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Abstract 
 
The main purpose of this thesis is to estimate the density functions for crack lengths of glulam 

beams. I consider some different methods to estimate each function, hence probability density 

function. In some sense I also estimate the parameters of the estimates. We focus mainly on the 

crack length; the straight distance of the crack, not curvature.  

 

The glulam beams of this work had different treatments, in order to see which was preferred. 

Each category, from a total of seven categories with a specific treatment, consisted of five beams 

in this investigation.  

 

The beams had been outdoors in a field test for 4 years. Cracks had been measured every 

summer, both manually and using photos. 

 

The data differ for the South and North side of the beams. Overall the South side had more cracks 

than the North. The length and area was larger for the South side, except for the combined 

treatment of white paint and impregnation (pine). This category seemed to have a similar crack 

development between North and South. If we compare this treatment with glazing paint and 

impregnated pine, the white paint is preferred. The worst treatment was the combination of oil 

and impregnation (pine). If we measure the total crack length of different treatments, the best 

(shortest total length) were beams with red alkyd oil-painted spruce. If we consider the area (total 

for the North and South side), the best treatment was beams of red alkyd-based stain-painted 

spruce. 

 

For the glulam beams, I found that the gamma PDF (probability density function) could be used 

for the individual crack lengths. Also, some tendencies about further development of the cracks 

could be seen. The PDF changed, so prediction of crack development is possible if the initial 

PDF is known with a high degree of accuracy.  

 

Owing to difficulties in measuring crack length (and area) in beams, I also investigated kiln-dried 

boards of pine. I wanted to see if I could get an appropriate PDF for crack length. The total crack 

length PDF for the boards seemed to be exponential, even if we could also use gamma PDF. For 

the boards this more precise estimate of PDF could be found because of crack development in 

even conditions. The measurement might also be easier if total crack length is considered.  

 

If we have the crack-length density function, it might be possible to see some tendency of crack 

development in the future. This means if the crack-length distribution has evolved, it might be 

possible to predict the distribution in the future. For future prediction, if we have a high precision 

means of measuring cracks, the SLAP (Stochastic Life Approach) could be used. 
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1. Introduction 
 

One of the main external factors that affect outdoor use of wood is of course the weather. The 

effects are; rain, sun, snow, wind etc. To be able to see the effects on wood we could investigate 

damage or the cracks on the surface. We could for instance define how the cracks are situated or 

how big they are, also what kind of cracks have appeared. Another way could be to observe the 

area the cracks form on the surface in real time, hence observe the crack area or length in periodic 

time intervals. The observation could then further be analyzed, so we could give an estimate of 

crack length or area in the future. For example, if we observe the crack on a beam or a pole we 

would like to know how the length/area of that crack would appear in the future. The obvious 

pattern should be that the crack size (length and area) increases with time. Also, it might stop in 

the “near” future. This would be interesting. 

 

The goal for this project was to estimate the individual crack length PDF (probability density 

function) for glulam beams and from this get enough information to be able to predict the crack 

length in the future. But to get an idea of the PDF, I also investigated the total crack length PDF 

for boards. 

 

There is a difference in physical characteristics between a glulam beam and a board. The most 

obvious is that glulam constitutes several boards glued together, as illustrated in Figure 1 below. 

The boards in this investigation are used as a reference. 

 

 

 
Figure 1. Glulam beam to the left and a single board to the right. b x ht is the glulam dimension 

and b x h is board dimension. In this case ht = 5 x h. The “thick” arrows shows were crack-

measure mainly was done. 

 

The reason why glulam is used in construction is because of its strength qualities. For example, a 

glulam with dimension b x ht is stronger than a single board with the same dimension.  
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The importance of crack development in glulam and boards is mainly maintenance. However, if a 

significant crack develops, the weather may affect it even in strength, hence a crack develops so 

the whole beam loses its strength properties, that’s why prediction of crack-development is of 

importance.  

 

The crack-measurements also differ in position of glulam and single board. For glulam the crack 

measurements are made in the “side” and for the board, on the surface (see arrows in Figure 1). 

This difference means that we should be careful to interpret similarities between glulam and 

board crack development.  

 

In an article by Vännman (1995) “checking occurs when surface area of a board is dried to fast. A 

measure of quality loss, caused by checking, is so called check area. The check area is obtained 

by considering the cross-section of the board, where the check occurs and then measuring 

percentage of the area of this cross-section that the check encloses” (p. 1570).  

 

I have investigated the check of the boards and I tried to estimate the PDF (probability density 

function) for the crack lengths of the boards, hence the total crack-length distribution for that 

specified sample of boards. Each board that has cracks when investigated will have a specified 

crack length. If we check the surface we get the total length of the cracks of that board. If we 

have a sample that has cracks we could try to estimate PDF for the total crack length. In the beam 

estimation we got a clue that the crack distribution (individual) could be gamma or similar. 

Indications that crack length could be related to gamma are considered in a paper by Vännman 

(1995). She makes assumption that when a check area has occurred it could follow gamma 

distribution, with shape parameter known (Vännman, 1995, pp. 1571). Observe that she also 

investigated the mean value. I was only interested in what density function could be reasonable 

for the total crack lengths. I have not found any literature of the PDF for crack lengths, hence 

specific estimations (parameter estimates). 

 

In a study by Söderström (1990) he found that the relative check area (total checked area/board 

area) was exponentially distributed. We now have two possible functions that might fit this 

thesis; gamma and exponential distribution. Also, in a paper by Sandberg & Söderström (2005, 

pp. 4) it is assumed that crack length is exponentially distributed. 

 

The length estimation initial/end of glulam beams gives us a clue about the distribution of the 

cracks, “because little has been described how to judge cracks in beams lifecycle” (Pousette, 

2006, p. 5). We can see if any conclusions can be made in the length distribution in a specific 

lifecycle of about five years. Does the distribution of cracks differ at the beginning and at the 

end?  

The cracks are assumed to be more frequent after five years. But because of so many 

assumptions, we must investigate this. The treatment of wood could also influence the crack 

formation. Does the distribution look different depending on surface treatments? According to 

Pousette (2006) “guidance is needed in maintains” (p. 7), so if we have some information about 

how the cracks will develop this could be of importance. 

 

If the crack length on the surface can “predict” anything in the future then the surface structure is 
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rather “easy” to get from a wood-surface with a camera or similar equipment.  

If we can get the surface information quickly and can analyze it, and can predict treatment or the 

lifecycle of the surface, and in the end board/beam. 

 

The main aim of this project is to see if we can draw conclusions from the individual crack PDF 

for glulam beams and total crack-lengths PDF for boards. 

 

 

2. Basic assumptions and definitions 
 
“Definition. A random variable X with values in the set E is a function which assigns a value 

X(ω) in E to each outcome ω in Ω” (Cinlar 1975, p. 6). 

 

So if we have an experiment that is random in our case crack formation and development we can 

try to measure the data from our sample space Ω to a probability density function (PDF). The 

random variable X will give us the PDF. If crack formation and development would be 

deterministic we could apply another approach. We could also assume a deterministic model, but 

my approach is to consider outcomes as random.  

 

What do we mean with random? According to Volchan (2002, p. 61) “Martin-Löf-random 

sequences as the best candidate for the mathematical definition of randomness”. However this 

definition could lead to a dead end, hence impossible to realize, hence noncomputable. You may 

end up in the definition “if it acts randomly it is random" (Volchan, 2002, p. 62). For me cracks 

act randomly so I proceed with this pseudorandom definition until contradicted.  

 

“Definition. A distribution function φ of the random variable X is defined by φ(b)=P{X≤b}, -∞ < 

b < +∞” (Cinlar 1975, p. 9). 

 

If X is discrete and a ∈ E we have π(a) = P{X=a}. Also ∑ π(a)=1. 

 

 “The collection {π(a): a ∈ E } is called the probability distribution of X. In the case of non-

discrete X, it is sometimes possible to differentiate the distribution function. Then the derivative 

of the distribution function of X is called the PDF” (Cinlar 1975, p. 10). 

 

Note! If we use functions in R (real numbers) we can use definition for the distribution function 

of a random variable as F: R→[0,1] given by F(x)=P(X≤x). 

