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| A- Novel Control Module for Heat Stress
Memory in Plants

Mastoureh Sedaghatmehr, Venkatesh P. Thirumalaikumar, Bemnd Mueller-Roeber, Salma Balazadeh

Abstract—Plants have the capacity to 'memorize’ stressful
events and protect themselves from future stresses. Furthermore,
they are able to ‘'reset’ or ‘forget’ memories of
certain stressful situations, which helps to maximize growth after
returning to non-stress conditions. A delicate balance between the
consolidation of stress memory and the degree of forgetfulness is
critical for plant growth and productivity under changing
environmental conditions.

Here we report a novel control module for heat stress memory
(thermomemory) in plants. Recently we identified HSP2I, a
chloroplast-localized small heat shock protein, as a erucial
component of thermomemory. Variation in HSP21 protein level
contributes to the differential thermomemory performance of
Arabidopsis accessions, indicating a strong link between protein
abundance of HSP21 and enhanced thermomemory capacity.
Employing a combined pharmacological/genomics approach, we
discovered a plastid-localised metalloprotease, FtsH6, for which no
previous in vivo function was reported, as a protease involved in
the initial degradation of HSP21 during the memory phase in Col-
0. Furthermore, we showed that in addition: to FtsH6, autophagy
contributes to the selective degradation of HSP21 at later stages of
the thermomemory phase. Our results thus reveal the presence of a
novel HSP21- a plastidial protease — autophagy control module for
thermomemory in plants and hold a preat promise for
understanding how plants grow and reproduce in highly dynamic
environments with many predictable and unpredictable variables.
Details will be presented and discussed.

. Keywords—Autophagy,  chloroplast,  FtsH6,  HSP2I,
thermomemory.

M. S. is with the Max Planck Institute of Molecular Plant Physiology,
Am Mihlenberg 1, 14476 Potsdam-Golm, Germany (e-mail:
Sedaghatmehr@mpimp-golm.mpg.de).
VP, T. is with the Max Planck Institute of Molecular Plant Physiology,
5 Am Mihlenberg 1, 14476 Potsdam-Golm, Germany (e-mail:
- Thirumalailumar@mpimp-golm.mpg.de).
L“ B.M-R. is with University of Potsdam, Institute of Biochemistry and
Y ‘Biology, Karl-Liebknecht-StraBe 24-25, Haus 20, 14476 Potsdam-Golm,
Germany {e-mail; bmr @uni-potsdam.de).
S. B. is with the Max Planck Institute of Molecular Plant Physiology,
Am Mihlenberg 1, 14476 Potsdam-Golm, Genmany {phone: 0049 331
5678352; e-mail; balazadeh@mpimp-golm.mpg.de). :
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Useful Characteristics of Pleurotus Mushroom

Hybrids

Suvalux Chaichuchote, Ratchadaporn Thonghem

Abstract— Pleurotus mushroom is one of popular edible
mushrooms in Thailand. It is much favored by consumers due to its
delicious taste and high nutrition. It is commonly used as an
ingredient in several dishes. The commercially cultivated
strain grown in most farms is the Pleurofus sp., Hed Bhutan, that is
widely distributed to mushroom farms throughout the country and
can be cultivated almost all year round. However, it demands
different cultivated strains from mushroom growers, therefore, the
improving mushroom strains should be done to their benefits. In this
study we used a di-mon mating method to hybrid production from
Hed Bhutan (P-3) as dikaryon material and monokaryotic mycelium
were_isolated from basidiospores of other three Plewrofus sp. by
single spore isolation. The 3 hybrids: P-3XSA-6, P-3XSB-24 and P-
3XSE-3 Were recognized from the 12 hybridized successfiilly. They
were appropriate hybridized in terms of fruiting body performance in
" the three time cycles of cultivation such as the number of days until
growing, time for pinning, color and shape of fiuiting bodies and
yield. For genetic study, genomic DNAs of both Hed Bhutan (P-3)
and three hybrids were extracted. A couple of primer ITS1 and ITS4
were used to amplify the géne coding for ITS1, ITS2 and 5.85 rRNA.
The similaritics between these amplified genes and databases of
DNA revealed that Hed Bhutan (P-3) was the Pleurotus pulmonarius
as well as P-3XSA-6, P-3XSB-24 and P-3XSE-5 hybrids.
Furthermore, Hed Bhutan (P3) and three hybrids were distributed to 3
small-scale farms, with mushroom farming experience, in the
countryside. To address this, one hundred and twenty mushroom bags
of each strain were supplied to them. The findings, by interview,
-indicated two mushroom farmers were satisfied with P-3XSA-6
hybrid and P-3XSB-24 hybrid, thanks to their simultaneous fruiting
time and good yield. While the other was satisfied with P-3XSB-24
hybrid due to its good yield and P-3XSE-5 hybrids thanks to its
gradually fruiting body, benefiting in frequent harvest. Overall,
farmers adopted all hybrids to grow as commercially cultivated
strains as well as Hed Bhutan (P-3) strain,
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L. INTRODUCTION

RODUCTION of mushroom has been very much
interesting due to its refurn in a short time. Mushrooms
have been grown on many different substrates, usually
agricultural by-products. The species of the genus Pleurotus
are widely recognized for cultivation. They are valued for
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their nutritional properties: being rich in protein, fibre,
carbohydrates, vitamins, and minerals while containing low fat
as food purposes. Also, the medicinal properties of them are
recognized as an immune system enhancer, promoting human
health, and as dietary supplements. Several compounds have
been isolated from mushrooms and found to  have-
antioxidant,  anticancer, antimicrobial, antidiabetic,
antihypercholestrolemic and immunomodulatory properties
{1L[2]. Pleurotus mushroom cultivated widely in mushroom
farms is Hed Bhutan strain. It can be cultivated almost all year
round and has grown for local consumption and commercially
for the market in many parts of Thailand. It is very popular
among consumers due to its delicious taste and ability to be an
integral part of many dishes, from soups to stir-fried, curry
and beyond. A popularity of production has resulted in
demands for new mushroom straing from the cultivators and
consumers. The developing new mushroom strains could be
done by the techniques such as selection (monospore and
multispore) and cross breeding (hybridization) as performed in
mon-mon ot di-mon mating. The formation of clamp
connections is used as provided evidence of dikaryon
formation [3],[4],[5]. The hybrid strain has been accomplished
by trial, then {o be cultivated to evaluate the production
characteristics [6],[7]. The success hybrid strains will benefit
both mushroom farmers and consumers,

The presented study aimed to obtain hybridized strains of
the Pleurotus mushroom using a di-mon mating method. The
Pleurotus sp Hed Bhutan (P-3) was used as dikaryon and
monckaryotic mycelium were isolated from basidiospores of
other Pleurotus sp. by single spore isolation. The hybrid
production was evaluated on cultivation, genetic
characterization and on-farm trials in comparison with the
parental strains.

II. MATERIALS AND METHODS

A. Strains and Isolation of Mycelivm

Pleurotus mushrooms for this study obtained from our
culture collection: Pleurotus sp., Hed Bhutan (P-3), is a
commercially cultivated strain while other three were
Pleurotus sp. A-15, A-16 and A-19. They were fruited in the
mushreom house under natural environment. Pure culture of
P-3 was isolated under aseptic technique from mushroom
fruiting body. It was used as dikaryon. The monokaryotic
mycelium were isolated from basidiospores of Plewrotus sp.
A-15,A-16 and A-19 fruiting bodies by single spore isolation
method. Basidiospores from spore prints were suspended in 9
mL sterile distilled water and a ten fold dilution up to 10-¥ was
made. Spore suspension (0.1 mL) was added onto the water
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agar (WA) plate and spread using a sterilized glass spreader.
The plate was incubated at 30°C for 4-5 days. As soon as the
first appearance of colony was noticed, it was picked,
transferred to potato dextrose agar (PDA) slants, and
incubated at 30°C for 4-7 days to grow as single spore culture,
Monokaryons were confirmed to be truly monokaryotic under
the light microscope by the absence of clamp connections. The
dikaryotic, P-3 and selected monokaryotic mycelia were
maintained on PDA slants for a mating experiment.

B. Dikaryon—Monokaryon Matings

The dikaryotic and monokaryotic mycelia were inoculated
about 2 cm apart from each other in the centre of the same
PDA plate (90 mm diameter) and was incubated at 30°C for 5-
10 days. To analyze the mating interaction between individual .
dikaryon and monokaryon, the growing margin of
monokaryotic mycelium side was examined using microscopy.
Formation of clamp connections was used as the indicative of
dikaryon formation. The selected hybrid mycelia were
maintained on PDA slants as well as P-3 culture for
cultivation and productivity tests.

C. Cultivation and Productivity Tests

For the cultivation, the substrate was consisted of sawdust
(100kg), rice bran (10kg), MgS04-7H:0 (200 g), CaCO; {1kg)
and gypsum (500 g) and adjusted the meoisture content to
approximately be 60-70%. The substrate was packed in plastic
bags (800g each) and pasteurized without any pressure at
100°C for 3 hours. After the pasteurized media were cooled
down, the substrate bags were inoculated with actively
mycelium spawn growing on sorghum grain. The parameters
that were measured for performance of mushroom cultivated
included the number of days to full colonization, time to
fruiting (initiation of pin heads), color and shape of fruiting
bodies. The average yield per bag, which be determined by
weighing the whole cluster of fruiting bodies without
removing the base of stalks, were also collected. The
experiment was lald out in a Randomize Complete Block
Design (RCBD) with four replications (20 substrate bags in
each replication). The treatments were consisted of Hed
Bhutan (P-3) and the selected hybrids. Data analysis was done
using analysis of variance (ANOVA), and tests of significance
carried out by Duncan’s multiple range test (DMRT) at P<
0.05. The cultivation test has been done in the three time
cycles and the cropping period of each cycle was four months.

D.Genetic Characterization

Genomic DNA was extracted from the mycelium of Hed
Bhutan (P-3) and selected hybrid strains using the modified
CTAB method [8].The internal transcribed spacer (IT3) region
was amplified on Gene Amp 9700 thermal cycle with a pair of
primers: forward ITS1 (5'-TCCGTAGGTGAACCTGCGG-3)
and reverse ITS4 (5'-TCCTCCGCTTATTGATATGC-3"). The
PCR assay was performed in 25-ul reaction mixtures,
containing 12,5 pL of 2 % PCR buffer GoTaq® Green Master
Mix (Promega, USA), 1 pL of each PCR primer (5 uM), and
2 uL of DNA extract, and the total volume was adjusted to 25
uL with sterile deionized water. PCR amplification was
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conducted according to the following procedure: 95°C for
2 min, 30 cycles of 94°C for 30 sec, 55°C for 30 sec, and 72°C
for 1 min, and a final extension at 72°C for 10 min. PCR
products were analyzed by electrophoresis in a 1.5 % agarose
gel. The amplicons were purified using the QIAquick PCR
Purification Kit (QIAGEN, Germany). The purified PCR
products of ITS amplified regions were done cycle sequencing
using BigDye™ Terminator Cycle Sequencing V 3.1 {(Applied
Biosystems, USA). The cycle sequencing products wers used

.as template for sequencing using an ABI PRISM 310 Genetic

Analyzer (Applied Biosystems, USA). Nucleotide sequence
comparisons were performed by using network services
against the GenBank.

E. On- Farm Trials

The mushroom farmers in the countryside who had an
experience of cultivation were selected. The ready fruiting
mushroom bags of each strain were supplied to them, Data
were gathered by way of interviews.

1II. RESULTS AND DISCUSSION

A. Strains and Isolation of Mycelium

The dikaryon culture, Hed Bhutan (P-3) was isolated from
cultivated imushroom fiuviting body showed as Fig.1, as well
as thirty-five monokaryon cultures from A-15 (designated as
SAl through SA35), thirty-five monokaryon cultures from A-
16 (designated as SBl through SB35) and forty-five
monokaryon cultures from A-19 (designated as SEI through
SE45).

r ;‘r‘lludilluurn . ;l'- 414 1Y
Fig, 1 Fruiting body of Pleurotus sp. (a) Hed Bhutan (P-3); (b} A-15,
{c) A-16, (d) A-19

B. Dikaryon—-Monokaryon Matings

The mating test of dikaryon culture of Hed Bhutan (P-3)
and monokaryon cultures of A-15,A-16 and A-19 were
successfully hybridized and produced heterokaryotic
mycelium in 12 combinations out of 115. The formation of
clamp connections on the growing margin of monokaryotic
mycelium side was observed (Fig.2). Out of 35 pairings
between of Hed Bhutan (P-3) and A-15, 6 pairings were
successfully hybridized while pairings of Hed Bhutan (P-3)
and A-16 were successfully hybridized in 5 combinations out
of 35 and pairings of Hed Bhutan (P-3) and A-19 were
successfully hybridized in only 1 combinations out of 45. The
12 successfully hybrids designated as P-3XSA-2, P-3XSA-4,
P-3XSA-5, P-3XSA-6, P-3XSA-7, P-3XSA-25, P-3XS8B-14,
P-3XSB-20, P-3XSB-23, P-3XSB-24, P-3XSB-25 and P-
3XSE-5 were for cultivation and productivity test.
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Fig.2 Crossing and appearance of clamp connection. (a)
Compatibility between dikaryotic and menokarytic mycelium,(b)
Clamp connection in mycelium of the growing margin of
monokaryotic mycelium side.

C. Cultivation and Productivity Tests

Cultivation characteristics in the three time cycles of
cultivation of Hed Bhutan (P-3) and the 12 hybrids were
presetited in Table 1. Accordingly, it was found that all tested
culhires were successfully cultivated at the first éycle of
cultivation. In the second cycle of cultivation only Hed Bhutan
(B-3), P-3XSA-2, P-3XSA-6, P-3XSB-24 and P-3XSE-5
ptoduced fruiting bodies while the P-3 x SA-4, P-3 x 5A-7, P-
3 x SB-20, P-3 x SB-23 and P-3 x SB-25 hybrids could grow
on the substrate but did not form any fruiting: bodies.
Stmilarly, the third cycle of cultivation, only Hed Bhutan (P-
3), P-3XSA-2, P-3XSA-5, P-3XSA-6, P-3XSA-7, P-3XSA-25,
P-3XSB-20, P-3XSB-24, P-3XSB-25 and P-3XSE-5 produced
fruiting bodies while the P-3 x SA-4 and P-3 x SB-23 could
grow on the substrate but did not form any fruiting bodies.
Hereby, color and shape of fruiting bodies showed in Fig.3, 4
and 5. The mushroom fruiting bodies were found in diverse
colors like cream, creamy to gray, gray and grayish to brown,
and shape were almost circular to fan-shaped or fan-shaped
with wavy edge or inrolled margins or lobed margins. Results
obtained showed that there were four hybrid strains, P-3XSA-
2, P-3X8A-6, P-3XSB-24 and P-3XSE-5 produced fruiting
bodies in all cycles of cultivation as well as Hed Bhutan (P-3).
Among the four hybrids, P-3XSA-6, P-3XSB-24 and P-3XSE-
5 took a time to fully colonize the spawn in 30.84-36.33,
34.68-44.83 and 32.05-36.76 days respectively and fime to
fruiting (initiation of pin heads) were 5.10-13.10, 7.39-11.20
and 7.63-12.76 days respectively. These resembled Hed
Bhutan (P-3) that were 27.25-36.50 and 5.56-21.00 days. In
addition to, the hybrids showed similar color and shape of
fruiting bodies and gave more or less yield than those of Hed
Bhutan (P-3). Consequently, based on the criteria : ability to
form fruiting bodies in all cycles of cultivation, the number of
days until growing, time for pinning, color and shape of
fruiting bodies and yield, P-3XSA-6, P-3XSB-24 and P-
3XSE-5 hybrids were selected for further evaluation of its
potential as a new variety of mushroom for commercial
production.
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TABLE | CULTIVATION CHARACTERISTICS OF HED BHUTAN (P-3) AND
HYBRID STRAINS IN THE THREE TIME CYCLES OF CULTIVATION.
{a) The first cycle of cultivation (b) The sccond eycle of cultivation

(¢) The third cycle of cultivation

(@

Strains Numberof  Time to fruiting  Averape yield
daysto full  (initiation of per bag
colonization  pin heads) (g/bag)

Hed Bhutan {P-3) 2725 a 556 a 12543 a

P-3x 8A-2 3350 d 538 a 100.61 b

P-3x SA-4 3576 g 13.69 be 20.03 gh

P-3x 8A-5 27.90 a 504 a 100.87b

P-3x 8A-6 3084 b 510 a 113.3% ab

P-3 x SA-7 3240 ¢ 11.96 ab 3397 efg

P-3 x SA-25 62.25 h 25.33d 2588 fg

P-3 x $B-14 632114 19.50 ¢ 405 h

P-3 x SB-20 3426 ¢ 26.75d 38,64 ef

P-3 x SB-23 34.69 ef 29.06d 45.59 de

P-3 x §B-24 34,68 ef 8.07 ab- 7142 ¢

P-3 x SB-25 3512 fg 12.93 be 6209 od

P-3 % §E-5 3205 ¢ 7.63 ab 116.82 ab

(B}

Strains MNumberof  Time to fruiting  Average yield
daysto flll  (initiation of per bag
colonizalion  pin heads) (g/bag)

Hed Bhutan (P-3} 36.50a 2107k 428401

P-3 x SA-2 40.06 ¢ 21.98b 53.99 b

P-3x SA4 49.00 e ND ND

P-3x 8A-5 ND ND ND

P-3x 8A-6 36.33a 12.19a 79.03 a

P-3x SA-7 48.64 ¢ ND ND

P-3 x SA-25 ND ND ND

P-3 x SB-14 ND ND ND

P-3 x SB-20 38260 ND- ND

P-3 x 5B-23 4531 d ND ND

P-3 % 5B-24 3633 a 11.20a 76.64a

P-3 x 8B-25 36.56a ND ND

P-3 x SE-5 36.76 ab 12.76 a 80.23a

(c)

Strains Number of Time lo fruiting ~ Average yield
daysto full  (initiation of per bag
colonization  pin heads) {g/bag)

Hed Bhutan {P-3) 33652 10.65 2 8248 b

P-3x 8A-2 52.10¢ 27.18d 3365 ¢

P-3x SA-4 57.86°F ND ND

P-3 % SA-5 46,31 cd 14.43 abe 1891 cd

P-3x SA-6 33.68a 13.10ab 7744 b

P-3 % SA-7 43.08d 23.99cd 16.32 d

P-3 % SA-25 5769 f 21.42 bed 417 d

P-3x §B-14 ND ND ND

P-3 x SB-20 41.28b 720 a 10420 a

P-3 x §B-23 47.62d ND ND

P-3x 8B-24 4483 ¢ 7.39 a 92.42 ab

P-3x5B-25 4171 b 14.71 abe 579 d

P-3 x SE-5 33.53a 12,09 ab 88.76 ab

Averages values under the same column with different letters are significantly

different at p < 0.05.
ND stands for Not Detectable
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Fig.3 Fruiting bodies of cuitivated Pleurotus sp. at the first cycle of
cultivation. (a) Hed Bhutan (P-3), (b) P-3 x SA-2, P-3 x SA-4, P-3 x
SA-S, P-3 x SA-6, P-3 x SA-7, P-3 x SA-25 (¢) P-3 x §B-14, P-3 x
8B-20, P-3 x 5B-23, P-3 x SB-24, P-3 x 8B-25 (d) P-3 x 8E-5

Fig.4 Fruiting bodies of cultivated Pleurotus sp. at the second cycle of
cultivation.(a) Hed Bhutan (P-3), {b) P-3 x SA-2, P-3 x SA-6 (c) P-3
x 8B-24 (d) P-3 x SE-5

W}

Fig.5 Fruiting bodies of Pleurotus sp, cultivated at the third cycle of
cultivation.(2) Hed Bhutan (P-3), (b) P-3 x SA-2, P-3 x SA-4, P-3 x
SA-5, P-3 x SA-6, P-3 x SA-7, P-3 x SA-25 (c) P-3 x SB-20, P-3 x
SB-24, P-3 x SB-25 {d) P-3 x SE-5

D.Genetic Characterization

The nucleotide sequence of Hed Bhutan (P-3), P-3XSA-6,
P-3XSB-24 and P-3XSE-3 hybrids were found to have 662,
652, 647 and 648 bp respectively (Tables-2.). The nucleotide
sequence comparisons were performed by using network
services against the GenBank. The BLAST results revealed
that Hed Bhutan (P-3) was the Pleurotus pulnonarius as well
as P-3XSA-6, P-3XSB-24 and P-3XSE-5 hybrids (Tables 3.).
The ITS region of species of Plewromus mushroom had
been shown in several reports. The size of it was 654 bp in
length for Plenrotus eryngii, 646 bp in the Pleurotus sajor-
caju, 654 bp in the Plewrotus sapidus, 652 bp in the
Pleurotus citrinopileatus, 654 bp in the Pleurotus florida,
655 bp in the Pleurotus ostreatus [9]. And the other range
660 bp in the Pleurotus pulmonarius , 666 bp in the Pleurotus
citrinopileatus, 668 bp in the Pleurotus floridanus, 669 bp in
the Pleurotus ostreatus, 668 bp in the Pleurotus sapidus and
Pleurotus eryngii [10]. )
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TABLE 2. PARTIAL NUCLEOTIDE SEQUENCES OF PLEUROTUS SP.
(a) HED BHUTAN(P-3) (b) P-3XSA-6 (c) P-3X8B-24 (d) P-3XSE-5

HYBRIDS

Sample

Sequences

(@)

CTTATTGATATGCTTAAGTTCAGCGGGTAGTCCTACCTG
ATTTGAGGTCaAATTGTCAAATTGTCCTTGCGGACGATT
AGAGAGCTGGACTCTATTCATGCGTGCTATTGATGAGT
GATAATTATCACATCATGCGCAGAGGCAATGAGAAGTC
CTGCTAATGCATTTAAGAGGAGCCGACTTGTTACAGCC
AGCAACCCCCAACAATCCAAACATCACAAATAAATGTG
AGTTTGAGAATTTAATGACACTCAAACAGGCATGCCCC
TCGGAATACCAAGGGGCGCAAGGTGCGTTCAAAGATTC
GATGATTCACTGAATTCTGCAATTCACATTACTTATCGC
ATTTICGCTGCGTTCTTCATCGATGCGAGAGCCAAGAGAT
CCGTTGTTGAAAGTTGTATTATGGTTTATAGGCACAAGG
CCCATTAAATGACATTCGTAGACATACATTTGGGGTGTG
TTAAGTAAATAGACTGCGTTGTCACACCGAGACGTTTA
AATCCCAGCAAACCAAGTCTGACGACTTGAAGGACGAC
TICACAGATCTATCAAAAGTTCACAGGTGGTTGAAAGA
CTAGTGAAGCGTGCACATGCCCCTAGAGGCCAGCAACA
ACTCCATAGTGAATTCATTAATGATCCTTCCGCAGGTTC
ACCTACGGA

)

GCTTATTGATATGCTTAAGTTCAGCGGGTAGTCCTACCT
GATTTGAGGTCAATTGTCAAATTGTCCTTGCGGACGATT
AGAGAGCTGGACTCTATTCATGCGTGCTATTGATGAGT
GATAATTATCACATCATGCGCAGAGGCAATGAGAAGTC
CTGCTAATGCATTTAAGAGGAGCCGACTTGTTACAGCC
AGCAACCCCCAACAATCCAAACATCACAAATAAATGTG
AGTTTGAGAATTTAATGACACTCAAACAGGCATGCCCC
TCGGAATACCAAGGGGCGCAAGGTGCGTTCAAAGATTC
GATGATTCACTGAATTCTGCAATTCACATTACTTATCGC
ATTTCGCTGCGTTCTTCATCGATGCGAGAGCCAAGAGAT
CCGTTGTTGAAAGTTGTATTATGGTITATAGGCACAAGG
CCCATTAAATGACATTCGTAGACATACATTTGGGGTGTG
TTAAGTAAATAGACTGCGTTGTCACACCGAGACGTTTA
AATCCCAGCAAACCAAGTCTGACGACTTGAAGGACGAC
TTCACAGATCTATCAAAAGTTCACAGGTGGTTGAAAGA
CTAGTGAAGCGTGCACATGCCCCTAGAGGCCAGCAACA
ACTCCATAGTGAATTCATTAATGATCCTTCCGCAGGTC.

©

TTATTGATATGCTTAAGTTCAGCGGGTAGTCCTACCTGA
TTTGAGGTCAAATTGTCAAATTGTCCTTGCGGACGATTA
GAGAGCTGGACTCTATTCATGCGTGCTATTGATGAGTG
ATAATTATCACATCATGCGCAGAGGCAATGAGAAGTCC
TGCTAATGCATTTAAGAGGAGCCGACTTGTTACAGCCA
GCAACCCCCAACAATCCAAACATCACAAATAAATGTGA
GTTTGAGAATTTAATGACACTCAAACAGGCATGCCCCT
CGGAATACCAAGGGGCGCAAGGTGCGTTCAAAGATTCG
ATGATTCACTGAATTCTGCAATTCACATTACTTATCGCA
TTTCGCTGCGTTCTTCATCGATGCGAGAGCCAAGAGATC
CGTTGTTGAAAGTTGTATTATGGTTTATAGGCACAAGGC
CCATTAAATGACATTCGTAGACATACATTTGGGGTGTGT
TAAGTAAATAGACTGCGTTGTCACACCGAGACGTTTAA
ATCCCAGCAAACCAAGTCTGACGACTTGAAGGACGACT
TCACAGATCTATCAAAAGTTCACAGGTGGTTGAAAGAC
TAGTGAAGCGTGCACATGCCCCTAGAGGCCAGCAACAA
CTCCATAGTGAATTCATTAATGATCCTTCCGCA

(d)

CTTATTGATATGCTTAAGTTCAGCGGGTAGTCCTACCTG
ATTTGAGGTCAAATTGTCAAATTGTCCTTGCGGACGATT
AGAGAGCTGGACTCTATTCATGCGTGCTATTGATGAGT
GATAATTATCACATCATGCGCAGAGGCAATGAGAAGTC
CTGCTAATGCATTTAAGAGGAGCCGACTTGTTACAGCC
AGCAACCCCCAACAATCCAAACATCACAAATAAATGTG
AGTTTGAGAATTTAATGACACTCAAACAGGCATGCCCC
TCGGAATACCAAGGGGCGCAAGGTGCGTTCAAAGATTC
GATGATTCACTGAATTCTGCAATTCACATTACTTATCGC
ATTTCGCTGCGTTCTTCATCGATGCGAGAGCCAAGAGAT
CCGTTGTTGAAAGTTGTATTATGGTTITATAGGCACAAGG
CCCATTAAATGACATTCGTAGACATACATTTGGGGTGTG
TTAAGTAAATAGACTGCGTTGTCACACCGAGACGTTTA
AATCCCAGCAAACCAAGTCTGACGACTTGAAGGACGAC
TTCACAGATCTATCAAAAGTTCACAGGTGGTTGAAAGA
CTAGTGAAGCGTGCACATGCCCCTAGAGGCCAGCAACA
ACTCCATAGTGAATTCATTAATGATCCTTCCGCA
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TABLE 3. SUMMARY OF BLAST RESULTS,

Sample Percentage (%) Accession Identified name of
identity number sample
Hed Bhutan 100 MG819734.1 Plenrotus pulmonarins
(P-3) DMRP-15
P-3 x SA-6 : 99 MG819743.1 Plenirotus pulmonarins
hybrid DMRP-24
P-3 x SB-24 100 MG819743.1 Pleurotus pulmonarins
hybrid ' DMRP-24
P-3 x SE-5 100 MG819743.1  Pleurotus pulmonarius
hybrid DMRP-24

E. On- farm trials

Hed Bhutan (P3) and P-3XSA-6, P-3XSB-24 and P-3XSE-5
hybrids were distributed to small-scale farms, with mushroom
farming experience, in the countryside. They cultivated
mushroom asan extra income source, and sold the fresh
mushrooms at markets near their houses. They were supplied a
total one hundred and twenty mushroom bags of each strain,
The mushroom yield was shown in Table 4 by 3 month
harvesting period. The performance of P-3XSA-6 hybrid and
P-3XSB-24 hybrid in terms of simultaneous fruiting time and
good yield were satisfied by farmer-1 and farmer-2.While the
farmer-3 was satisfied with P-3XSB-24 hybrid due to its good
yield and gradually the fruiting body of P-3XSE-5 hybrid
which benefiting in frequent harvest (Fig.6). They could get
more income from production of mushroom (Table 5).
However, they all accepied the three hybrid mushrooms to
grow as commercially cultivated strains as well as Hed Bhutan
(P-3) strain.

Fig.6 The small-scale mushroom farms, with mushroom farming
experience, in the countryside. (a) Farmer-1 (b) Farmer-2 ,both of
them who were satisfied with P-3XSA-6 hybrid and P-3X5B-24
hybrid (c) Farmer-3 who was satisfied with P-3X8B-24 hybrid.

TABLE 4. THE YIELD OF HED BHUTARN (P-3) AND HYBRID STRAINS
BY 3 MONTHS HARVESTING PERIOD

Hed Bhutan P-3xSA-6 P-3x8B-24 P-3xSE-5

(P-3 hybrid hybrid hybrid
Average yield (kg) 20.1 212 21.8 202
Income ’
(mushroom weight 1,206 1,272 1,308 1,212
X 60THB/%g)
% of revenue - 547 845 0.49
increased

IV. CONCLUSION

The improving Pleurofus mushroom strains had been done
by using a di-mon mating method. To accomplish this,
dikaryotic mycelium obtained from the commercially
cultivated strain, Hed Bhutan {P-3}). On the other hand,
the basidiospores of ofher three Plewrofus sp. were being as
monokaryotic mycelium. The mating test were successfully
hybridized and produced heterckaryotic mycelium in 12
combinations out of 115. The 12 successfully hybrids
designated as P-3XSA-2, P-3XSA-4, P-3XSA-5, P-3XSA-6,
P-3XSA-7, P-3XSA-25, P-3XSB-14, P-3X5B-20, P-3XSB-23,
P-3XSB-24, P-3XSB-25 and P-3XSE-5 were for cultivation
and productivity tests. There were four hybrid strains, P-
3XSA-2, P-3XSA-6, P-3XSB-24 and P-3XSE-5 produced
fruiting bodies in all cycles of cultivation. The hybrids showed
similar color and shape of fruiting bodies and gave more or
less yield than those of Hed Bhutan (P-3). Consequently,
based on the criteria : ability to form fruiting bodies in all
cycles of cultivation, the number of days until growing, time
for pinning, color and shape of fruiting bodies and yield, P-
3XSA-6, P-3XSB-24 and P-3XSE-5 hybrids were selected for
further evaluation of its potential as a new variety of
mushroom for comumercial production, The similarities
between the amplified genes coding for ITS1, ITS2 and 5.85
rRNA and databases of DNA revealed that Hed Bhutan (P-3)
was the Pleurotus pulmonarius as well as three hybrids, On-
farm trials, a total of 3 mushroom farm participated in the
trials adopted all hybrids to grow as commercially cultivated
strains as well as Hed Bhutan (P-3) strain. The simultaneous
fruiting time and good yield characters of P-3XSA-6 and P-
3XSB-24 hybrids satisfied two farmers. The another farm was
satisfied with P-3XSB-24 hybrid due to its good yield and P-
3XSE-5 hybrids thanks to its gradually fruiting body,
benefiting in frequent harvest.
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Characteristics of Tremella fuciformis and
Annulohypoxylon stygium for Optimal Cultivation
Conditions

Eun-Ji Lee, Hye-Sung Park, Chan-Jung Lee, Won-Sik Kong

Abstract—We analyzed the DNA sequence of the ITS (Internal
Transcribed Spacer) region of the 185 ribosomal gene and compared
it with the gene sequence of T. fuciformis and Hypoexylon sp. in the
BLAST database. The sequences of collected T. fuciformis and
Hypoxylon sp. have over 99% homology in the T. fuciformis and
Hypoxylon sp. sequence BLAST database. In order to select the
optimal medium for T. fuciformis, five kinds of a medium such as
Potato Dextrose Agar (PDA}, Mushroom Complete Medium (MCM),
Malt Extract Agar (MEA), Yeast extract (YM), and Compost Extract
Dextrose Agar (CDA) were used. T. fuciformis showed the best
growth on PDA medium, and Hypoxylon sp. showed the best growth
on MCM. So as to investigate the optimum pH and temperature, the
pH range was set to pH4 to pH8 and the temperature range was set
to 15°C to 35°C (5°C degree intervals). Optimum culture conditions
for the T. fuciformis growth were pH5 at 25°C. Hypoxylon sp. were
pH6 at 25°C. In order to confirm the most suitable carbon source,
we used fructose, galactose, saccharose, soluble starch, inositol,
glycerol, xylose, dextrose, lactose, dextrin, Na-CMC, adenitol,
Mannitol, mannose, maltose, raffinose, cellobiose, ethanol, salicine,
glucose, arabinose. In the optimum carbon source, T. fuciformis is
xylose and Hypoxylon sp. is arabinose. Using the column test, we
confirmed sawdust a suitable for T. fuciformis, since the composition
of sawdust affects the growth of fruiting bodies of T. fuciformis. The
sawdust we used is oak tree, pine tree, poplar, birch, cottonseed
meal, cottonseed hull. In artificial cultivation of T. fuciformis with
sawdust medium, T. fuciformis and Hypoxylon sp. showed fast
mycelial growth on mixture of oak tree sawdust, cottonseed huil, and
wheat bran.

