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I received a digital copy of the entire Ph.D. thesis for Mr. Omid Khalaj in PDF format. It includes
119 pages (effective 111 pages) consisting of 8 main sections, including the publication list.

I carefully reviewed this thesis and found it outstanding in theoretical as well as practical
applications. This thesis presents the results of comprehensive tests on cylindrical samples of
Expanded Polystyrene (EPS) under monotonic and cyclic loadings, along with the monotonic
numerical simulations. The achievements show more detail in the mechanical properties of EPS
blocks as a supporting material rather than traditional soil backfill/embankments. This information
is usually missed from manufacturer while the material mainly uses for isolation rather than
construction. On the other hand, large-scale tests on the EPS embankment fill covered with geocell
reinforced soil are more valuable for the actual project, especially in optimising time and cost,
which is one of the main factors in commercial projects. Overall, the thesis is well written, and the
experiments were documented in great detail. The findings could contribute to the advance in the
present knowledge of using EPS blocks in pavement layers. The outcome of the research is of
value to practitioners in designing highway embankments.

Overall, I strongly recommend this thesis for a PhD degree achievement, but I have a few items
that the student should clarify more during the PhD defence. They are as follow:

1) Clear justification for the number of load repetitions selected in cyclic loading on the EPS
samples.

2) The presence of joints between EPS blocks in the backfill may reduce the pavement
foundations' load-bearing capacity, including EPS block. Can the student discuss this
matter with the evidence of other works?

3) For the EPS foundation systems, two loading phases could be considered: (1) Construction
phase: when heavy trucks move very slowly along the still unpaved work platform, and
the magnitude of the applied pressure on the overlying EPS geofoam is relatively high (i.e.,
high-amplitude static loading), (2) Service phase: after placing a wearing course (e.g. the
asphalt layer) on the base and foundation material, a large number of repetitive traffic load
with considerably lower amplitude (due to pressure dispersion effect of the asphalt layer)
is applied on the overlying soil layer placed on EPS geofoam (low-amplitude repetitive
loading).

Therefore, a short discussion on these two phases could be helpful for the readers.

4) The numerical modelling would have helped to understand the behaviour of the EPS blocks

in the foundation bed by expanding the model to include backfill material above and below



the EPS layers realistically. The student can suggest the experimental results be used to
validate the Finite Element model in future studies.

5) Iknow that the creep is not subjected to this research however, it worth if the student can
make a note about the effects of creep in the EPS blocks used in the foundation system
within the presentation. No additional testing is needed, but commentary to the participant
who is interested in adopting this system would be most helpful.

With the best wishes,

Seyed Naser Moghaddas Tafreshi, Ph.
S.N.Moghaddass 7@5}95& 2
Professor of Geotechnical Eng.

Senior Research Fellow

Civil Engineering Department

University of Birmingham

Associate Editor: Geotextiles and Geomembranes

President, Iran Chapter of International Geosynthetics Society (IGS)
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To PhD evaluation commission,

| received the electronic version of PhD thesis for Mr. Omid Khalaj, M.Sc., Ph.D.
entitled "Mechanical behaviour of expanded polystyrene (EPS) under static and cyclic
loading" under the supervision of Prof. Dr. Ing. Bohuslav Magek, Ph.D.

The thesis is prepared in 111 pages, including the publication list, a reasonable
volume of data for a PhD thesis. The manuscript is organized professionally and
divided into 8 chapters explaining the PhD topic well. Most of the references are newer
than 2015 showing the up to date knowledge of the author from what he was done.

Having over 60 years of academic and industrial experience, EPS geofoam is one
of the latest technologies used in construction works worldwide; however, the design
manuals and instructions are not well studied to cover all aspects of the design and
implementation of the works. On the other hand, fewer researchers or students are
interested in investigating the phenomena and behaviour of these materials, so the
topic selection for this study is brilliant and well done.

As mentioned above, the introduction is arranged well by using the latest findings
as well as some case studies. It's precious that a PhD research has an overview of
practical use rather than only basic research, which | can see this positive approach
in this study. The experimental part is one of the exciting chapters for me while the
student and the supervisor tried their best to simulate the actual condition in the lab
from a material science viewpoint. A lack of deep investigation of material properties
from a strength viewpoint (not thermal isolation) is evident in the market, so the
approach to have the micro-mechanical properties as a prominent part of reach both
under static and dynamic load is appreciated. The outcomes are separated for static
and dynamic (cyclic) loading, which correlates with our construction activities' issues.
Static loads reflected different foundation loads more, simply like building foundations,
while dynamic loading focused more on traffic loads. The results show that the EPS
density has a significant role in mechanical properties, while strain rate could also
affect it. Using denser EPS is not always possible in construction activities due to the
lack of suppliers and economic viewpoint, so a brilliant outcome from this study can
be used as an alternative that is indicated by using optimum soil cover above the EPS
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layer. From a cyclic viewpoint, another solution is provided by using honeycomb textile
(Geocell), which increases the bearing capacity and reduces the whole roadway's
settlement under traffic loads.