 

We now turn over to some definitions on cracks that might not be as trivial as it seems from the 

beginning.  

 

In the paper by Andreasson & Jansson (2008, p. 21) a crack is defined as an opening in the wood-

cells. This means that the crack can be deep or in the surface. Also because it’s an opening the 

thickness could also be very thin. In this paper we are not investigating the depth or thickness but 

mainly the length. Because we have the length we also consider thin cracks, especially when we 

investigate the boards and cracks in the experiment.  
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In this paper we consider crack-lengths that have emerged. If “zero” crack lengths is to be 

consider, for an example from drying both Vännman (1995) and Söderström (1990) give 

explanation of how to deal with “zero” measurements.  

 

 

3. Materials and Methods 
 

 

3.1 Measurements of cracks 
 

First let’s look at some definitions of crack length. The figure below shows how crack-length 

could be measured according to ”Mätning av spricklängd enligt Nordiskt trä (Anon 1994).” 

Andreasson & Jansson (2008, p. 33). 

. 

 

 
 

Figure 2. Measure of crack-lengths on surface. Lengths are a and b. The total crack length is 

a+b. Note! The crack a could be seen as two cracks, but the length is still measured as a. 

 

 

How do we measure the actual crack-length, hence which method do we use? 

 

By manual-method (manual measurements) we measure the crack length with a measuring tape 

or caliper (feeler gauge for width). By image-method (image-based measurements) we measure 

the length according to filtering and treasholding from images, “an algorithm” measures the crack 
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length. With mixed-method we measure the length from start- to end-point of a crack from the 

images (no curvature), compare Figure 2. 

 

 

In the study of crack development (only one crack observed in real time) and in the 

measurements in the boards the above figure illustrates how the crack length was measured. For 

the glulam beams, which were measured with mixed based method, the cracks were more treated 

individually, hence the cracks which has the length a in Figure 2 could be measured as two 

cracks. This we must take into account when we compare or conclude something from the results.  

 

For the beams I tried to use the image based data which followed each crack from 2007, 2010 and 

2011. But when we use image based software we will come to situation when we have to decide 

if crack a is one or two cracks. If you have many cracks near each other this will be a problem, 

especially if you use filtering. This problem will of course emerge for manual measurements too.  

 

The important thing is that you use the same measurements when you measure length for each 

sample. If you do that you could then test another method to measure the length. Be consistent 

with the method you choose. If you use data from image-based measurements that you can’t 

control or have time to check, you must be aware of the data you analyze may not be defined as 

you believe. Are all the cracks measured? Which are filtered out? Are there different crack types? 

And are there exact (equal) definitions of what exactly a crack is, and how to measure it? Is your 

view of a crack mine, or? 

 

For the experiment and the board investigation only surface cracks are considered. For the beams 

it’s very difficult to say which crack type actually was measured, but some categories of the 

beams had more similar crack types, so these where considered primarily. Crack-types are not so 

easy to categorize. Some different crack types and their characteristics could be read in the paper 

by Andreasson & Jansson (2008, pp. 21). 

 

The basic assumption if we want to make density estimation is that that the PDF should “show” 

the specific distribution on the specific board or beam, with same treatment same type of cracks. 

If we have different types of cracks the PDF might show this but it is very difficult to interpret, 

however if we find a specific PDF for specific treatment and sample its (specific type) more easy 

to interpret. 

 

3.2 Glulam Beams  
 

The data for this investigation was from a survey on real time cracking, due to weather, which 

has progressed from 2007 until 2011. The outdoor experiment was done on according to the 

paper Woodbeams and woodpoles outdoor survey (Pousette A. & Sandberg K., 2007). The data I 

used for my investigation was from 2007 and 2010-2011. Briefly the outdoor experiment was 

conducted as measuring crack development for beams and poles with different treatments. I 

narrowed my investigation to minor beams (glulam) with different treatments.  
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I focused on the category H66-H70 south side five minor beams, specie Pine, treatment was 

impregnation and then painted red and one beam H59S, from category H56-H60 south side (Pine, 

impregnated and oiled), see Table 1 below!  

 

Table 1. Categories (5 beams each) of minor beams in the outdoor survey, their different 

treatments and dimensions. 

category  Dim (mm)  pine  spruce  impreg. oil (1) white (2) red (3)  red (4) 

H56-H60 140x297  x 

 

   x   x 

   H61-H65 140x297  x 

 

   x 

 

   x 

  H66-H70 140x297  x 

 

   x 

  

  x 

 H71-H75 140x315 

 

  x 

   

  x 

 H76-H80 140x315 

 

  x 

    

  x 

H81-H85  90x315 

 

  x 

   

  x 

 H86-H90 215x315 

 

  x 

   

  x 

 
 

        

 

Note! No spruce samples were impregnated. The lengths of the beams were 2m. Category H66-

H70 (bold marked) of H56-H90 were more thoroughly investigated. Color red (3) is red alkyd-

based stain and red (4) is red alkyd oil paint. 

 

Summary investigation was however done for beams H56-H90 (all minor beams). Some 

problems and difficulties with the outdoor experiment can be read in the paper by Pousette & 

Sandberg (2007, p. 29). One problem was the obvious one that the samples were not measured 

before treatment.   

 

Recall that if we aim to predict the treatment effect we must have reference samples or at least 

the samples before treatment. This is a basic statistical concept (Montgomery, 1991). We have a 

lack of knowledge about the samples before treatments. If we start to analyze we must bear this 

in mind. Also to get good understanding in painted surfaces the paint might also hinder some 

analyzes. We can’t see what’s under paint, hence emerging cracks (beginning on surface). 

Recall also that many values or characteristics of wood actually assumes some crack formation, 

hence “strength values” (Pousette, 2006, p. 10) are in some sense connected to crack formation 

and the opposite. 

 

In order to be able to estimate density functions you must have consistent data which is of course 

a problem when you are dealing with data from wood. The weather affects the crack-sizes and the 

crack development. Also “surface cracks could close after drying but are still there which could 

be a problem in surface treatment, because they will open again when dried” (Pousette, 2006, p. 

11). So it’s very hard to get the actual crack development from the wood surface.  

 

Still the measurements have been done in similar weather conditions and under long time so we 

would expect to see some tendencies of the crack development. But if we see some steady state 

development, hence the cracks seem to get longer according to time; we could measure the 

development for the specific treatment. And if the category is easier to measure we could at least 
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see this categories development and in the end it’s PDF. 

 

The other categories (H56-H65, H71-H90, see Table 1), I could not analyze, more than briefly, 

for this paper (density estimation) because lack of data; however I will present some overall 

measurements for these categories in Table 2.  

 

From 2007 and 2010-2010 we have images and from these we can measure crack sizes etc. The 

software used is imageJ. Also some minor filtering was done in images which could affect the 

crack-data, hence not all cracks are counted and measured. But for categories that have 

reasonable amount of cracks the procedure should be rather good. Remember that even though 

the data was from images they were measured according to mixed-method as much as possible. 

So for these data we could consider a mixture of image-based and manual based measuring. If we 

use data from pure image base processing (image-method) the length has a curvature and might 

get overestimated. If you correct this, with non-scalar, you might affect the PDF.  

 

The crack area from image-based measuring should be better fit to the real area, because we 

measure each pixel, but in manual procedure we measure length multiplied by width (one way to 

do it). Usually only max width of the crack was measured. With manual measurements we could 

get the area overestimated and in image-processing (image-method) the length overestimated.  

 
Figure 3. With image-based measuring we measure the crack-length as S and the crack-area as 

Ai .With manual measurement we measure crack-length as L and area as max-width (w) 

multiplied with L, hence Am. From figure we can conclude that (usually) S > L and Am > Ai. 