Keywords—cultivation, optimal condition, tremella fuciformis,
nutritional source
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The Increase in Functionalities of King Oyster
Mushroom (Pleurotus eryngii) Mycelia
Depending on the Increase in Nutritional

Components
Hye-Sung Park, Eun-Ji Lee, Chan-Jung Lee, Won-Sik Kong

Abstract—This study was conducted to research King oyster
mushroom  (Pleurotus  eryngii) mycelia with reinforced
functionalities.

0 to 4% of saccharide components, such as glucose(glu),
lactose(lac), mannitol(man), xylose(xyl), and fructose(fru) and 0 to
0.04% of amino acid components, such as aspartic acid{asp).
Cysteine(cys), threonine(thr), glutamine(gln), and serine(ser) were
added to liquid media, and antioxidant activities, nitrite scavenging
activities, and total polyphenol contents of the cultwed mycelia
were measured,

In the saccharide-added group, 4 strains except ASI 2887 had
high antioxidant activities when 1% of xyl was added and
especially, the antioxidant activity of ASI 2839 was 73.9%, which
was the highest value.

In the amino acid-added group, the antioxidant activity of ASI
2839 was 66.3% that was the highest value when 0.2% of ser was
added. But all the 5 strains had lower antioxidant activities than the
saccharide -added group overall.

In the saccharide-added group, 4 strains except ASI 2887 had
higher nitrite scavenging activities than other group when 1% of xyl
was added and especially, the nitrite scavenging activity of ASI
2824 was 57.8% that was the highest value.

It was revealed that the saccharide-added group and the amino
acid-added group had a similar efficiency of nitrite scavenging
activity. Although the same component-added group did not show a
certain increase or decrease in total polyphenol contents, AS1 2839
with the highest antioxidant activity had 6.8mg/g, which was the
highest content when 1% of xyl was added.

In conclusion, this study demonstrated that when 1% of xyl was
added, functionalities of Plewrotus eryngii mycelia, including
antioxidant activities, nitrite scavenging activities, and total
polyphenol contents improved.

Keywords—XKing oyster mushroom, Saccharide, Amino acid,
Mycelia.
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Effect of Inorganic Fertilization on Soil N
Dynam1cs in Agricultural Plots in Central
Mexico

Karla Sanchez-Ortiz, Yunuen Tapia-Torres, fohn Larsen, Felipe Garcia-Oliva

Abstract—Due to food demand production, the use of
synthetic nitrogenous fertilizer has increased in agricultural soils to
replace the N losses. Nevertheless, the intensive use of synthetic
nitrogenous fertilizer in conventional agriculture negatively affects
the soil and therefore the environment, so alternatives such as
organic agriculture have been proposed for being more
environmentally friendly. However, firther research in soil is
néeded to see how agricultural management affects the dynamics
of C and N. The objecr.we of this research was to evaludte the C
ahd N dynamics in the soil with three different agr:cultural
1’danag'ement an agriculhural plo{ with intensive inorganic
fértilization, a plot with semi-organic management and an
agricultural plot with recent abandonmeﬁt (2 years). For each plot,
the soil C and N dynamics and the enzymauc activity of NAG and
B<Glucosidase were characterized. Total C and N concentration of
the pIant biomass of each site were measured as well. Dissolved
organic carbon (DOC) and dissolved organic nitrogen (DbN) was
higher in abandoned plot, as well as this plot had higher tota
carbon (TC) and total nitrogen (TN), besides microbial N and
microbial C. While the enzymatic activily of NAG and pB-
Glucosidase was greater in the agricultural plot with inorganic
fertilization, as well as nitrate (NO;) was higher in fertilized plot,
in comparison with the other two plots. The aboveground biomass
(AB) of maize in the plot with inorganic fertilization presented
higher TC and TN concentrations than the maize AB growing in
-the semiorganic plot, but the C:N ratic was highest in the grass AB
in the abandoned plot. The C:N ration in the maize grain was
greater in the semi-organic agricultural plot. These results show
that the plot under intensive agricultural management favors the
loss of soil organic matter and N, degrading the dynamics of soil
organic compounds, promoting its fertility depletion.

Keywords—Mmerahzatlon, nifrogen cycle, soil degradation,
soil nutrients.
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Determination of Relationship among Shape
Indexes Used for Land Consolidation

Firat Arslan, Hasan Degirmenci, Serife Tiilin Akkaya Aslan

Abstract—The aim of the current experiment was to determine
the relationship among shape indexes which are used by the
researchers in many fields to evaluate parcel shapes which is very .
important for farming even if these indexes are controversial, In -
the current study, land consolidation project of Halitaga village in
Mersin province in Turkey which has 278 parcel and cover 894.4
ha, was taken as a material. Commonly used indicators such as
fractal dimension (FD), shape index (SI), form factor (FORM),
areal form factor (AFF) and two distinct area-perimeter ratio
(APR-1 and APR2) in land consolidation are used to measure
agricultural plot’s shape. FDD was positively correlated with SI,
APR-1 and APR-2 whereas it was negatively correlated with
FORM and AFF. SI was positively correlated with APR-1 and
APR-2 whereas it was negatively correlated with FORM and AFF.
As a conclusion, it is likely that these indexes involved may be
used interchangeably due to high correlations among them.

Keywords—GIS, Land consolidation, Parcel shape, Shape
index.
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Analyzing the Street Pattern Characteristics on
Young People’s Choice to Walk or Not: A Study
Based on Accelerometer and Global Positioning

Systems Data

Ebru Cubukcu, Gozde Eksioglu Cetintahra, Burcin Hepguzel Hatip, K. Mert Cubukcu

Abstract—Obesity and overweight cause serious health
problems. Public and private organizations aims to encourage
walking in various ways in order to cope with the problem of
obesity and overweight, This study aims to understand how the
spatial characteristics of urban street pattern, connectivity and
complexity influence young people’s choice to walk or not. 185
public university students in Izmir, the third largest city in Turkey,
patticipated i the study. Each participant had worn an
accelerometer and a global positioning (GPS) device for a week,
The accelerometer device records data on the intensity of the
participant’s activity at a specified time interval, and the GPS
device on the activities’ locations. Combining the two datasets,
activity maps are derived. These maps are then used to differentiate
the participants® walk trips and motor vehicle trips. Given that, the
frequency of walk and motor vehicle trips are calculated at the
street segment level, and the street segments are then categorized
into two as ‘preferred by pedestrians’ and ‘preferred by motor
vehicles’, Graph Theory-based accessibility indices are caleulated
to quantify the spatial characteristics of the streets in the sample,
Six different indices are used: (I) edge density, (I1) edge sinuosity,
(III} eta index, (IV) node density, (V) order of a nede, and (VI)
beta index. T-tests show that the index values for the ‘preferred by
pedestrians’ and ‘preferred by motor vehicles’ are significantly
different. The findings indicate that the spatial characteristics of the
street network have a measurable effect on young people’s choice
to walk or not. Policy implications are discussed.

This study is funded by the Scientific and Technelogical
Research Council of Turkey, Project No: 116K358.

Kepwords—Graph theory, walkability, accessibility, street
network.
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Land art in Public Spaces Design - Remediation,
Prevention of Environmental Risks and Recycling as
a Consequence of the Avant-Garde Activity of
Landscape Architecture

Karolina Porada

Abstract— Over the last forty years, there has been a trend in
landscape architecture which supporters do not perceive the role of
pro-ecological or postmodern solutions in the design of public green
spaces as an essential goal, shifting their attention to the 'sculptural'
shaping of areas with the use of slopes, hills, embankments, and other
forms of terrain, This group of designers can be considered avant-
garde, which in its activities refers to land art - a trend in fine arts
created in the 1960s, represented by artists who decided to leave art
gallery interiors and create in an outdoor, open space, so that nature
becomes the object of the work and -its background. Among the
landscape architects whose projects are characterized by this trend are
Maya Lin, Martha Schwarz, Hargreaves Associates and Charles Jenks.

Initial research shows that such applications are particularly
frequent in places of former post-industrial sites and landfills, utilizing
materials such as debris and post-mining waste in their construction.
Due to the high degradation of the environment surrounding modem

man, the brownfields are a challenge and a field of interest for the -

representatives of landscape architecture avant-garde, who through
their projects try to recover lost lands by means of transformations
supported by engineering and ecological knowledge to create places
where nature can develop again. The analysis of a dozen or so facilities
made it possible to come up with an important conclusion: apart from
the cultural aspects (including artistic activities), the green areas
formally referring to the land are important in the process of
remediation of post-industrial sites and waste recycling (e. g. from
construction sites). In these processes, there is also a potential for
applying the concept of Natural Based Solutions, i. e. solutions
allowing for the natural development of the site in such a way as to use
it to cope with environmental problems, such as e, g. air pollution, soil
phytoremediation and climate change. According to IUCN, nature-
based solutions can be applied on a landscape scale, independently or
in an integrated way, e. g. with engineering solutions. They should be
defined by the natural and cultura] context of local tradition, as well as
foster the increase in biodiversity in its evolution over time.

The paper presents examples of modern parks, whose compositions
are based on shaping the surface of the terrain in a way referring to the
land art, at the same time providing an example of brownfields reuse
and application of waste recycling. For the purposes of object analysis,
research methods such as historical-interpretation studies, case studies,
qualitative research or the method of logical argumentation were used.
The obtained results provide new information about the role that
landscape architecture can have in the process of remediation of
degraded areas, at the same time puaranteeing the benefits, such as the
shaping of landscapes attractive in terms of visual appearance, low
costs of implementation, and improvement of the natural environment
quality.

Karolina Porada is with the Cracow University of Technology (Department
of Landscape Architecture), Cracow, 31-155 Cracow, Poland (phone; +48-12-
628-24-69; fax: : +48-12- 628-24-69; e-mail: karoporada@gmail.com).
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Kepwords—brownfields, landscape architecture, contemporary
parks, remediation .

I. INTRODUCTION

N his book {1], Victor Papanek draws attention to the
environmental and ecological imbalance of the planet and the
need to preserve and conserve land resources, as well as to the
changes our consumption, manufacture and recycling patterns.
According to the author, designers may have an influence on
the improvement of situation. There are three routes they might
follow in order to achieve it: throughout individual actions (for
example buying fuel — efficient cars), by joining organizations
that promote environmental protection and finally — by adapting
green design thinking and processes [2]. The latter guideline is
often used nowadays for the design of green architecture and
infrastructure, but there is a great potential for landscape
architects - due to the specific of the profession, they create
public spaces in which nature can often freely develop. Of
particular environmental importance are the projects developed
in the brownfield areas, i. e. post-industrial spaces, which are
now becoming a typical element of the city's spatial structure.
According to the applicable polish Governmental
Programme [3], those spaces are defined as "degraded, unused
or partially used areas originally designated for business
activity which terminated". To this definition one should also
attach areas degraded through industrial activity, i.e. those in
close proximity to industrial plants (e.g. landfills, areas with
contaminated soil and water). Abandoned factories, former
airports or excavations as areas devoid of a specific function in
the field can be transformed into public parks, which spawned
a movement of pro-ecological parks, also known as eco-parks.
The basic concept was developed alengside, criginating in the
1992 Earth Summit in Rio de Janeiro, which turned the
architects' attention to aspects related in particular to ecology
and sustainable development. Eco-parks are characterized by
the fact that they are usually created on post-industrial areas,
with minimum involvement of the designer, which is often
limited to enabling unhindered movement in the area and
installing basic functional elements such as sports facilities,
pavilions or toilets. Often the synanthropic flora is maintained
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‘and its natural succession ensured, This trend is currently
enjoying dynamic growth due to at least two main reasons:
firstly, there are more and more post-industrial areas requiring
reclamation and development, and secondly — this method is
relatively cheap in terms of construction costs and maintenance
(there is no need, for instance, to maintain the plants which take
care of themselves).

Apart from the above-mentioned eco-parks movement, there
is another tendency which takes up a challenge of reclamation
of post-industrial areas. What strikes one most is how the terrain

is treated as a sculpture: shaped through slopes, hills, incisions
in the ground or long embankments. These areas resemble:

works characteristic for land art which is a movement
originated in the 1960s and developed mainly in the USA, and
later also in Europe (especially England). Artists living on both
side of the Atlantic began to turn away from "commercial" art
galleries and sought new forms of expression which could not
be contained within the walls of a museum. Abandoning the
models of easel painting or graphics, the artists gained an
interest in creating large-scale sculptures as well as conceptual
~ art in which the creative process itself becomes the subject and
is often more important than the work itself (e.g. performance).

At the same time, thanks to awareness of environmental
issues and bad living conditions in the city, promoted by Kevin
Lynch [4] and Jane Jacobs [5] among others, future
representatives of the movement became interested in the
natural environment and its relationship with man, making it the
main theme of their works. Generally speaking, land art wag
characterized by the relationship between the work of art and
the natural landscape which often became the background of
artistic endeavours or a source of inspiration (and sometimes
both). Sand, soil, plants, water, rocks, unfreated wood — these
are only some of the materials used by land artists, who found
them attractive due to their natural origins. They aiso used such
materials as a form of rebellion, since they were not
traditionally used in the fine arts. In the 60s, this movement
spawned numerous works which were at the time described as
land art, earthworks, earth art or ecologic art . Moreover, all
these terms were employed in the titles of collective exhibitions
(exhibitions ‘of European and American artists presented in
1968 — 69: Earth Works (Dwan Gallery, New York, 1969),
Land Art (broadeast on German TV in April 1969} or Ecologic
Art (John Gibson, New York 1969) [6]. It is. therefore difficult
to decide upon a single name for the movement, as it was never
officially defined. However, in Burope the term "land art" is
more commonly used, while in USA "earth art” is more
frequent. This serves to further illustrate the numerous
differences in the activity of artists on both sides of the Atlantic.

The artists were also directly influenced by the contemporary
movements in art and architecture. In the first case, this
concerned mainly minimal art, which was characterized by a
purity and simplicity of form and shape, thus standing in
opposition to land art, while inspiring artists to employ
organized composition. Conceptual art also played an important
role, leading land artists to turn their attention to the creative
process itself, thus adding the fourth dimension of time to their
works — the objects were often temporary, in extreme cases
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lasting only a brief moment. This opens up a new perspective
on the notion of the transience and changeability of the work of
art, which in this case may, for instance, be destroyed by

_ weather conditions, overgrowth and, ultimately, complete

disappearance.

II. LAND ART AND LANDSCAPE ARCHITECTURE ;AVANT-GARDE

Land art is nowadays often used as an inspiration in the process
of creating public spaces, manifesting itself mainly in the use of
land forms as significant compositional -elements. Although
landscape architecture is primarily an engineering discipline of
science, and land art is an artistic movement, their origins seem
closely related. The means of expression, spatial forms used by
the architects and- artists (see fig 1), and the archetypes (see
table I) that inspire them seem to overlap.

2 #oeen Reg

Fig. 1 Comparing land art and landscape architecture

TABLEI
COMPARING THE OCCURRENCE OF ARCHETYPES IN NATURE, CULTURAL
HISTORY, LAND ART AND LANDSCAPE ARCIHITECTURE WORKS.
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Symbols Charles Jenks
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Y culture p! Y Speculations’

It is originated in the works of landscape architects like Maya
Lin, Dani Karavan and Isamu Noguchi. What connects those
persons is not only the fact that they designed public spaces but
alsa that they all have an artistic education (sculpture, painting)
as opposed to a strictly architectural one, which may have
contributed to the creation of a separate and peculiar creative
language. Another feature is the use of simple, minimalistic and
often large-scale elements, such as the white, concrete statues
created by Noguchi and Karavan. It seems appropriate to apply
the term avant-garde here, since it can be defined as artistic or,
in this case, architectural autonomy, breaking away from
traditional movements and creating a unique language of
expression, which in this case is often highly symbolic. Initially
a small group, possibly related more to high art than landscape
architecture as a technical field, these people inspired a wide
circle of designers who have been active from the 905 to this
day. The architects employ unconventional solutions and
complex shapes, as well as surprising cubic objects to attract
the public and draw them into a dialogue with their work, most
often conveying a specific idea or narrative. These solutions are
a far cry from traditional landscape art — it seems their main role
is not to provide a clear composition or green enclave but rather
to give the design an eccentric and individualistic character
expressed through elements such as complex pavilion structures
or land objects, vivid colors, dynamic shapes and the use of
forms of expressions such as minimalism or pastiche.
Contemporary landscape architects whose work clearly reflects
this phenomenon include Martha Schwarz, Kathryn Gustafson,
Maya Lin, George Hargreaves and Adrian Geuze — their works
are well known in the industry, often portrayed as examples of
good design practices and serving as an inspiration to all young
landscape architects.

III. CASES STUDIES

Comparisons with high art do not end with avant-garde. For
at least twenty years scholars have observed and researched the
connection between landscape architecture and the so-called
land art or earth art. This topic is explored, among others, by
Professor Udo Weilacher [7] of the Technical University of
Munich. Such research is grounded in the fact that the designers
shape land forms in an organized, sculpture-like manner, use
natural materials as well as create specific installations
(temporary and permanent) which very often appear in urban
spaces. Moreover, public areas inspired by land art are popular
among visitors and experts alike, and have received numerous
prestigious awards. The objects themselves become a
recognizable element of the image of districts, and even whole
cities. Thus, on the one hand these objects have a positive
impact on the development of landscape architecture — they are
intriguing, unique, convey elements of contemporary art in a
way that is accessible to everyone, and liven up the public
space. On the other hand, they carry a certain risk, namely the
desire to use connotations to land art as a recipe for creative
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success, resulting in the commercialization of this phenomenon.
Interestingly enough, this dilemma perfectly fits the essence of '
avant-garde artists, who fight tradition and strive for splendour
but must avoid it so as not to lose their own independence and
freshness. Indeed, the avant-garde's popularization is
synonymous with its end.

The shaping of public spaces by the avant-garde of landscape
architecture is in many cases used for the revitalisation of the
previously mentioned post-industrial areas and as a result of the
use of recycled materials for the construction of parks,
monuments, ete, In order to examine the topic, an analysis of
five parks was made, additionally assuming the following
criteria:

= They are examples of the use of references to land art in
public spaces;

* They were created in post-industrial areas or with the use
of materials from recycling;

« They were created in the last 50 years;

« They are located in Europe or USA;

+ They constitute part of the eultural landscape

'A. Northala Fields

Northala Fields was established in 2008 in West London (one
of the youngest parks in the city). The designers' intention was
to create a vast, attractive visual and recreational space along
the A40 motorway. The concept, selected via a competition,
was developed by FoRM Associates.

The idea of the park composition is based on the pouring four
hills of various sizes (18,22,18 and 12 meters) covered with
meadows - these high earth forms play an important role both
as objects from which the panorama of London can be admired
(e. g. the city center and Canary Wharf), as well as characteristic
landmarks, which are a gateway in the western part of the city,
standing out from the surrounding flat terrain. The 27 hectare
park has a rich selection of attractions for the public - starting
from the viewpoints, through playground, walking path
systems, meadows and seating places. However, Northala
Fields is not only a recreational space - it is also an area
designed for nature and pollution elimination. The main
attraction of the park - the earth mounds were built with debris,
bricks and wood from the demolition of unused facilities,
among others from Wembley Stadium, which is an example of
recycling construction waste. Moreover, each mound has been
created in different soil conditions, which are covered with
different mixtures of grasses and flowers, providing four
separate habitats. In addition, those high earth forms are
important in the reduction of noise and pollution spreading from
the nearby motorway.

The park also functions as a system of ecological reservoirs
- one of its main elements are meandering watercourses and
small lakes, forming enclaves in which the nature characteristic
of wetlands can develop. The range of the existing forest area
nearby was also extended. The project meets the requirements
of the design to minimize potential collisions of birds and
aircraft from close proximity to Northolt airport.
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" B. Parc des Hes

The French Park des Iles in Drocourt and Rouvroi was
developed in the place of a former coke plant (operating since
1930), which is now gradually transformed into a public green
space. This type of industry is responsible for the emission of
large quantities of harmful substances - dusts and gas
combustion products enter the air. Coke-ovenants, ammonia,
benzene and its derivatives, phenol, hydrogen sulphide and
other, in turn water is contaminated with phenols, tar, oils,
cyanides, sulphides and ammonium salts and anions such as
chlorides, sulphates, sulphides, thiosulphates, etc [8] In turn,
water is contarninated with phenol, hydrogen sulphide and other
substances. The implementation of the project was a major

. challenge due to fand pollution and the habits imposed by these

prohibited areas. After the final closure of the coking plant in
2003 the area was reclamated arid the greenery planted in
several stages. The park concept developed by the Ilex ofﬁce
has been gradually implemented - ko far, 45 ha of the planned
160 ha space has been opened to the public.

The composition of the park is rooted around a system of
small islands on an artificial lake, constltutmg a m1cromches
through which a straight path leads the visitor. Those enclaves
were built with excaveted materials and were shaped as simple,
ellipsoidal, flat shapes framed by gabion edges and
supplémented with materials such as wood. The site was shapé
with 200 000m3 of earthworks cuts and fills. Large post-mining
mounds were left in the field and a system of vast meadows -
which are confining the most polluted soils was established. In
the field there are also atiractions for the public - thematic
gardens (on islands), open spaces, tracks for Nordic walking,
etc. The central island located on the lake was called
"Aquaterra” and serves as an educational garden and is a place
of environmental awareness raising- including resources
conceding [9]. Left mining heaps are used as hills for sports
such as cycling, running and paragliding.

Parc des Illes is an example of post-industrial space
revitalized for recreational purposes, preceded with
recultivation and renaturalisation of the site. Flora nad fauna in
the terrain are gradually revived and the park itself has become
a hub of destination for the inhabitants of Lille Conurbation,
who would like to rest with nature or do outdoor sports. The
attractiveness of the site is further enhanced by the park's
composition - freely submerged mining heaps contfast and
become a background for flat, oblate islands located on the lake.
The minimalist approach of designers - using simple shapes and
fitting the idea of the park into the existing post-industrial
landscape (treating it both as a background and a place of active
leisure time) makes it possible to talk about references to the
land art..

C. Byxbee Park

Hargreaves Associates studio has for years designed
numerous projects based on land art, which shall be understood
as a usage of distinctive ‘land shaping’ with slopes, hills or
embankments. The Byxbee Park in Paolo Alto is one of their
earliest implementations for which the office was collaborating
with two artists: Peter Richards and Michael Oppenheimer. The
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project spanned the surface of 27 acres and was opened for the
public in 1991. It is worth to mention that two years later the
conception was recognized by ASLA [I0] — the Society
honoured the architects with the award for excellence in its
annual prestigious competition for the best implementations in
the field of landscape architecture and garden design.

The team's task was to develop the concept of public space
in the former landfill, which has already been remediated and
took the form of large, grassy fields. Because the previous place
destination, short-terni changes in the area became impossible,
so the designers after having.a local vision decided to
implement .in the futdre park minimally invasive eartliworks
and artistic installatiors [11]. These were in tutn: hills, field of
wooden poles, a composifion of jersey barriers arranged in
chevrons. Those elements are not only artefacts - they’re
becoming landmarks (orientation points) which moteover can
be seen not only from ground perspective but the sky as well —
chevrons of j Jersey barriers are pointing in the direction of the
Paolo Alto a1rport which can be noticed when flying by plane.

Although Byexbee Park does not have a clear recreation
activities program, it is a popular tourist destination - the space
is complemented by a system of paths, thanks to which visitors
can get around and walk comfortably. On the other hand,
despite the exlsllehce of a functional communitation system, the
use of durable materials (concrete) and the development of a
clear composition of park interiors, this projéct can be placed
on the borderland between land art and landscape architecture.
Unfortunately, the unique value of the park, including its visual
aspects and attractiveness to the public, failed to protect it from
gradual destruction. Currently, because of the planned release
to the public of the next area of remediated landfills, the park,
which shall be partially rebuilt, is deteriorating - currently
among the many structures built there the only ones left are field
of wooden poles and a row of concrete curbs visible from the
air.

D.Govenors Island Park

The project was selected to perform in an international
competition announced and conducted in 2006, The area
occupies 29 acres of land in the very prestigious location of the
Govenors Island in New York’s harbor, near Manhattan and
Brooklyn. For over 200 years the island was used as a military
base, traces of which can still be seen in structures like Fort
Williams {whose construction started in the years 1806-1809
[12]) and a number of former military buildings. The other part
of the island for many years functioned as undeveloped open
space, which makes the creation of the park an important
element in the transformation and revitalization of the area.

To prain proper insight and to determine its potential as a
future public space, the designers spent hundreds of hours on
the island during which they watched visitors and held mass
events [13]. They also carried out a public consultation with the
residents of New York. The effect that studio achieved is
outstanding - the park fits the context of the New York harbour,
highlighting its ecological and cultural values, history and also
allows visitors to observe the panoramas of the nearby districts
of Manhattan and Brooklyn by linking the viewpoints. The
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designers wanted to capture the feeling of walking across an
open green area surrounded by water and sky - so that visitors
can forget that just a few kilometres away, one of the most
famous cities in the world is situated.

The basis of the composition is to keep the vast ecological
space from which the city skyline can be watch. To enable the
framing of views and to diversify the flat surface of the land,
the park designers implemented earth embankments with
heights from a few to several meters which are constructed out
of demolition debris from old buildings formerly located in the
area [14]. Undulating paths run on the hills as well as between
them, with roads located in the eastern-western direction where
the Statue of Liberty can be seen. All the earthworks also serve
entertainment purposes - the city skyline can be watched from
their top. A playground is scheduled to be built on one of the
hills, with slides running along the escarpment. The central area
is implemented as a large lawn with a view of Manhattan, sports
grounds and the amphitheatre. Visitor can also take a walk over
the waterfront promenade which is designed in line with
contemporary trends. The northern part of the park was
arranged as botanical gardens, and at the edge it has been
provided as an educational area of a swamp. The park contains
a large number of plantings that include approximately 3000
trees and shrubs, The composition is complemented by
decorative grasses and perennials, In total, 54 species of plants
were used, which were selected due to their resistance to the
difficult conditions in the port, including resistance to soil
salinity and frost proofhess.

Govenors Island Park certainly stands out from other parks
in New York - it is a popular tourist destination and may
significantly contribute to the revitalization of the island.

E. Playa Vista Central Park

Surrounded by office buildings in Playa Vista (Los Angeles,
California) there is a small modern park offering visitors
numerous attractions, The project has a surface of 7 acres and
its composition is based on the system of intersecting straight
paths. Along the main axis on a straight avenue passing through
the center of the park, which connects the square with seating
and the emerging office building (designers refer to the runway
formerly located in this area of an old airport Hughes [15]),
there are some interesting landscape interiors. The park
includes elements such as an amphitheatre, playgrounds for
basketball and football, playgrounds for children, as well as
wooded areas and lawns. An interesting solution, reminiscent
of land art, was to place numerous pyramid-shaped hills on the
originally flat ground. The hills were covered with decorative
plants characteristic of the Californian climate. Decorative
grasses and perennials planted in wide rows or surfaces endow
the space with diverse shapes and colors, creating a distinct
image. Those colourful hills are the most distinctive element of
- the park - they fit its modern character and give it its unique
identity.

In general Playa Vista Central Park presents itself as a very
modemn and well-designed public space. Its structure and wide
range of elements like benches or small buildings perfectly
reflect contemporary trends in landscape architecture,
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However, the area is not very popular with locals and tourists
[16], which is surprising given the extensive program of
activities and the unique look. One can only hope that in time,
with the development of new office buildings and housing in a
nearby location, Playa Vista Central Park will gain impertance
and appreciation.

IV. CONCLUSION

The above mentioned examples of projects not only show the
existence and activity of the avant-garde of a landscape
architecture, but above all show how designers can contribute
to improving the natural environment and biodiversity while
creating attractive public spaces. The subject appears extremely
important due to the possibility of applying Natural Based
Solutions {NBA), i.e. solutions enabling the development of
natural terrains to help solve issues such as air pollution or
climate changes. According to IUCN's classification [17], the
following types of approaches- can be observed in post-
industrial areas:

«  Issue-specific ecosystem-related approaches (e.g. climate
adaptation services and ecosystem-based disaster risk
reduction);

+ Infrastructure-related  approaches
infrastructure, green infrastructure};

« Ecosystem-based management approaches
water resources management),

Also according to IUCN there are eight preliminary
principles which should be considered in conjunction with the
NbS definition [[8]. The examples of parks discussed above
reflect them very well, as shown in the table below (sce table
II):

(e.g. natural

{e.g. integral

TABLEIL
COMPARING PRELIMINARY PRINCIPLES OF NBS DEFINITION [18] AND THE
EXAMPLES FROM CASE STUDIES

Preliminary principles of NbS
definition

They take into account nature
conservation through the

application of appropriate rules

and standards.
They can be integrated with other
engineering and modem
technology solutions,

They are connected with the
specificity of a given place - its
culture and nature, they combine
scientific knowledge with local
and cultral issues,

They generate social benefits that
are equally accessible to all.

The play an important role in
maintaining biodiversity, cultural
diversity and the development of

ecosystems.

They are most often introduced as
large-scale solutions.

The examples from case studies

All the projects discussed above

were made with a view to revival

and future nature conservation in,
mind. .

This principle manifests itself in the
use of earthworks, strengthening of
slopes and embankments, taking
appropriate measures for waste
disposal, construction of
communication routes, etc.
Partial preservation of post-industrial
heritage (e. g. mine heaps in Park
des Ilés), creation of symbolic and
characteristic places, framing and
apening views of natural or cultural
surroundings
All parks are dedicated and open to
the public, they are to become places
of rest and recreation for visitors.
Al the parks in question use
greenery characteristic of a given
ciimate as well as a full or controlled
natural succession is assumed in
these areas.

All of these projects are located in
open landscapes or constitute a green
enclave in urban development.
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They helpo to achieve the
economic bene=fits associated with
the investmen t, while at the same

time reconci 1ing them with the
future improvement and
functioningg of ecosystems.

They play are important role in
shaping pevlicies and other
activities &hat lead to the
achieverrvent of specific
obj @ctives..

The prejects of the discussed parks
already at the stage of
implementation brought economic
benefits - the implementations were
carried out using recycled materials,
were built on abandoned,
unattractive and often polluted land
of low market value, In the longer
term, their development brings
numerous ecological and
environmental benefits.