To have a better understanding of what is done under this research study, it worths
if the student can explain more the following question during the PhD defence:

1. Can the outcomes from the experimental investigation (small scale and large
scale test) be used directly by the designers, or does it need some further
consideration?

2. | know that relaxation is not the main mechanical property of the EPS geofoams
and may not be a part of this study, but does the student understand that
phenomenon and did he evidence that during his experiments?

3. In construction activities, massive blocks of giant EPS are usually placed beside
each other to make a uniform layer, however, they could have some side
deformation that may have additional horizontal pressure on EPS. So, is that
something the students explore during the experiments?

4. Measuring a transferred pressure to EPS layers are always a challenge in
experimental investigations. However, it seems that a pressure cell was used
in this study to measure that. Can the student explain more about this sensor
and how he used that?

Based on the above evaluation, the PhD thesis addressed significant EPS
properties and has a well-done approach that can -be used in the design process of
the EPS geofoam system in construction. Furthermore, the numerical analysis
validation presents reliable experimental data, which could be another achievement.
That's why | would like to strongly recommend this work for a PhD degree
achievement.

Sincerely yours,

’/"Awﬁ/vwv

Dr. Touradj Amirsoleymani, Ph.D.
Managing Director

15.09.2021

Chase-Mandro Consulting Engineers
www.chase-mandro.com

info@chase-mandro.com
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OPONENTSKY POSUDEK DISERTACNI PRACE

Nazev disertacni prace: ~ Mechanické chovani expandovaného polystyrenu (EPS)
za statického a cyklického zat&Zovani

Doktorand: Ing. Omid Khalaj

Pracovisté: ZapadoCeska univerzita v Plzni, Fakulta strojni

Studijni program: N2031 Strojni inzenyrstvi

Studijni obor: 3911V016 Materialové inzenyrstvi a strojirenska metalurgie
Oponent: prof. Dr. Ing. Petr Lenfeld

Pracoviste: Technickd univerzita v Liberci, Fakulta strojni

Doktorand se ve své disertatni praci vénuje hodnoceni pouZitelnosti blokd z
expandovaného pénového polystyrenu (EPS) pfi stavbé dopravnich a civilnich staveb ve
vztahu k typu pé€nového polystyrenu (hustota, tvar, pocet vrstev) a zplsobu zatizeni
pénového polystyrenu. Disertatni préce obsahuje 111 stran, 66 obrazkd, 14 tabulek.
DisertaCni prace je rozdélena do zakladnich 6 &islovanych kapitol. Nedilnou sou&asti
disertacni préce je seznam literarnich zdrojii (odkaz na 88 pouZzitych pramen(l) a vlastni
publikaéni aktivita autora.

Postup Feseni a pouzité metody v diserta¢ni praci
V kapitole 1 je popsan soucasny stav aplikaci extrudovaného pénového polystyrénu, jeho
vlastnosti, zplisob vyroby a na zavér jsou uvedeny predpokliddané cile disertaéni prace.
Soucasnému stavu feSené problematiky se autor vénuje v kapitole 2, kde je provedeno
shrnuti znamych poznatk{. Autor disertaéni prace zde proved! redersi stavajicich poznatkd,
kterou postupné doplfioval a rozsifoval i v daldich kapitolach diserta&ni prace vcetné
uvedeni znamych poznatk{ a vysledkd. V kapitole 3 je uveden popis zvolenych materidl{ a
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metodika a postupy méreni véetné& pouZitych zafizeni a méficich metod. V kapitole 4 je
provedeno vyhodnoceni chovéni blokd z expandovaného pénového polystyrenu (EPS) pri
statickém zatiZeni z hlediska geometrického pomeéru H/D, rychlosti deformace, tvaru a
rozméru vzorku, hustoty EPS. V kapitole 5 je provedeno hodnoceni expandovaného
pénového polystyrenu (EPS) po zésypu. V kapitole 6 je provedeno vyhodnoceni a zavéry
ziskanych vysledkd véetné doporuceni pro dalSi vyzkum.