 

In order to compare PDF we must have the data with one procedure. If we measure length from 

photos which have curvature we can’t compare it with manual measurements. We can of course 

estimate PDF from curvature-data but then you don’t get the same PDF as manual. It’s due to the 

definition. However the cracks are of course the same in both methods and the same random 

variable (if we assume random process). We only measure the cracks differently. Remember that 

estimation is a process to estimate something from data. If the data are measured in different 

methods they give different results. In order to compare the same methods should be used. The 

method used here to get data could be useful if we would like to compare beams measured 
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manually (not total crack-length), where each crack length are measured. Why it’s important to a 

probabilistic view to measure each crack and not enough to measure the total? Because we have 

only five beams with different treatments, this will only give us 5 total crack length values. In 

order to get some estimation of the PDF we are dealing with, we study each crack and for that 

specific beam. If we want to predict something for that specific beam it might be good to follow 

the crack development more thoroughly. If we would have had 50 beams with a specific 

treatment we might use another approach. If we use total length for each beam we can still see 

some tendencies between the categories. Hence the total crack length of each category, hence 

treatment. Here we should be careful because we lack some data in the categories. Also we 

should be careful if the beam (data, PDF of each beam etc.) behaves individually differently to 

categorize them in one category in a predictable manner. The beam (glulam) is not 

“homogenous”. Perhaps it would have been more homogenous if it was made of one board (huge 

one).  

 

 

3.3 Boards 
 

For the investigation of the boards (total 140 boards) we used 49 (these had cracks) from kiln 

drying, the specie was pine with dimension 63x150 mm. We assumed that the crack-lengths were 

independent of board-lengths.  

 

The total crack length of each board was measured according to the manual-method. 

In kiln drying you heat the samples so they get an even temperature. This is because we don’t 

want the surface to dry to fast. In the circulated air you provide some moist, hence steaming. In 

this process (steaming) we want minimal crack-development and controlled moist development. 

Next process is conditioning. After the processes we measure the total crack-length of each 

board. The boards are “picked” randomly. 

 
 

3.4 Density Estimation 

 
What is density estimation and why do we use it? "An important aspect of statistics, often 

neglected now days, is the presentation of data back to the client in order to provide explanation 

and illustration of conclusions that may possible have been obtained by other means. Density 

estimates are ideal for this purpose." (Silverman, 1986, p. 5). The sentence by Silverman 

summarizes why we can use it, now I try to explain what density estimation is. In the chapter 

Basic assumptions and definitions we defined a PDF. This is what we will try to estimate. Which 

PDF could explain our data? 

 
In density estimation we want to determine the function that generated the random data. In our 

case which PDF generated our crack-lengths? From this density estimation assumptions fall in 

basically two categories, hence; parametric and non-parametric models or methods. 

 

In parametric methods we assume that the variable (length) is from a specific distribution (or 

function etc.). Then we can estimate the specific parameters for that PDF. 
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In non-parametric we make fewer assumptions on the specific PDF. We could see if our data fits 

to a PDF with some tests. The test could give us a clue about which distribution we could use and 

which could be less appropriate. In non-parametric approach we let the data guide us to the 

estimated PDF. 

 

Histogram is one of the easiest forms of density estimation. The data is put into bins and we 

count the numbers that fall into each bin. The data can then be easily visualized. We can easy see 

some tendency of shape which our data has. The problem however is that the histogram is not 

smooth and binning can result in influencing the PDF. The binning problem, hence the location 

of each bin, can be avoided to some degree. The problem that we still have is the non-smoothness 

of the histogram.  

 

How can we make the estimates smoother? One way is to use a Kernel Estimator. The kernel 

(call it K) we choose should when we integrate it be one, because we are dealing with PDF. K is 

often chosen to be a symmetric function, examples are Epanechnikov and Gaussian. 

 

If we can avoid the problem with binning in the histogram case we still have a problem in the 

bandwidth in the Kernel, because it determines the smoothing. To minimize the bandwidth for 

the whole dataset we could try to minimize the MISE (AMISE, A = asymptotic), or mean 

integrated squared error. Some choices of histograms and kernels are mentioned in article by 

Rudemo (1982). 

 
If we use a single bandwidth this could over-smooth and under-smooth in different areas of the 

PDF, however if we use adaptive bandwidth we could overcome these issues. The optimal 

bandwidth can’t be found because in the non-parametric case we don’t now the density function. 

The optimal case is a topic of research in a different field and not considered here, neither the 

different types of Kernels.  

 

 

3.4.1 Test or Goodness of fit 
 

Could we instead of applying density estimation apply a reasonable model to our data, hence “fit” 

the difference between our data (crack-length) to a model, hence a reasonable PDF. If the 

“difference” is god we can have a clue if the data is representative for the specific PDF. If not we 

may “reject” that the data is from our assumed PDF. 

 

If we have random data (crack-length) we want to test that the data comes from a distribution 

function F(x). The test-statistic we assume we use for our investigation. We use software tools 

which have “these” test-statistic. Remember that we only get a clue of our estimated distribution 

and parameters, given in each test. The test-statistic only fit some specific circumstances, so this 

we must take into account. If we use a test and use their test-statistic we can’t conclude that our 

data is from this distribution function with the specific parameters. But it’s reasonable that it 

could, it’s likely. Also more statistics that are not based on empirical distributions emerge, 

example kernel density estimators under H0. 
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The statistic KS (Kolmogorov-Smirnov) and AD (Anderson-Darling) use empirical distributions. 

Basically I will consider KS, AD and the Chi-Square goodness of fit tests. Some tests as Shapiro-

Wilks test is directed to normality. Another distance that could be applied instead of the used 

ones in KS and AD is the Kullbeck-Liebler Distance. Of course we can use the Q-Q and P-P plots 

also. Remember also that the KS-test usually could have the Lilliefors correction implemented if 

you use software. Also Chi-Square was “originally” constructed for discrete “data”. If we also 

want to measure sample kurtosis (4th moment) and skewness (3rd moment) you can use 

D’Agostino’s test or similar ones. 

 

If we chose a distribution you could also use software to estimate the parameters, e.g. a two 

parameter gamma family will in Matlab perform an ML (maximum likelihood) estimate of the 

parameters (if we use the specific distribution). Matlab could then switch over from ML to MOM 

(methods of moments) if you have zeros in the data. This you should we aware off. You might 

not use the method which in the first case could be the impression.  

 

The Chi-Square tests are wellknown so I will explain the KS and the AD briefly. The ML 

estimates follow from the definitions, also MOM. In order to proceed we assume that the 

software has the critical values in a scientific manner for each specified function claimed.  

 

 

3.4.2 Kolmogorov-Smirnov statistic and “test” 
 

The KS statistic is based on the largest difference between the empirical distribution and F(x). If 

F(x) is a continuous function then the distribution of the largest difference does not depend on 

F(x).  

 

We can use ML-estimate to compute the parameter(s) and then test the “distribution”. 

Few distributions are available where parameters are estimated from sample. 

 

 

3.4.3 Anderson-Darling statistic and “test” 
 

AD test is also a test to fit an empirical distribution with F(x). The test weighted tails more than 

KS-test.  When sample size increase the values are approximate. 

 

There are also some modifications of the above mentioned tests. The tests have also some 

minimum sample sizes to be applicable. 

 

If we have a tailed distribution, how large must the sample then be if we want to give some 

certainty to the chosen distribution as the correct one? We assume that a test has given us an 

indication that we might use the distribution as a reasonable.  

If we have exponential-type and a power-type of distribution, then according to Heyde & Kouc 

(2004, p. 407), “use of the 99.9% or higher quantile would be required and the order of 50,000 
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observations would be necessary even at 95% confidence level.” This example might not be 

direct applicable for us but it still gives us some understanding in the difficulties with nearby 

related PDF. 

 

The software used for density estimation was Matlab (version 7.10.0.499, R2010a, 32-bit) and 

XploRe (version 4). The curves are “fit” with the dfittool in Matlab and kernel-tool in XploRe. 

 

I tested the distributions exponential, gamma, normal and lognormal.  

 

3.5 Study of crack development 
 

One easy way to observe crack development is to photo a board in real time, hence photo in time-

intervals. For this experiment I used a raw sample of spruce. The piece was sawn and made 

usable in the beginning of April. The board size was 50x10x4 (cm). In this sample I followed a 

knot-crack, hence a crack had already developed in the knot. The observation with the 

development in the knot, hence the crack emerging started from middle of April. Photos are taken 

from 24/4-2012 to 24/5-2012, with timing intervals of approx. 30 min. 