The discussed public parks were
established in accordance with the
decisions of the relevant authorities.
Their creation improves the comfort
of life in cities and eliminates the

problem of abandoned post-
industrial spaces,

In additiona to environmental benefits of the Nature Based
Solutions coracept, these examples also include other positive
natural, land:scape (including views) or cultural phenomena
related to the activities of the contemporary avant-garde of
landscape arc hitecture related to land art.

These incliide the following [19]:

a) They constitute a form of artistic expression, a dialogue
between the designer and the public;

b) They can have symbolic values;

c) They are used for sports and rcereation;

d) They comnstitute .an acoustic barrier against the noise
generateed by cars and planes;

e) They constitute a barrier against the pollution generated,
for instance, by car fumes;

f) They serwe as landmarks;

g) They can serve the role of vantage points;

h)} They can be used to mask and frame views;

i) They mal<e the terrain more diverse and attractive;

j)  They educate the society, making it more sensitive to new
trends in art and design.

Scientists mentioned the phenomenon on many occasions but
presented it in a very general light. Most scholars gloss over the
subject and fail to analyse various concepts in detail. A study
by Udo Weilacher [7] is an exception from this rule. However,
due to its publication in 1995 and the fact it analyses only a
'small range of landscape architects, it is rather out of date. The
concept is becoming increasingly popular among landscape
architects and the public — such references to land art as
building earthworks are perceived as attractive elements which
provide the parks with a unique character. Earth forms are not
only recreational objects, but alse key landmarks, facilitating
orientation and movement around the city. In addition, when
they form large-scale spatial compositions, their contrast with
the surroundings is so distinct that each viewer can see that it is
a work of art set in the landscape, which often carries an idea or
message. At the same time in the concept of new parks, the use
of natural materials, the idea of a dynamically developing and
changing nature, as well as views connections - similarly to the
land art, make nature become both the subject of the work and
its background. .

The whole phenomenon may be also compared to
environmental art — the direction in contemporary art wherein
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the boundaries between life and art are blurred by "involving
the viewer in the work of art itself" [20] — or, in certain cases,
to the concept of ecovention, according to which artists try to
reclaim lost parts of the city by transforming areas which have
been destroyed, degraded and post-industrial areas into places
where nature can once more flourish [21].
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Exploration of an Environmentally Friendly Form of
City Development Combined with a River

— An Example of a Four-Dimensional Analysis Based on the Expansion

of the City of Jinan across the Yellow River
Zhaocheng Shang

Abstract—The Yellow River in China is a suspended river with
a large amount of sediment, It has been ignored for a long time
in the city plan of Jinan and locates some distance to the north
of the city. Since the reservoir construction of the 1950s and the
standardization of embankment construction in 2002, the flood
control capacity of the Yellow River has been greatly
increased. Due to ifs location between the mountains to the
south and the river to the north, Jinan’s urban form has become
narrower and narrower as the city has expanded. The policy
encouraging Jinan to cross the river and develop to the north
was introduced in May 2003 and has been the focus of urban
planning since April 2017.

In order to study the issue cities crossing rivers, a
Four-Dimensional Analysis Method consisting of timeline,
X-axis, Y-axis, and Z-axis Is proposed. Policies, plans, and
their implications are summarized and researched along with
the timeline. The X-axis is the direction which is parallel to the
river. The research area was chosen because of its important
connection function. It is proposed that more surface water
network should be built because of the ecelogical orientation of
the research area. And the analysis of groundwater makes it for
sure that the proposal is feasible. After the blue water network
is settled, the green landscape network which is surrounded by
it could be planned. The promenade which is parallel to the
river, as well as the transitional river belt, which is vertical to
the river, could be built based on the biue-green network. The
direction which is vertical to the river is the Y-axis. It is
proposed that the landscape axis in the Y-axis direction should
run through the transportation axis so that the urban texture
could stretch in an ecological way. Therefore, it is suggested
that the work of the planning bureau and river bureau should be
coordinated. The Z-axis research is on the section view of the
river, especially on the Yellow River’s special feature of being
a perched river. Based on water control safety demands, river
parks could be constructed on the embankment buffer zone,
whereas many kinds of ornamental trees could be used to build
the buffer zone.

City Crossing River is a typical case where we make use of
landscaping to build a symbiotic relationship between the urban
landscape architecture and the envirenment. The local
environment should be respected in the process of city
expansion. The planning order of "Benefit- Flood Control

Zhaocheng Shang is Ph.D. from Prof, Henri Bava, with the Department of
Landscape Architecture, Architecture Faculty, Karlsruhe Institute of
Technology, Kollegiengebiude am Ehrenhof Englerstr. 11, Geb 11.40 76131
Karlsruhe, {e-mail; zhaocheng.shang@parner.kit.edu)
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Safety" should be replaced by "Flood Control Safety -
Landscape Architecture- People - Benefit".

Keywords—Blue-Green landscape network, City Crossing
River, Four-Dimensional Analysis Method, Planning Order
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1. THE INEVITABILITY OF CITY DEVELOPMENT
COMBINED WITH A RIVER

1.1. The Yeilow River in China

The Yellow River is the second largest river in China, with
a total length of 5464 km (sorted by river length). It originates
from the basin of Yueguzonglie with an altitude of about
4500m, which is located in the northern foot of Bayan Har
Mountain in Qinghai Province, It passes through 9 provinces
and regions, including Qinghal, Sichuan, Gansu, Ningxia, Inner
Mongolia, Shaanxi, Shanxi, Henan and Shandong, and in the
end, flows into Bohai Sea in Kenli County, Dongying City,
Shandong Province. Yellow River's watershed area is 752,400
km?2 and its average annual runoff is 58 billion m3.

AR A i

Fig.3 The Yellow River and the city of Jinan in China

The Yellow River is divided into three distinet parts: the

mountainous upper course, the middle course across a plateau,
and the lower course across a low plain. [2]
The upper course is with larger water flow and is rich in water
sources. The middle course is with many tributaries. The river
takes away a large amount of sediment from the plateau, which
causes water loss and soil erosion. The river goes slowly in the
lower course because of the flat terrain, and this causes the
suspended river because of silt since the last diversion since
1855.The yellow river rechanneled much in history and causes
frequent floods. [3] But in recent decades it is under controlled,
because of irrigation, reservoirs and hydraulic engineering.

Fig 4, Three distinct parts of the Yellow River
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1.2 Sedimemt Deposition and Suspended River throughout
History . ’

The study area is in the lower course. The main tributaries to
the lower course are Jindi River, Daqing River, and Yufu River.
The main features of Yellow River lower course are flat
gradient and serious sediment deposition.

The middle reaches of the Yellow River run through ‘the
Loess Plateau, therefore the tributaries carry a large amount of
sediment, making the Yellow River the world's highest
sediment-laden river. The maximum annual sediment discharge
amounted to 3.91 billion tons {1933). The highest sediment
concentration in 1977 reached 920 kg/m3.

The river bed has been rising year by year and it has been
higher than the ground on both sides of river, Among them, the
Yellow River Section in Jinan is 4~6 meters higher than the
ground of the banks. That is why the river is known as
"Suspended River". [4]
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Fig.5 The formation of the suspended river

1.3 Three Good Changes of the Yellow River in Modern
Times :

1.3.1 Fewer Flood Records Since 19705

Since the 1970s, there are fewer flood records in the
Yellow River. There are 3 main reasons for the decrease. {5]
The Yellow river's annual flow into the sea in recent years is
only about 7.5~25 billion m3. Compared to the Yellow River
annual water for irrigation of 35~40 billion m3 (Summary
according to the Yellow River Water Resources Bulletin from
the Yellow River Commission of the Ministry of Water
Resources), and the amount of reservoirs storage of over 50
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billion m3, the water in the Yellow River is basically
controlled. Besides, the standardization of embankment
construction since 2002 makes the channel of certain design
standards, which is another guarantee for the safety.

Fig.6 The main Reservoirs on the Yellow River

1.3.2 Fixed Channel Since 2002

The standardization of embankment construction on the
lower reaches of the Yellow River has been under construction
since 2002 and is constructed according to the flood control
design standards. The embankment top width is 12m. The
embankment hardening part width is 6m. Two rows of
landscape trees are planted on both sides of the embankments.
Flowers are planted on the embankment slopes. 50 meters wide
-anti-wave forests are planted in the fiat sections along the river.
On the back of the.river is 100 meters wide buffer zone, the
elevation of which is as high as the water level of the
fortification in 2000, Suitable forests would be planted afier the
siltation area construction is finished. [6]

Because of the standardization of embankment construction
on the lower reaches of the Yellow River since 2002, the
channel is basically fixed.

nosn wim B iy
pt nm«:\uum .zmw.-a Ly R—

s > o- am - . -

Fig.7 Section Standard from Yellow River Authority

From Yellow River Authority

1.3.3 Clearer Water Since 2002
Since the project of withdrawing from cultivated land for
ecology in 2002, the Yellow River has been clearcr and clearer.
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1.4 Jinan Landform and Hydrology Introduction

1.4.1 Jinan Landform

Jinan locates in the northern anticlise in the western of
Shandong Province and it is generally a gentle incline. The
terrain of Jinan is high in the southeast and low in the northwest
with a transition from low mountains and hilly to piedmont
plain and yellow river floodplain. The elevation of
mountainous area is mostly between 150 and 700m, with a
height difference of 100 ~ 500m, while the elevation in plain
area is mostly at 20 ~ 60m. The overall stratigraphy slopes
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northward, with an inclination of 5° ~10° [8]

Confined to the topography and geological formations, karst
groundwater runs from southeast to the northwest, at the same
time infiltrated through the Ordovician limestone into the
ground. It is blocked by the magmatic rock in the old city area,
and the groundwater rises up, the groundwater gush out to make
the famous spring groups.

Jinan is located in the mid-latitude zone and is a typical
warm temperate continental monsoon climate. Jinan’s average
annual rainfall is 643mm, while the average evaporation of
Jinan is 1250mm.

The tiver system of Jinan is mainly divided into Yellow
River system and Xiaoging River system.
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Fig.8 Jinan landform
Repuointed from SOM design

1.4.2 Jinan Hydrology

1.4.2.1 The Yellow River in Jinan

Due to the three good changes of the Yellow River in modern
times, the Yellow River has great potential to be developed as a
landscape river.

1.4.2.2 Introduction to the Xiaoging River

The mainstream of Xiaoqing River is an artificially
excavated canal. Its tributaries are mostiy from natural rivers.
Since the 1960s, a large amount of industrial wastewater and
domestic sewage have -been poured into Xiaoqing River,
causing extremely serious poliution. However, over the last 10
years’ massive efforts with comprehensive management
projects, the water quality and the landscape of Xiaoging River
have been significantly improved. [9]

There are five main sources of Xiaoging River water: firstly,
the spring water from the old city; secondly, the treated urban
sewage; thirdly, the rainfall from the southern mountainous
areas from June to September; fourthly, Yufu River (a tributary
of the Yellow River ) diversion; fifthly, groundwater lateral
seepage from its riverbanks (because the banks are high than
the river ).
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1.5 Jinan City Layout
1.5.1 Jinan City Layout Development

r“*a- Bk
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Fig. 9 Jinan city layout development
From “Planning the Spring City™

The city of Jinan has developed rapidly since the year 1904,
Due to the natural geographical conditions of Jinan
— mountains to the south and the Yellow River to the north
— without guidance, the city development would be bound to
the east and west. Not only would the traffic efficienty suffer
from the narrow city form, but also the potential Yellow River
landscape cannot play a role. [10] Since the south mountain
area is to be protected, the issue that Jinan people are currently
facing now is how to deal with the relationship between the
river and the city as the city develops.

1.5.2 Existing Jinan City Layout: Development without the
Yellow River

Fig. 10 Existing City Layout of Jinan

The river is an integral part of the city, [7] But in Jinan, the
Yellow River has been for years a barrage of city development.
The existing city layout is long and narrow. The city has
developed without the Yellow River.
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1.3.3. Policies and Implementation

1.5.3.1 Development on the South Side of the Yellow River

The Hundred-Mile Yellow River Scenic Area is sine 1992 in
construction, with a total length of 51.98 kilométers, an area of
more than 50 square kilometers. The scenic area is mainly
along the meandering Yellow River and is consisted of the
Yellow River flooding zone, embankments, buffer zone and
vulnerable spots.

The Mother River Park is built in 2003,

The North Lake is since 2015 in construction,

Hua Mountain Scenic Area, Yao Mountain Scenic Area,
Jinniu Mountain Scenic Area, and Meili Lake are on and off
reconstructed and expanded in recent decades, They are scenic
areas which have been existed since ancient times.

Jinan Culture Expo Park Covers an area of 1,000 mu and
costs 2.8 billion yuan. It has been built since 2013 and is the
largest culture expo park in China.

1.5.3.2 Development on the North Side of the Yellow River

The North Crossing Process can be divided into three phases.
(1) In May 2003, the propesal of the North-Cressing Policy

was fifst proposed.

The Dragon Lake was built in 2005.

In order to prepare for the October 2009 the 11th National
Games of the People's Republic of China, the Chemical
Industry Park was urgently moved from Yuxing Chemical
Factory to the current Chemical Industry Park.

The Dinghui Temple was built in 2009,

(2) Qihe actively develops projects, responding to the
Jinan North-Cross Policy.

The Ocean.Polar World was built in 2011, the Europark
Dream World in 2014.

The Qihe Science and Technology Town is still under
construction.

And the Qihe Hot Sprmg Town is in Planning,

(3) In December 2016, the Policy of City Development
Combined with a River was issued, indicating turning
the Yellow River into an inland river.

In April 2017, the Instruction of the pre-construction
area of the National Comprehensive Test Area for New and
Old Kinetic Energy Conversion was made by prime minister,
making the North-Cross Policy the Focus of Current Planning,

In June 2017, large-scale demolition of "lllegal Buildings"
was carried on.

1.6 Conclusion: the Inevitability of City Development
Combined with a River

In terms of natural conditions, the flood control security is
guaranteed. The water quality turned much better, and the
Yellow River is now much clearer than a decade ago.

In terms of social conditions, the governmient, which plays a
large role in a socialist country, encourages the city of Jinan to
develop with the Yellow River,

Therefore, the inevitability of Jinan developing combined
with the Yellow River is proved,
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2. ANALYSIS OF SURFACE WATER
TO BUILD WATER NETWORK IN X-AXIS

2.1 The Reason to Choose the Study Range

Normally, it is comprised of three gradient spaces: the new
district, the transitional river belt, and the urban area. The three
gradient spaces are mainly divided based on the urban density
transition, which is the outward manifestation of the urban
expansion process.

:

Fig. 11 Three gradient spaces of Jinan

¥rom the urban areas in the South to the Yellow River in the
Naorth, the farther to the north, the smaller the city density is, as
well as the smaller the radiation influence of the urban area is.
In order to be connected with the urban development, the
transition area between the urban area in the South and the new
area in the North should be firstly considered. And then with
the help of its connection, the new area can be spread.

As the development on south side of the Yellow River are
more about ecological projects, the area on the south side of the
Yellow River which goes to the edge of Xiacqing River is
chosen to be the study range, since the area between two rivers
is more correspondent to the theme of ecology.

Fig. 12 Site selection of the research

Repainted from SOM design
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2.2 Surface Water Network Status Analysis
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Fig. 13 Surface water in Jinan
Repainied lrom 5OM

There are mainly two water sources:

(1) Surface water from the southern mountain area

(2) Water from the Yellow River '

To analyze with the terrain, the surface water goes from the
highest southern mountainous terrain (with an elevation of
100~900m: Qianfoshan 270m, Ladder Hill 900m) to the
Xiaoqing River.

The Yellow River (with an elevation of 33.5~40.5m) is
higher than the banks (with an elevation of 24~36m) since itisa
suspended river. Therefore, there are a few water networks
stretching from the Yellow River.

The elevation of the bank of Xiaoging River is 5~8m lower
than the south bank of the Yellow River. The tailwater from the
Yellow River Irrigation flows into the three tributaries of the
Xiaoging River, forming the only water network in the western
part of the current research area.

2.3 Groundwater Network Status Analysis

The groundwater table on the riversides is generally stable
and has been for years. The depth of the underground water in
the river transitional belt is less than 2 meters. Therefore, it is
feasible for artificial rivers to be disclosed, and for green spaces
to be built along them.

2.3.1 Groundwater Classification Based on Aguifer Medium

Based on the aquifer medium classification, the groundwater
which is stored in the pores of loose rock and soil (such as sand
and soil layers) is called porewater; the groundwater which is
stored in the soluble karst caves or the miarolitic is called karst
water; the groundwater which is stored in the fractures of
non-soluble rocks is called fissure water.
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TABLE !

GROUNDWATER CLASSIFICATION BASED ON AQUIFER MEDIUM
Aquifer Medium
Classification
Stored in the pores of
loose rock and soil
Stored in the soluble karst
caves or the miarolitic
Stored in the fractures of
non-soluble rocks

demagnetizing factor

Groundwater Classification

Porewater

Karst Water

Fissure Water

The groundwater in the area between Yellow River and
Xiaoqing River belongs to porewater since the it mainly exists
in loose formation pores,

The porewater is distributed in layers and is spatially
continuous and uniform. The hydraulic connection within the
water system is good, Therefore, to disclose the porewater is of
a high success rate.

2.3.2 Groundwater Classification Based on Groundwater
Confining Layer

Classified according to proundwater confining layer,
Confined Water is the gravity water which fills between two
stable aquicludes. Phreatic Water is the gravity water
with free water surface, which is stored in the first aquifer
under the ground.

In other words, if there is a continuons water-resisting layer
above the aquifer, this type of groundwater is confined water; if’
not, it is phreatic water.

TABLE2
GROUNDWATER CLASSIFICATION

BASED ON.GROUNDWATER CONFINING LAYER

Whether there is a

continuous

water-resisting layer

above the aquifer

Yes

No

Groundwater Classification

Confined water
Phreatic water

Due to no continuous water-resisting layer above the aquifer,
the groundwater in the Transitional River Belt between Yellow
River and Xiaoging River belongs to phreatic water. It is buried
in a relative shallow depth.

Evaporation occurs when the buried depth of groundwater
table is less than 4m. Since the depth of the groundwater in this
" area is generally less than 2m, the evaporation here is relatively
strong. Therefore, evaporation of phreatic water becomes one
of the main drainage of groundwater in this area.

Under the same conditions, the natural water quality of the
confined water is better than that of the phreatic water.

2.3.3 The Aquifer and its Water Yield Property

The aquifer in this area lacks water-bearing sand layer and
gravel layer, instead, it is consisted of clay sand or sandy clay.
The aquifer’s water yield property is relative weak. If strongly
mined, it is easy to be drained.
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2.3.4 Conditions of Groundwater Recharge, Runaff, and

Fig. 14 Jinan contour of water table

From Hydrologica$ Survey Burcau

After analyzing the contour of water table in Jinan, the
groundwater recharge, runoff, and discharge is shown as
follows:

2.3.4.1 Groundwater Recharge

Yellow River lateral seepage, the upper reaches of the lateral
runoff recharge as well as direct rainfall (little impact)
infiltration are the three main sources of groundwater recharge
in this region. The water sources supply is relative stable and
guaranteed,

2.3.4.2 Groundwater Discharge

The groundwater seep into Xiaoqing River surface water.(
Xiaoging River locates 1 ~ 2m lower the groundwater level of
is its river banks, indicating that Xiaoging River continuously
receives the seepage supply of groundwater from the river
banks.) Besides converting to surface water of Xiaoqing River,
amount of groundwater is evaporated as shallow phreatic water,
or it runs to the lower course in the direction of NEE (North,
East, East).

2.3.5 Conclusion: Groundwater Available Value to Build
Blue-Green Network

2.3.5.1 Relatively Stable Groundwater Table

The groundwater table for years in this area is generally
stable, with fluctuations in the range of 1 ~ 1.5m for years.
Fluctuation of the groundwater table per year is about 11, The
depth of the groundwater is generally less than 2m, which is a
relative shallow depth. The water sources supply is stable and
guaranteed.

2.3.5.2 Suitable for Disclosing Ground Water

The pore water is suitable to be disclosed as surface water.
The phreatic water is in a shallow depth and is also suitable to
be disclosed.
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2.3.5.3 Not the Best Choice to Be Used as Drinking Water

Runoff conditions have a great impact on the natural water
quality of groundwater. The terrain in this area flat, the
permeability of rock-seil is weak, so the groundwater flows
slowly. Under the same conditions, the natural water quality of
the still water is not as good as the flowing water. Since the in
this area is relative still, the water quality here is not very good.

2.3.5.4 Groundwater Available Value to Build Blue-Green
Nerwork .

Since the groundwater here belongs to phreatic water as well
as still water, the water quality here is not good enough to be
drinking water. But instead, it is suitable to be used as
landscape water. )

Due to the weak water yield property, the groundwater in this
area is easy to be drained. Here is not suitable form a
large-scale centralized water supply source. However,
small-scale decentralized water supply such as landscape water
is acceptable.

Since this area locates in the crucial area for the city
crossing river, it is feasible that we take full use of the
favorable conditions of guaranteed sources of water supply,
shallow depth of stable groundwater table, to excavate
artificial rivers and form green space around to form a
blue-green landscape network.

2.5 The Aim to Build a Water Network

The aim to build a water network is to have a blue-green
network for people. The landscape axis is later designed based
on the need of people. The sequence of the design should be
Blue Network- Green Network- Yellow Network, with the
keywords sequence of River- Park- People. '
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Fig. 15 Blue Network- Green Network- Yellow Network
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3. APROPOSED LANDSCAPE RESEARCH CONCEPT —
ACROSS5-RIVER LANDSCAPE ARCHITECTURE

3.1 Water Network, Landscape Architecture and City

Development

Firstly, the surface water network as the water network status
quo should be analyzed. And then where to build the water
network, is based on the need of the city development need.
Thirdly, whether the groundwater can be disclosed as landscape
water, is determined by the condition of the groundwater. The
last step is belongs to the study of landscape architecture, that is
how the surface water shonld be designed as a landscape water
network. In this process, the four-dimension analysis is
proposed, which is especially for the study of cities crossing
rivers.

3.2 The Aim to Build a Four-Dimension Analysis for the Cities
Crossing Rivers

To learn from the history and to know more about the status
quo, the timeline of the city development should be first
summarized. :

Usually, the side which is near to the urban area is the focus
of the research, since it plays a role in connecting the urban area
to the new area. The area along the river belongs to the research
X direction. The research about it should first respect the
natural conditions. In the river crossing process, it is the blue
surface water and the green landscape space. To develop the
Blue-Green Network, the groundwater in this area should be
firstly analyzed, as a basis of the blue water network.

The Crossing River Process is a process in the direction of
Y-axis. The role of transportation should be studied. The
research of bridges is the basis, and then is the research of
railways and airports. It is also suggested that the bridges
should go through the landscape axes. Therefore, the
coordination of city planning office and the river case office is
also proposed.

Since the Yellow River is a suspended river, the Z- axis is
needed. The anti-wave forest in the buffer zone and the
strengthen zone which i$ on the back side of the embankment,
are the research focus in the aspect of landscape.

3.3 Analyze of the Timeline of City Development with the River
3.3.1 The South Side of the Yellow River

The projects on the south gide of the Yellow River are mainly
the places of interests with historical culture and ecological
value.

The Hua Mountain Scenic Area, Yao Mountain Scenic Area,
Jinniu Mountain Scenic Area, and Meili Lake are the scenic
areas with history,

All the projects on the map are of color blue or green, which
means water or park. The implementation of the city
development on the south side of the river is focused on the-
ecological construction, which is correspondent to the
geographical condition of the area.
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Fig 16 Projects on the south side of the river
3.3.2 The N JorihSide of the Yellow River
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Fig 17 Projects on the north side of the river

The proje=cts en the north side of the Yellow River are mainly
recreational  plkygrounds or new towns. The aim of the
construction: onthe north side of the Yellow River is to develop
the new area. The construction in the municipal district of Qihe
is built vemy quickly, which is coincident to the Jinan
North-Crosz Policy very well.

3.3.3 Concliusion

The policy of city development combinéd with the river is
consisted of” two parts: the south part and the north part. The
policy to dex+~elap on the north side of the Yellow River is called
North-Cross Policy.

From the £wotimeline maps above, we can conclude that the
focus of the south part is ecological connection, and that of the
north part is new town. We can also see that the progress of city
combining tkie tiver can be more scientific and logical so that
the parcels awe not only fragments here and there.

3.4 Landscaroe Architecture X-Axis: How can the river
landscape claaracteristics be highlighted?

3.4.1 Existinsg Ecological Condition

Jinan is soutk to Tai Mountain, with the Yellow River crossing
the northern area of city, high-lying in south and low-lying in
north. Jinan 11as two major east-west rivers of Yellow River and
Xiaoging Ri-ver, with a large number of rivers and springs in
urban area. The Yellow River is an earth suspended river in
Jinan area, wehich interrupts the extension of ecological system
between Xia«qging River and the Yellow River. An ecological
link betweerr. the southern mountainous area and the northern
Yellow Rivex within Jinan urban area should be established.
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3.4.2 Existing Land Use and Fixed Parcels

Fig. 18 Existing Land Use

Frem SOM

The map of existing land use shows the current development
of the city. Firstly, there is a large area of agricultural/
undeveloped Tand, which could be developed based on the
subject of landscape design. Secondly, there is also a certain
area of industry. It is apparent that in the ecological transitional
area, the industry should not account for a large armnount of area.
Thirdly, the residential/village area is all along the river in the
X direction, but their forms are fragments and not well planned.
Fourthly, there is a small area of commercial /recreation area.
As a whole, this fransitional area could be reused as a
ecological river transitional belt. Whether the parcels are fixed
or not, should be paid attention to in the city plan.

Fig. 19 Fixed parcels
From SOM design
The map of fixed parcels shows that the possibility of the
Land to be planned and improved. The red and the orange
parcels are fixed and therefore cannot be moved. When making
a plan, these fixed parcels should be respected and preserved,
Whereas, the yellow parcels are the land which have been sold
but not yet fixed. When making landscape design, the yellow
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parcels could be moved and they have potential to be changed
and improved.

This map of fixed parcel is a basis for the future urban
planning.
3.4.3 Blue-Green Landscape Network along the X-Axis
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Fig, 22 Orange/Yellow network
From SOM design

In order to build the community surrounded by high-quality
open space, t is proposed that the atmosphere of the landscape
park influence each development plot, in order to help the plot
to have an interaction with nature. The self-sufficient
community is intended to be designed with green infrastructure
in a low carbon design way.

Fig. 20 Blue network

From SOM design
The blue network should connect the Yellow River to the
Xiaoqging River, and provide areas for gathering, conveying and
purifying rainwater. The channels, as well as the river edges,
are supposed to be designed in a natural way, in order to
enhance the water quality and reduce flooding.

Fig. 23 Community surrounded by high-quality open space
From SOM design

3.5 Y-Axis: How can people on both sides of the river reach
each other satisfactorily?

3.5.1 Study Case: Prague

Fig. 21 Green network

From SOM design
The green network is supposed to be built on a basis of the
blue network. Based on the map of projects on the south side of
the Yellow River, the green space such as landscape parks as
well as residential areas could be designed. The relevant
landscape green space design along the river such as the
cologne right bank, which is consisted of Grilnzug Charlier and

Rheinboulevard, can be taken a reference to. Fig. 24 Connected city centers with bridges in Prague
Repainted from Geogle map
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From the google map of the city of Prague, it is clear that the
city centers are connected with the bridges. The bridge is a
useful tool for the city expansion.

3.5.2 Bridges, Railways and Airports in Y-Axis in Jinan

s

Fig. 25 Jinan main bridges
From SOM
In Jinan, there have been 9 main bridges, which connect the
south of the city to the north. Based on the bridges, the railway
and aitport are designed to help the city communicate with the
areas arm}nd

Fig. 26 Jinan main railways and airports
From SOM

3.5.3 The Proposal of the Consistency of Landscape and
Transportation

Fig. 27 X-oxis design in Jinan
From “Planning the Spring City™
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Fig. 28 Y-axis design in Jinan

Repaiated from *“Planning the Spring City™

Above are the river crossing plans in Jinan in the direction of
X and Y. We can see that there is little consideration of bridges.
According to tHe river case o%ﬁce, the work for the bridges has
also very little to do with the city plan. The work division in the
two offices is not clear and the cooperation is not enough.

In ordef to help people on both sides of the river teach each
other satlsfactorily with the beauty of landscape, the
coordinatidn of city planning office and the kver case office is
sugpested.

3.6 Z-Axis: Landscape on the Embankment
3.6.1 Starting and ending points of the Yellow River Bank
embankments | ..o e
Fiyang Sietaobanshichu Xiajte
o

Zhangqlu Graguan| ar Kiajte:

Fig. 29 Plan of Yellow River Embankments

The south embankment of the river originated from
Songzhuang in Huaiyin District, and goes to the lower
boundary of Gaoguanzhai Town in the municipal district of
Zhanggiu, with a total length of 72.8 kilometers. The north
embankment of the river starts from Sangzidian in Tiangiao
District, and stops at the lower boundary the Jiyang Subdistrict
Office, with a total length of 60.8 km.
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3.6.2 Section View of the Embankments

S —

Fig. 30 Section view of a Yellow River embankment

Repainied frem Yellow River Authority

Based on the Standardization of Embankment Construction, the
section data is strictly ruled. The construction of buffer zone,
embankment road, as well as strengthen zone can be planned with the
help of landscape architecture.

Fig. 31 Bird view of the mode) of a Yellow River embankment

The anti-wave forest in the buffer zone is shown in dark green color
in the model above. The strengthen area is presented in the light green
color. The two areas, especially the strengthen zone, has potential to be
developed as landscape Forrest. At present, there has been some, but
usually, they are pure forest, which is not well planned. The
construction of landscape park is allowed by the river case office in the
strengthen zone, [5]

3.6.3 Wide Use of Z-Axis for the Research of Cities Crossing

Rivers

Fig. 32 One section view of the research area

Z-axis research can also be made for the whole research area of a
section view between the Yellow River and Xiaoqing River, not only
for the terrain of the suspended river. Widely speaking, the Z-axis
research is suitable for the elements with altitude, when a city crosses a
T1ver.
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4. CONSIDERATIONS AND SUGGESTIONS
ON URBAN DESIGN IN CHINA

" 4.1 River and City

In the spatial pattern analysis of river landscapes, river corridors can
be studied in the four-dimensional direction, including
thres-dimensional changes in spatial scale and changes in timescale.
{10] The method of four-dimensional analysis was used in this study.

The idea of Blue-Green Network for Cities Crossing Rivers is first
raised in the Quehua District Conceptual Urban Design. Based on this
idea, the landscape innovation points of Four-Dimensional Analysis
and the sequence of Surface Water- Groundwater- Landscape Water to
be considered for Blue-Green Network are raised.

During the first step of the sequence, the groundwater in the

research area is analyzed. The groundwater which is suitable for
disclosing and which owns a relatively stable groundwater table has
available value to be used to build blue-green network. The
groundwater which belongs to pore water or phreatic water is
relatively easy to be disclosed as surface water. The stable recharge
and discharge of the groundwater cause a relatively stable
groundwater table as a balance,
City development is determined by landscape design. Landscape
design is determined by ecological water network. Ecological water
network is determined on groundwater’s potential to be disclosed. And
all the process should be considered in a logical sequence,

4.2 Space and Value

China's present planning order is summarized as Benefit - Flood
Control Safety. The city development is based on the need of benefit.
The role of hydrology and landscape design in the process of city
planning is missing. [11] As a result, the city development considers
little about the river, the transportation and the feelings of people to
enjoy the beautiful environment. [12]

Instead, the ideal planning order is Flood Control Safety -
Landscape Architecture-People — Benefit. The safety should be first
taken into consideration, which has been done as a whole quite well in
the last decades in China. It could be done even better if the water
network designing in the city could be taken into consideration. After
that, the landscape design for the people could be made. And with so
harmonious space, to get a good benefit is an inevitability.

