  (t0 < ts ≤  tservice life) is the moment of time at which the remaining length of the service life 
is evaluated. t0 and tservice life are the time at the initial state of the panel and the time at the end 
of the service life. 
 
This report presents briefly the available models to evaluate the development of the resistance 
of sandwich panels. The models result in estimates of the service life, if the other two factors 
are assumed to remain constant, i.e., the action effects and the safety factors remain to 
correspond the level of the actions effects and the level of safety of the initial design. 
 
2. Development of the resistance against different failure modes 
The development of the resistance of the pu-foam, eps-foam and rw cored sandwich panels 
against the essential failure modes have been studied experimentally in EASIE project. The 
subjects of the investigations have been  

- cross-panel tensile strength 
- cross-panel compression strength 
- wrinkling stress of metal sheet faces 
- shear strength 

The results of the studies are reported in [2]. 
 
Development of the reduction of the resistance can be described with expression (3) [3], [6] 
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in which the ageing rate coefficient n is described with an exponential or a linear model 
 

cRHN
TT
M

absen
++

+= , FRHETDn ++='     (4a,b) 
 



Report D4.4 4
 

In the expressions, M, N, c, D, E and F are experimental coefficients based on cross-panel 
tensile strength exposed to different temperatures and humidity for different durations of time. 
Temperature T is given in a unit of °C. Tabs = -273°C is the absolute temperature. RH is the 
relative humidity in %. The time t has been expressed in the unit of day (24 hours). S/S0 
shows the relative decrease of cross-panel tensile strength with the time in a condition, where 
the temperature and relative humidity stay constant. The expressions (3), (4) have been 
developed and verified for mineral wool cored sandwich panels. 
 
In the real natural environment, the temperature and relative humidity inside the sandwich 
panels have daily, seasonal and annual variations. Four models have been given in [6] to take 
into account the variable temperature and humidity. 
 
Model 1: 
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Model 2: 
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Models 3 and 4 are combined from the models 1 and 2. Sp/S0 is the remaining strength after p 
ageing periods in different combinations of ti,Ti,RHi . 
 
In the EASIE project, the relationship between the cross-panel tensile strength and the direct 
design parameters such as the wrinkling stress, shear strength and cross-panel compression 
strength has been defined experimentally [2]. In the project, the values of the parameters M, 
N, c, D, E and F have not been defined, but they have to be based on the numerical values 
defined in earlier studies by adjusting them to the results of the project. In the project, the 
internal conditions in the mineral wool cored sandwich panels have been measured in four 
places in Europe, which information in addition to earlier partially experimental and partially 
estimated information can be used in the analysis to describe the environmental loading 
history. Further background information is given in [3], [4], [5] and [7]. 
 
The expressions given above lay the basis to the analysis on the remaining resistance of the 
sandwich panels. The estimated remaining resistance can be compared to the information 
resulted in in the tests of old panels, which have been in service in the wall and roofs for 
known times. 
 
3. Development of the stresses loading the sandwich panels 
Action effects of the wall and roof panels are caused of the self-weight of the panel and 
additional components, of the difference of the temperature between the faces, of the wind 
suction and pressure loads and of the snow load. In addition, there may be impact loads 
producing local or global action effects to the panels.  
 
The self-weight can be assumed to remain constant during the service life of the panels. The 
difference of the temperature used in the current design is based on experimental information 
about the climate, the solar radiation and the properties of the coatings. In long-term, there 
might be small changes in the climate and radiation. The coating of the external face may 
become darker and thus more absorbing during the time. A repainting may change the colour 
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of the external surface. These changes may cause small changes in the difference of the 
temperature between the faces in practice. 
 
Wind and snow loads are environmental loads, the level of which may change in long-term. 
The characteristic wind and snow loads have been defined on the basis of the probable 
estimates. Thus for a shorter remaining time in service, a lower wind and snow load level may 
be sufficient to produce the same level of probability of the existence. 
 
Partial load factors have been defined to action effects to be used in the initial design. A 
question can be made, if the same level of load factors is to be required when calculating the 
load part of the design equation (1) in the estimation of the length of the remaining service 
life or if lower values of the load factors were sufficient for a shorter remaining length of the 
service life. 
 
4. Conclusions 
The report introduces subjects, models and methods for the evaluation of the remaining 
strength and service life of sandwich panels. The evaluation is based on the design expression 
including the resistance and actions effects such as given in European standard [1]. In EASIE 
project experimental information has been created to evaluate the development of the 
resistance of the sandwich panels on the basis of the direct design parameters. The report 
explains the principles to be used in the analysis of the remaining resistance. 
 
In the project, no research has been made about the actions effects and about level of safety to 
be used in the evaluation of the service life. A very conservative design model requires the 
action effects and safety factors to stay on the level used in the initial design. This approach 
results in a very short remaining service life, if the resistance of the sandwich panel is utilized 
in full in the initial design. 
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