 

The camera used was a Logitech webcam pro 9000. Distance to the boards approx. 60 cm. 

Software used for photos was ImageJ (ver. 1.46a, 32-bit).  

The timing-intervals to photo were done with free software called Yawcam (very good). 

The lightning and camera was adjusted in the beginning so measurements were basically done 

manually. However, both manual and mixed-method was used in the study of crack development.  

 

 

4. Results 
 

 

4.1 Estimation of density functions on beams and summarized data 

 
Estimated gamma (see Appendices, Statistics glossary) PDF as assumed. We assume crack-

lengths are distributed according to gamma PDF. Other assumptions could of course be made. 

We don’t assume pure exponential because we don’t now the specific crack types. If we could 

“analyze” exact crack types in length and category we might get other conclusions. Still, from the 

data, the gamma function (PDF) seems reasonable. 
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From the plot below we can see a slight change of curve from 2007 (red year 2007) to 2011 

(purple year 2011). The curve from 2007 shifts to the right and downward to 2011. 

 

 

 
 

Figure 4. Plot of density (probability) versus crack-length (mixed-method, x-axis labeled Data, 

unit is mm) for beam H68S. 

 

 

Recall that values from 2008-2009 for this specific beam have been “calculated” from pure 

manual (manual-method) data from 2008-2009, due to lack of photos. So the year to consider 

appropriate might be 2007 and 2010-2011.  

 

If we bear this in mind we can see some interesting tendencies, hence the “prediction” for this 

specific beam in crack-length development. It seems to follow the change mentioned above. If we 

start in 2007 with cracks developed according to some PDF for this beam, we can predict the 

shift of the curves, and also the crack development. For this beam and other beams in this 

category, the cracks seem to be more even in crack-types; however, it is still tricky to measure 

each crack.  

 

In the dfittool you can get ML (log) estimates of the parameters when “function” is chosen. 

Though to choose, for example, a distribution according to the highest “L” value might not be 
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relevant, due to minor changes in the assumed curves; exponential, gamma and lognormal. 

Normal has lower values than the other. A reasonable PDF in our case is gamma, we use it in a 

GOF-test (mentioned previously) then we can reject (assuming distributions under hypothesis) it 

if needed. In the Appendices are some “statistics” for H68S (2007) and for beams H66S-H70S 

(2011). From the data we can see that for some beams (ex. H68S) we can’t reject the gamma 

distribution. For others we can, in a specific α-level reject the distribution is gamma, or at least 

we don’t have information to make a judgment according to our data. Recall this was from a 

category that had “some” evenness in crack types. What happens if we keep the PDF as gamma? 

 

 

 
 

Figure 5. Plot of density (probability) versus crack-length (mixed-method, x-axis labeled Data, 

unit is mm) for beam H66S-H70S. Also H68S from 2007 to make a comparison. 

 

 

From Figure 5 we can see the shift from the beginning (beam H68S year 2007). Also, if we 

compare this to the other beams in the class (category) we can see the down movement. The shift 

to the right is not “obvious”. This is why it might be appropriate if you have fewer beams to 

“predict” the beam individually and not as a “similar” category. The beam is constituted of non-

homogenous material so that’s probably why it’s hard to get narrower view of what would 

happen to the crack development in the future. Still we can see some tendencies. And if we 

sharpen the tools to get the exact crack type and a specific crack (not disturbed) we can make the 

model more accurate. If we get a more precise definition of crack then we can measure more 

exactly. The definition of what a crack is could influence the measurements, as mentioned in the 
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chapter basic assumptions and definitions. 

 

Other categories lack data or have very few or “zero” measured cracks from the beginning and 

this makes each beams crack development impossible to follow. Also you can’t use too few 

observations for the tests. The tests I use are not perfect but still show some basic knowledge of 

the crack-lengths presumed PDF. Remember, still, the main factor that could influence our PDF 

is the crack-measurement. How do you measure a crack and what is a crack? If we have the total 

crack length we “get rid” of these measurement difficulties and have the crack type to deal with. 

Recall from Figure 2 that we can now measure total crack length S = a+b and eliminate 

measuring a and b specifically. But if we have almost one crack type we will see when 

measuring the boards from kiln that assuming PDF as gamma or exponential is not “a flaw”, but 

a minor crack (maybe). 

 

Let’s check the final beam for our investigation. Now we take on a real “cracky” one. And we try 

some kernel tools to see what happens to the beam (our PDF). 

 

 
 

Figure 6. Plot of density (probablity) versus crack-length (mixed-method, x-axis labeled Data, 

unit is mm) for beam H59S (year 2007 and 2010). 

 

We used non-parametric estimation (dfittool), hence the Epanechnikov kernel (Gassian kernel, 

see Appendices). What does the non-smoothed estimates in Figure 6 indicate?  

 

In Figure 6 we have the same shift downward and to the right. So even in this category (H56S-

H60S, worst crack formation) beam the tendencies are the same as for the H68S beam. Downshift 

and to the right. What happened to the parameters then, if we assume a gamma model for this 

beam, hence the crack formation follows a gamma PDF? If we estimate parameters with ML, we 

get α-parameter around 4 and beta around twice that, but 2010 smaller α-parameter (half) and 

huge β (long cracks, five times larger parameter). If we check the Appendices for the H68S, we 

see that the parameter doesn’t change so obviously. The enormous amounts of cracks are 
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probably due to the treatment of this category (see Table 1). Observe also that the first time I 

investigated this category, the data for 2007, if used, creates a total different view. That’s why it’s 

very important if you analyze data for specific cracks, that they really are cracks. Especially as 

for now we don’t focus on the total length of each beam. 

 

What happens if we use XploRe with kernel-estimation then? 

 

We use the same data (H59S), and let the software do the rest. 

 

           
 

Figure 7. Plot of beam H59S data for year 2007 (left) and 2010 (right) with (gaussian) kernel 

estimation. (mixed-method. The x-axis scale in the right figure is x*E2, hence x*100). 

  

 

We also see that estimates for crack length increase from 2007 to 2010. Both binwidth and 

optimal h increase, hence we let the data estimate for us. A prediction here could indicate larger h 

and binwidth increase. And, probably only for this beam if the data was measured accurately. 

 

So far we have seen that the tendency for the PDF to shift works both for the H68S beam and 

H59S beam. Remember, these are measured manually from photos (hence the mixed-method). 

 

 

 

 

 

 



16 

 

 

Before we start to investigate Table 2 on the next page concerning different treatments, I must 

explain some variables within it. The variable no. is the total number of beams. Area and length 

is the total-crack-area and respective total-crack-length for the measured beams in that category. 

The variable n is total number of cracks in the category.  

 

The comment “no photos” (marked blue color in Table 2, years 2008-2009) indicates that in 

these years only manual-method were used when measuring the beams. Other years, 2007 and 

2010-2011 they were measured according to the mixed-method. 

 

Also see the categories on page 6. 
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Table 2. Data from minor glulam beams (measured according to manual- and mixed-method). 