4.3 Value and Management

The coordination of the city planning office and river case office is
suggested because the blue network and the green network are one
network to be designed at the same time, also because the bridges are
not only a means of transportation but also a tool to connect city
centers.

In the process of doing this research, very little open and scientific
information was found on the city official website, On the official
websites are always the news of political conferences and the aim of
the city planning, The government has invited some professional
landscape designers from aboard, but on the website are only the
words about how famous are the designing team is, not about how they
make the design. As landscape designer, it is known to all that the
status quo is the basis for all. But in China, it should be kept as a secret.
The city plans, as well as some of the regional plans, are announced on
the website, in order to have some feedback from the people. But
without even making a land use map public, it is hard to propose some
useful feedback even for a professional landscape designer. .

In the socialist country, the government plays a big role. If the
management method is improved by the government, the process of
urban design in China would be safer and healthier.
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Mechanical Properties of Ordinary Portland Cement
Modified Cold Bitumen Emulsion Mixture

Hayder Kamil Shanbara, Felicite Ruddock, William Atherton, Nassier A. Nassir

Abstract—Cold bitumen emulsion mixture (CBEM) offers a
series benefits as compared with hot mix asphalt (HMA); these
include environmental factors, energy saving, the resolution of
logistical challenges that can characterise hot mix, and the potential
to reserve funds. However, this mixture has some problems similar to
any bituminous mixtures as it has low early strength, long curing time
that needed to obtain the maximum performance, high air voids and
considered inferior to HMA. Thus, CBEM has been used in limited
applications such as lightly trafficked roads, footways and
reinstatements, This laboratory study describes the development of
CBEM using ordinary Portland cement (OPC) instead of the
traditional mineral filler, Stiffness moduius, moisture damage and
temperature sensitivity tests were used to evaluate the mechanical
properties of the produced mixtures. The study concluded that there
is a substantial improvement in the mechanical properiies and
moisture damage resistance of CBEMSs containing QPC. Also, the
produced cement modified CBEM shows a constderable lower
thermal sensitivity than the conventional CBEM.

Keywords—Cold bitumen emulsion mixture, moisture damage,
OPC, stiffness modulus, temperature sensitivity.

I. INTRODUCTION

SPHALT mixture is a composite material that generally

consists of bitumen as a binder, aggregate and voids. It
has commonly been used as a material for constructing
flexible road pavements because of the good adhesion that
exists between binder and aggregates [1]. Recently, there is an
increased awareness of using cold mixtures in pavement
industry instead of using hot bitumen [2]. CBEM is one of the
common types of cold mix asphalt (CMA) and defined as an
alternative to the conventional hot mixtures, as no heating is
required in its production. It is an emulsified bitumen mixture
that can be manufactured at ambient temperatures and used in
roadway construction. Accordingly, CBEM is considered as
environmentally friendly, energy efficient, cost-effective and
sustainable option. Although CBEM provides both economic
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and environmental advantages in terms of removing the need
for heating huge amounts of aggregates and bitumen, it is
rarely used due to its weak early strength, long curing time,
high air voids and poor mechanical properties [3].

Several investigations have been carried out to enhance the
mechanical properties of the CBEM using virgin natural
materials. Several aspects to improve the performance of such
mixture have been performed such as incorporating various
types of materials and applying different preparation
techniques. Reference [4] focused on the influence of curing
procedures and compaction types, and concluded that the
increasing of curing time develops the indirect tensile stiffhess
modulus. Increasing of compaction efforts leads to improve
the degree of emulsion combination when using granite
aggregate with 20 mm aggregate maximum size [5]. Reference
[6] reported that the air voids of CBEMs could be within the
specification limits by adopting heavy compaction (120
revolution, 240 kPa, 2° angle of gyration) rather than medium
compaction (80 revolution, 240 kPa, 2° angle of gyration).
The aimed air voids content of the compacted CBEMs
(between 53 and 10%) could be obtained by applying 240
gyrations, which are categorised as extra heavy compaction,
Additionally, a heavy compaction application is crucial to
approve breaking of the emulsion and ensure that mixtures
strengthen properly [7]. The excessive amount of liquids in
CBEMs reduces the compaction effect and prevents mixtures
from obtaining their acceptable air voids leading to decrease
stiffness and strength properties. Reference [8] carried out a
laboratory investigation to study the impact of polymers
modified emulsions on the mechanical properties of
emulsified bitumen macadam, Close graded surface course
and dense. graded binder course were used as aggregate
grading with a cationic emulsion containing 65% base
bitumen of 100-pen grade. It was concluded that Ethylene
Vinyl Acetate (EVA) and Styrene-Butadiene-Styrene (SBS)
polymers have positive effects on modification of the bitumen
emulsion in terms of enhancing the stiffness and permanent
deformation of CBEMs. In addition, fatigue resistance of 4%
SBS and 6% EVA modified CBEMs were developed about 45
and 35 times, respectively, in comparison with the fatigue
resistance of unmodified CBEMs. In further research,
polyvinyl acetate was added to a rapid-setting emulsified
bitumen to improve the compressive strength of CMA. [9].
Recently, [10] used a specially developed polymer modified
emulsifier in AC-13 asphalt mixture. It was concluded that in
terms of moisture susceptibility, high temperature and
resistance to low-temperature crack, the mixture met
performance specification requirements in addition to an
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improvement in rutting resistance performance.

11. CEMENT DEVELOPMENT

Additives can play a main role in governing the engineering
properties of bituminous mixtures in terms of stiffness,
permanent deformation resistance, fracture resistance and
moisture sensitivity. Some of these additives are used as a
filler replacement in the mix such as cement and lime. Cement
can be technically defined as a material that if mixed with
other non-cohesive particles give a hard mass. It is a fine
powder such as Portland, slag, pozzolanic and high alumina
which generate very strong and durable binding ‘materials
because of the hydration processes [11]. The use of cement in
bituminous mixtures is not a new idea. Reference [12] carried
out one of the first studies that ysed cement into emulsnon-
treated mixtures, It was ccmcludeci from this study tHat using
ceémert as an activator in the bitumen emulsion mixtlres can
accelerate the rate of development of the resilient modulus due
to the accelerated rate of curing of such mixtures. This means
that Ca?* jons from cement neutralises the anionic emulsifier
allowing emulsion droplets to coalesce and adhere to the
aggregates. This helps in breaking the emulsion qmckly and
absorbmg water from the mixture thus decreasing curlhg times
[13]. Reference [14] found that adding 1% OPC as a modifter
to the cold asphalt mixtures increases the Marshail Stainllty by
300% compared with untreated mixtures. Reference [15]
stated that the OPC modified emulsion mixtures decreases the
layer thickness about 50% as a result stability improvements
(200%-300%). Reference [16] reported that the cement-
asphalt emulsion composite has a longer fatigue life, less
temperature susceptibility and higher toughness. Reference [5]

evaluated the effects of incorporating OPC into the bitumen

emulsion mixtures. Cement type affects the rate of increase in
strength of CBEMs [6]. Reference [6] testified that Rapid
Setting Cement (RSC) gives a better rate of increase in
strength in comparison to the OPC. The stiffness of the
modified CBEMs with RSC was about 2000-2500 MPa after a
few weeks of curing, whilst the unmodified mixtures needed
16 weeks to achieve same stiffness values. This is because the
RSC behaves as an active filler in CBEMs causing an increase
in the pH. References [17] and [18] carried out laboratory
studies to evaluate the addition of 0-6% OPC as a filler
replacement to the emulsified asphalt. The results showed
significant developments in the mechanical properties of these
modified mixtures with higher percentage of OPC. Reference
[19] found that the cement in the cement asphalt emulsion
mixtures can improve the micro hardness of the interface.

. Reference [20] investigated various cement percentages on the

mechanical properties of CMAs that cured at different
environmental humidity levels (33, 70 and 90% RH). It was
proved that incorporation of cement into bituminous mixtures
results changes in the pH of the emulsion leading to break it
quickly. Reference [21] studied the effect of replacing all the

_conventional mineral filler with OPC in order to develop a

new cement treated CBEM made with gap grading. The
results indicated that gap-graded, cold rolled asphalt mixtures
gained significant enhancements in mechanical properties,
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resistance to water damage and temperature susceptibility.
Reference [22] investigated the use of rapid hardening cement
to accelerate the development of mechanical properties of
cement bitumen emulsion mixtures and obfain better
understanding of the role of cement in such mixfures. After
one day curing of mixtures with calcium sulfoatuminate and
calcium aluminate cements, the mechanical properties were
comparable to those mixed by using Portland cement after one
week of curing.

1. MATERIALS AND METHODS
A. Materials

1) Aggregate

CBEM performance mainly depends on the size, type and
gradation of the aggregated used. According to the European
Committee fot Standardisation [23], asphalt concrete, close
graded surface coarse with 14 mm aggregatc maximum size
was selected for producing CBEMs. This aggregate is granite
crushed which is hard rock with a granular structure and
considered the most common type in the wotld. The grading is
as shown in Fig, | along with the specification for a 14 mm
close graded surface course,
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Fig. 1 14 mm close graded surface course
2) Filler

Filler is mainly a fine material that can pass through a sieve
of 0.063 mm and it comes from aggregate or other types of
comparable granular materials. One of the most common filler
types is the limestone dust filler that was chosen to be used in
this study. Filler is one of the most important bituminous
mixture components, it has a significant impact upon the
behaviour and properties of the resulting bituminous mixtures.

3) Biturnen Emulsion

The bitumen emulsion selection depends on the gradation
and type of the used aggregate and the ability of emulsion to
coat the aggrepates. To achieve that, a cationic slow setting
bitumen emulsion (C50B3) with 50% bitumen content was
attempted and selected due to the high adhesion to aggregates.
This type of emulsion is called Cold Asphalt Binder (CAB 50)
based on 40/60 penetration grade base bitwmen and is supplied
by Jobling Purser, Newcastle, UK. The high stability and high
adhesion of this cationic emulsion were the reasons for
selection as recommended by the supplier.
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B. Testing Program

1) Indirect Tensile Stiffness Modulus Test

The indirect tensile stiffness modulus (ITSM) test was used
for the assessment of the mechanical properties of CBEMs
[24]. Meanwhile the stiffness modulus ration (SMR) was
utilised for examination of the water sensitivity of the
CBEMs. The ITSM test was conducted in compliance with
[25]. This test processes of the visco-elastic response of the
bituminous material. For this test a cylindrical specimens
prepared in the laboratory with a diameter of 100 mm and
thickness of 63.5 mm. The test has been employed to measure
small tensions on bituminous mixtures by applying intrinsic
load over the vertical ‘diameter of a cylindrical sample. ITSM
test was conducted to determine the strength characteristics of
the CAEMs. It was required to apply compressive loads to the
specimen between two loading strips which transfers the loads
to tensile stresses along the vertical diametric plane. The
ITSM test was designed for testing the ability of individual
pavement layer to distribute loads from traffic to the
undemeath layers. This test is a non-destructive test and
usually employed in the evaluation of hot mix stiffness
modulus. Currently, stiffness modulus is considered to be a
very important indicator of performance in relationship to the
properties of bituminous paving materials; the stiffness
modulus can act as an indicator of the ability that bituminous
layers can spread loads [26]. The stiffness modulus is also
considered a most significant property that has a strong
bearing upon critical strains that are generated in both
subgrade and base [27].

2} Water Sensitivity Test

Water sensitivity test or moisture damage was catried out in
order to provide an evaluation of the produced CBEM
durability; this was conducted in relation to the stiffness
modulus ratio according to the [28]. Two sample sets were
prepared in this test; dry and wet, in which of each set five
parallel samples were prepared for each mixture type. The first
set of samples were prepared and tested within the dry
condition with the temperature set at 20 °C. Prior to
extraction, the samples were prepared, compacted and left in
the mould for 24 hours at lab temperature. Following
extraction, the sample was left on a flat surface for another 7
days before testing. The samples in the second set were
saturated as prepared and left in the mould for a total of 24
hours at lab temperature and then extracted and submerged
into a water bath at 20 °C for 4 days. Following these
procedures, the samples were. transferred to the vacuum
container for 10 minutes in a vacuum pressure of 6.7 kPa and
then re-submerged for 30 minutes more under water,
Following all these, the samples were submerged for three
days in the water bath of warm water at temperature of 40 °C
before being tested. Lastly, the second set had a stiffness
modulus test at a temperature of 20 °C; by testing water
sensitivity an evaluation of the loss of mixture strength can be
found whilst the mixtures are actuaily in contact with water
through a determination of the ration between the ITSM of the
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dry and wet specimens. Water sensitivity was calculated using
the stiffness modulus ratio (SMR) as shown in equation (1):

SMR =
M

3) Temperature Sensitivity

The investigation was carried out in relation to the
sensitivity of CBEMs to the temperatures ‘and in order to
establish a type of methodology that could be used for rapid
and cconomical experimental research in the future. The
mixture temperature sensitivity was inspected at 45 °C, 20 °C
and 5 °C. Specimens were prepared with the OPC which was
used rather than the conventional mineral filler in different
ratios of 6%, 3% and 0%.

(wet stiffness /dry stiffness) x 100

C. Experimental Procedure
1) Washing, Drying and Sieving of the Agegregate

Aggregates that contain any dust might prevent the bonding of
the aggregate with the asphalt binder and result in excessive
loss from -damage. Therefore, the aggregate washed and
cleaned upon a sieve of 63pum to remove all the fine particles
or dust. Then, the aggregate dried using an electrical oven at
100 °C and sieved through a number of separate sieves. These
sieves size are 14, 10, 6.3, 2, 1, 0.063 mm and pan at the
bottom,

2) Sample Preparation and Condition

CBEM samples were prepared according to the Marshall
method for emulsified asphalt aggregate cold mixture designs
(MS-14), as adopted by the Asphalt Institute [29]. According
to this procedure, the pre-wetting water content, optimum
emulsion content, optimum total liquid content at compaction
and optimum residual bitumen contents were 3%, 12.4%,
15.4% and 6.2%, respectively. These results are comparable to
those published by [21], [30], [31]. Samples were mixed using
an electric blender as shown in figure 2 below and to ensure a
consistent distribution of the OPC, water and ernulsion in the
mixtures, the aggregate together with the OPC and the pre-
wetting water were added and mixed for 1 minute, Gradually,
during the following 30 seconds of mixing, the bitumen
emulsion was added and then the mixing was continued for 2
minutes. In addition, the mixed samples were placed in the
moulds, and then a Marshall hammer was employed for
impact compaction with a total of 50 blows for each of the
sample faces as shown in the figure 3.

Two steps of samples curing were performed, firstly,
compacted samples were kept in their moulds for one day at
lab temperature (20 °C), and then removed so that samples
would not collapse. The samples were then in the second step
extruded and placed in the lab temperature and ITSM was
applied at the various times of curing (2, 7, 14, 28, 90, 180 and
360 days). For indirect tensile stiffness modulus tests, five
duplicate samples were tested and the average was taken for
each individual value.
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IV. RESULTS AND ANALYSIS

A, Indirect Tensile Stiffhess Modulus Test

The results of the ITSM tests for the OPC substitution are
shown in figure 4. It is obviously shown that adding OPCasa
replacement to the limestone dust in CBEMs develops the
stiffness modulus of such mixtures. These mixfures have
ranges of OPC with different percentage (0%, 1%, 2%, 3%,
4%, 5% and 6%) of total weight of the dry aggregate.

The stiffness modulus and strength properties of CBEMs
were considerably improved by increasing the ratio of OPC.
The latter is widely used in CMA as a stabilizer added to
enhance the early age efficiency of the mixture as well as
reducing the curing time. This application shows that cement
hydration improves the development of strength by means of
consuming more water and thus stimulating the bitumen
emulsion mixture. Figure 4 shows that an increase in the OPC
percentage facilitated to increase the stiffness modulus for the
CBEM s in their initial stages. The stiffness modulus test was
conducted in compliance to BS EN 12697-26:2004 at 20 °C
and investigated the impact of replacing the conventional
mineral filler (limestone dust) with the different percentage of
OPC. The OPC was employed in its several stages (2, 7, 14,
28, 90, 180 and 360 days). :
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Fig. 4 ITSM of different mixtures with different curing times

B. Water Sensitivity Test

In this test, the loss of the strength of the CBEMs due to the
water effect was evaluated by determining the ratio of the
ITSM of the dry samples to the wet samples. This ratio is
defined as the stiffness modulus ratio (SMR) in compliance
[28]. Filler replacement with the OPC is significantly
developed the durability of the CBEMs as shown in figure 5.
The conventional bitumen emulsion mixtures have high risk of
water damage during its curing period. This means that the
conventional CBEMs is pertained to the issue of durability.
Therefore, the mixtures can resist water damage by adding
cement as a stabiliser. The bituminous specimens were
prepared with three different mixtures in terms of OPC
percentage (0%, 3% and 6%).

In terms of SMR, the water sensitivity of the CBEMs with
6% of OPC was improved more than other mixtures such as
(0% and 3% OPC). It is clearly shown that the SMR of CBEM

Fig. 3 Marshall hammer
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with 6% OPC is about 95% while 60% for 3% OPC and 50%
for 0%. This indicates that adding OPC to the CBEMSs reduces
the effects of water damage.
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Fig. 5 Water sensitivity results

C. Temperature Sensitivity Test

The indirect tensile stiffness modulus of CBEMs was
determined after 28 days to assess the performance of CBEMs
at different temperatures. The bituminous samples were tested
at 5 °C, 20 °C and 45 °C and the temperature sensitivity results
are shown in the figure 6. The slope of the curves represents
the temperature sensitivity of the mixtures. The mixtures
having relatively higher rate of change show greater effect of
ternperature sensitivity. In this figure, it can be clearly seen
that the maximum stiffness modulus occurred when the
samples tested at the temperature 5 °C and the stiffness
decreased when the temperature increased to 45 °C.
Furthermore, by replacing limestone dust filler with the OPC,
stiffness increased with the increasing of the OPC.
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Fig. 6 Temperature sensitivity results

V.CONCLUSION

This experimental research focuses on the development of
CBEMs treated by cement, and study the effects of cement on
the enhancement of cold mix mechanical properties to be used
as a layer at the surface of pavement roads. An assessment
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was undertaken the mechanical properties of the mixture that
was produced through the ITSM and water sensitivity tests in
relation to the SMR, which acted as a scale measuring
durability improvement following the addition of OPC to the
CBEMs. Depending on the specific materials utilised, a
satisfactory solution was found for most significant CBEM
problems as below:

e The stiffness modulus increased significantly with
increasing in content of OPC, and the results can be
maximised when, for example, 6% OPC is used to replace
the whole of the mineral filler. In addition, with CBEMSs
that have 6% OPC cured faster than other mixtures.

+ According to the results related to durability, resistance to
moisture damage was developed when 6% OPC used.

+ CBEMs with 3% and 6% QPC had temperature sensitivity
results showing significantly lower figures than
conventional mixture with the modulus change of the
stiffness slope.
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Fiber-Based 3D Cellular Reinforcing Structures for
Mineral-Bonded Composites with Enhanced
Structural Impact Tolerance

Duy M. P. Vo, Cornelia Sennewald, Gerald Hoffmann, Chokri Cherif

Abstract— The development of solutions to improve the
resistance of buildings to short-term dynamic loads, particularly
impact load, is driven by the urgent demand worldwide on securing
human life and critical infrastructures. The research training group
GRK 2250/1 aims to develop novel mineral-bonded composites that
allow the fabrication of thin-layered strengthening layers providing
available concrete members with enhanced impact resistance. This
papers presents the development of 3D woven wire cellular structures
that can be used as innovative reinforcement for targeted composites.
3D woven wire cellular structures are truss-like architectures that can
be fabricated in an automatized process with a great customization
possibility. The specific architecture allows this kind of structures to
have good load bearing capability and forming behavior, which is of
great potential to give strength against impact loading. An appropriate
combination of topology and material enables an optimal use of thin-
layered reinforcement in concrete constructions.

Keywords—3D woven cellular structures, ductile behavior,
energy absorption, fiber-based reinforced concrete, impact resistant

I. INTRODUCTION

HE majority of buildings and infrastructures that are

available or being designed are composed of concrete or

steel reinforced concrete. Beside a number of advantages,
one major drawback of this type of construction is its relatively
limited resistance to short-term dynamic loads such as collision,
explosion or earthquake. This is primarily caused by the
brittleness of concrete material. Considering the steadily
increased danger brought about by the occurrence of such
dynamic loadings, for example because of natural catastrophes
or terrorist attacks, there is an urgent demand worldwide on
enhancing building safety to secure human life and criticat
infrastructures.

A great number of studies have been carried out, proposing
different protection methods for concrete constructions against
short-term dynamic loads. One approach is to increase the
thickness of main structure to prevent this from being
penetrated through by the load source [1]. Another approach is
to introduce external absorbent systems that can effectively
diminish damage on the main structure [2], [3]. Because of the
massive construction and complex designing requirements, a
common adoption of such systems in building industry is
challenging. In order to meet the present safety demands,
development of innovative protective solutions that are cost-,
material- and space-effective as well as easy-to-install is

D, M. P. Vo is Research Associate at Institute of Textile Machinery and
High Performance Technology (ITM), Technische Universitit Dresden,
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essential. :

In this respect, the research training group GRK 2250/1 has
the vision to develop novel mineral-bonded composites that can
be applied as thin, flat strengthening layers on available
concrete members to enhance their resistance to short<term
dynamic loads, particularly impact load [4). Among other
elements, reinforcing structures have essential contribution in
attaining desired composite propertics, Therefore, a main
research focus is the development of appropriate reinforcing
structures that can provide the composites with sufficient
energy absorption capability and ductility so that they are more
resistant to dynamic loads. Beside significant mechanical
properties, an economical, flexible, repeatable and automatized
manufacturing technology of such reinforcements is required
regarding industrial adoption of targeted composites.

Steel structures have been long employed as reinforcement
for concrete construction. Generally, steel provides tensile
strength, helping concrete to overcome the disadvantage of
being brittle. To attain sufficient reinforcement in complex
loading cases, stee]l members are usually formed into 3D truss
structures using bending, welding as well as tying tools.
Because of multi-stage and elaborated process, only simple
structures can be obtained and conventional steel constructing
method is not suitable for the fabrication of reinforcement for
thin, flat strengthening layers. Recently, the introduction of
textile reinforcements has gained increasing attention. The
major advantage of employing textile technology is its
flexibility in fabricating customized complex structures in an .
automated process. In addition, high-performance fibrous
materials such as carbon and glass fiber can be employed,
allowing the implementation of thin layered concrete structures
in varied shapes [5]. At the moment, textile grids comprising of
in-plane reinforcing elements (2D) are available. Experiments
have shown that 2D textile reinforced concrete performs well
when subjected to in-plane loads such as tension or bending [7).
To strengthen concrete members under impact, textile
structures with out-of-plane reinforcing elements (3D) are’
crucially needed.

A potential textile structure that can meet mentioned
requirements is 3D woven wire cellular structure, developed
recently by researchers at ITM [8]. Thanks to the flexible
weaving technique, a variety of 3D wire ceilular structures with
customized reinforcing elements can be fabricated in an

01062 Dresden, Germany (Corresponding author; phone: +49 351 463 34408:
e-mail: duy.vo@tu-dresden.de).
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automatized process. In general, these structures have good
forming behavior in different directions. Wire cellular
structures are truss-like architecture, hence good load bearing
capability can be expected. When being used in sandwich panel,
they shows high resistance to compression and impact loads [9].
For the application in thin-layered mineral-bonded
strengthening layers under impact, it is essential fo investigate
appropriate designs and to establish an understanding on
structure-material-relations of reinforcing structure. The
development of 3D woven wire cellular structures that are
suitable to reinforce concrete constructions is presented in this

paper.

1L TOPOLOGY DEVELOPMENT OF 3D WOVEN WIRE CELLULAR
REINFORCING STRUCTURES

A. Background

A substantial fundament for the development of efficient
reinforcing structures is the failure analysis of concrete
constructions under impact. When being struck by a hard
impacting missile, a complex of loads is generated in the target
concrete wall, including tension, compression, shear as well as
bending. “Hard” impact results in both local damage and global
dynamic response. Local damage consists of spaliing of
concrete from the front side and scabbing from the rear side
together with missile penetration into the target. Perforation
occurs if damage is sufficient. Global dynamic response of the
target wall consists of flexural deformation, caused by residual
kinetic energy of the impacting missile after missile
deformability and target penetration. As the impact velocity
increases, damage grade is intensified and local damage tends
to be overwhelming [10]. Good impact resistant design practice
consists of preventing excessive local damage and improving
ductility of target structure to sufficiently withstand the
absorbed energy. ‘

31 woven wire cellular structures are composed of a number
planar meshes, in which straight metal wires (1D) are interlaced
at a right angle to each other. These are in-plane elements. The
binding of two adjacent meshes is attained by means of other
sets of wires that interweave with both surfaces. In order to
realize a fully open cell configuration, in-plane elements are
arranged distant from each other, while binding wires are bent
into 2D or 3D shapes and integrated in out-of-plane directions,
setting the distance between adjacent meshes. Fig. 1 illustrates
the formation principal of 3D woven wire cellular structures
(11l

Notable characteristics of 3D woven wire cellular structures
for the application as concrete reinforcement are:

= fully open structure, which is advantageous for concrete
casting,

» good deformation capability,

» truss-like architecture, providing potentially good load
bearing capability and

= anisotropic behavior, allowing the customization of load
oriented reinforcing structures for particular loading case.

The topology development is aimed to systematically
investigate possible configurations of 3D woven wire cellular
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structure regarding their feasibility as well as applicability in
concrete constructions. As the topology has a significant
influence on forming capability and mechanical properties of
resulting structures, a qualitative analysis of potential
contribution of various 3D woven wire cellular structure to
impact resistant mineral-bonded composites will be given. This
serves as a good basis for the formulation a design concept as
well as for the determination, implementation and optimization
of appropriate 3D cellular reinforcement that meet the
requirements of impact resistant design practice.

Fig. | Formation principal of 3D woven wire cellular structures

B. Single-layered 3D woven wire cellular structures

As mentioned above, a complex of loads is generated in the
target concrete wall during an impact event. To each single type
of load, target concrete is strengthened using suitable load
carrying elements that are arranged in appropriate position as
well as direction of acting force. The inherent structural
characteristics of 3D woven wire cellular structures aflow the
combination of various reinforcing elements in a complex
structure.

In 3D woven wire cellular structures, in-plane elements are
designated to provide the target concrete wall with tensile and
bending strength. In a weaving process, in-plane elements are
fed at a right angle to each other as warp and weft yarns, hence
a biaxial reinforcement is attainable. As impact damage tends
to occur in ali directions, a symmetrical arrangement of
strengthening elements is favorable. For this reason, equal
distance is set between warp and weft yarns in all planar
meshes. In contrast to in-plane elements, out-of-plane elements
are expected to provide reinforcement against compression and
shear. A further function of these elements is to bind adjacent
planar meshes together to form a membrane structure that
prevents structural delamination, enables layer-to-layer load
dissipation and activates global structural dynamic response.

In this paper, 3D woven wire cellular structures are
categorized based upon the number of out-of-plane systems

constructed in the structure. The term “single-layered 3D

woven wire cellular structures” refers to structures composed
of two planar meshes that are connected by one in-between out-
of-plane system. In one system, out-of-plane elements can vary
in their shapes and arrangement. Because of the requirement on'
global uniform behavior, configuration of a
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Fig. 3 Single-layered 3D woven wire cellular structure comprised of rectangular combined with helical out-of-plane elements

single out-of-plane element remains unchanged. Selected
possible single-layered 3D woven wire cellular reinforcing
structures are depicted in Fig, 2 and Fig. 3.

In Fig. 2, single-layered 3D woven wire cellular structures
comprising of rectangular and triangular out-of-plane elements
as well as their front and side views can be observed, Structures
in the first row have out-of-plane elements that are arranged
* orthogonally to the top and bottom planes, forming truss-like
structures that are commonly found in civil éngineering. In the
structures in the second row, out-of-plane elements are
alternatively rotated through an angle £ 60° about the x-axis.
Because of the diagonal disposal of out-of-plane elements,
resulting structures potentially show better shear resistance and
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more effective load dissipating capability. .
Beside 2D shapes, out-of-plane elements can also be made
into 3D shapes. Employing helical springs makes resulting
structure work as a damping system, which could be
advantageous for enhancing flexural deformation or ductility of
impact targeted concrete construction. It is possible to combine
out-of-plane elements in 2D and 3D shapes, as can be seen in
Fig. 3, so that good deformation and sufficient strength against
compression can be attained. However, attention need to be
peid to ensure an even penetration of concrete matrix into the
complex reinforeing structure. '
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C. Multi-layered 3D woven wire cellular structures

Multi-layered 3D woven wire cellular structures refer to
structures having two or more out-of-plane systems arranged
along the z-axis. The possible maximal layer number depends
on the relation between requested thickness of target concrete
wall and measurement of out-of-plane systems in the z-axis. In
comparison to single-layered general 3D woven wire cellular
structures, contribution of multi-layered reinforcing structures
to the impact resistance of target concrete are expected to be
considerably greater. An increase in the number of planar
meshes in the structure leads to a multiplicate number of in--
plane elements involving in the impact event, giving the target
concrete more strength to withstand occurring loads.
Meanwhile, structural deformability remains. The membrane
effect would become more evident, whereby the impact energy
descends gradually when reaching one reinforcing plane after
another.

Fig. 4 illustrates exemplary double-layered 3D woven wire
cellular structures. The upper cage structure is comprised of
rectangular out-of-plane elements arranged orthogonally to the
-planar meshes. Diagonal triangular out-of-plane elements are
~ employed to form the lower diamond structure, This structure
is very well self-supported, can be formed without being
collapsed. Because of the disposal of reinforcing elements in
four different out-of-plane directions, diamond structures are
expected to show high potential for heavy load bearing
applications, especially when compression and shear are
critical. :

Fig. 4 Double-layered 3D woven wire cellular structures
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TII. VARIATIONS OF 3D WOVEN WIRE CELLULAR
REINFORCING STRUCTURES

Using textile manufacturing technology, it is possible to
introduce a wide range of variations on the basis of developed
topology of 3D woven wire cellular structures. The aim is to
further customize and enhance structural and mechanical
properties so that reinforcing capability of resulting structures
can be optimized for a particular use. Variable factors can be
classified as following:

= Material type: in the fabrication of 3D woven wire cellular
structures, fibrous metals are used as base material due to their
capability of plastic deformation that is essential for the form
stability of the structures. However, inherent strength of this
material type is somewhat limited. This can be improved by
means of hybrid structures in which high-performance
materials such as glass or carbon filaments are integrated as
in-plane reinforcing elements using textile process. Resulting
structures possess all characteristics -of 3D woven wire
cellular structures with enhanced tensile and bending strength
due to the availability of load oriented high-performance
materials. _

=Material parameters: in order to meet the property
requirements of resulting structure, material parameters such
as yamn count, yarn make-up can be adjusted.

= Structural parameters: yarn density, cell size can also be
adapted in weaving process to attain desired performance.