Postup Fedeni disertacni prace a pouZité metody byly vhodné zvoleny a nastaveny a
vedly ke spinéni cil&i prace jak z hlediska rozvoje védniho oboru, tak i z hlediska, a to
prevazné, aplikacniho pouZiti v praxi.

Stanovisko k disertaéni praci (aktualnost tématu, spinéni cildi, formalni dprava,
vyznam pro praxi a rozvoj védniho oboru, pfipominky)
Disertaéni prace svym obsahem a zaméfenim, svymi vysledky a vystupy ma svUj
nepochybny dopad na znalosti a informace o moZnostech pouZiti expandovaného
p&nového polystyrenu (EPS) pfi pouziti u civilnich a dopravnich staveb. Cile disertacni
prace byly spinény.
7 hlediska aktudlnosti tématu disertatni prace je téma disertatni prace velmi aktualni,
nebot’ aplikace novych materidl@ pfi konstrukci dopravnich staveb neustale stoupa a do
budoucna bude jejich objem neustale rlst.
Disertani prace je po formdlni strance na velmi dobré urovni, neobsahuje zasadni
nedostatky z hlediska chyb, preklepl a ndzvoslovi, i kdyZ tam nekteré Ize najit (napr. na
str. 45 a 47 se uvadi EPS 30, ale v tabulce 3.1 neni uveden, proc na obr. 3.3 neni uveden i
materidl EPS15, na str. 57 je odkaz na obr. 3.8a, ale ten neexistuje, co znamena pojem
non-granulated structure® na str. 85 ve vztahu k pouZitému EPS materialu, apod.)
Disertacni prace je z hlediska odborné stranky vypracovana na velmi dobré Grovni. Autor
musel pripravit velky polet vzorkd a provést velky polet testl a zkousek vybranych
vlastnosti, na zékladé kterych disertani prace pfinasi velmi zajimavé vysledky a zavéry
prevazné pro primyslovou praxi. Vysledky disertacni prace pro jednotlivé typy zkousek
jsou shrnuty a uvedeny v kapitole 6, kde by mohlo byt uvedeno, které autor povazuje za
sté&%ejni pro rozvoj védniho oboru a které pro prlimyslovou praxi. Vyznam prace spociva
prevazné v piinosu pro praxi. Lze olekévat, Ze stavebni firmy mohou vyuzivat ziskané
znalosti a vystupy, které rozSifuji doposud zndmé poznatky pro danou oblast vyzkumu.
Autor v disertadni praci uvadi 14 publikaci evidovanych v databazi Web of Science nebo
Scopus, kde je prvnim autorem, coz je bohatd a nadprlimérna publikaéni Cinnost, ktera
neni obvykla a autora je nutné za tuto ¢innost pochvalit.
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Otazky k obhajobé disertacni prace

1. Spojenim jednotlivych blok{ by urcité doslo ke zvy3eni nosnosti. Pro¢ se tedy ve vétsi
mife nepouziva napr. lepidel pro spojeni blokd z expandovaného pénového
polystyrenu EPS?

2. ProC byly pripraveny valcové zkuSebni vzorky, kdyZ pfi stavbéch, ale i testech, byly a
jsou pouzity vzorky ve tvaru kvadr?

3. Testovani probihalo na rovné ploSe. Jak by se choval testovany systém a expandovany
pénovy materidl, kdyby zkousky probihaly na Sikmé plose?

4. Kvalita dodavanych materiald EPS a jejich vlastnosti budou uréité rozdilné pro
jednotlivé vyrobce a také pro zplsoby vyroby expandovaného pénového polystyrenu
EPS. Bude to mit dopad na zjiSténé a namérené hodnoty, zavéry?

Zavérecné zhodnoceni
Disertacni prace se zabyva soucasnymi a aktualnimi oblastmi vyzkumu, ma jasnou
strukturu, metodiku reSeni, definované cile. Autor prace osvédCil schopnost za pomoci
védeckych metod a vlastnich znalosti a zkuSenosti odborné FeSit stanoveny problém.
Kladné hodnotim cinnost, vysledky a publikaéni ¢innost doktoranda.

Disertacni praci doporucuji k obhajobé a bude-li disertaéni prace (sp&sné obhajena,
budou relevantné zodpovézeny otazky,
doporucuji udéleni akademického titulu Ph.D.

Digitalné podepsal prof. Dr.
prOf' Dr' |n9- Ing. Petr Lenfeld

Petr Lenfeld Eg:gon&: 2021.11.16 15:42:59

prof. Dr. Ing. Petr Lenfeld

Fakulta strojni
Technicka univerzita v Liberci

V Liberci dne 16. 11. 2021
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