2007 Minor Beams South

category H56-H60 H61-H65 H66-H70 H71-H75 H76-H80 H81-H85 H86-H90

no. 5 5 4 zero zero zero no scan

length 5159,4 640 2194 *

n 192 14 25 *

Area 3698 0 0 *

(H57 most)

2008 no photos

no. 3 1 5 zero zero zero 1

length 9495 90 7860 1180

n 123 6 137 75

Area 8874,5 45 5955 1087,5

2009 no photos

no. 5 1 5 zero zero zero 3

length 47998 111 14795 6139

n 484 4 299 248

Area 74233 89 15697 15795

2010

no. 1 5 5 3 5 5 4

length 6241 933,8 20676 582,3 509 2402 8914

n 78 15 194 7 9 20 40

Area 8347 745,4 24764 447,8 1838 1368 15508

2011

no. zero 5 5 5 5 5 4

length 1617,6 24788 1038 799 7803 9289

n 27 219 14 13 53 41

Area 1453 31400 708,3 1929 4020 15375,4

2007 Minor Beams North

H56-H60 H61-H65 H66-H70 H71-H75 H76-H80 H81-H85 H86-H90

no. 5 4 4 zero zero zero no scan

length 3203 1300 1437 *

n 121 17 11 *

Area 2610,3 0 0 *

2008 no photos

no. 3 zero zero zero zero zero 1

length 6515 800

n 47 51

Area 3887,5 1405

2009 no photos

no. 5 1 2 zero zero zero 1

length 32277 92 405 1065

n 334 74 50 34

Area 34636 4 314 2032,5

2010

no. zero 5 5 2 5 5 4

length 1417 5263,5 116 255 586,3 3222,2

n 20 75 4 7 18 12

Area 1338,7 4006 83,6 706 544 5362

2011

no. zero 5 5 2 5 5 4

length 2087 8455 116 257 599 3313,2

n 26 92 4 7 18 12

Area 1491 6586 83,6 716 550,5 5529
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The main data to study was the length, in the table total-crack-lengths. If we have more than one 

beam, the total length is for the whole category. The same for the area. The total length differs a 

little in the South and North of each beam category. If you compare the years 2008-2009 you 

should take into account that these measurements are often total crack lengths and not specific 

crack lengths. For example, consider that you have five cracks in a “line” then the crack-length is 

measured according to the start- and end-point of these cracks. In the mixed method you add each 

crack-length in that line, if you can judge each specific crack as a one specific one (crack-length 

will be the sum of these five cracks).  

 

Judge Table 2 as year 2007 and 2010-2011 as one group for comparision and year 2008-2009 as 

another. You still get a feling in crack development if you view it in a broader sense. 

 

Zero means that we don’t have any data. This could be that there is no data available, no cracks 

formed or that data attained was  unusable. 

 

How did the different treatments affect the beams, considering crack-development? 

From the data we can see that H56-H60 category has the longest crack development. The 

categories that have the shortest development are H71-H75 and H76-H80 categories in this 

experiment. Observe also that no manual measuremnts were taken in 2010-2011 with the H56-

H60 category due it’s exponential increase in cracks. This was impossible due to the amount of 

cracks. Also, only the year 2010 and one beam H59S was checked with the mixed-method.  

 

The oil and impregnation for the H56-H60 is by far the poorest of  treatments, if you consider 

crack development. Otherwise it’s free to judge from Table 2, which is the best treatment for 

gluelam beams. 

 

It might also be obvious that the total crack lengths seem shorter on the North-side compared to 

the South-side, except for the H61-H65 category. This category was also more even in crack-

development, when considering North- and South-side. If you compare this category with H66-

H70, we see that H61-H65 is better (white color is preferred over red alkyd-based stain). 

 

The category H86-H90 had some difficulties when being measured (some approximate) so bear 

this in mind. If you compare H71-H75 with H81-H90 (same treatments but different dimensions) 

you should note that H81-H90 had some very large cracks, so this could influence the judgment 

of this treatment, if chosen. The category H86-H90 also had larger area in 2010 than 2011, even 

though the length increased. This could be due to weather conditions during measuring. If the 

crack widens, the area increases significantly. It could also be the opposite 2011; hence a 

decrease would be visible. If you want to be sure that this wasn’t the treatment you might choose 

H76-H80 as the best (north and south total). From Table 2 I can’t judge if the dimensions affect 

crack development. Larger dimension could however yield more crack development. 

 

Over a period (of time) the crack length will increase. And still the overall picture is that crack 

length increases. Beams H56-H60 seem to increase immediately. 
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If we measure cracks with the image-method, what happens? 

 

If we recall the discussion on pages 5 to 8 about problems in which the estimated functions 

between manual- (also mixed) and image-method could emerge, we can look at one example of 

that.  

 

If we take the beam H68S as an example to illustrate it, this will be true for the whole procedure 

in the differences between the methods. We can (also seen in Appendices) estimate the 

parameters if we assume gamma PDF and see what happens. For our study we estimated the 

parameters as; α=4,047 and β=23,059 for beam H68S (2011). This was from the mixed-method. 

With the pure image based method, hence from image filter out the crack length and measure the 

number, length and area of the cracks. From this image method we got α=1,782 and β=25,73. 

Here we see a clear difference if we want to estimate the PDF. The α-parameter (shape) changes 

to about half the estimated value from the manual method. This could be very important and 

conclusive if our aim is to estimate the PDF. If we use gamma according to our tests, the results 

are not similar for different beams. Our distribution as a PDF (gamma) is rejected with AS and 

KS, but kept with Chi-2 in the image-method. So how can a PDF diverge with different methods, 

however not totally (recall previous explanations)? AS and KS might be affected by the larger 

number of cracks from the image-based method. However,  the parameters still change 

dramatically. 

  

In the following table we can get a hint, if we assume methods GOF and parameter-estimation are 

correct. 

 

Table 3. Number of cracks (n), area (mm
2
) and length (mm) for beam H68S with different 

methods (mixed-method and image-method, year 2011). 

 

method n area(tot) length(tot)

mixed 51 5781 4763

image 125 4615 5732  
 

 

From the above table we can also see a difference in number, area and length if we compare the 

methods. So, which is the right one? If we go by length and use the definition we could 

reasonably assume that the manual method gets a more accurate length, because there is no 

curvature. The number of cracks depends on how you define them; otherwise it’s reasonable that 

according to definition you might get overestimated numbers from the image-based method due 

to noise. Also if you consider an image as “one” it’s difficult to filter out and threshold every 

(thin) crack. With manual measurement it’s easier to see the length. For the area it might be the 

opposite, because in the image-based method you get the curvature length and at the same time 

the width. With manual measurements you get length multiplied by a specific width. Even if you 

average the width, the area might be overestimated if you compare it with the image-based 

method. But for the length (in this study), the manual measurement might be the “good” one. The 

answer to distribution change and parameter difference, I believe is the difference in the length 

measuring methods.  
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The image-based method uses curvature and the manual method uses the “obvious” length.  

Curvature is a measured according to unknown algorithms. This way of measuring the length 

could be the reason.  

 

One way of correcting this is of course to use some kind of “ratio/scale-parameter” to correct this 

curvature or do as in the analysis of the beam samples in our study; measure the crack length 

from images according to the “manual” method. Crack length from start-point to end-point. 

 

The problem of start-point and end-point emerges if we have noise or cracks that really are one, 

but are divided into many parts. We count one crack as many, and get an overestimated number 

of small cracks. This could also explain the different α-parameter. We get a large “population” of 

small cracks. The big one might get easier to check, so the tail in the distribution gets more 

“accurately” estimated. So the parameter difference could be twofold; curvature of crack length 

and “population” of small cracks (could also, indicate larger number of cracks). If we measure 

crack-length with no curvature, this “noise” of small “fictive” cracks could be tricky to solve. 

This could be a major contributor to the parameter-difference between manual and image-based 

results. 

 

 

4.2 Estimation of density functions from dried boards 
 

What could be our distribution for dried pine-samples? First we try some GOF to see if any 

distribution actually fit’s our data (see Appendices for data values, crack-lengths!). CV-values in 

parenthesis (if no rejection CV-value on -level=0,1 else on spec. rejection-level). 

 

We reject the hypothesis when p-value is less than the specified -level. For AD we reject when 

the statistic > CV (critical value. Observe the larger test-statistic value for AD when PDF normal, 

see definition of p-value and -level). 

Table 4. p-values for KS and Chi-2 and test-statistica for AD. CV-values in parenthesis. 

 

PDF 

 

        KS             AD(test-statistic)            Chi-2 

gamma 

 

0,9   0,23(1,93)            0,84 

lognormal 

 

0,81   0,39(1,93)            0,83 

exponential 

 

0,881   0,23(1,93)            0,83 

normal 

 

0,1   2,57(2,50)            0,27 

      

From the Table 4 we can see that normal-PDF is not appropriate. AD-test gives us as a test-

statistic value of 2,57, hence rejection of normal on -level=0,05, this is also indicated by the p-

value.  
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For gamma I got α-parameter as 1 (shape-parameter could indicate exponential) and beta as 70,4 

(scale parameter). We can’t reject that the sample is from lognormal distribution or exponential.  