Fig. 5 depicts different variations of single-layered 3D
woven wire cellular structure comprised of orthogonal
rectangular out-of-plane elements towards the aim of enhancing
the structure in-plane strength. In the upper structure, biaxial
carbon meshes are integrated in the top and bottom surfaces to
form a hybrid structure. In the lower structure, planar meshes
are composed of double wires to increase the reinforcement
ratio. :

Fig. 5 Variations of 3D woven wire cellular structures
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Fig. 6 Process chain to fabricate double-layered 3D woven wire cellular structures comprised of orthogonal trapezoids and helical springs

IV. SUMMARY AND OUTLOOK

In this paper, the topology development and variations of 3D
woven wire cellular structures are presented. Basis for-the
topology development is the failure analysis of concrete
constructions under impact loading. In 3D woven wire ceilular
structures, in-plane and out-of-plane elements are employed at
appropriate position and orientation to strengthen target
concrete against different occurring loads such as tension,
compression, bending and shear. The complex architecture is
not only good load bearing but also deformable, allowing a
global structural response. These characteristics have a great
potential to contribute to the enhanced impact energy
absorption capability of concrete constructions. Impact
behaviors of 3D woven wire cellutar structures are strongly
influenced by structure topology, material and parameter
selection. Multi-layered structures seem to be maore promising
due to a great number of reinforcing elements and possible
layer-to-layer effects. Using textile manufacturing technology,
it is possible to introduce a wide range of variations to 3D
woven wire cellular structures such as creating hybrid
structures and customizing reinforcing ratio to meet particular
requirements. The topology development provides a substantial
basis for impact resistant design practice. In the next step,
selected 3D woven wire cellular structures will be fabricated
and characterized, allowing a quantitative evaluation and
determination of effective 3D woven wire cellular reinforcing
structures for concrete construction with enhanced impact
safety. The exemplary process chain to fabricate double-layered
3D woven wire cellular structures comprised of orthogonal
trapezoids and helical springs is presented in Fig. 6.
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Optimal Mitigation of Slopes by Probabilistic
Methods

D. De-Letn-Escobedo, D. J. Delgado-Hemdndez, S. Pérez

Abstract—A probabilistic formulation to assess the slopes safety
under the hazard of strong storms is presented and illuslratcd through
a slope in Mexico. The formulation is based on the classical safety
factor (SF) used in practice to appraise the slope stability, but it is
introduced the treatment of uncertainties, and the slope failure
probability is calculated as the probability that SF<], As the main
hazard is the rainfall on the area, stal{listics of rainfall inte}lsity and
ddration are considered . and modeled with an exbonential
distribution. The expected life-cycle cost is assessed by condidering a
monetary value on the slope failure consequences. Alternative
mitigation measures are simulated, and the formulation is used to get
the measures driving to the optimal one (minimum life-cycle costs).
For the example, the optimal mitigation measure is the reductidn on
the slope inclination angle.

Kepwords—Expected life-cycle cost, failure probability, slopes
failure, storms.

I. INTRODUCTION

ANY collapses have been produced as a consequence of

slopes failure as the one in Puerto Rico in 1989 after the
hurricane Hugo [1], and the one in Taiwan where the Typhoon
Herb produced 1300 landslides in 1996 [2].

Monte Carlo simulation techniques and probability-based
approaches have been widely used to analyze the slope
stability and the parameters sensitivity [3], [4]. The rainfall-
induced changes on the soil properties have been studied by
using a variety of models {5]-[7].

Hazard management systems have been developed for slope
stability with non-saturated soils [8], and it has been pointed
out that most of the recent slope risk analyses have the
deficiency that they are based on a single rainfall record for
the hydro mechanical slope analysis. Instead of that, a Markov

" chain model has been proposed to generate a time series of
rainfall records [9].

In Mexico, the States of Puebla, Veracruz, Hidalgo, Baja
California and Chiapas have suffered strong consequénces (in
casualties and economic loss) due to rainfall induced slope
failures {10, [11].

In this paper, a simplified procedure to assess, in a
probabilistic manner, the cost-effectiveness of mitigation
measures is proposed and applied to a slope in Mexico. One of
the contributions is the calculation of the allowable failure
probability in terms of the minimization of the expected life-

. D. De-Ledn-Escobedo, D. J, Delgado-Hernandez, and S. Perez are with the
Universidad Auténoma del Estado de México, Engineering School, Ciudad
Universitaria, 50130  Mexico  (phone: 7222140855;  e-mail:
daviddeleonescobedo@yahoo.com.mx, delgadoh01@ yahoo.com,
Jspfsa@gmail.com).
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cycle costs.

II. SLOPE STABILITY ANALYSIS

A. General Formulation

The procedure is based on the general limit equilibrium
{GLE) method by Fredlund [12] and the following expression
13y

s=cHo, ~u gd+u, —u, [_g__% i|fg ¢ (1

whete s = unsaturated soil shear strength, ¢’ = effective
cohesion of saturated soil, &n —ua = net normal stress on the
failure path, va-uw = pnatric suction on the failure path,
b = effective angle of shear strength for saturated soil, § =
volumetric water content, Os=saturated water content, Or =
residual water content.

Monte Carlo simulation techniques are applied to account
for the soil and rainfall variabilitics and the SF is assessed
throughout 1000 trials (see flowchart in Fig. 1). The steps are
as follows:

1. Initial condition (trial with geometry and soil properties)

2. Rainfall simulation (trial from exponential distribution)

3. Slope stability analysis

4, i=n? (if the number of trials is not yet the proposed

number, the process continues to step 5, otherwise it goes

to step 6

Perform a new trial and goes to step !

6. Calculate the slope failure probability (number of trials
with failure divided by the total number of trials “n”.

bt

Fig. 1 Flowchart for the proposed procedure

The math is applied through commercial software by the
SoilVision [14] which uses the relationships between water
content and conductivity and the matric suction for each type
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of soil in the slope.

B. Model of the Considered Slope and Data

The shape and profile of the considered slope (in
Zinacantepec, Mexico) is shown in Fig, 2.

%
20
Sand
g
E 10 Silty Clay
[ s ——
= Sand
0 | ] | ] | | | i | |
0 10 20 30 40 50
Distance

Fig. 2 Slope model (initial condition). Dimensions in m,

Table I shows initial data of soil conditions, without rain,
for sand and clay.

TABLE1
S0IL PROPERTIES (INITIAL CONDITION)
Soil Cohesion  Frictionangle (°}  Velumetric Weight
Sand 2kPa 35 18 kN/m?
Silty Clay 10 kPa 25 19 kN/m*
C. Rainfall Modeling

According to the World Meteorology Organization, a period
of 30 years is representative for the simulation of rainfall
series. Also, in this work, it is considered that the rain falls
only on top of the slope (Fig. 2), the water slides on the
seepage face and the pressure zero level corresponds to the
highway level.

Data taken (1982 to 2014) from the meteorological station
located in Zinacantepec, Mexico State, Mexico serve to fit an
exponential distribution to these records.

Ja(r) =1/ pexp(-r/ u) @)

where p = 1.665.

D. Conductivity and Water Content Functions

Lab tests serve as a basis to get the curves of conductivity
and water content for each material. In this paper, the ones for
conduetivity and water content for sand and clay are shown in
Figs. 3-6.

III. MC SIMULATION AND ACCEPTABLE FAILURE
PROBABILITY

) Monte Carlo simulation is performed to calculate the slope
failure probability, modifying the soil properties and rainfall
intensity each trial. Slope final condition may be seen in Fig.
4.

The resulting slope failure probability is 9x107”. Now, the
acceptable failure probability is .obtained from the
minimization of the expected life-cycle cost E(Cy) {15]:
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E(C,)=C,+E(C,)P, 3
where the initial cost C; is expressed [16]:
C;=C -C,In(7,) 4

where C; and C; are constantsthat depend on the slope
geometry and soil characteristics. C;is the cost of the slope if
no lateral forces exist (no earthquake), and C; is the cost of
upgrading the slope so that the failure probability is reduced in
an order of “e” the natural log base.
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Fig. 7 Slope model (f'mal condition). Dimensions inm

The expected failure cost E(Cy is expressed in present
value, and they depend on the failure consequences of the
slope, which are here calculated according to the concepts and
amounts (estimated from worst scenario conditions) shown in
Table II. Pris the slope annual failure probability.

TABLE Il
FAILURE CONSEQUENCES FOR THE SLOPE

Concept Number  Amount (Million USD)
Fatalities 10 ' 1.2
Injuries 10 0.65
Economic loss 5.15

The amount associated to the fatality cost was estimated
according to the “human capital approach” by Rosenblueth
[17]1. ‘ .

The amount of fatalities and injuries is estimated from the
number of wvehicles and people usually traveling in the
highway down the slope. The economic loss is derived from
the worst scenario of a landslide: all the trucks and goods
being transported in the highway are lost. The total loss C
becomes around 7 million USD.

The criterion of minimum life-cycle cost is expressed:

GE(C,)/oP, =0 (5)
And, therefore, the acceptable failure probability is:
P, =C,/PVF(C,) (6)
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Therefore, the acceptable failure probability is 6x107.

By comparing this value with the one obtained for the
slope, 9X107 one can realize that the slope is in non-
acceptable conditions and requires urgent upgrading or
mitigation works,

Tt is assumed that a concrete cover is applied over the top of
the slope, producing a protection against water infiltration. By
doing so, and calculating again the slope failure probability, it
is obtained Py = 1X10°"°.

The unit cost. of providing the concrete cover is 150
USD/m” and, if it is applied over the slope length (considering
that the whole area is 2550 m?) the total cost becomes 0.38
million USD,

IV. CONCLUSION

A procedure to include uncertainties on soil properties and
rainfall variabilities was presented to assess the failure
probability of a critical slope under strong storms.

It is shown that the procedure may provide a technical basis
to decide whether or not the slope is in acceptable conditions
and may support the calculations to derive cost-effective
mitigation measures.

Cost optimization requires the repetition of the exercise for
several mitigation measures, producing different failure
probability reductions and different costs. The formulation
presented here may be extended to cover these issues.

The formulation may be applied to all the slopes pre-
qualified as critical to derive a national or regional program of
cost-effective mitigation measures, once they are calibrated
against the corresponding costs.
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Jalovchat Gabbroic Intrusive of the Caucasus:
Petrological Study, Geochemical Peculiarities and
Formation Conditions

Giorgi Chichinadze, David Shengelia, Tamara Tsutsunava, Nikoloz Maisuradze, Giorgi Beridze

Abstract—The Jalovchat intrusive is built up of homblende
gabbros, gabbro-norites and norites. Within the intrusive hornblende-
bearing pabbro-pegmatites are widespread. That is a coarse-grained
rock with gigantic hormblende crystals. By its unusual composition,
the Jalovchat intrusive has no analogue in the Caucasus. However,
petrologically and geochemically, the intrusive rocks were studied
insufficiently. For comprehensive investigations, the authors applied
appropriate methodologies: Microscopic study of thin sections, petro-
and geochemical analyses of the samples and also different
petrogenic, rare and rare carth elements diagrams and spidergrams.
Analytical study established that the Jalovchat intrusive by its
composition corresponds mainly to the mid-ocean ridge basalts and
- according to geodynamic type belongs to the subduction type. In
general, it is an anomalous phenomenon, as in the rocks of such
composition crystallization of homblende and especially of its
gigantic crystals is atypical. The authors believe that the water-rich
magma reservoir, which was necessary for the crystallization of
gigantic hornblende crystals, appearad as a result of melting of water-
rich mid-ocean ridge basaltic rocks during the subduction process in
Bajocian time.
intrusive,

Keywords—Gabbroic petrology,

genesis, the Caucasus.

geochemistry,

I. INTRODUCTION

HE Caucasus situated between the Eurasian and Afro-

Arabian plates is a central link of the Mediterranean
(Alpine-Himatayan) mobile belt. One of the most important
components of the Caucasus is the Main Range structural zone
of the Greater Caucasus. The zone thrust over the fold system
of the southern slope of the Greater Caucasus by the Main
Thrust. With the above thrust a number of Jurassic intrusives
of basic and acid composition are associated. Their majority is
elongated in general Caucasian direction and is spread both in
the pre-Alpine crystalline basement of the Main Range zone
and the Mesozoic fold system of the southern slope. One of
the intrusives of basic composition is the Jalovchat gabbroic
intrusive. The intrusive intruded into the rocks
metamorphosed under conditions of a high-grade amphibolite
facies and is exposed on both slopes of the axial part of the of
the Main Range zone of the Greater Caucasus particularly in
the Aksaut river head and in left tributaries of the Atsgara
upper reaches (Fig. 1). It covers the area of about 25 km® with
10 km of length and with a maximum width of 3.5 km.
Moreover, its thin (0.5-2.0 m) concordant or crossing bodies

Tamara Tsutsunava is with the Alexander Janelidze - [vane Javakhishvili
Thilisi State University, Georgia (e-mail; tsutsunava@yahao.com),
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occur- in host metamorphic rocks represented by quartz-
plagioclase-mica bearing, gamet-, andalusite-, staurolite-,
sillimanite- and cordierite-quartz-plagioclase-mica bearing
schists, migmatites and epidote-, diopside-, garnet-quartz-
plagioclase-hornblende bearing amphibolites. The K-Ar age
dating of the intrusive shows 176::20 Ma [1].

1I. PETROLOGICAL DESCRIPTION

It should be noted that by its composition the Jalovchat
gabbroic intrusive has no analogue not only in the Main Range
zone of the Greater Caucasus, but also in the Caucasus on the
whole. The Jalovchat intrusive is compesed mainly of
hornblende gabbro; gabbro-norites and norites connected with
cach other by gradual transitions are less spread and do not
form independent bodies. ‘

Gabbroids are massive, medium- and coarse-grained rocks
of black and dark grey color. Their structure is gabbroic,
rarely gabbro-ophitic or poikilogabbro-ophitic. The main rock-
forming minerals are: grayish brown hornblende (=40%) of
Mg-hastingstite and Mg-hornblende composition, hyperstene,
diopside (=20%) and plagioclase (PI**¥; ~40%). Diopside,
hyperstene and a grayish brown hornblende formed as a resuit
of basite magma crystallization. Accessory minerals are
represented by apatite; rutile and ore minerals. Due to
postmagmatic transformations cummingtonite, blue-green
hornblende, biotite, tremolite, actinolite, chlorite, prehnite and
scapolite occur. As a results of petrographic study
cummingtonization of primary minerals (hyperstene, diopside
and of a grayish brown hornblende) and simultaneously
deanorthitization of plagioclase took place. In particular,
diopside partially was transformed into a grayish brown
hornblende, but plagioclase is replaced by saussurite, prehnite
and scapolite. .

In the intrusive vein formations (thickness 0.3-0.6 m) of
microgabbro and gabbro-diabase porphyrite, anorthosite and
homblende gabbro-pegmatite are widely spread. The veins of
microgabbro and gabbro-diabase porphyrite do not differ in
composition from the rocks of the intrusive; they rarely
contain quartz. Anorthosites form thin bodies of uneven shape
and veins; sometimes there occur up to 1 m thick veins
forming eruptive breccias. The rock is  mainly
anchimonomineralic, though hornblende inclusions occur
rarely (Fig. 2).
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Fig. 1 Schematic geological map of the Greater Caucasus Main Range zone in the area of exposure of the Jalovchat intrusive. 1 - Jurassic
sedimentary rocks; 2 - Pre-Alpine metamorphic complex; 3 - Middle Jurassic granitoids; 4 - Middle Jurassic gabbroids; 5 - Paleozoic
granitoids; 6 - MCF- Main Thrust of the Greater Caucasus; 7 ~ Ruptures; 8 - Geological boundaries
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Fig. 2 Gabbro-pegmatites. Gigantic crystals of hornblende in
anorthosite mass

Among the vein formations of the Jalovchat intrusive,
hornblende gabbro-pegmatites are most widespread. Spatially,
they are closely associated with anorthosites. The shape, size
and position of gabbro-pegmatitic bodies vary within a very
wide range. They occur in the form of veins, lenses and bodies
of uneven shape. Their dimensicns are measured in tens of
centimeters, rarely redching 1-1.5 m. Veins mainly of 15-40
cm thickness with indefinite orientation are observed.
Contacts of bodies with enclosing rocks are usually clear, but
in places, indistinct gradual transitions are observed as well.
Homnblende gabbro-pegmatites are coarse inequigranular.
Sizes of homnblende prisms amount several centimeters,
sometimes reaching gigantic sizes of 30-50 cm. The crystals
are arranged randomly, oriented along the strike or
perpendicular to the vein salbands. Gabbro-pegmatites are
very homogeneous: the main minerals are hornblende and
plagioclase; secondary minerals - biotite, chlorite, tremolite,
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actinolite, prebnite, scapolite and epidote group minerals;
accessories are apatite, ore minerals and rarely rutile.

The Jalovchat gabbroic intrusive contain xenoliths of
amphibolites and metaterrigenous rocks. The first of them is
more or less unchanged, and the xenoliths of meta-terrigenous
rocks have been greatly altered as a result of the contact effect.
There have been established mineral parageneses of regional
and contact metamorphisms. The mineral parageneses of
regional metamorphism are:

biotite+garnet+staurclite+gedritet+plagioclasetquartz;
biotite+ garnet-+ sillimanite + plagioclasetquartz;
biotitetgarnet+gedrite+plagioclasetquartz;
garnet+gedrite+plagioclasetquartz.

Due to influence of the intrusion cordierite, spinel (rarely
replaced by corundum) and basic plagioclase (Anss.s) are
formed in-xenoliths and regionally metamorphosed rocks.
Newly formed mineral parageneses correspond to hornblende-
bearing hornfels facies of contact metamorphism.

111, PETRO-GEOCHEMICAL STUDY

The Jalovchat intrusive was insufficiently studied from the
petrologic and geochemical viewpoint. There was an opinion
about the formation of the Jalovchat intrusive in deep horizons
of the Earth’s crust as a result of crystallization of water-
saturated Bajocian basalt magma [1]. Though, the above
inference was not suitably corroborated by petro-geochemical
data. This shortcoming is filled with new data adduced in the
article.

Petrogenic elements and RE and REE contents in the rocks
of the Jalovchat intrusive are presented in Tables I and I1.
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‘ TABLE1
CONTENT OF PETROGENIC ELEMENTS (MASS %) IN THE ROCKS OF JALOVCHAT INTRUSIVE
Ne 6015 6025 6032 6093 6906 6029 6040 6909 6053 6095 6908
SiQ; 4402 4532 4803 47.63 4683 47.15 4467 4601 44,55 - 43.60 48.81
TiC» 1.10 .10 0.82 .00 062 077 05 088 0.6 150 0.92°
AlOy 1813 17,79 1735 2050 1985 1330 1534 17.08 1943 1377 1471
R Fe:0, 495 476 511 350 369 510 453 404 410 765 300
FeQ 8.64 ~ 612 756 508 792 708 792 736 609 936 782
MnO 0.14 014 021 - 0.14 017 021 0.33 - 0.21 0.25
MgO 768 796 829 5'8.3 560 1Li5 1024 986 856 1026 1009
Ca0 1169 1221 289 1213 1002 1093 1330 1100 1294 1048 10.03
NaO 200 240 2.0 260 240 191 2,00 192 230 210 256
K, 0 020 042 - 050 050 020 - - 0.05 - 0.36
PO . 012 008 009 - - 007 008 0.09 - .11 -
H,O00 0.68 062 022 - 01.0 - 029 009 - 0.75 037
LOl 044 078 084 136 166 1.86 037 1.61 .12 045 L35I
> 99.8 (997 999 1002 9995 10L.1° 99.7 1002 1002 9986 100.3

Gabbro - 6015, 6025, 6032, 6093, 6906; microgabbro - 6029, 6040, 6909; gabbro-pegmatite - 6053, 6095 and 6908, Analytical investigations are conducted in

the Laboratory of the Department of Geology of Georgia. o

The data of our researches are plotted on different
petrochemical diagrams. On AMF diagram (Fig. 3) most of
the spots are disposed in the field of tholeiitic basalts.

Thedeitie

Calk-atkaline

A M

Fig. 3 Arrangement of spots of the Jalovchat intrusive rocks on AFM
diagram. Series: I — tholeiitic, II — calk-alkaline [2]

ALO; Feo

o
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~_cumulntes Metmuorplidsed
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Ca0 Na:0+K.0 MgO MgO
Fig. 4 Distribution of Spots of the Jalovchat Intrusive Rocks on ACM
and AFM Diagrams [3]

According to ACM-AFM double diagram (Fig. 4) the
samples have been distributed in the fields of mid-oceanic
ridges and mafici cumulates,
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On Tidl-FeO/MgO, Zr-Y-Zr and Ti/Cr-Ni diagrams and on
Ti-Zr-Y triangular diagram the figures arranged in the fields of
island-arc and mid-oceanic basalts or along the trends
corresponding to mid-ocednic ridges or island arcs (Figs. 5-8).

0.5 1 2 2.5

1.5
FeO*/MgO

Fig. 5 Discriminative lines of island-arc tholeiites (IAT), mid-oceanic
(OFB) basalts and within-plate (WPA) alkali basalts [4]

Ti/1000

Zr ¥x3

Fig. 6 WPB — within-plale basalts, VAB+MORB - island-arc basalts
and basalts of mid-oceanic ridges, VAB — island-arc basalts [5)

In Ky0/TiO, diagram (Fig. 9) the spots occupy fields of
normal and enriched type mid-oceanic ridges.
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TABLEII
RE AND REE CONTENT (PPM) IN THE ROCKS OF THE JALOVCHAT INTRUSIVE
6025 6906 6912 6092 6056 6913
P 399 465 1050 374 281 589
Se 320 27.6 39.0 56.7 60.0 115
Ti 8910 6871 11000 10380 15240 2874
v 343 261 365 473 625 53.5
Cr 145 202 215 93,5 45.6 13.9
Mn 1130 1335 1460 1446 1181 1102
Co 369 32.0 352 51.8 59.9 15.1
Ni 313 13.7 159 58.9 84.4 8.39
Cu 201 43.1 46.4 334 72.4 11.5
Zn 676 85.7 84.0 84.5 0.4 572
Ga 169 20.8 194 16.1 16.2 15.8
Ge 124 1.49 175 1.63 1.60 0919
As 0476 0439 189 0.518 0544 0402
Se  0.0334 00524 0.0109 0.0589 0.0449 0.0262
Rb 147 24.3 4.18 22.4 3.13 115
Sr 154 202 276 76.8 159 175
Y 316 302 7.47 37.0 372 20.3
Zr 348 47.2 50.9 71.5 35.6 90.3
Nb 186 3.10 11.0 348 3.11 2.90
Mo — — 1.48 — — —
Ag  0.0221 00248 00310 00338 0098 00421
Cd 00256 0.0308 00273 0.04i5 00270 0.0281
Sn L0t 0.793 —_ 1.76 LIt 0.640
Sh 0266 0168 0.184 00605 00857 0.0954
Te 0.0016 00047 00099 0.0034 00035 0.0023
Cs 0443 0819 0423 1.17 0.144  0.540
Ba 352 102 28.7 74.0 25.5 75.3
La 260 6.31 1.7 578 2.29 841
Ce 144 16.5 254 5.8 8.12 18.1
Pr 134 2.58 3.38 242 1.60 236
Nd M 12.6 14.4 11.6 9.60 10.1
Sm  3.08 1.92 298 3.92 3.95 2.58
Eu 105 1.20 1.17 1.20 1.25 0.834
Bu  L10 1.25 1.23 1.28 1.29 0.860
Gd' 40§ 444 2.62 495 5.06 2.96
To 0746 0754 0294 0874 0929 0461
Gd 453 4,75 241 5.38 5.67 2.96
Dy 543 5.21 1.48 6.26 6.68 3.13
Ho 121 114 0301 1.38 1.46 0.703
Er 321 3.07  0.790 3.78 381 2.00
Tm 0465 0463 0113 0554 0.539 0319
Yb 2.8 287 0770 3.46 3.25 2.17
Lu 0428 0428 0.125  0.513 0466  0.357
Hf 131 1.74 132 239 1.47 2.63
Ta 00039 00062 00211 0008 00063 0.009
W 0127 0141 0307 0231 0.118 00537
TI 0226 0374 0123 0355 00802 0.149
Pb 240 267 2.56 1.85 1.33 3.76
Th 0360 115 1.08 1.05 0.118 238
U 0124 0310 0309 0425 00518 0716

Gabbro - 6025, 6306, 6912, 6092; gabbro-pegmatite - 6056 and 6913,
Analytical researches were conducted in the Laboratory of Geological
Researches of National Chung-Cheng University, Taiwan.

According to TW/NL/Y ratio the Jalovchat intrusive
corresponds to the field of depleted mantle, but by Sm/Y-
Ce/Sm — to the MORB area (Fig. 10).

Th/Y and Nb/Y ratios correspond to the MORB
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composition, Th/Yb-Ta/Yb and La/Nb-Ti ratios — to N
MORB, and Rb/Y and N/Y correspond to the lower crust
formations. Though, on Ce/Pb-Ce and Nb/Th-Nb diagrams the
figures occupy the field of primitive mantle.
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Fig. 7 IAT and MORB [6)

sor
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1 — Lk ot
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Fig. 8 IAT (island-arc tholeiites), MORB and WPB {within-plate
basaits) [5]

Fig. 9 Arrangement of spots of the Jalovchat intrusive rocks on
K,O/Ti0; diagram, I - island-arc basalts; II — normal tholeiitic basalts
of mid-oceanic ridges; [1I — enriched basalts of mid-oceanic ridges;
1V — within-plate basalts; V — basalts of platform activation zones [6]

Spidergramms are characterized by almost horizontal trend,
weakly expressed Eu minimums and by a slight depletion of
light REE (Fig. 11).

A comparison of the spidergrams shows, that tholeiitic
basalts of the Jalovachat intrusive are more depleted in light
REE elements than the archaic tholeiitic basaits 7).
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. subduclion zons
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Fig. 10 .Amrangment of spots of the Jalovchat intrusive rocks on
Sm/Yh-Ce/Sm, Th/Y-Nb/Y, Th/Yb-Ta/Yb and La/Nb-Ti diagrams
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Fig. i1 (a3 spidergram of REE distribution for the tholeiitic basalts
{7); (b) stoidergam of REE distribution in the Jalovehat intrusive

Accorditlg to above diagrams perto-geochemical
characteristics of the Jalovchat gabbroic intrusive
predominamtly correspond to MORB. Generally, it is an
anomalous  phenomenon, as giant prysmatic gabbro-
pegmatites are not indicated in the well-known “ophiolitic”
section. For the crystallization of hornblende and especially of
its gigantize crystals water-rich magma reservoir was needed;
The autherrs believe that in the Jalovchat intrusive the
existence of such magma reservoir was conditioned by
melting ot water-rich MORB rocks during the subduction
process in Bajocian time. This event is presented by the
authors on the scheme of the palinspastic reconstruction of the
Caucasian segment of the Mediterranean (Fig.12).
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I'V. CONCLUSIONS

The above diagrams of petrogenic elements, RE and REE
show that perto-geochemical characteristics of the Jalovchat
gabbroic intrusive predominantly correspond to MORB. The
authors consider that the existence of these rocks within the
area of the Caucasian marginal sea (contemporary area of the
Caucasian Main Range Zone) was conditioned by drawing
down of water-rich MORB type rocks to the deeper horizons,
by its melting, formation of magma chamber and finally by its
intrusion inte the Earth’s  crust during Bajocian time.
Correspondlingly the Jalovchat intrusive belongs to the
subduction geodynamic type.

1] 1 Yo
i 1 H

Fig. 12 Palinspastic reconstruction of the Caucasus segment of the
Mediterrancan belt along N-S profile for Jurassic time [8] with the
authors additions:1 — consolidated continental crust; 2-3 —
manifestation of volcanism: 2 — calc-alkaline, 3 ~ basaltic, 4 — pabbro
of the Jalovchat intrusive; 5 — newly formed oceanic crust and
ophiolites; 6 — upper mantte; 7 — heated upper mantle; 8 — subduction
zones; Oceanic areas and small sedimentary basins: PT — Paleotethys,
MT — Mesotethys (Neotethys), GCM — Greater Caucasus marginal
sea. Continental plates and microplates: TC — Transcaucasian island
arc, L — Lock-Karabach Zone, S - Scythian Plate, JA — lran-
Afghanian Plate
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Abstract: In mitigation, the UK’s 2020 and 2030 climate change
targets encourage increased efficiency of electricity generating
technologies but the challenge for the sector is to deliver low carbon
solutions at a viable cost.
Traditionally, colder climates including the UK, use natural gas as
fuel to provide heating and hot water services as well as electricity
supplied from centralised generators via the grid. However, Rather
than limit local zero carbon renewable capacity and an alternative
solution is to create and actively manage local energy systemns, This
would include a high saturation of local renewables, complemented
by a Combined Heat and Power (CHP) plant at its heart.
CHP plants generate clectricity for local use. Making use of by-
product heat can increase CHP efficiency to well over 80%
compared to conventional generation and grid supplies of less than
30% . Non-industrial local energy systems featuring CEP are suited
to many different types of buildings and clusters such as hospitals,
public buildings, schools, colleges and university campuses,
residential complexes and private sector buildings. Regarding CHP-
based Local Energy Systems (LES), increased efficiency translates
into reduced carbon emissions, increased local energy security, and
greater control over local energy prices. CHP-LES is also a viable
solution for remote areas and can operate in island mode., This paper
present, intensive lerature review for local energy systems and its
components (CHP engines.electrical storage, heat storage,
renewable encrgy, modeling) plus to the local energy system
control methods and local energy system optimistions methods as
well. As this article conclude there is a big gab in conirol
methedoloy for a CHPV systems and more system modeling to give
more information about Co2 emissions, electrical load tracking,
heat energy tracking, gas consumbtion, exporting and importing
with National Grid .... Etc.
key words: CHP engines,electrical storage, heat storage,
renewable energy, modeling, control systems and
optimistions methods

I Introduction
There are many challenges associated with LES which need
to be addressed. These challenges vary depending on the type
of local energy system, its design and method of operation.
However, there some common challenges to all systems:
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o Large, relatively fast, out of phase fluctuations in
local thermal and elecirical demand by hour, day
and season, characteristic of non-industrial
CONsuINers.

¢ Increased uncertainty in the magnitude of electrical
power available via local renewable generation.

+ Howto control a focal energy system, prime movers
and energy storage in such a stochastic operating
environment, constitute the most significant
challenges. Feedback control methods allow
superior dynamic control and the management of
sudden large swings in energy supply and demand.

s  Other non-technical challenges include regulatory
and licensing constraints and capital financing.

1.  Environmental reflections
The increase in efficiency of CHP over conventional
generation can result in a reduction in emissions. The carbon
intensity of natural gas is fixed and results in around 56.1g
CO2e per MJ using a gas boiler. The carbon intensity of
electricity however, is not fixed and depends on the
respective capacities of the various fossil and other plant
generation systems at any given time. Each plant performs a
function in the grid; hydro stations have wide bandwidth, fast
response and low carbon but expensive and usually kept in
reserve for sudden changes in supply or demand or to
dynamically fine-tune network frequency and power
balance, Coal plants have low bandwidth and thus are slower
to respond. They are cheaper than hydro stations but have
high carbon emissions. Traditionally, coal plants provide
additional winter baseloads. Combined cycle gas turbines
(CCGT) lie somewhere between, being responsive enough to
follow demand under normal conditions and having lower
carbon emissions than coal but still cheap enough for bulk

generation. Nuclear plants have no response and cannot

follow demand meaning they are used for baseload
generation.
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The fuel mix and associated carbon emissions are therefore
variable &hroughout the day and by season.

In the UK in 2016, DEFRA put the annual average carbon
value atvxributed to supply and use of 1kWh of electricity as
0.4kgCO 2e/kWh. '

There arse many elements which could be added to any LES
to increase energy efficiency. An increase in efficiency
could rerduce the amount of Greenhouse Emissions {(GHE)
and operstional costs; for example, the reduction of energy
consump-tion (REC). A reduction in energy consumption is
defined asusing less energy to provide the same service. This
results in fewer electrical losses, less CO2 emissions and a
reductiory in costs. The Commiftee for Climate Change
(CCC) has estimated that a reduction in energy consumption
and subseequent energy demand could save 17 million tons of
CO2 per year [20].

Many nom-domestic buildings can reduce up to 25% of their
demands on energy by following some simple steps:

*  Reduce heating and cooling energy demands to the
lowest levels for any building by increasing
building insulation and installing high quality,
rouble glazed windows.

o  The use of efficient and low powered equipment
and appliances, for example replacing traditional
Light bulbs with LED lighting and using IT and ICT
{information and communication technology)
squipment.

e . Lmprove ventilation and cooling systems.

o  [ntegrate renewable energy (RWE) with LES,
Regardings the need to minimise CO2 emissions and GHE,
renewable energy sources are one of the best approaches to
tackle this problem and make significant improvements,
RWE and LES for residential households could reduce
pollution by between 21-62%, depending on the type and
scale of R WE [21]. o
Effective RWE is not limited to creating positive

environmental impacts but also effects the economy by’

reducing operational costs; RWE does not need fuel but only
maintenance. There are different types of renewable energy
sources of various size and energy production capacity.
Regarding LES, there are two popular types which are
widely used because they are easy to install and use:

Wind energy (WE): Wind generator systems convert wind
encrgy int® electrical power. WE is one of several promising
and efficient types of RWE sources especially when it is

integrated with CHP technology. This combination increases

its efficienncy and reliability by filling energy gap and
reducing €lectrical energy demands, while reducing overall

operational costs. Wind energy reduces total costs by up to

20% by supplying electricity through the use of wind
turbines [22].

Photovoltaaics (PV):This fype of technology works to
convert sunlight into electricity. PV technology is useful not
only for the generation of electrical power but also solar
thermal povwer generation for heating or cooling [26]. PV
panels are found to operate up to 75-80% efficiency and
supply moze than 25% of the electrical power required in
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addition.to 55% of thermal energy leading to a reduction in
operational costs by approximately 30% [23,24].
However, the use of renewable energy sources presents
challenges and has limitations. They are dependent on the
weather and so cannot guarantee to work all the time. Windy
or cloudy weather will reduce PV efficiency by up to 50%.
In addition, all RES systems require continuous maintenance
to keep them working properly.
Finally, one of the biggest technical challenges is integrating
the (RWE) with (LES) and for optimum results while
reducing the power curtailment especially unexpected
curtailment, [25].
Energy storage systems (ESS)
Energy storage systems are an important element in any LES
as they control and increase the efficiency and reliability of
the system, at the same time minimising CO2 emissions.
Many designers and companies use ESS fo manage and
schedule their power use. For example; a decrease in peak
energy demand by using saved excess energy and supplying
it when required will result reduced costs. There are two
types of ESS thermal and electrical storage.
e Thermal Heat Storage (THS)
Thermal Heat Storage is used to store excess heat from
the CHP engine. This heat is then pumped back into the
system, or hot water network (HWN), when the system
is short of heat energy or when the system needs more
heat to mect energy demand at peak times, thus reducing
the cost and CO2 emissions [28]. The Hot Water
Network (HWN) is the network, or system of pipes, full
of water which distribute the heat generated by the
heating system.
Adding THS to LES gives the system more flexibility in
that it can operate continuously with less switching on
and off of the CHP engine in comparison with a local
energy system (LES) working without a control system
or working by only responding to energy demand. The
CHP engine can then work for a longer time and
generate more electricity and heat simultaneously,
allowing the system to be more economic. There are
also less CO2 emissions by reducing the amount of
electricity imported from the National Grid, by burning
fuel only for heating [27,29,30].
One of most important features of THS is its size as
having a THS of the appropriate size in a local energy
system can reduce operating costs by up to 6% [22].
Most designers do not récommend very large thermal
storage for different reasons including construction
costs and the cost of an insurance licence. Loss of heat
to the environment (about 1% every hour) makes it less
beneficial and efficient,
Smaller thermal storage facilities are flexible and more
effective such as the system in [29] where it was
recommended that the THS be no more than 25% of total
heat production in the LES. Attention must also be paid
to the hot water network (HWN) as it distributes enough
heat energy to meet local demand; i.e. its’ size is also
important.
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s Flectrical energy storage (EES)

This type of storage works as a bank to store excess
electrical power, returning it to the system when there is
a deficit. Electrical encrgy storage Is very effective when
paired with CHP technology so that the system is
operated to a schedule or is off-grid. When EES satisfies
high or unexpected variations in electrical demands, this

makes all local energy systems more efficient and .

economical [31].

Chen and Roskilly 2012 [32], demonstrated that EES
can increase the total efficiency of a system up to
47.86% compared to conventional CHP. They also
illustrated additional advantages when integrating EES
with (CHP) technology such as reduced capital costs
compared to renewable energy technology.

In common with THS, one of the biggest challenges for
EES is size; if the system is larger than needed, it
becomes more expensive and less effective. Choosing
thie correct size can substantially reduce the amount of
electricity which needs to be exported. However, EES
have economic advantages as they reduce the amount of
electricity sold to the national grid at much reduced
price, storing it instead until needed. At the same time,
there are technical issue which are another benefit of
EES, reducing exportation and importation of power
from the national grid. While there are many different
types of electrical energy storage systems, all involve
high capital costs. The constant charging and
discharging of the battery also reduces their lifespan
[33,89,48].

IV. Prime movers
The prime mover is the heart of any combined heat cooling
and power system providing its primary energy. There are
many different types of prime mover engines, each having
advantages and disadvantages making them suitable for use
in different situations.
There are two categories of CHP engine; combustion-based
technologies such as reciprocating engines, Stirling engines,
gas turbines and Rankine cycle engines, and
electromechanical based technologies for example, fuel cells
[1]. This section will evaluate and compare the common
prime movers currently available in the market, as
summarised in table [2].
. Reciprocating internal combustion engines
(RICE)
A reciprocating engine is one of most popular
technologies in use for CHP systems, also known as
a piston or IC engine. This type of engine converts
pressure to a rotational motion, using a piston
placed in a cylinder, where chemical reactions
resulting from fuel combustion take place. There
are two types of internal combustion engine. The
first is a spark engine which can use many different
types of fuel such as natural gas, propane, gasoline
and landfill gas. The second is a compression
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ignition engine which uses diesel fitel or heavy oil
[2]. RICE are acknowledged as having many
advantages such as ready availability in the market,
low cost, a good response with variable loads,
exceptional efficiency, part load flexibility and a
very short start up time. However, RICE also
produce high emissions, excessive noise, much
mechanical vibration and need regular maintenance
[4].

Gas turbines (GT)

This type of engine is a well-established
technology, especially in large scale power
generation because it is highly power efficient,
between 70 and 90% [4]. GT’s have a flexible
design which works well with a wide range of local
energy systems and are typically low maintenance.
They have a highly efficient engine comparator
which is cost effective, generating electricity and
heat in parallel (36% efficiency). It has a quick
response to fluctuations in electricity demand which
makes it more reliable and more effective than LES,
Nevertheless, limitations include the need for a
high-quality fuel e.g. diesel. It can also be
inefficient with a poor economic performance under
part loading.

Regarding greenhouse emissions, a gas turbine can
dramatically reduce CO2 and NOx emissions per
kilowatt-hour,

Stirling engines (SE)

The Stirling engine is a reciprocating engine with a
closed cylinder and separate combustion chamber.
There are two types of Stirling engine, namely the
Kinematic Stirling engine and the Free-Piston
Stirling engine. These types of engine can run on
almost any kind of fuel, such as gasoline and natural
gas. Importantly, SEs can also be run on renewable
energy e.g. solar PV, meaning that SE’s can have
very low greenhouse emissions.

‘However, SE’s present several challenges in

operation such as low specification power output
when compared with the same size IC engine. Other
drawbacks include high capital costs and poor
weight to power ratio [1,2,5,6,7].

Fuel cells (FCs)

Fuel cell engines convert electrochemical energy to
electrical power through a chemical reaction with
oxygen and oxidizing agents. FC engines usually
have three primary components, the first being the
reformer which extracts hydrogen from pgaseous
fuel. The second is the fuel cell stack which is an
electrolyte material placed between oppositely
charged electrodes, the last being the inverter, the
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function of which is to convert DC electrical power
output from the stack to AC electrical power.

The engine generating power methodology is very
similar to that of preducing DC power by
electrochemical processes. Because of this, FC’s
are considered as the cleanest method to generate
electricity, FC engines are also one of the more
reliable engines because of fewer moving parts and
constant power production.

One of the important problems with the FC engine
is that although it is highly efficient, reaching
approximately 55%, this target is sometimes
impossible to aitain because of the amount of heat
produced. It also has high initial capital and

"ongoing costs. On the positive side, it has low
operating costs and is highly efficient over a tange
of loads. While FCs also Have a low environmental
impact with respect to greetthouse emissions, this
type of technology is in need of more development
[2,3,4,8,9,10,11,12].

. Organic Rankine Cycles (ORC).

There are two main types of ORC systems: a steam
Rankine system using water as the working fluid,
and an organic Rankine system working with
organic fluid. ORC engines have many advantages
including high flexibility and durability, cost
effectiveness and low operational temperature and
pressure. Their simplicity and proven levels of
safety make them highly rated. Organic Rankine
cycle engines can use heat from many different
sources for example sources of low temperature
energy including waste water, biomass and solar
thermal energy. In contrast, the organic Rankine
systern has very low efficiency with reference to
electricity, having an average efficiency between
6% to 19%. On the other hand, it is highly efficient
in winter. [1,3,13,14,15,18,19].

V.  Local energy system technology: Reliability and
Availability when paired with CHP
Every local energy systern must address issues atound
reliability and availability. There is the need to ensure that
the system will operate continucusly and supply energy
when required while still achieving the best ecohomic and
environment results.
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The following section reports on the reliability and
availability for a system working with CHP technology
across three different résearch papers:

In [34], th

e researchers used the state-space method (SSM)
and the Markov model to calculate the reliability
and availability of a CHP system suppling power
and energy to a building, comparing these results to
a separation production system (SP). They found
that the systems® reliability was 99.63% for
electricity, 94.30% for heating and 99.97% for

cooling.

Reza and Manbachi [36] also used state-space and
Markov methods to test system reliability in 3
different user-cases (Island, Standby and Parallel),
the results ;in Table [1] :

Tadble 1: Reliability in cade studies
- tase “Releetrienl - R thermat

nian__(iby B

| tonay B
| !

! ,
The results above were calculated when the hot-
water network reliability was assumed at 100%.
Howéver, they show the HWN reliability at 94%
meaning a decrease in CHP thermal reliability of
6% in each case. The thermal reliability with HWN
is 92.8928%, 92.8928% and 92.8928% for Island,
Standby and Parallel, respectively.

The UK government produced a report on CHP
technology in 2015 [35]. The reliability and
availability section shows that CHP systems have to

“have 94.95% guaranteed reliability and 90.21%

guaranteed availability for 8760 hours. The
formulae below explains how reliability and
availability were calculated:

Reliability = T~ (S+U}/ T - § *100%

Availability =T — (S+U)/ T *100%

where:

S = maintenance schedule (hours / year).

U = unscheduled shutdown (hours / year).

T = the time planet working and suppling energy

(hours / year).

The report also recommends the maximum time
schedule required for maintenance is 438 hours per year
while the shutdown schedule is 420 hours per year.

Table 2: comparation of prime movers



-

vi. Local Energy Control systems

This section will review the background literature,
identifying the latest technology available to provide a
rationale for the current research: the control and operation
of local energy systems (LES) using CHP technology.

> Operation strategies for a local energy

system using CHP technology

Operation strategies are defined as the way of operating a
local energy system, or a building, with CHP technology,
controlling the flow of thermal and electrical energy from the
CHP engine and inside the LES. The main aim of controlling
a LES with a CHP engine is to achieve a specific beneficial
target such as minimal operational costs, a reduction in
carbon emissions, minimising the amount of encrgy
imported from the National Grid or an increase in efficiency.
However, many CHP and micro-CHP systems are limited
due the prime mover and balance of the LES [31]. Operation
strategies can be divided into two main categories:
conventional and non-conventional.

» Conventional Operation Strategies (COS):
Conventional operation strategies for LES or CHP systems
are relatively straight forward and easily implemented,
controlled through conventional techniques. This type of
COS focuses on a specific benefit for either electricity or heat
or both [37,38]. There are many different types of COS as
detailed below.

> Heat Lead Operation Strategy (HLOS):
The main aim of this strategy is operating the CHP engine to
meet the heat demands of a system or a building. If there is
any deficit, it will be met by other sources of heat, e.g. 2 gas
boiler [39,40]. The amount of electricity generated will
supply the system or be exported to the National Grid [41].
But it is not guaranteed that the National Grid will be able to
absorb a cumulative amount of excess electricity which
tneans that some amount will have to be wasted to keep the
control system operational [42,43,44]. This system operation
is not effective in summer because there is not enough
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demand for heat from the system. HLOS usually use Stirling
engines based on CHP technology because of its high heat to
electrical power ratio [45,41,37).

» Electricity-Led Operation Strategy (ELOS):
This type of operation strategy aims to meet the maximum
demand for electricity by the local energy system or
consumers [46,41]. If there is a shortage in the supply, this
will be fulfilled be another power supplier [47]. The ELOS
needs to be integrated with a form of energy storage, thermal
energy storage or electrical storage, to store heat energy or
electricity generated by CHP engine when there is no heat
demand, re-pumping it back into the system when the CHP
engine does not meet the heat demand [39]. This strategy is
based on use of a full-cell CHP engine because the heat ratio
is lower than the electricity ratio [31].

» Reducing Emission Operation Strategy (REOS):
This is a new strategy which has been developed because of
international concerns regarding climate change and
emissions [50]. The CHP system operates to minimize
emissions regardless of operational costs or other conditions.
The decision to operate the CHP system or import electricity
from the National Grid to meet the scheduled amount of heat .
and electrical energy required by the local energy system is
dependent on estimated CO2 emissions. Gas emissions are
estimated according to the emission factor when burning fuel
to its output. The ratio for the émission is:

ER =EPI/EP2

Where, EP1 represents the pollution emitted by the building
when using an external energy source, EP2 the amount of
pollution from the same building or system when using CHP
technology. If ER is equal or greater than 1, the CHP system
should keep operating otherwise the system will shut down
and use another source of energy or import energy from the
National Grid [37].

VII. Non-conventional Operation Strategy:
The main aim of this type of operating strategy is to search
for the optimal, or near optimal, strategy for the system at
different periods which could be in terms of carbon
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emissions, operating costs or efficiency of energy use [51].
Non-conventional operational strategies for energy systems
are classified into two types:

» Operational strategy based on optimization:
System operation optimization techniques use a fixed
demand profile so that a global optimal solution can be
determined [52]. This type of optimisation works to find the
best solution available. There are various ways to apply
optimization techniques including dynamic programming
{DP), linear programming (LP} and non-linear programming
(NLP). DP is a very effective method for offline system
operational strategies but not as siitable for micro combined
heat and power systems; LP working with linearization of
relationship is more suitable for this. NLP works with more
complicated maths e.g. non-linear equations, but is slower
[54, 55, 37, 56]. There are also many popular optimization
technique methods for example, like Genetic Algorithm,
Evolutionary Programming, Particle Swarm Optimization,
Grey Wolf optimization, Fuzzy optimization and Gradient
Techniques [53, 54, 57, 58, 59, 60, 61, 62]. Some researchers
have fried new methods and algorithms to optimize
schedules for example, Wang [64] used the Kuhn-Tucker
Algorithm while Maruichi [65] used the logic Token-Ring
model to reduce operation costs. Regardless of method, the
optimum solution will be guaranteed if the optimization
curve is convex. In convex optimization problems, the choice
of optimization method will be influenced by computation
time, case of implementation and possibly aim constraints.
That said, solving non-convex optimization problems is
more complex. The poetization method is very important
because it needs a specific type of optimizer to match the
problem and find the best results for it [54]. Choice of an
optimizer or an algerithm may affect the results and quality
of the solution, for instance Wang et al. [66] proved the
optimal solution using a Particle Swarm technique, getting
better results by about 1% in comparison to using a genetic
algorithm.

VIIL A specific control system:

Very few researchers have tried to find a specific control
strategy to control a local energy system based on CHP
technology. Such a method of control could manage and
optimize the system without demand scheduling or guessing
the amount of energy produced by renewable energy and
could deal with any unexpected disturbance load or amount
of energy generated. This controller should follow the set
points or instructions it has been given to achieve the best
results from the CHP system and local energy system.

Brinkmann and Viedenz [67] designed a practical control
box for a hybrid system consisting of a PV-plant linked to a
steam engine for combined heat and power, as a self-
sufficient energy supply for domestic buildings which allows
the best possible use of renewable energy. The control box
works with a p-Controller. Karmacharya [31] used a Fuzzy
logic control methed for a micro-combined heat and power
system to manage the energy generated by the engine and
supplied to the distribution network. Zhang [68] developed a
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multivariable control system for a waste heat recovery
system, operating on an Organic Rankine Cycle (ORC),
using a generalized predictive control strategy (GPC). This
type of control is suitable for a micro CHP system working
with an Organic Rankine Cycle (ORC). Allison and
Counsell [69] used a multi-input multi-output (MIMO)
feedback control strategy to control a CHP system with
renewable energy sources and energy storage. They used a
multi-input multi-output (MIMO) based inverse dynamics
control strategy, with CHP technology, to minimize imports
from the national grid to the building. Finally, Allison [70]
developed a robust, non-linear, multi-input-multi- -output
(MIMO) controller for micro-CHP systems. An inverse
dynamics theory was applied as the main method to control
the energy system, at the same time using PD and PDF
control algorithms to compare them and to find the best
approach. The local energy system model consisted of a
micro-CHP unit, solar PV and battery storage integrated with
single building single zone. The main aim of his research was
to minimise. electrical grid utilisation and fislfil the thermal
energy demand. This research work is summarised as
follows:

The control system has two sources of input; amount of gas
injected to the CHP engine and a battery, and two outputs;
building temperature and local electrical grid. The system is
thermal led. The air temperature was controlled inside one
zone on one cold bright day (24 hours).He compared 3
control algorithms, NI, PDF and PD, to identify the best
approach.

The controller showed that only NI and PDF algorithms are
able to control the system; PD does not work. Secondly, if
the battery losses its power, the system cannot be controlled.
The results are only applicable for one, 24 hour period in
winter capturing daily and seasonal energy demand and
reveal that there was a shortage in the supply of heat and no
other heat source to recover the shortage.

IX. Modelling of CHP systems with local

energy demand, energy thermal storage

and renewable energy:
Medelling CHP systems has received much attention but
mainly with reference to proton exchanger membrane fuel
cells [71,72,73], solid oxide fuel cells {74] and reciprocating
Joule-cycle engines [75].
Some models however, used different CHP and micro-CHP
technology to examine CO2 emissions and cost
[76,77,41,82,49]. Lombardi for example, presented details of
a semi-empirical dynamic model for a domestic scale micro-
CHP Stirling engine [78]. Some researchers have modelled
CHP systems with heat storage to show how much this
impacts on system efficiency and emissions [79, 80, 81, 83,
85]. At the same time, there has been a reasonable amount of
attention paid to rtenewable energy with micro-CHP
technology, specifically with Photovoltaics, because it is
suitable for use in residential areas. Renewable energy
sources help the system to reduce fuel consumption leading
to a reduction in CO2 emissions and cost [26, 21, 24, 84, 23].
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Very few researchers have worked on dynamic simulation
models, specifically focusing on the detailed dynamic
response to local heating and electricity demand, to consider
environmental conditions and controlling the temperature
inside plants or zones. Drer and Weber designed simulation
models to compare two types of fuel cells [86]. Onovwiona,
Ugursal and Fung used a simulation program cailed
TRNSYS to simulate an internal combustion engine and
Stirling engine based on micro-CHP systems to demotic
scale [63]. However, the majority of models are designed to
examine micro-CHP for dwellings and residential houses;
not enough attention is given to CHP design with multi-
zones which can respond to many zones or building energy
demands simultaneously. Furthermore, no attention has been
paid to system energy balance modelling components and
sub-systems. For example, controlling the temperature inside
the building is a big problem because most operators and
designers do not have a specific method to control
temperatures inside zones. In addition, there is a lack of
research on small but very important details which impact on
heat demand e.g. number of people inside the building,
amount of glazing in the building, single or double glazing,
building ventilation, amount of heat generated by appliances,
building structure, type of wall and construction material and
furniture. These parameters impact substantially on the
temperature inside the building and the amount of heat
required to give the desired temperature to keep residents
comfortable. There are also very few models that can export
or import from/to the with National Grid at a set point or
when the system requires energy in an emergency.

Most simulations models collect data at time intervals of less
than 15 minutes [31] which is enough to capture daily and
seasonal energy demands and the system performance.
However, these fail to capturc smaller effects such as the
dynamic relationship between local energy demand and the
local electrical grid.
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Textile-Based Sensing System for Sleep Apnea
Detection

Mary S. Ruppert-Stroescu, Minh Pham, Bruce Benjamin

Abstract—Sleep apnea is a condition where a person stops
breathing and can lead to cardiovascular disease, hypertension, and
stroke. In th® United States, approximately forty pefcent of
overnight sleep apnea detection tests are cancelled. The purpose of
this study was to develop a textile-based sensing system that
acquires biometric signais relevant to cardiovascular health, to
transmit them wirelesly to a computer, and to quanlitativeiy 25855
the signals for sleep apnea detection. Patient interviews, literature
review and market analysis defined a need for a device that
ubiquitously integrated into the patient’s lifestyle. A multi-
disciplinary research team of biomedical scientists, apparel .
désigners, and computer engineers collaborated to design a textile-
based sef]sing system that gathers EKG, Sp02, and respiration, then
wirelessly transmits the signals to a computer in real time.

The electronic components were assembled from existing
hardware, the Health Kit which came pre-set with EKG and Sp02
sénsors. .The vespiration belt was purthased separately, and its
electronics were built and‘ integrated into the Health Kit mother
board. Analog ECG signals were amplified and transmitted to the
Arduino™ board where the signal was converted from analog intg
digital. By using textile electrodes, ECG lead-II was collected and_
it reflecied the electrical activity of the heart. Signals were
collected when the subject was in sitting position and at sampling
rate of 250 Hz.

Because sleep apnea most often occurs in people with obese
body types, prototypes were developed for a man’s size medium,
XL, and XXL. To test user acceptance and comfort, wear tests
were performed on 12 subjects. Results of the wear tests indicate
that the knit fabric and t-shirt-like design were acceptable- from
both lifestyle and comfort perspectives. The airflow signal and
respiration signal sensors return good signals regardless of
movement intensity, Future study includes reconfiguring the
hardware to a smaller size, developing the same type of garment
for the female body, and further enhancing the signal quality.

Keywords—-Sleep apnea, sensors, electronic textiles,
wearables. ’
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Surface Modification of Titanium Alloy with Laser
Treatment

Nassier A. Nassir, Robert Birch, D. Rico Sierra, S. P. Edwardson, G. Dearden, Zhongwei Guan

Abstraci— The effect of laser surface treatment parameters on the
residual strength of titanium alloy have been investigated. The
influence of the laser surface treatment on the bonding strength
between the titanium and poly-ether-ketone-ketone (PEKK) surfaces
were also evaluated and compared to those offered by titaninm foils
‘without surface treatment to optimize the laser parameters. Material
characterization using an optical microscope was carried out to study
the microstructure and to measure the mean roughness value of the
titanium surface. The results showed that the surface roughness shows
a significant dependency on the laser power parameters in which
surface roughness increases with the laser power increment. Moreover,
the results of the tensile tests have shown that there is no significant
dropping in tensile strength for the treated samples comparing to the
virgin ones. In order to optimize the laser parameter as well as the
corresponding  surface roughness, single-lap shear tests were
conducted on pairs of the laser treated titanium stripes. The results
showed that the bonding shear strength between titanium alloy and
PEKK film increased with the surface roughness increment to a
specific limit, After this point, it is interesting to note that there was no
significant effect for the laser parameter on the bonding strength. This
evidence suggests that it is not necessary to use very high power of
jaser to treat titanium surface to achieve a good bonding strength
between titanium alloy and the PEKK film.

Kepwords— Bonding strength, laser surface treatment, PEKK,
titanium alloy.

1. INTRODUCTION

FIBRE metal laminates (FMLs) are high performance
structures, developed by the Delft University of
Technology. FMLs consisting of alternating stacking layers of
fiber reinforced composites and metal alloy offer a great
promise as fatigue resistance materials. Based on the
reinforcement of the polymer composite, these laminates can be
GLARE (glass reinforced metal laminate), CARALL (carbon
reinforced metal laminates), and ARALL (Aramid reinforced
metal laminates). GLARE FMLs are the most commonly used
to manufacture the upper fuselage of the A380-Airbus aircraft
[1], [2}. FMLs combine the high toughness and impact energy
offered by metals and the high specific properties associated
with fiber reinforced composite. It has been demonstrated that
FMLs have superior in-plane tensile strength and tension
fatigue properties compared to those for aluminum alloys [3].
In recent years, a number of researchers have investigated the
response of aerospace fiber laminates under different load
conditions[4]-[7]. The mechanical properties of FMLs of

Nassier A, Nassir is with the Schoel of Engineering, University of
Liverpool, Liverpool L69 3GH, UK .and Department of Materials Engineering,
University of technology, Baghdad, lraq, (phone: 447417413264; e-mail:
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Robert Birch is with the School of Engineering, University of Liverpool,
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Aluminum layers and tough = glass fiber reinforced
polypropylene was investigated by Reyes et al[4]. Their results
indicated that incorporating surface roughness on aluminum
layers and inserting resin film at the interface between the
aluminum and composite plies lead to increase the fracture
energy of these laminates, The response of glass fiber
reinforced epoxy and aluminum FMLs under low velocity
impact was investigated by Jan et al.[6]. The resulis showed that
the impact resistance of FMLs is high compared to the plain
composite. The results also indicate that the specific energy
absorption of FMLs can be increased by increasing the plies
number of metal and composite. Titanium -based FMLs
combine the advantage of titanium sheets and high temperature
fiber reinforced composites. These hybrid laminates offer the
good mechanical advantages of the traditional fiber metal
laminates and it can be used at high temperature applications.
However, the bonding strength between the titanium and the
polymeric materials is still a major challenge which limit their
applications and needs to be solved[8]. The literature showed
that the nature of the surface treatment of titanium has a
significant effect to improve the bonding strength of these
hybrid laminates. In the recent years, a variety of surface
treatments were conducted with different degrees of sucecess to
enhance the surface of titanium alloys prior to bonding, and
thése being mechanical, chemical, and electrocherical, plasma
and laser surface treatment[8]. Although these pre-treatment
processes showed pgood bonding behavior, it is not
environmental friendly. Laser surface treatment demonstrates a
good joining strength resulted from good surface roughness,
formation of a thin oxide layer, good surface cleaning and
modification. The aim of this study is to investigate the
influence of the laser treatment on the titanium foils in terms of
surface roughness, residual tensile strength and bonding
strength.

II. EXPERIMENTAL PROCEDURE

A. Manufacturing procedure

The lap shear specimens examined in this study were based
on 0.14 mm thick layers of titanium 15-3-3-3-f alloy foil from
TICOMP (California, USA) and A 50 pm film of PEKK
{ARKEMA, France) was placed between foils of titanium alléy
to ensure good bonding between the constituent materials. Prior
to mannfacturing, titanium alloy sheets were cut as sheet and
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Group, School of Engineering, University of Liverpool, L69 3GQ, UK
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subjected to l:aser treatment to enhance the surface roughness as
well as the interface bonding strength.

The testinig specimens were manufactured by stacking a pair
of surface trseated titanium stripes which adhesively bonded
using PEKX film (0.1 mm) with an overlapping area of 23 x 3
mm2 as showwn in Fig. 1. Then, the samples were inserted
between two inetal sheets. The mold was then heated in a Meyer
hydraulic hot press to 330 °C at a heating rate of about 3 C/min,
maintained at this temperature for 30 min before cooling to
room temperature. A pressure of 2 bars was applied to the
laminates during the processing cycles.

72.5%

Width: 23

|
!
§00 g PEKK !
i
Thickness: 0. 14 :

L

149

Fig. 1 Lab shear specimens (dimensions in mm)

B. Laser surface trealment

Laser pre-treatment of titanium surface was carried out using
different power parameters of laser to investigate the influence
of these parameters on the surface roughness, residual tensile
strength of titanium alloy and metal-resin bonding strength,
Firstly, titanfurn alloys were cut fo required sizes and cleaned
with acetone previously to the laser treatment. A nanosecond
pulsed laser (SPI 20W G4 HS L Type), was used to modify the
surface microstructure of the material. The laser pulsed system
works with 1064 nm wavelength, a variable pulse width of 9 —
200 ns, 20 W of maximum output power, and a pulse repetition
rate of 25 — 500 kHz. The spot size of the focused beam is 45
um. A line pattern microstructure was created; the space
between the lines was set as 29 pm. The processing area was
treated with the parameters on Table 1. The parameters were
used in order to create overlap between the laser pulses
modifyying the roughness of the surface, an example of the
scanning technique is showed in the Fig. 2. After that, surface
was characterized by an optical profiling system (Wyko
NT1100) to measure the mean surface roughness. Fig. 3 shows
the influence of laser power on  the surface roughness of

titanium alloy. |
TABLEI
Laser treatment parameters used for titanium alloy.

4.09, 4.54, 5 and 5.45 Jfem?

Laser fluence

Repetition Rate 70 kHz
Pulse Length 200 ns
Scan Speed 2.380 mm/s
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Fig.2 Scanning path of the laser, horizontal distance between pulses
of 34 um, and a vertical distance between lines of 29 pm.
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Fig.3 The effect of the parameter of the laser freatment on the surface
roughness of (itanium alloy,

C. Tensile test

Tensile tests were conducted to investigate the influence of
laser treatment on the residual tensile strength of titanium alloy.
The tests were undertaken using Intron 3369 testing machine.
An extensometer with 25 mm gauge length (GL) was attached
to the coupons in the middle to measure the sample
displacement. The specimen’s geometry and dimensions are
shown in Fig, 4. Tests were undertaken at a constant crosshead
speed of 0.5 mm per minute,

219.60
R 100
N, et
v Iy
ﬂ (5]
.,..._._.,..,,,»,.,...,..,,/"'W ;_A e
25 mm
50

Fig.4 Specimen geometry (dimensions in mm) [9]

D. Lab shear fest

Single-lab shear tests were performed to examine the shear
strength between PEKK film and modified surface titanium
alloy. Here, shear tests were conducted on the specimens
described in Fig. 1. The maximum shear (bonding) was
measured using an Instron’ model 3369 universal testing
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machine equipped with a load cell with capacity of 50 kN, as
shown in Fig. 5. The tests were carried out at a constant loading
rare of 1 mm/min. Three samples were tested for each laser
parameter and the average values were obtained.

Fig.5 Single-lab shear test setup

111. RESULT AND DISCUSSION

The influence of the laser treatmment with various power
parameters on creating rough structure on the surfaces of the
titanium alloy samples was illustrated in Table 2. The figure has
shown that a relatively smooth surface of 0.309 microns
without hierarchical structure was observed on the as-received
samples compared to 1.72 microns to those treated with laser
fluence of 5.45 J/cm?, Here, during laser process, the materials
surface will be moved and removed by the laser throughout
melting and evaporation, resulting significant increment of the
surface roughness [10]. In the other word, the change in the
surface roughness is due to the laser interaction with the
material, this creates a microstructure with material removed
due to the laser ablation and the re-deposition of the molten
material due to the thermal compenent of the nanosecond pulse.
The melting of the material creates a structure in the borders of
the spot size helping to increase the roughness of the material.
Increasing the fluence on the laser increases the ablation rate
and the amount of molten material in the surface.