Now if we make a parametric estimate of the boards crack lengths (total) we get the figure below: 

 

 

Figure 8. Density estimate of total crack-lengths (manual-method). 

 

If we use XploRe to estimate the curve, assuming gamma, what parameters do we get? 

If we use ML we get: α=1,0484 and 1/β =0,015043. 

If we use MOM we get: α=1,0101 and 1/β =0,014493. 

 

Which distribution is then the most correct, hence describes the crack-lengths PDF. The 

distribution for crack-length from drying (from kilns) is distributed according to an exponential 

PDF, or? Crack-lengths seems to be exponential distributed, not normal. Gamma and lognormal 

could of course be used, but gamma parameters (shape) when estimated is close to the number 1.  
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4.3 Study of crack development 
 

The length of the crack was from the beginning (raw-cut) 6 mm, and very thin. The end 

measurement was 27 mm. The width has emerged from very thin to approximate 1mm. The crack 

was (as seen below) developing inside a knot.  

 

The photos (see also enlarged photos in Appendices) could also indicate how the crack emerges. 

If the crack follows a line or do crack emerge in the line but not as a “one” crack. Recall the a-

crack (two cracks in a line) in Figure 2. 

 

 

 
 

Figure 9. Photo from 2012-04-24 of the knot crack in the sample. 

 

 

 
Figure 10. Photo from 2012-05-24 of the knot crack. 

 

 

In this experiment I observed that crack developed is in the line, but from the beginning and to 

the end, the cracks were divided into two and then grew to the one-line crack, as seen in Figure 

10. Here I have no knowledge under the surface, so the “defect” could already be under it and 

then emerge in two “visible” cracks on the surface. The real scenario could instead be that “there 

is only one crack”. If you measure the crack (length), how would you do? Shall we wait until (or 

have the possibility) there is only one? Here we must be careful. If we aim for individual crack 

data, we must consider it and follow the same method when measuring the length. If we measure 

the total length this might not be a problem, we measure according to the a-crack, hence the total 

of a+b. 

 

If we want to get a “deeper” understanding, we investigate the assumed “two-cracks” under the 

surface to see if we can make more usable conclusions. For the moment, when using image-based 

software you could end up measuring two-cracks instead of one. Still, it could actually be two 

different cracks. If you aim for the crack-length density function you could end up with very 

different estimates.  
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If we look how the crack develops lengthwise, it’s very difficult to predict any function that 

follows length development. Basically we have crack length from the beginning 6 mm and in the 

end 27 mm (considering the previous reasoning).  

 

Of course you could plot length as a function of time but it would yield very little extra 

information for this experiment (and is it one or two cracks emerging). For me this crack 

followed “a linear” development (assuming one crack). There is some tendency to “log-like” 

shape, but a very small one. Se Figure 11 below! Much depend how you narrow your 

measurements. If we take first one and the last one we get a line. 

 

 

 
 

Figure 11. Crack length development.  

 

 

If we look in the Figure 11 we see the measurement “jumps” rather much from time 3-4, but this 

is when “two” cracks forms to one. Measurements before had linear shape as mentioned before. 

Remember this is presented as a broad timeline, to show tendencies. The up-down measurements 

could be “temperature or moist” affecting measurements or errors of mine. 

 

Also it seemed from the photos (all of them) that the width increased and decreased a bit when 

the experiment continued. Recall also that the dimension of the board shrinks a bit from the 

beginning. 
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5. Discussion 
 

In this thesis I tried to find some density estimates of beams and boards. In the crack-

development experiment, I also tried to see a crack developing in real time. The density function 

is only an estimate from a little data so the real function is not absolute.  We could, however, 

confirm similarities in previous studies that a reasonable PDF for total crack length could be 

exponential for the boards. We can see from Table 4, that normal distribution didn’t fit as a PDF. 

This result coincides with the paper by Söderström, that “normal assumption is poor” 

(Söderström, 1990, p. 5). 

 

For glulam beams it’s more difficult, although gamma distribution could be reasonable for these 

samples. If we can define and measure crack lengths more accurately we could find a more 

precise PDF. The tendency for crack development in the future could be used as a tool to predict 

further crack development. 

 
Weather is not continuous, it changes, so our prediction will be linear, but in real time it will not. 

From the beam estimation, I saw some tendencies of prediction. If we want more precise 

predictions we most know the density function at least as good as in the board estimation. The 

GOF should give a clear indication if we choose the reasonable one. The graphs can also tell us 

about shapes. If we want to make a more precise prediction of weather influence, we would have 

more continuous measurement data. We have a severe limitation because it is time-consuming to 

check the cracks in a continuous manner. If we bear this in mind, we can still see some 

tendencies in crack-size development, from year-based observations. 

 

If we analyze which treatment could be preferred and consider crack development, then beam 

category H56-H60 seems to be unusable. The treatment with oil and impregnation is a poor one. 

 

The paint, if we compare category H61-H65 with H66-H70, should preferably be white, even if 

we consider North and South. Otherwise, the North side has less crack development than the 

South side.   

 

The least crack development in length was the H76-H80 category, and the category that had the 

least crack area development was H71-H75. These categories were even when the number of 

cracks was considered. The area is difficult to interpret, because weather affects the width of 

cracks. Cracks widen and shrink continuously. It might be more appropriate to measure and 

analyze the length, if we consider future crack development. Crack length (and total length) for 

all categories increased from 2007 to 2011, even if the year-based changes are not so obvious for 

all categories, ex. H76-H80 (see Table 2, year 2010–2011). The change is still measurable, hence 

crack lengths (also total length) increase with time. For some categories this is very fast, owing to 

the treatment of the beams. 

 

Crack formation develops in a time frame; the time frame for crack development could then be 

described as a Poisson process (Cinlar, 1975, pp. 72-85). If we believe that cracks appear from a 

Poisson-process, this gives us the cracks, and then it’s more obvious that the distribution is 

exponential (gamma). So it seems possible that crack lengths follow an exponential distribution, 
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hence lengths are distributed exponentially. This is a conclusion according to Söderström (1990).  

In the paper by Söderström (1990), he also explains the crack-formation process (physical 

explanation). Recall that when you measure human length, the average value of human heights is 

“normally” distributed. This does not mean that growth (length) occurs normally; more probably 

it is in an exponential pattern. 

 

If it were possible to photograph real time, as in the study of crack development, we could see 

cracks developing from previous cracks (and new ones). If we relate crack-length development to 

some other studies, eg. Ignatovich & Ninasivincha (1999, parts 1 & 2) we could, from this study 

of crack development, see a steady crack growth, and we might observe unsteady growth in the 

future. These states could also be entangled in each other. In wood material, the developments 

might differ, although it’s possible that wood also follows these growth patterns. 

 

The problem is that if you photograph in real time the weather affects crack development (widens 

and shrinks). So if we want to be precise, in order to model a process for crack development, we 

must follow each crack from the beginning to the end. This might be impossible, but if we want 

to find some reasonable model for crack development (random process), then the estimation of 

the PDF might be one way to do it. 

 

We have also a major task to investigate more thoroughly; that is, what is a crack? If we want to 

investigate each crack individually, we must define the actual crack more accurately, in order for 

the manual measuring, as well as measuring from images to coincide. Also, remember that PDFs 

for length from images are not the same as manual ones. From images you get the curvature 

length, so this is not the same as the crack lengths from start- and end-point. If we try to adjust 

the curvature in a non-scalar fashion we change the actual PDF.  

 

In the mixed method the curvature has less effect because we measure the crack length from a 

start- and end-point in the photo. If we consider length as a measure, the manual method is the 

more obvious if we measure according to Figure 2 (page 3). There are no problems in measuring 

it, but if the image method is used this could result in two cracks. These have, of course, different 

dimensions then length from the manual method. From the manual method we get data for one 

crack about the length and width. From the image method we get two cracks with two widths 

(length overestimated). Also applied is an algorithm (maybe unknown or unusable for the 

purpose when we have filtered out the specific crack) to get the measurements. Filtering could 

also affect data. By “filtering” I mean this could split or connect the cracks in more or less, in 

numbers (data affected). Also filtering could filter out relevant cracks, thin ones, if you apply the 

filter(s) to the whole surface (board/beam) for investigation. 

 

Other problems could be “noise” (cracks divided into many parts). This could emerge especially 

from filtering the images (see Figure 2). If filtering also divides these cracks more we 

overestimate the number of small cracks, hence the PDF is affected. Also with “filtering” we 

could miss small cracks, which could develop into larger ones, or if these cracks are in line 

(follow a straight line), they could develop into one larger one. 

 

If we consider crack area (length multiplied by width), the image method is more accurate, at 
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least the total one (same problem as with length, owing to the splitting of the cracks if we 

consider individual cracks). Even if the crack is divided into two parts the total area is more 

obvious than by the manual method, where the width is considered (average of different measure 

points or the widest part). In the image method you get the actual pixels, but in the manual 

method the area is overestimated.  

 

If the image method is more precise with regard to the variable crack length, the PDF will be 

more accurate and prediction (if used) will be useful and reliable. The problem is not the image 

method, it’s the accuracy of the measurement. By this I mean to get the actual cracks from the 

images. These should be real cracks. If this could be accomplished the method is faster than the 

manual method and might be more accurate. The difficult part when estimating a PDF is not the 

method to be used, it’s obtaining accurate enough data in order to estimate.  

 

The GOF and kernel estimates can be useful tools for finding a reasonable model, hence PDF, for 

crack lengths. The tests and estimates can expand to more. The tests I used are common and most 

software have them. It is not always clear how these software estimate, so in order to compare 

you could try to find out the algorithms for calculation. This is not as easy as it seems. The 

precision and randomness also varies depending on the computer. In order to make more even 

randomness a congruential generator, the same seed could be used or a similar one. 

 

The only normal thing about crack development is that the PDF is not normal or log-normal. To 

use normal or log-normal models you should consider random variables that are added or 

multiplied, then these models might be accurate. 

 

Today, software and statistical tools have removed much of the need for assumptions of 

normality. Don’t use normal distribution simply through lack of imagination, because there are 

many other distributions that may be far more appropriate. 

 

 

6. Conclusions  
 

The main topic in this thesis has been to estimate the crack-length PDF. We have seen that if we 

don’t have accurate (or usable) data it’s impossible to estimate even a reasonable density 

function. But if we assume that we have a good one, such as the one from the drying estimation, 

then how can we use this density function to predict future crack development?  

 

We could apply a similar approach to our prediction model, as described by Grooteman (2003); 

that is, the SLAP (Stochastic Life Approach). Briefly this is a stochastic analysis, not a 

deterministic one. Owing to the variability in crack development it might be easier to predict the 

future development of the cracks if we have their initial distribution. The SLAP also deals with 

back-tracking, so if you have the distribution, in the end you could find the initial distribution. If 

we have many end distributions, we could “back-predict” the initial ones and see if our model 

also fits the initial one from the end.  

 

For our case we want to predict the future. In the chapter on beam estimation (i.e. chapter 4.1) we 
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briefly saw some expected future distribution. If we have some critical distribution of crack 

lengths we could, from the initial one, predict the dangerous one. The key for this kind of 

analysis is to know the PDF, that is, the crack-length distribution, which must be very accurate. 

 

If we look more thoroughly how to apply the SLAP, and consider Figure 12 below. (For an 

overview of the SLAP philosophy, see Grooteman, 2003, p. 5). 
 

 
Figure 12.  L is the crack length and t is time. D is the initial PDF and F is “failure” PDF. 

 

If we detect the cracks according to the initial PDF, we can see the increase in crack lengths 

(Figure 12) result in a failed PDF. 

 

If we have the initial PDF of crack length, and the (assumed) PDF five years in the future, we 

have a good tendency for how the crack length will follow our future PDF. If we now have our 

initial PDF for other beams with same treatment we can adjust the future PDF for these. In the 

long run, we may see that the crack lengths develop to a dangerous crack (repair/repaint or 

remove), ie. “Failure distribution”. The more data we have to support the crack development, the 

more accurate the “failure distribution” will be. If we have the initial PDF we might not have to 

check or photograph the beams so frequently. Our assumptions support the fact that development 

(crack) will be reasonable. Also, if we know from the start that the distributed crack will emerge 

to “dangerous” cracks we might not even consider to apply these beams, they are too dangerous, 

or use them in a different manner. Also the PDF could be used in simulation applications. 

 

If we know the failure distribution but have no clue how the initial one was, we can use this to 

backtrack the initial distribution, and see why we didn’t see this danger coming. 

Note also  that “back-calculations are not extrapolated to time zero, as in the EIFS (Equivalent 

Initial Flaw Sizes) approach, but only until a detectable crack length has been reached” 

(Grooteman, 2003, p. 3). Should we have seen this, or can we explain it by weathering? 

 

As a result of weathering the model we will fit to ours must be as good as we possibly can get, if 

we want to use PDF modeling and not a deterministic one.  
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This is why we might use both back- and forward-calculus to fit our model. Also, to use the right 

model choice we could apply AIC and BIC (for a brief explanation of AIC and BIC, see 

Appendix 6). The model we choose as our PDF will (probably) have some uncertainty so 

information criteria could be useful tools to make our model more accurate. 

 

If you have data from many beams or samples you might also consider the following reasoning. 

Assume that you have the total crack-area distribution of each sample treatment category. For 

example, we have painted the boards. Assume, as in the case of the boards, that we have the total 

area distribution (can be found in similar ways as length, the key is to estimate accurate data) 

instead of total length. Remember that if we want the total of something we must have many 

samples, to estimate this so-called total initial crack-area distribution for investigated samples. 

 

If we assume we have a good picture of the initial distribution, then we can estimate when 

inspection or maintenance should be carried out. This assumes that we have some information of 

crack areas from the beginning to the end, similar to the beam project data from year 2007–2011. 

In order to make a prediction, we must have some knowledge of initial and final distribution, and 

useful is also in between (above reasoning, crack length). 

 

If we have knowledge from many samples we might have a good PDF, and so we could estimate 

what would happen to the sample, with the same treatment of which we have knowledge, in the 

future. 

 

We use approaches such as as SLAP in the same manner, but know the cracked area (or other 

variables). If we use stochastic approaches the important thing is to get the PDF as close to the 

real one. We see from the board estimation that it’s possible to obtain a good estimation, and if 

we can get more precise data for the beams I think we can use estimates to predict future 

behavior, area or length, or the beam characteristics. 

 

We photograph the surface of the sample, get the total area, and predict when we will change it, 

or treat it. It’s also possible to fit older samples. We can get a reasonable PDF from our database 

and estimate this behavior. The more data we update the more precision we get for predicting 

maintenance. The important thing is to find the characteristics we are planning to predict or use. 

If we are able to do that I think we can tell a lot about the crack characteristics. My approach was 

to use PDF to predict or investigate crack-length characteristics; this does not mean that this is 

the best approach but a SLAP (?) one.  

 

If we sharpen our tools we will fix this crack-development puzzle. For sure it will be tedious, but 

still fun. To write about and investigate crack development was fun, but the real fun was to 

actually see that, in some sense, cracks do not emerge randomly; that is, they are not Löf-random.  

 

The good thing about PDF is not to use it as “probability doesn’t function”. Instead, you should 

use it as “problems do fix”. Use stochastic methods and probabilistic ones, because they will 

probably solve the problem. If not, you have probably done something wrong. Remember there is 

no such thing as total randomness, just a Löf-one, and because of that, no problem is like a rock 

or mountain. This penultimate sentence will solve it. 
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Appendices 
 

Appendix 1. Gaussian Kernel for beam H59S (2007 and 2010, south) 

 

 
 

Figure A1.1. Plot of density (probability) versus crack-length (mixed-method. x-axis labeled 

Data, unit is mm) for beam H59S (year 2007 and 2010). We can see some improvement in 

smoothing for year 2010. 