TABLE I
Mean roughness of titanium surface against laser fluence.
Laser fluence (JJem®  Mean Roughness (um)

Untrealed Surface 0,309
4.09 1.19

4.54 1.43

5 1.63

5.45 1.72

The measurement of the surface roughness was performed on
separate specimens for each laser power parameters to
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characterize the surface texture of pristine titaniumfoils and
after laser treatment using different parameters of las fluence.
Fig. 6 shows the three dimension (3D) profile of titaium foils
treated under different laser power parameters. Clearly,
Different rates of laser power led to different roughness on these
sample surfaces. Here, higher laser power let to coartr texture
on the sample surface compared to as -reccivef one. As
mentioned previously with increasing the laser power, the
material removal and the depth of the micro pits incrased.

()
Fig.6 3D profile of a titanium surface under different power
parameters, (a) as received surface, (b} surface treated with laser
fluence of 4.54 Hem?,

The next part of this study was to investigate the influence of
the laser surface roughness on the residual stresgth of the
titaniumn alloy. Here, tensile tests were undertaken on titanium
(0.14 mm thick) foils treated with various laser fluence of 0,
4.09, 4.54, 5 and 5.45 J/em?, Here, zero value correspond to the
virgin specimens. Fig. 7 shows the variation of the tensile
strength as a function of the surface roughness. An examination
of this bar chart indicates that the tensile strength values are
varying between 1122 MPa for untreated specimens with
surface roughness of 0.309 micrometers and 1069 MPa for
specimens with roughness of 1.72 micrometers. The evidence
presented in Fig. 7 indicates that there is no significant change
in tensile strength after laser treatment. This iS a useful
observation, suggesting that laser treatment parameters can be
optimized based on better bonding strength between modified
titanium alloy and PEKX film.

Fig. 8 shows the variation of the metal-resin bonding strength
with surface roughness at different laser power parameters.
Clearly, the curve can be divided into two regions, i.€. the linear
proportional one (I) in which the bonding strength between the
titanium alloy and PEKK film increased with increasing the -
surface roughness increment to a specific roughness due to
formation of the microporous structure on the treated surface
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which filled with the resin resulting goed metal-resin bonding
streength. After this point, it is interesting to note that there is no
sigmnificant effect for the laser power parameters on the bonding
streength (I). The above results suggest that the surface
trezatment with laser influence of 4.54 J/em? seems to be an
optimum parameter in which good bonding strength can be
achiieved. Therefore, this parameter willbe used to treat all the
titanium foils investigated in this study.

-

W

Tensile Steength (MPa) ‘

200

0.30914

.19 1.43 1,63
Roughness (micromelens)

Fig.7 Surface roughness versus tensile strength of titanium alloy
. foils.
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Flg 8 The value of the shear strength as a function of the surface
roughness for the titanium alloy.

IV. CONCLUSION

The influence of the laser treatment parameters on the
residual strength of titanium alloy and on the bonding strength
between titanium alloy and PEKK film have been investigated.
Tests on titanium alloys that treated with different laser power
parameters under tensile loading showed that there was a low
reduction in the residual tensile strength between 3 and 5 % for
lager treated specimens. For the metal-resin adhesion tests, laser
power parameter of 4.54 J/em? was selected to give an optimum
bonding strength between the titanium alloy and plain
composite.
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Manufacturing Process of S-Glass Fiber Reinforced
PEKK Prepregs

Nassier A. Nassir, Robert Birch, Zhongwei Guan

Abstract—The aim of this study is to investigate the fundamental
science/technology related to novel S-glass fiber reinforced poly-
ether-ketone-ketone (GF/PEKK) composites and to gain insight into
bonding sirength and failure mechanisms. Different manufacturing
techniques to make this-high-temperature pre-impregnated composite
(prepreg) were conducted ie. mechanical deposition, electrostatic
powder deposition, and dry powder prepregging  techniques.
Generally, the results of this investigation showed that it was difficult
to control the distribution of the resin powder evenly on the both sides
of the.fibers within a specific percentage. Most successful approach
was by using a dry powder prepregging where the fibers were coated
evenly with an adhesive that served as a temporary binder to hold the
resin powder in place onto the glass fiber fabric.

Keywords— Dry powder technique, PEKK, S-glass, thermoplastic
prepreg. :

1. INTRODUCTION

T HE future aireraft, such as Airbus A350XWB and
Boeing 787, will likely use far more than 50% (by weight)
advanced composite components. Thus, the manufacturing
process of these composites needs to be improved to satisfy the
future requirements of the new generation of aircraft.
Reinforced composites made with thermoplastics (TP} as
matrix materials in conjunction with glass fiber (GF), carbon
fiber {(CF), natural fibers (NF) have increasingly found their
uses in the aerospace, automotive and renewable energy sectors
due to their nature properties such as light-weight construction
potential, integral design and good impact properties [11-[5]).
These advanced materials were introduced in the form of
prepregs (pre-impregnated fiber or fabric in a flat form).
Prepregs have been used extensively due to their low cost, case
of processing, consistent quality and higher volume capability.
The mechanical properties of prepregs over a wide range of
temperature are better than those from wet layups, as the resin
is applied in uniform and exact quantities and an optimum
fiber/resin ratio is attained. In addition, prepregs reduce the
health and safety risk associated with handling resin.
Thermosetting (TS) prepregs such as epoxy prepregs are used
in a wide variety of applications such as automotive,
construction and aerospace industries. However, these prepregs
have limited shelf life due to their cross-linking degree in B-
stage. These materials have to be kept in freezers at around -
18°C [6]-[9] to prevent the cross-linking polymerization
reaction taking place at ambient temperature. The major
problems in the aerospace applications where FMLs are
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extensively employed for fuselage, currently utilizes thermoset
gpoxy based prepregs. Low viscosity, low fabrication

-temperature and good resin/fiber wettability are the major

reasons for use the epoxy based composites. However, these
kinds of prepregs exhibit poor hot/wet stability, high cost of
manufacture, low combustibility leading to fire at elevated
temperatures, generating smoke and toxic fumes which pose a
serious health hazards [10]-[14]. Thermoplastic matrix are
good alternative for advanced structural composite system due
to their substantial advantages over thermoset matrixes, such as
improved fracture toughness, fire/smoke resistance, high
hot/wet stability, recyclability and rapid processing due to
shortened curing cycles. Thermoplastic prepregs can be stored
in any ambient environment with infinite shelf life unless they
contain solvent which may limit their shelf life [4].
Thermoplastic matrix systems also present a stimulating and
promising opportunity for the automotive sector and have a
potential to bridge between the lightweight and reprocessable
high strength composite materials in mass production [15]. The
most attractive feature of fiber reinforced thermoplastic
matrixes is their ability to welding at elevated temperatures
thus, making them suitable for high speed production such as
thermoform and allowing the applications of novel joining
techniques such as uitrasonic and induction welding [16].
However, many challenges still remain in these materials that
need to be solved to realize their ultimate potential. Despite the
several -advantages offered by the traditional thermoplastic
matrixes, their usage has been limited due to their low moduli,
poor chemical resistance, low glass transition temperature and
low thermal stability at elevated temperatures [17]. The
development of multi-functional thermoplastic matrix based on
aromatic polymer has an ability to address all these limitations.
The use of matrix materials, such as Poly-ether-ketone-ketone
PEKX, and ply-ether-ether-ketone (PEEK), have demonstrated
excellent mechanical barrier, exceptional impact resistance,
vibration damping and thermal properties at high temperatures,
especially when reinforced with high performance fibers [18].
As high temperatwre — high performance (HTHFP)
thermoplastics, PEKK and poly-ether-ether-ketone (PEEK)
[19], [20] ate considered to be the most favorite matrix systems
in the aerospace industry to satisfy the need of light-weight, low
cost primary load bearing structures and high temperature
FMLs [211-[23].

The impregnation of thermoplastic matrix is crucial due to their
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higher viscorsity and processing temperature, resulting poor
composite properties. Normally, thermoplastic resin is
combined with fibers to make prepregs throughout a variety of
manufacturing processes, which can be divided into the
following categories, i.e. (1) solution dip prepregging, (2) hot
melt prepregging, (3) film calendaring, (4) dry powders, and (5)
aqueous susprensions. Each process has its own requirements
and process variables that affect the quality of the finished
product. In the solution dip prepregging, the sclution is obtamed
by dissolve the thermoplastic resin with solvent in brder to
reduce the wiscosity enough to allow 1mpregnatton of the
polymer. Altbiough high pressure facilities are not requlred in
this techniquie, the relatively high solvent resistance of
advanced cornposites makes it difficult to remove toxic and
organic solvents with high boiling points from the comp051te
dunng consolidation [24], [25]. In the hot melt method, the fiber
bundles are irmpregnated with molten polymer. Once 4 molter
thermoplast:c polymer is provided by an extruder to a melt pool,

the fibet bundle is pulled into the miolen over nuinber of
spreader pins [26]. High melt viscosities are the main problem
of the' hot melt impregnation which leads sometimes to fiber
b%eakage [24]. The film stacking is a standard technology for
producing thermoplastic composites fot a long time, in whicH
different layers of reinforcing fibers are laminated betweeﬁ
layers of thermoplastic polymer film by applying I heat and
pressure. The pressure needs to be sufficient to force the
polymeric melt to flow into the reinforcement. Although the
difficulty of forcing a highly viscous resin through the paps
between fibers that are normally in micron is overcome by
applying pressure, this also forces the fibers together, packing
them in such a way as to make infiltration by the resin more
difficult [27], [28]. The difference between these methods is the
way of matrix particle deposition on the fibers and the bonding
force between particle and fiber, which is responsible for their
adhesion to each other [29]. Several advantages can be obtained
using the dry powder prepregging including wide range of high
melt viscosities used with elimination of the solvent removal or
hot melt problems, thus providing an increase in polymer
selection [30]. Due to the advantages of dry powder
prepregging technique over other methods, this method is
utilized in the current work. PEKK is one of the future polymers
that can be used for structural applications in high temperature
environment. In addition, the processing temperature of PEKK
is lower'than PEEK and its mechanical properties dre higher
than those of PPS and PEl [3]. Therefore, a novel high
temperature — high performance glass fiber reinforced
thermoplastic prepreg was manufactured using a dry powder
technique. Here, S glags woven which is known for its high
strength and impact resistance properties is used as a
reinforcement and PEKK as matrix. It can be seen from the
review that data of S-glass fiber reinforced poly-ether-ketone-
ketone is limited and there is no previous work has been done
to manufacture and evaluate its properties under various test
conditions. Therefore, the primary aim of this work is to
investigate the fundamental science/technology related to novel
GF/PEKK. composites and to provide experimental data for
numerical modelling validation and further for assisting design
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prepreg materials.

II. EXPERIMENTAL PROCEDURE

A. Poly-Ether-Ketone-Ketone thermoplastic resin (PEKK)

Poly-ether-ketone-ketone (PEKK} is a high temperature
high performance thermoplastic material that belong to the poly
aryl ether ketones (PEAKs) family in which family members
are different from each other according to the ratio of ketone-
ether groups. These resins are semi-crystalline aromatic which
exhibit low melt viscosity, excellent thermal stability, low
moisture absotption, high toughness and tensile modulus, good
chemical resistance and good flammability resistance. The
glass transition temperature (Tg) of PEKK polymer is 165 °C.
In this research, PEKK resin was provided by ARKEMA
France in a powdered form with particle size of 50 microns. The
product is marketed by thie trade name-of Kepstan,

!
B. Reinforcement

S- Glass f bers have high tensile and comptessive strengths,
high temperature resistance, and good |mpact resistance. S-
Glass woven type (124 gsm (40z) plain weave 30 Aerialite was
used in the present work. The S glass fibers were obtained from
East Coast fiberglass Supplies (UK).

C. Marmfaclurmg of 5- glass fiber reinforced PEKK
thermopldstic composite

The first part considers the preliminary manufacturing
processes have been undertaken to make a thermoplastic
prepreg of poly-ether-ketone-ketone (PEKK) reinforced with S-
glass fiber using a prototype lab scale prepregging equipment
which has been developed in the school of engineering, center
for material and structures laboratory at University of Liverpool
as shown in Fig. 1.

Aelewte T ok byesmac Compicito Hine

Jligh Temperntire Heaving dome

Prrpery Winiing

Fig.1 Thermoplastic prepregging rig.

D. Dry powder prepregging technique

In dry powder prepregging, the resin powder is deposited
directly on the woven glass fiber. The resin powder can be
applied on the fibers in different techniques as following;

1. Mechanical technique

Fig. 2 shows the setup of this technique in which PEKK
powder is deposited on woven glass fiber using metal bars.
These bars were designed te have depths with different
dimensions in order to control the powder proportion on the
fibers. The advantage of this technique is that uniform powder
distribution can be obtained by using a proper depth. However,
it was too difficult to coaf the rear fiber face. Moreover, the
penetration of the PEKK resin within the fibers caused a severe
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damage in the fiber as a result of the high viscosity of PEKK
resin, as shown in Fig. 3. .

Fig.3 Fiber damage.

2. Electrostatic powder deposition

An electrostatic power deposition technigue is also utilised in
this project as a developed powder impregnation process to
charge and deposit PEKK powder onto a woven S-glass. In this
process PEKK powder is charged by using high voltage source
up to (30 KV) in order to deposit on grounded part which is
woven glass fibre tape. Preliminary work has been done to
make the prepregs as shown in Fig. 4. The resuits showed that
the deposition of PEKK powder on woven s-glass fibre tape
was not sufficient and the amount of deposited powder was not
enough to give prepreg with good quality.
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Protective

P Woven glass fibre

Fig.4 Electrostatic setup.
Therefore, the prepregs of the PEKK resin and woven s-glass
fiber were made manually as an alternative approach.

E. Sample preparation

The manufacturing process of S-glass fiber reinforced PEKK
resin can be divide into two parts. The first one was to
manufacture the prepregs, after that these prepregs were stacked
together to make the composite panels.

I. Prepregs manufacturing Process

Here, a dry powder prepregging technique was utilized to
make a prepreg of PEKK and woven S-glass fiber, in which
dry powder of PEKK resin was deposited onto the fibers as
shown in Figure 5. The manufacturing processes of the
GF/PEKK prepreg are listed in the following steps:

e The woven S-glass fiber was cut into square pieces
(250 mm x 250 mm). Then, the pglass fiber was
weighed using a high resolution scale.

o Adhesive of 3M Multipurpose Spray was sprayed
evenly on the fiber and the weight of the fiber plus the
adhesive was recorded, Here, the adhesive works as a
temporary binder to hold the resin powder on the glass
fiber. '

e The fibers were then dipped inside a powder tank, and
the weight was recorded at each dipping time until the
target percentage was obtained.

» The glass fiber with desired amount of powder
attached was placed between two molds (300 mm x
300 mm) and heated to 330 °C inside the hot press. A
high temperature release agent (Frekote) was used
between the mold and the prepreg to ensure easy
removal after the consolidation. The processing cycles
in terms of holding time and pressure to make these
prepregs were 10 min and 6 bar, respectively,

AL

§-Glass fibre
plain weave

shi

Fig.5 Schematic diagram showing the deposition of the
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thermopla:stic resin (PEKK) on the plain weave S-Glass fiber.

F. Preparcetion of composite laminates

In this part, the composite laminates were manufactured by
stacking an =appropriate number of approximately 0.125 mm
thick ply in a mold. Then, the resulting stack was heated to 2
temperature ©of 330 °C at an approximate heating rate of 5 °C
per minute. The laminates with dimensions (125%125 mm) were
cured under a. pressure of 3 bars for 30 minutes prior to cooling
at rate of 2 °C/ minute. The processing parameters of the
composite larminates are illustrated in Fig. 6. After cooling, the
pressure was released and the laminates were removed from the
mold and inspected for defects.

g

&

Temperature, “C
g

Time (min}
Fig.6 curing process curve and stacking configuration of
GF/PEKK.

III. RESULT AND DISCUSSION

A. The effect of the binder between the thermoplastic
powder and the fiber on the perforation resistance of the
laminated conposites

The investigation was initially focused on the influence of
the binder berween the thenmoplastic powder and the fibers on
the mechanical properties of the GF/ PEKX laminates. The
investigation based on making four ply composite panels with
and without binder. Fig. 6 shows load-displacement fraces
following quasi-static perforation tests on panels with and
without the binder. An examination of the figure indicates that
both panels exhibit the similar trend at the beginning. However,
the critical force value of the latter laminated panels is much
higher than the former panels, i.e. more than twice. It could be
argued that the higher value of the critical force for the treated
panels is due to the better adhesion between the resin powder
and glass fibers, which leads more PEKK power attached to
fibers with more uniform distribution,
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Fig.7 Load-displacement traces following perforation tests on the
4- ply PEKK/GF composite with and without adhesive applied to the
fibers.

B. The effect of the binder between the thermoplastic
powder and the fiber on the tensile properties of the laminated
composites

Further investigation was undertaken to assess the influence
of the fiber treatment with the binder spraying on the tensile
strength of GF/PEKK samples. The effect of the fiber treatment
on the tensile properties of GF/PEKK laminates with a fixed
thickness of 0.47 mm (4 ply) is illustrated in Fig. 7. As noted
previously, the treated laminates have over twice tensile
strength of the unireated ones. To summarize that, the
mechanical properties of treated laminates with binder was
higher than those untreated ones due the powder distribution
associated with good bonding strength of the treated laminates.

330 ithout adhesi
wilhout aghesive
= 300 F - - - with adhésive /ﬂ]u:‘
£ 250 | IrI’f ‘
= 200 | A
¢ s o
z 130 B
ERLE B
§ 50 | g
0 ] 1 1 L
0 001 002 003 004 005

Nominal Sirain

Fig.8 Nominal stress-nominal strain curves for the 4 ply PEKK/GF
composites (with and without fiber adhesive treatment).

IV. CONCLUSION

The possibility of making a novel prepreg of woven s-glass
fiber as reinforcement and poly-ether-ketone-ketone as matrix
have been investigated. The results of the preliminary
manufacturing processes have shown that more experimental
works are needed to improve the depositions of the
thermoplastic powder resin on the fiber.’

The results of the mechanical properties such as tensile tests
and quasi-static perforation tests on the result prepregs have
shown that the binder between the fiber and the power resin
play a vital role in improving the quality of the prepregs.
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< Abstract >

The purpose of this study is to develop an instruction analysis checklist applicable to inclusive setting
based on the Universal Design for Learning Guideline 2.0. To do this, two self-validation reviews, two
expert validity reviews, and two usability evaluations were conducted based on the Universal Design for
Leaming Guideline 2.0, After validation and usability evaluation, a total of 36 items consisting of 4 items
for each instruction was developed. In all questions, examples are presented for the purpose of reinforcing
concrete, All the items were judged by the 3-point scale. The observation results were provided through a
radial chart allowing SWOT analysis of the universal design for learning of teachers. The developed
checklist provides a description of the principles and guidelines in the checklist itself as it requires a
thorough understanding by the observer of the universal design for leaming through prior education. Based
on the results of the study, the instruction criteria, the specificity of the criteria, the number of questions,
and the method of arrangement were discussed. As a future research, this study proposed the characteristics
of application of universal design for leamning for each subject, the comparison with the observation results
through the self-report teaching tool, and the continual revision and supplementation of the lecture
checldist.

Key Words : imiversal design for learning, UDL based fnstruction, instruction analysis checkiist
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I . Introduction

Ford et al. (1992) suggested that ali children should pursue four educational achievements as follows:
cognitive skills, self-development, democratic citizenship, and community participation., As the level of
achievement is different depending on the characteristics of each child, it emphasizes that there is no
reason to educate the learners physically according to their characteristics. Gardner and Edyburn {2000)
noted that effective instruction should be fairly applied in all situations, with or without disabilities. This
means that not only the physical integration of students with disabilities in education but also the right to
learn through pedagogical integration should be guaranteed. )

The right to study is a right based on the human nature of learning and intellectual inquiry, the right to
human growth and development, the right to cultural survival, and the right to realize the principle of
national sovereignty. Such learning rights are not only recognized by the prestigious rules of the
Constitution but also constitutional freedoms recognized in the Constitution as fundamental rights to
education (Noh, 2008). People with disabilities also have the right to receive the necessary education
according to the type and degree of disability to develop their abilities as citizens of a country. The state
has the right to individualize the personality, to have the independent qualities of life and democratic
citizenship It is imperative to provide appropriate educational opportunities to lead a human life(Chung,
2007). .

Discussions on universal learning design aimed at training learners ultimately are being actively
developed not only in special education but also in general education, by guaranteeing all learners’ right .
to learn. The universal learning design has been proposed as a way for learners with heterogeneous
characteristics to access, participate in, and advance the general education process and to improve the
outcomes of the students by providing the necessary intervention for all children to successfully access
the general education curriculum Emphasize (Kim & Woo, 2016; Kim, Kim & Woo 2016; Beard,
Carpenter, & Johnston, 2011). In order to overcome the limitations of concrete, Han(2012) and So(2015)
have been carrying out empirical studies on the validity of the philosophy or principle of universal
learning design. However, these studies showed most teachers who are supposed to play an integral role
in the universal learning design-based lessons do not fully understand most of the concepts, principles,
and methods of universal learning design. Therefore, in order to implement the universal learning design,
it is necessary to change the teaching activities of the teacher through the formulation of theory or
principle.

Teaching is the core of educational activities that take place ini schools (Seo, 2008), which is implemented
through complementary relationships between teachers, students, textbooks, and environments for educational
purposes, Class is influenced by various factors and has very dynamic characteristics (Gagne et al., 2005).
In order to change the class, basically we need to understand the learner, abundant knowledge about the
contents of the lesson and the teaching techniques, how to utilize this knowledge, and how to reflect on
his / her class and cooperate with others. Class analysis activities have been recognized as a key element
in"improving teacher professionalism to improve instruction {Chung & Chung, 2011). In the same
context, it is more effective to provide a practical framework of teaching analysis rather than over-
emphasizing the validity of ensuring all students' learning rights to implement and spread the universal
tearning design. The results of the analysis of the lessons provide opportunities for reviewing theories
(principles), as well as providing a direct basis for realizing the instructionat design based on-universal
learning design principles through the improvement of the teachers' class. Therefore, it is required to
develop a teaching analysis tool that strengthens the concrete (applicability) while maintaining the
original validity of principle in place of universal learning design guideline with high abstraction.
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II. Method

. The purpose of this study is to develop a checklist of instructional analysis based on Korean universal

learning design which is faithful to the principles of universal learning design and each guideline
constituting it. In order to accomplish this research purpose, the research was carried out through four
steps as follows.

1. Step 1: Preparing the checklist form and contents draft through literature review

1) Collecting Data

To develop a universal learning design - based instructional analysis checklist, research papers were
collected on universal learning designs. The data collection process is as follows.

First, 'universal desigh for teachinig, 'universal design for teachirig!, 'universa1 design of teaching' in
scholastic research information service, :hationa! e - library, natiopal ‘digital library, DBpia, Korean
academic information, Universal education design 'and so on. UML, UDI, UDE, Universal Design for
Learning, Universal Design in Education, and Universal Design for Instruction were collected and
analyzed by EBSCOhost. This method of extracting refated documents by parallel combination of key
words minimizes the subjective judgment intervention when selecting a docurtient, thereby enhancing the
reliability of the document and efficiently collecting necessary data in a short time (Ahn, 2014).

Secondly, literature research and trend research which are inconsistent with the subject of this study,
such as the developmient of checklists for teaching analysis, a'ln"long the documents retrieved through
parallel combination, wete excluded. The elemients of the checklist shpul(i be included in the checklist by
examining the principles of universal learning design, guidelines; specific examples, class evaluation, and
class observation tables. .

Third, universal leaming design is centered on the educational environment in the United Stafes. In
terms of leamers, it is based on universality of learner diversity and general education approach rather
than special class, special school, And that the right to learn is guaranteed. In this paper, we review
whether teachers' needs, validity, and applicability of reality are included in the previous study (Park,
2014; Lee, 2011; Chung, 2014)

Through such a series of data collection and analysis processes, the preliminary assessment elements
and evaluation items of the Korean version of the universal learning design-based instructional analysis
checklist were extracted (see Table [[-1).
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<Table II-1> Literature source for ehecklist development

Area Contents Source
Bowe(2010)
Burgstahlen(201
3
CEC(2006)
CAST(2011)
Developime Hall et al.(2012)
ot ) . . . - Meyer et
principle 2011 Universal Learning Design Guidelines 2.0 al.(2014)
deduction Nelson(2014)
Novak(2014)
Relabate(2016)
Repp(2014)
Roseetal 2011)
Spencer(2015}
» eliminating barriers to access rather than eliminating academic challenges
« Universal learning design is not a problem of teaching materials.
- Finding application examples according to the guidelines for universal
learning design guidelines 1.0 i
. Thex:e may be guidelines that are excluded in accordance with subject Kwon(2012)
characteristics. Kim(2015)
» There may be guidelines that are excluded depending on the inclusion of
nay e Bl Park(2013)
students with disabilities.
+ Discovery of the inclusion of principles or guidelines of universal leaming Son &
Universal . . . ' Kim(2010)
. design through arbiirary interpretation -
Learning - , . . . . . Shin(2009)
desi » Find teaching methods that support universal leaming design principles Lee(2013)
&n without applying specific guidelines
Item - o . . - |Lee(2011)
- The case of selecting the main object of universal leaming design as a
development o1 gr o Han(2014)
student with disability . .
- . e Nelson{2014)
- Provide a plan to remove potential learning disabilities
. : A . Novak(2014)
- Technology is a very important factor in implementation but not a
necessary condition Relebate(2016)
. Rapp(2014)

» Universal leamning design is not a checklist for creating a leaming plan.

» Does not mean compliance with all the guidelines contained in the
guidelines.

» There is universal design and universal Jearning design, but the principles
are different.
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-+ Review of the validity and applicability of universal learning design
standards
SelceIé;!:Jln + Development of design principles for universal learning design based izzlzgzo%)
. digital textbooks
Review » Recognizing the importance of pre-service teachers for universal leamning Chumg(2014)
design
2) Draft checklist

First, the draft checklist was based on the Universal Learning Design Guideline 2.0 proposed by the
Center for Applied Special Technology (CAST) in 2011. The principles - guidelines - checkpoints that
constitute the guideline were all included in the checklist evaluation items. In order to compensate for the
lack of specificity pointed out as a disadvantage of the universal learning design (Han, 2012; So, 2015),
CAST (2011) Conerete examples of checkpoints presented in the "Universal Design for Learning (UDL)
Guideline; Full-Text Representation” presented were converted into items and presented. The total
number of items was 137 items.

Second, based on the results of previous research by Park(2014) among the total 137 iterns, questions
that are less likely to be applied in Korean educational scenes (for example, application of assistive
technology and development of classes considering students from multicultural families} .

Third, it applies only to integrated classes considering the fact that students with sensory impairment
among the checkpoints (1.2 Providing alternatives to auditory information and 1.3 Providing alternatives
to visual inforrnation) are less likely to be applied in general classes And the other is a supplementary
question. Therefore, 87 items and 2 additional items, which were arranged in order according to the
guidelines, were finally completed.

2. Step 2: Correcting and supplementing through video observation

1) First validity review

Tn the second stage, we focused on understanding whether the 87 items of the checklist based on the
literature stucy are practically observable and supplementing the items that can be interpreted in multiple
ways. For this purpose, three researchers (one professor of special education, one professor of biology
education, and one professor of physical education) participated in the video observation and understood
the possibility of observing the contents of the question during the class. Due to the difficulty of securing
the videos of the entire class, the videos used for the observation and measurement of the checklist items
were 20 minutes of math that was published on the website of the Seoul Science Center (www.ssp.re.kr)
Science class videos were used. The videos posted through the homepage are edited in 20 minutes, which
is evaluated as excellent class in the Math Science Evaluation Forum. There is a limit to check the whole
class, but in order to understand whether or not to observe the checklist items within a predetermined
range, And the results of this study are as follows. The checklist iterns were observed by individual
researchers. A total of six videos used in the second stage review process are shown in Table I1-2.
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<Table I-2>Review of 1st validity
(Date: 2017. 5. 14. 7 15)

Researcher

step (Major) grade title

Researcher A 7th [Physics] Light coming in side by side with light

. entering
(Special
Education} 8th [Mathematical] equations of two linear equations
Step 2 Researcher B 8th [Physics] Refraction of Light Multi Experiment
First validity (Biology
review Education) 9th [Biology] Comparison of somatic cell division and
melosLs

Researcher C 7th
(Physical
Education) 8th [Chemistry] Creating a bookmark

[Mathematies] computer-based statistics

As a result of the first stage validation of the second stage, screening was made for observable items
and unobservable items based on the results of the observations of the three researchers. Due to the
nature of the video, teaching strategies for students with sensory impairments were difficult to identify
and did not consider additional questions. Therefore, the existing 87 items were reduced to 63 items
through intensive confirmation and review process.

2) Secondary validity review

The second stage of the second validation was done by three people, and the first question was
confirmed by the researcher. For the items whose observations were consistent, we observed the
observation points and judged whether they were judged to be the same. As with the second stage 1
validity test, randomly selected videos not used in the first video were posted on the website of the Seoul
Metropolitan Office of Education's Science Exhibition Hall (see Table 11-3).

<Table II-3>Review of 2nd validity
{Date: 2017. 5. 17.}

Research
step er grade title
(Major)
Step2 All Tth [Physics] Reflection of Light
Secondary validity | researchers
review (3 people) Tth [Biclogy] Which patient's m;i_:\le‘? .
I
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But the specificity is strengthened by giving concrete examples for the iterns that are observed in the
discussion process. In addition, the discrepancy items were supplemented after discussion among the
researchers, or the items themselves were deleted. It is also structured so that the observer can easily find
and display the relevant items during class observation. In other words, according to the course
development process, a series of items were rearranged into 6 itemns related to introduction, 51 items
related to development, and 6 items related to the thecrem. Finally, we have replaced or deleted terms
with different terms (such as graphic organizers) or unfamiliar terms (eg, 3D models, decimal bars, etc.)
by general terms. Through this series of steps, the final checklist in stage 2 was retained for 63 questions,
and the scale consisted of N (not observable) and Y (observable),

3. Step 3: Evaluate usability through on-site observation and interview

1)First Usability Assessment

A checklist consisting of 63 items from the second stage was applied to both elementary and middle
school classes during May 19th and May 25th, 2017, Teachers who accepted the class participation and
observation of the researchers were teachers who had undergone a variety of attempis at teaching
methods for less than 5 years. The specific background is shown in Table 114,

<Table II-4> 1st usability evaluation and in-depth interview study subjects

Teacher's Class
name School o Career Unit Remarks
{gender} byp
Creative Experience
Namoo | Gumi 0o General Syears | Expressing it as a cape Activity 2
(male) | Elementary (Observer: researcliers A, B,
G
) Theory Class 1
Jungoo WOI“]_]U o0 General Jyears | Aspeed-changing exercise | (Observer: researchers B
(male) | Junior High and C)
. ) Theory Class 1
Ahnoo Wop_]u o0 General | 3years Th'? sum of wo forces (Observer: researchers B
(male) | Junior High acting side by side and C))

In order to make it possible to apply all of the contents regardless of class and activity characteristics
rather than dividing the checklist into class characteristics, it is necessary to use both creative experiential
activities with the experiment as the main activity of the clags and class And applied. In order to
understand the validity and applicability of the class analysis tool, the researchers directly participated in
the classroom where the class was held and observed. In order to obtain the agreement between the
researchers, the camecorder was installed in the front (two) And recorded.

As a result of application to the elementary school creative experiential activity (2nd block time
system), which is the priority of the first usability evaluation, adjustment was made on the unobservable
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items. "Do you offer a flexible review format to fit your student's characteristics?" "Do you provide
sufficient review opportunities?” "Do you offer a meodel or an example of the learning goal setting
process and results?" "Memory training for information transfer and generalization. The questionnaire
was completed with a total of 48 questions, including 15 itemns that included strategies and devices? Are
you using various strategies to solve the problem? In the middle school class, which is followed by
theory, the lesson is focused on theoretical questions, such as 'Do you introduce information sources that
can find various information’ through cbservations and 'Are you suggesting various examples of novel
solutions to real problems'? Additional deletion was considered.