 

In MATLAB the ksdensity function does not provide an automatic data-driven bandwidth, which 

might not be optimal (see question on page 14). The “rule” for bandwidth is important for 

optimality. The kernel choice is also worth considering. 
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Appendix 2. Statistics Glossary and gamma-curves 

 
 

 
 

“A random variable X that has a PDF of this form is said to have a gamma distribution with 

parameters α and β; and such f(x) is called a gamma-type PDF” (Hogg & Craig. 1978, p. 132). 

 

Sometimes the inverse scale parameter (1/β) is used as parameterization. 

You can compare the parameterizations between software’s Matlab (β) and XploRe (1/β). 

 

p-value or P-value: “is the probability of occurrence of the values of the test statistic that are 

either equal to the one obtained from the sample or more unfavorable to H0 than the one obtained 

from the sample.  It is the lowest significance level that would lead to the rejection of the null 

hypothesis, H0, at the given value of the test statistic. The value of the test statistic is referred to 

as significant when H0 is rejected.  The p-value is the smallest α at which the statistic is 

significant and H0 is rejected.” (http://www.weibull.com).  

 

Depending on the literature p or P is used, but I use p. 

 

Other definitions could also be, observed size or significance probability of the test. Low p-value 

might indicate that the alternative to the hypothesis is more relevant. 

 

α-level: "significance level, size of the critical region, power of the test when H0 is true and  

the probability of committing an error of type I are all equivalent" (Hogg & Craig, 1978, p. 287). 

 

Another (similar) definition could be read in Montgomery (1991) “α=P(rejectH0|H0 is true) “ (p. 

28). 

 

On next page are some different shapes of the gamma “functions” with different shape and scale 

parameters. Shape-parameter α (1, 2 and 3) and scale-parameter β (2) with Matlab. 
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Figure A2.1. PDF of gamma with different shape and scale parameters. 

 

 

 
 
Figure A2.2. Gamma distribution function (df) with different shape and scale parameters.  
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Appendix 3. Enlarged photos from the study of crack development 
 

 

 
 

Figure A3.1. Enlarged photo from 2012-04-24 of the knot crack in the sample.  

 

 

Even if you enlarge the picture it’s difficult to see the crack in the middle of the knot. This can 

give you a realistic view in interpreting the crack-size. 

 

 

 
 

Figure A3.2. Enlarged photo from 2012-05-24 of the knot crack. 
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Appendix 4. Test statistics for beam H68S (year 2007) and H66S-H70S (year 2011) 
 

According to Burnham & Anderson (2004, p. 262), we should ask ourselves “Are models ever 

true, in the sense that full reality is represented exactly by a model we can conceive and fit to the 

data, or are models merely approximations”. My idea is of course that we are dealing with a 

model, and from previous reasoning about normal/lognormal PDF’s (specific crack length 

distribution) this PDF (as lognormal/normal) was excluded. Gamma (PDF) fitted better for this 

beam (s), but recall normal (added, random variables) and lognormal (multiplied, random 

variables) distributions in our case, specially crack-length, are not so good as PDF’s for our 

theory reasoning. Exponential also had a poor fit. So I ended up deducing from theory and 

practical investigations that gamma-model was best suited for these beams. Recall also from test 

that the model (gamma) doesn’t fit in all α-levels (tested ones). You can of course modify gamma 

(3-4-paramter ones or log-gamma) and get a better fit, but I tried the “easy” gamma (2-parameter) 

due to time constraints and precision (gamma 4-parameter difficult to use as estimation) 

 

Here α and β are gamma parameters. Data only for gamma-PDF (assumed). α-levels 0,01, 0,02, 

0,05 and 0,1 were tested. Usually you specify the α-level (hence 0,1) before the test. 

Note, if no rejection, CV-value on -level=0,1 else on spec. rejection-level (could be 0,1). 

 

 

Table A4.1. p-values for KS and Chi-2 and test-statistic for AD. Parameters for gamma PDF. 

         

 
     year beam     KS            AD    Chi-2     α       β 

 

 
2007 H68S 0,983 0,21(1,93) 0,793 3,125 24,159 

 

 
2011 H68S 0,943 0,26(1,93) 0,99 4,047 23,059 

 

         

  

H66S 0,23 1,19(1,93) 0,065 1,81 76,11 
 

  

H67S 0,35 0,72(1,93) 0,95 2,57 43,60 
 

  

H69S 0,34 1,08(1,93) 0,64 2,00 82,41 
 

  

H70S 0,062 2,34(1,93) 0,141 2,72 32,52 
 

         CV-values in parenthesis. Our model as gamma, can’t be rejected in α-level=0,05 (and less). The 

α-parameter for H68S is relatively large compared to the other beams and β-parameter varies 

more, due to crack-length (large crack-lengths indicate large β-parameter). 

 

The statistic (AD) is compared to CV (critical value, in different α-levels). If the statistic is larger 

than the CV, we reject the hypothesis (hypothesis, H0) in the specific α-level.  

 

For beam H66S we have rejection with Chi-2 at α-level 0,1. For beam H70S we have rejection 

with KS and AD at α-level 0,1. So our model might not work properly for these beams, still the 

model was assumed gamma for comparison for the other beams.  

 

Because the crack-measurements is difficult in beams, it’s better to assume a reasonable and 
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theoretically well founded PDF. 

 

The model, if crack-lengths are not found with “high” precision (also crack-type), still show 

tendencies for the beams in this category.  

 

When we find cracks with high accuracy, these will fit our model even better. And I believe that 

the model is reasonable will be exponential or gamma for crack lengths. This is if we consider 

individual cracks. 

 

From Table A4.1, beam H68S (year 2007 and 2011), we could see that the parameters could 

indicate normal-“shape”. In order to be more certain we also test the beams (all), to see if the 

normal-PDF could be rejected. Below is also D'Agostino-Pearson test for Normal distribution for 

the beams (H66S-H70S, 2011). The Skewness and Kurtosis also give us a clue about “the PDF”. 

 

Table A4.2. D'Agostino-Pearson test for Normal distribution. We see that H68S has the lowest 

third- (Skewness) and fourth-moment (Kurtosis), which may also be observed from Table A4.1, 

α-parameter previous page. 

 
 

 

Appendix 5. Crack length data from drying (49 samples, boards) 

 
 

Table A5. Crack lengths (manual-method, total in each board) in mm.  
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Appendix 6. AIC and BIC 
 

Let’s start with some insights into the information theory; “Information theorists do not believe in 

the notion of true models. Models, by definition, are only approximations to unknown reality or 

truth; there are no true models that perfectly reflect full reality. George Box made the famous 

statement, “All models are wrong but some are useful.” Furthermore, a “best model,” for analysis 

of data, depends on sample size; smaller effects can often only be revealed as sample size 

increases” (Burnham & Anderson, 2004, p. 264,). For my case, this crack-length distribution is of 

course not the whole truth but the probably one. This means that if you use a stochastic approach 

it will in the probability space describe crack-length. 

 

AIC (Akaike information criterion) 

 

“Assuming a set of a priori candidate models has been defined and is well supported by the 

underlying  science, then AIC is computed for each of the approximating models in the set (i.e., 

gi , i = 1, 2, . . . , R). Using AIC, the models are then easily ranked from best to worst based on 

the empirical data at hand” (Burnham & Anderson, 2004, p. 269). 
 

A practical use of this approach can be read in the paper by Mutua (1994), there different types of 

models are tested. In the paper you can more easily see how to implement AIC and sometimes 

due to lack of power you must chose a computable one. My question is then, is the model right 

(see reasoning above!)? 
 

BIC (Bayesian information criterion) 

 

“As usually used, one computes the BIC (information criterion) for each model and selects the 

model with the smallest criterion value.” (Burnham & Anderson, 2004, p. 275). This modeling 

(using Bayesian approach) “performs well is with suitably large n” (Burnham & Anderson, 2004, 

p. 275). 

 

Conclusion from the paper by Burnham & Anderson (2004, p. 301) are that they “believe that 

data analysis should routinely be considered in the context of multimodel inference”. 

 

This is of course worth to consider, if you don’t have a reasonable model, use different 

approaches and models if you don’t have time constraints. The good things with models are that 

they can (easily) be changed. 