In the in-depth interviews of the teachers after the usability evaluation of the analysis tool, not only the
opinions on the universal learning design but also the teachers' opinions and opinions about the validity
and applicability of the class for all of them in the actual (science) . The interviews proceeded according
to the flow and situation in the dialogue process of everyday classroom scenes in a certain order through
semi-structured questionnaire (see Table II-5). To this end, the inclusion of contents (type), universal
learning design principles, applicability of guidelines or checkpoints, and questions about realistic
difficulties led to the study of the validity of systematic analysis and analysis as a whole The results were
compared and reviewed,

<Table II-5> Contents of semi-structured guestionnaire for interview

- Focus on class planning

- Tools and teaching strategies for students with varying levels of academic achievement

» Tools or teaching strategies that can easily communicate formal or symbolic terms

+ How to express your opinions and communicate with your friends

+ How do under-achievers continue to be interested and interested in the classroom situation and how to
improve their level of participation? .

- How to proceed with class based on core concept and class contents

+ The most difficult part of preparing classes for students with a wide range of cognitive levels

- Universal learning design principles The most important factors in implementing the applied class

2) Review of tertiary validity

After the usability evaluation of the analysis tool, the checklist was partially revised and supplemented,
and a validity review was conducted for the expert group. The professors who participated in the validity
review are those who are more than associate professors of the university, major in curriculum education,
have experience in developing class analysis tools or instructional models, and have knowledge of
special education and universal learning design (see Table 11-6).

<Table II-6> Participants who participated in the 3rd validation review

Expert major title
Physics Developing non-formal science education programs for students
ExpertA Education Professor with disabilities
Chemical
ExpertB | gy ven Professor w
.
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Biology | Associate Development of Teacher Training Program for POCOM

ExpertC education | professor Expansion

The review of the expert group first asked us to review the written checklists that we can review
through the first usability evaluation in writing and finalize the revisions to the abstract contents. Then,
time was decided and a feasibility study result was discussed through a joint meeting with researchers. In
order to facilitate the use of the instructional analysis tool and to interpret the results, it is necessary to
consider the same number of items for each instruction, to adjust the observation scale, to reinforce the
specificity of the item through appropriate examples and inappropriate examples, Restructuring, and so
on,

Expert opinions on these analytical tools were gathered and the items presented according to the
course development were restructured according to the universal leaming design principles, In addition, 4
iterns were adjusted for each instruction, and 4 items with the same weight were assigned to 3 items, and
33 items were completed. In the process of adjusting the number of questions, similar items were

" grouped into one question after consultation among the researchers, or the result of the previous study

(Lee, 2013) which arialyzed the factors of universal leaming design. Among the existing 48 items, 21
items that were deleted in consideration of the abstraction of expression, the validity and applicability of
the item, and the additional 7 items that were supplemented and the detailed contents of the integrated 4
items are shown in Table II-7. And the evaluation scale distinguishes between NO and YES, and YES isa
4 point scale again. ' '

<Table II-7> Question adjustment details reflecting the results of the 3rd validity test

A ! N . N .

- Do you creale a classroom environiment that is receptive and helpful?

+ Do you present your goals in a variety of ways? ‘

+ Do you provide guidance on each aclivity’s goals and provide relevant checklists to confirm the
progress of each activity? .

« Does it provide a model or illustration of the leaming goal setting process and outcomes?

« Do you provide textual explanations when presenting graphic symbols?

« Templates. Does it provide a note-taking support "activity sheet” that includes a graphic organizer
(schematic) and a conceptual diagram?

« Do you use prior organizers (eg, KWL, methods, conceptual diagrams, etc.)?

« Do you optimize factors that can divert attention by varying the speed of work, the length of the work
process, the absence of breaks, and the duration and sequence of activities?

« Do you provide feedback that focuses on the importance of patience, specific support and strategies

Delete | when you have difficulty, and the development of work efficiency and self-awareness?

Questio | Do you include new concepts in familiar topics and content to maximize generalization?

1 |- Do yon approach the concepis in a flexible, easy, and convenient way?

- Do you introduce information sources that can find various information?

+ Does it provide many opportunities to remind key concepts and to think about the relationships of
coneepts?

- Do you use outlines, graphic organizers, unit organizational frameworks, conceptual frameworks, and
conceptual frameworks to emphasize core concepts and relationships?

« Are there various models that can be imitated?.

+ Do you offer a variety of examples of new and innovative solutions to real-world problems?

» Do you provide a checklist and a project plan template that allows you to identify and prioritize
problems and create timelines in order and step by step?

+ Do you ask questions to guide self-examination and reflection?

« Does it support activities that clarify individual goals and promote self-reflection?

« Does it show progress?
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’“—ﬁ__—_;
* Do you provide checklists, score tables; etc. for evalvation?

'I;When do I need help with leamers? When and how do I tell them to ask for help from a peer or

teacher? ’
 Does it provide interaction and assistance with friends?

Integrat |, — Does it provide interaction and assistance for friends? (Eg involvement in leamning when and how
ed to ask for help from a peer or teacher / peer instruetion, cooperative leaming, etc.)

Questio
n

* Does it ofien, timely, and explicitly provide feedback that emphasizes effort, improvement, and
attainment of goals rather than comparing them to other students?

_* Do you communicate positive feedback in ways that you can accept and practice the feedback
given? ‘ .
- I?Ocs it provide feedback frequently, timely, and explicitly (eg, in a positive way) that emphasizes
effort, improvement, and attainment of goals rather than comparing them to other students?

*Does it offar a variety of altematives to responding physicaily or selecting activities?
’ l?oeF the student apply different times, ranges, ete. to manipulate the parish in accordance with the
) mdilvidual characteristics of the student?
Add | Provide parcels for composition and production of works and encourage interaction among students?

Questio | * Do you vary the degree of difficulty or complexity of the task to the level of the individual student {or

A -BY0Up) within which the leaming activities in the classtoom can be completed?
* Do you provide tools, instructions, rubrics, and checklists that inchide:
* Do you provide tools or charts to see if there is a change in your own behavior?
: D_Oh? the leamer support altemative ways of getting, receiving, or understanding the current learning
situation?

4. Step 4: Assess usability and finalize

1)Secondary usability evaluation

The second usability evaluation (June 1, 2017) was carried out after the validity assessment of the
eXpert group. In the second usability test, two of the teachers who participated in the first usability
evaluation, except the elementary school teachers, participated and were directly observed by researchers
B and C. After the direct observation, the revision of the checklist, the supplemeniary point, and the
addition of the jtemng consisting of only 3 items and the evaluation scale were discussed among the
researchers,

. In order to develop additional items, 4 items of each instruction were completed by reviewing
literature and teaching cases. Guideline 1, ‘Do you provide appropriate adjustments to the size of visual
dafta suc_h as 1ext, pictures, graphs and tables? These are the questions such as 'Do you provide
expectaltons and beliefs in optimizing learning motivation?" ,

In the usability evaluation process, researchers were asked to provide 'diaries' and allow; physical
manipulation activities ', one-off teaching events 'in the question’ Do they differ in the level of discretion,
autonomy,, And how to deal with it. For these maters, we added the specificity of the question by
Suggesting 'exemptions'. For example, we added the phrase 'simply showing dioceses, using individual
dioceses, creating individual activities, etc.', which is not applicable to 'providing dioceses and allowing
physical manipulation, acivities' -
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In addition, if the likert scale is used, it is suggested that it should be revised as much as possible after
observing the whole course of the class rather than immediate display. The rating scale was revised to

three points: O not applying, @ intermittent, and @ overall.

2) 4th validity review

The fourth validity review was conducted for the expert group who participated in the third validity
review. The items used in the validity review were structured 36 items after the second usability
evaluation, and each item was designed to be rated at 5 points (very unfavorable - unfavorable - moderate
- reasonable - very relevant). E-mail was sent to the expert group for the checklist validity evaluation, and
the results were collected by sending them to the researcher.

Expert groups showed less than average responses in three aspects: practical applicability in the
classroom situation, principle or guideline, relevance of the question, and ambiguous questions. First, do
you provide tools, guidelines, rubrics, and checklists that include the following items in question because
of applicability or low specificity in the classroom situation? Do you provide tools or charts to see if there
is a change in your behaviors? Do you allow your learner to express your opinion using a medium that is
appropriate for you? Second, questions that are not valid due to their relevance to the principle or
guideline include "Does the learning content (experience) provide activities related to the real Life?" "Do
you engage all students in discussion or presentation?" Does the thought process in the problem-solving
process apply sound-spoken techniques? Does it offer various alternatives to physically reacting or
choosing activities? Thirdly, such as the inaccuracy of the validity of test items means less Does
accommuodate ‘information, or do you vary the font of the printed materials for emphasis? "Using a
variety of strategies to solve problems the way? Modify the itenis by collecting concrete opinions on the
basis of the above evaluation results through individual interviews with experts, it was complementary,
views that are not appropriate in this process were enhanced specificity, of the question by proposing to
increase the view to be deleted and appropriate.

Secondly, the items of the additional study of visually impaired and hearing impaired students who
applied the universal learning design were arranged as the selection items of the guideline 1. In each
question, there are alternatives for students with visual impairment or altemative questions for students
with hearing impairment. Through this series of processes, the final 36 questions were completed.

III. Result

1. Constituting the items of Principle 1 (Representation)

1) Guideline 1: Provide a wide sclection of cognitive methods

Leaming by information that the leamer cannot perceive is impossible, and even if information is
presented in a form requiring special effort or help, the learner suffers learning difficuities. Therefore, in
order to reduce the barriers to learning, it is important that all learners are able to recognize key
information equally. The Universal Learning Design Guideline 2.0 provides three guidelines for providing
a variety of choices for cognitive methods: providing a method of tailoring information to learners,
providing alternative audiovisual information, and providing alternatives to visual information. Table 3-1
shows the composition and contents of the questionnaire, which more specifies the checkpoints for
implementing such guidelines.
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<Table II-1> The composition and contents of the items in the guideline 1

Q Contents

1 De you use color for imformation ar emphasis?
» The concept or content to emphasize during the production of PowerPoint is emphasized by using color
~ Use color chalk (oruse asterisks, underline, etc.)

<3~ [Visual [mpairment] Does it provide an altemative for students with visual impairments?
Provide sufficient verbal explanations at the same time
+ Provide key visual data showing the concept as a tactile analog

+ Provide audiovisual information as a visual concept.

2 Does it change the typeface of the printed material for information or emphasis?

wi [Visual Impaitment] Does it provide an altemative for students with visual impairments?
- Low vision To increase the readability of students, use Gothic

3 Do you vary the size and speed of your speech and sounds, taking into account the speed and extent of your learners'
learning?

v [Hearing impairmen] Do you provide an altemative for the hearing impaired student?

Use similar visual media to express emphasis and thyme (eg, emoticons, symbols, pictures, elc.)

Providing a transcript of video or audio material

+ Music score
+ Providing sign Janguage service

4 Does the size of the visual data such as text, pictues, graphs, and tables be adjusted appropriately?
« Students in the rear end are presented with enough recognizable size

+ Presenting students with poor visual acuity enough o see

+ Adjust the text displayed with the graph or table to a size enough o recognize

- [Visual Impairment] Does it provide an altemative for students with visual impainments?
+ Present text size of printed matter for students with low vision atJeast 16 points
+ Propery adjust line spacing of prints to 1.5 times or more
« Describing contents such as text (incinding braille) or images, graphics, video
+ Providing expanded textbooks or Braille textbooks

The purpose of this study is to investigate whether the. implementation of the guideline 1 is
accomplished through the total of four jtems. In order to determine whether alternatives to auditory or
visual information are provided, In other words, all of the four items correspond to the checkpoint 1.1
(providing a method of setting the information presentation method to the learner) and check point 1.2
(providing an alternative to auditory information) and checkpoint 1.3 Providing alternatives to visval
information) were presented as options for relevant questions.
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‘2) Guideline 2: Providing a wide selection of languages, formulas, symbols

The learner's verbal and nonverbal skills vary widely. Therefore, inequality occurs when the contents
are presented to all learners through a single form of expression. It is desirable for the teacher to apply the
instructional strategy to the lesson in order to ensure the understanding of the contents of the lesson as
well as the access to the learning through alternative expressions. For this purpose, Guideline 2 defines
the meaning of vocabulary and symbols, clarification of structure and structure of text, support of
decoding of letters and formulas and symbols, promotion of vernacular understanding, and showing
meaning through various media . The applicability of the instructional strategy to ensure the guideline 2
is structured so that it can be grasped through the items in <Table [-2>.

<Table II-2>The composition and contents of the question in Guideline 2

Q Cortents

5 To provide a clear understanding of words and symbols, does it provide. sufficient explanation for unfamiliar
expressions in the text?

- Full explanation of idioms, academic terms, figurative language, mathematical terms, specific field terminology,
gore, spoken language, and dialects, '

+ Various examples 1o help understanding

6 Does it provide a clear notation for key tetms (including formulas and symbols)?
+ Punishment on the board

+ Presenting word cards and flash cards

7 | Doesitprovide support for clarifying the concept or content of the term?
+ Provides additional visual and non-verbal support such as pholos and videos

+ Explanation of multiculfural students using icir native language
~ Sign language provision for hearing-impaired students

3 Do you use illustrations, formulas, maps, charts, etc. to clarify the meaning of the text presented in the text?

Item # 5 is checkpoint 2.1 (clarify vocabulary and meaning), item 6 is checkpoint 2.3 (to support
decoding of letters, formulas and symbols), item 7 is checkpoint 2.4 Finally, item 8 is a checkpoint 2.5
(showing meaning through various media) into question. The results of this study are summarized as
follows: First, .

Among the iterns that constitute Guideline 2, "Do you provide assistance to clarify the concept or
content of the term?" Includes support for mother tongue language for multicultural students who are said
to be unlikely to apply, and sign langudge provision for students with hearing impairment . In this way, .
we tried to make a compromise on the applicability and validity of the universal learning design by
presenting the concept of the term or the contents as an example without showing the support for the
multicultural student and the hearing impaired student as a separate item.

3) Guideline 3: Provide a variety of choices to help you understand -

The purpose of education is niot to be able to access information, but to teach leamers how to translate
accessible information into useful knowledge. For future decision-making, learners should learn how to
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build knowledge that integrates new knowledge with prior knowledge, classification, etc. in accordance
with active "information processing techniques" rather than simply recognizing information.

To this end, Guideline 3 recommends the use of teaching strategies that maximize background
knowledge, activate patterns and core parts, emphasize key ideas and relationships, guide information
processing and visualization, guide the use of information, and transfer and generalize information . The
results of this study are as follows. ‘

<Table TH-3> The composition and contents of the question in Guideline 3

Q Cotents

¢ Do you want to link class content with prior knowledge or do you have classes that activate prior knowledge?
« Providing materials for checking the contents of the previous course, questions about the content of the course

10 Do you erphasize important elements in texts, graphs, charts, formulas, ete.?

11 Does it clearly indicate the beginning and end of leaming activities?
+ Provide clear clues for learning activities in the comresponding class and then develop the lesson
+ Provide linguistic clues such as "I have done so farand will do so fiom niow on."

12 Do you provide enough review and practice opportunities?

The relationship between the checkpoints developed in the Universal Learning Design Guidelines 2.0
and the developed items is as follows. Checkpoint 3.1 (providing or activating background knowledge) is
the 9th question, and checkpoint 3.2 (emphasizing patterns, core parts, key ideas and relationships) is
translated into 10 questions. And Check Point 3.3 (to guide the process of information processing,
visualization, and use) is in question 11, and check point 3.4 (maximizing information transfer and
generalization) is checked through question 10.
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2. Constituting the item of Principle 2 (behavior and expression)

1) Guideline 4: Providing a variety of choices according to the way they are repfesehted

Printed textbooks or workbooks allow only limited navigation or physical interaction, The same is true
for state-of-the-art interactive training software that has been developed in recent years, The application
of limited methods for data retrieval and interaction is an cbstacle for leamers who need to support
executive functions. It is therefore important that all learners provide data that they can interact with. '

"It is possible to use a variety of teaching strategies, such as diversifying responses and data search
methods, and optimizing the use of various tools and assistive technology devices, to provide a variety of
choices based on physical expression. <Table III-4> presents the final questions and examples that show
how such a teaching strategy is being implemented in a classroom.context.

<Table T-4>The composition and contents of the question in Guideline 4

Q ' Ctes

13 Does it offer a variety of choices for the way of physical expression?

- ltis possible to express the response method in the form of writing, sign language, picture
Suggesting alternatives for students who haye difficulty writing with & pen or pencil
- Suggesting alternatives to computer 1r|mnipulation

+ Ulilizing various assistive technology. devices to supplement and replace physical expression

14 I5 the physical énvironment adjusted to minimize the leamer's physical expression burden?
- Place students' seats in front of sltldfents who have difficulty in expressing physicai or physical difficulties to
minimize physical effort or movement for presentation

~ Reduce the burden of expression by placing seats in places where space is easily accessible

+ Namow the distance between the leamers so that they do not have to work hard due to their physical expression.

15 Does it apply different times, ranges, eic,, to the studeat's ability to manipulate the parish in accordance with the
individun] characteristics of the student?

16 Do you offer a variety of choices about how to use the body to search for data and how to collect data?
~ Additicnal data search and collection using computer {Intemet) instead of book

+ Collecting dala by phatographing instead of data collection by record

+ Data coltection using voice recoghition fimction

« Utilizing various assistive technology devices for data collection

ftems 13 through 16 all correspond to questions to observe whether checkpoint 4.1 (diversifying
response and data search methods) is performed. As mentioned earlier, checkpoint 4.2 of guideline 4 is
intended to optimize the use of various tools and AT devices. However, in the educational scene of
Korea, it is possible to witness the intermittent use of assistive technology devices in integrated class or
integrated class including students with disabilities, but it is difficult to find cases in general class. In this
case, rather than treating it as a question to directly monitor the use of assistive technology devices, it
should have the characteristics of a compliant item as a concrete example of each item as shown in item 7
of the guideline 2.

1738



Conference Proceedings, Barcelona Spain May 17-18, 2018, 20 (5) Part XV

2) Guideline 5: Providing a variety of choices for expression and communication

There is no expression medium that is equally suitable for all leamners or for all kinds of
communication, Rather, there may be media that are not suitable for certain types of expression and
learning. It is therefore important to provide alternative forms for expression so that learners can
adequately (or easily) express knowledge, ideas and concepts in the learning environment.

Guideline 5 suggests the use of various media for communication, and the use of various tools for
composition and production of works as teaching strategies. It also encourages fluency while gradually
reducing support for practice and performance. <Table [I-5> is the items to grasp practically what the
guideline 5 is pursuing, and it can be observed in the actual classroom scene, and it has been shown to be
highty valid by the expert group. '

<Table 15> The composition and contents of the question in Guideline 5

Q : ' Conyeats
17 Does the leamer use his or her own media to express his or her opinions?
- Allows you to choose your favorite medium among various media sueh as text, language, picture, lustration, design,
movie, music, dance / movement, visual material

i8 Does the teacher accept the original problem solving method of the student rather than the problem-solving method presented
in the textbook?

+ Opportunity forstudents to freely express their point of view
+ Acceptance and comparison opportunities of various strategies proposed by students

19 Does it provide a variety of toals for composition and production?
+ Provided related equipments or tools

+ Provision of related application or approval

20 Does it act as a mentor to provide feedback to individuals during practice or performance?
« Provide appropriate feedback for each individual,
« There are various motivation, guidance and feedback methods.

The contents of the checkpoints contained in each item are as follows. Questions 17 through 18
correspond to questions to check whether checkpoint 5.1 (using various media for communication) is
implemented. And item 19 reads checkpoint 5.2 {using various tocls for composition and production) of
the Universal Leamning Design Guideline 2.0, checkpoint 5.3 of item 20 (using less tools for practice and
performance) And fluency) into observable items.
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3) Guideline 6: Providing various choices according to autonomous execution function

The highest level of human competence to act proficiently is the so-called "executive function”,
Execution capabilities enable humans to overcome impulsive, short-term responses to the environment
and establish effective strategies fo set long-term goals, reach goals, monitor progress, and modify
strategies as needed. Implementation Capabilities To extend competencies, support for low-level
technical implementation (scaffolding) minimizes the involvement and progression of execution
capabilities and provides support for high-level execution capabilities and strategies (scaffolding) To be
more effective and develop.

According to the Universal Leamning Design Guidelines 2.0, it is helpful to guide learners in setting
appropriate goals, supporting planning and strategy development, facilitating information and data
management, and enhancing the ability to monitor learning progress. It is suggested as a method to
provide various choices according to autonomous execution function. <Table I[I-6> are questions related
to instructional strategy that can provide various choices according to antonomous execution function
based on direct observation of class observation and expert validity based on checkpoint of universal
learning design guideline 2.0.

<Table W-6> The composition and contents of the question in Guideline 6

Q Conkens
21 Does it provide support for students to cleaely identify their goals and objectives?
- Publish goals, goals, and schedules on the blackboard and keep them visible,
» During the class, a reminder is given o remind you of goals, goals, and schedules.
- Provides guidance and checklists to help students achieve their goals.
 Inadequate Example: Ifyou simply finish and present your elass goals, goals, and schedules at the beginning of the class

2 Doss the student provide an opportunity to explain the strategies to plan and apply for problem solving?
» Explain the student's strategy for solving a given problem and provide feedback

+ Toexplain the problem-solving process you want to apply and provide feedback

23 Do you provide the graphical organizer (schematic) or a handout that contains the information necessary fo organize and
collect information?
~ Provides reference material that organizes information needed for problem solving
Provide handouts with key content to help organize information
24 Does it provide guidance to guide self-exarnination of quality and completeness of improvement?
~ Checklist for evaluation, presentation of score standard, ete.

Item 21 is the conversion of checkpoint 6.1 (guidance on setting appropriate goals) into observable
questions, The inappropriate examples presented in the question reflected the results of the direct
observation of the class. As a result of observing teachers' instruction, most of the teachers were able to
confirm that they were referring to the goal, purpose, and schedule of the course in the introduction
process. However, the guidance 6 emphasizes the need for constant exposure of the learner's goals,
objectives, and schedules in order to improve the learner's performance.

Itemn 22 is the conversion of checkpoint 6.2 (supporting planning and strategy development), and item
23 is conversion of checkpoint 6.3 (facilitating information and data management), respectively. And
item 24 translates to checkpoint 6.4 (to improve the ability to monitor progress).
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3. Principle 3 (participation)

1) Instruction 7: Provide a variety of interesting choices

Unrelated to the learner's perception, it is difficult to induce a significant change in perception. Since
the presented information is not processed, it can not change the learner's cognitive structure either now
or later. Teachers make a lot of effort to induce students' interest and involvernent, but they may be
different from fhose students who actually pay attention and interest. It is therefore important to apply a
method that reflects the differences between learners.

Checkpoints that incorporate guidance 7 to provide a variety of interesting choices include optimizing
individual choices and autonomy, optimizing relevance and value to leamers and optimizing reality, and
minirmizing threats or distractions . <Table II-7> shows the items that are designed to be observable in
the class by specifying the items presented as checkpoints.

<Table I0-7> The composition and contents of the question in Guideline 7

Q Conyents

25 Do they differ in the level of discretion, autonomy, and rewards by presenting options for:
~ Presentation and selection of challenges by difficulty level

« Presenting and selecting he compensation that can be provided when resolving the problem
« presenting the time or sequence of completion of sub-element work, selecting

26 Daocs It provide active participation, exploration, and experimentation oppertunities?

27 Does it include a process to associate leaming experiences with real life?
+ Present related news

» Presenting phenomena observed in everyday lifs
~ Preseat application method in real life

+ Explain the differences between the contents of leaming and actual social phenomena

2 Do you encourage participation by many student$ by minimizing distractions or disturbing factors?
+ ‘Teacher's acceptance of students' opinions and behaviors
- Not to mention student's past failure experience

- Make it possible to predict the day by posting timetables,

Provide equal participation apportunities for diverse students

« Block or minimize noise sources for attention.

Item # 25 is the conversion of checkpoint 7.1, which is an optimization of individual choice and
autonomy, to observable items. Questions 26-27 refer to checkpoint 7.2 (to optimize relevance, value,
and reality to the leamer) and item 28 to checkpoint 7.3 (to minimize risk and distractions) As shown in
Fig.

2) Guideline 8: Provide choices that help sustainability and perseverance

Many kinds of learning, especially technology and strategy-related learning, require constant attention
and effort. When synchronized in this way, many learners struggle to maintain the effort and attention
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needed for leaming. However, it is important to build individual capacities of self-regulation and self-
determination, because learners have a significantly different ability to refrain from responding to
inappropriate stimuli that interfere with their efforts and attention,

According to the Universal Learning Design Guidelines 2.0, instructional activities that explicitly
highlight goals or goals and diversify the needs and resources to optimize difficulty are taught with a
universal learning design that provides continuing effort and persistent choice is. This is also the case for
teaching activitics to foster collaboration and peer groups and to promote mastery-oriented feedback.
<Table II-8> are the checklist items centered on the description of leamning objectives, complexity and
difficulty of tasks, interaction, and achievement-oriented feedback.

<Table Y-8> The composition and contents of the question in Guideline 8

Q . Comyats
29 Do you need to explain or rephrase your leaming geals so that leamers can clearly recognize your goals?
- Explicitly explain the learning objectives and make them understandatle,

+ Reading student's leaming goals
Ask questions to help students understand their leaming goals

30 Do you vary the degree of difficulty or complexity of the task to the level of individual students (er groups) within the
scope of the learning activity in the class?

3 Doaes it provide interaction and assistance wilh friends?
' Include activities that tefl leamers how to ask for help when and how they should ask their peers or teachers for help.

+ Peer education, cooperative leamning, etc.

2 Do yeu frecuently, timely, and explicitly provide feedback that emphasizes effort, improvement, and attainment of goals
rather than comparing them to other students?

+ Pass on positive speech

The relationship between checkpoint and individual item is as follows. Checkpoint 8.1 (highlighting
goal or purpose clearly) has been translated into question 29. Checkpoint 8.2 (Diversifying Requiremnents
and Materials to Optimize Difficulty) is on page 30 and checkpoint 8.3 (fostering collaboration and peer
groups) is on page 31. Finally, checkpoint 8.4 (promoting achievement-oriented feedback) was translated
into question 32, so that it could be checked whether it was running during the class.

3) Guideline 9: Provides a choice for self-regulation

It is important to design the external environment to support motivation and participation, but it is also
important to develop the learner's intrinsic ability to control his emotions and motivations. In order to
effectively manage their participation and influence, they must provide sufficient alternatives to support -
the leamer with a very different aptitude and previous experience.

The Universal Leamning Design Guideline 2.0 proposes a pedagogical approach to developing
expectations and optimizing leaming motivation, prometing beliefs, coping skills and strategies, and
developing self-assessment and reflection. <Table [[[-9> are the items made by further refining the
abstract expression of the checkpoint in the Universal Learing Design Guideline 2.0.
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<Table TH-9> The composition and contents of the question in Guideline 9

Q Conyens

3 Does it provide expectations and beliefs to optimize leaming motivation?
Ask questions about the achievernents (goals) that the leamer can actually reach,
» Setting goals that leamers can reach in practice

« To act g a mentor so that the leamer can considef the strengths and weaknesses of the leamer in the process of
establishing the goal that is suitable for hitn / hex
« Ask for progress and advise during the process to reach the set goal
Encourage leamers' efforts to achieve goals '
34 Does it provide models, scaffolding, feedback, ete, for self-management?
» Describe and show how to control fear or overcome fustration

+ Describe and show appropriate emotional expression methods

~ Show videos with actual situations related to selfmanagement technology
« Evaluate aptitude and deal with specific phobias appropriately (suggesting, for example, "What should I do in order 1o do
well in my field?” Rather than " can not do math”

35 Do you provide tools or chiarts to see if there is a change in your behaviors?
+ Provide tools and charts that enable leamers to collect their own behavior pattems and information.
« (Problem) Provide a recording sheet to record the frequency of the behavior by oneself

36 Does the leamer support alternative ways of getting or receiving feedback on his current leaming sitvation, such as charts and
templates?
Ask questions about things you do not know.

+ Provide a questionnaite to understand the level of understanding of leamers

- Provides a chart or template to check goals by leaming activity and leaming stage

The contents of Guideline 9 are said to be difficult to apply to Korean education scene as a whole.
However, this problem may be due to the use of abstract terms. Therefore, we have included many
examples to help observers comprehend when compared with other items. In addition, there are many
cases where these items are not applied in reality, but they are not apphcable or have not been shown to
be feasible. The relationship between the checkpoint and the question is as follows. Item 33 converts
checkpoint 9.1 {to increase expectations and beliefs to optimize leaming motivation) and item 34 to
checkpoint 9.2 (facilitates coping skills and strategies) into observable questions. And check point 9.3
(developing self-evaluation and reflection) is applicable to the lesson through questions 35-36.

4. Organizing and analyzing observations

Observations were recorded for each principle - by frequency (see Table II-10). The application of
principles should be applied in deciding whether universal learning design should be applied, but there is
no criterion for the degree of application of the guidelines. Based on the frequency, a polygon distribution
diagram (radar chart) is presented as <Figure I1I-1>, which makes it easier for teachers to analyze the
SWOT for universal learning design later.
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<Table II-10> Result sorting framework

(DNot @termitte BOverall

principle Guideline applicable nt

1. Provide a wide selection of cognitive methods

2. Provides a wide selection of languages, formulas,
I. symbols
Symbol

3. Provides a variety of choices to help you understand

N & 7

4, Provide a means of physical expression

5. Provides a variety of choices for expression and

o ", comununication
Behavior and YR ; "
Ex : 6. Providé various choices according to autonomous
pression : )
execution function .
& A
7. Provides a variety of exciting choices
8, Provides a choice that liélps with persistent effort and
M. perseverance ‘
Participation

9. Provides a choice for self-regulation

& A

VI. Discussion and Suggestions

1. Discussion

The purpose of this study is to develop a teaching analysis tool that can effectively grasp the practice
of universal learning design principles in classroom instniction. To do this, we developed a learning
checklist based on the universal learning design based on the exploration of learning plans and
recognition researches related to the universal leaming design used in previous studies. Based on the
results of the study,

First, checklists based on the Kotean - style universal learning design were prepared based on the
Universal Learning Design Guideline 2.0. In analyzing a lesson based on universal leaming design, the
criterion should be based on principles, guidelines, and checkpoints that the guideline suggests.

Second, by providing a concrete example, the criterion of class analysis is more clearly presented. The
use of abstract terms is minimized in the process of converting checkpoints into items, and examples of
teacher behaviors found in class situations are presented. And the usability evaluation and the validity
review were conducted to remove the possibility of double interpretation of the question. In order for
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classraom improvement to be effective, the results of class analysis should be accurately presented and
feedback should be clear. In order to do so, although the criterion of class analysis must be specific, the
existing class analysis criterion is comprehensive, and the results of class analysis are also superficial and
formal (Ahn, 2013; Chun, 2008). If we loock at the related standards that are used for universal learning
design based instruction or recognition, we can see that principles and guidelines of universal learning
design, such as "presentation of information in various ways', 'expression of various methods', 'various
participation' , And is designed to autonomously evaluate and describe the Jesson from the perspective of
the subject. Such an expression through the abstract terminology and the analysis of the researcher's
reliance on the research subject may be influenced by the subject's competence or subjective viewpoint,
and also affects the results of class analysis. Therefore, systematic and scientific analysis requires the
recording and analysis of objective data. For this, specific teaching analysis criteria and standards should
be provided (Kim, 2013).

Third, the checklist of the instructional analysis based on the Korean type universal learning design
was composed of 36 questions, each consisting of 4 questions for each of nine guidelines constituting the
principle of universal leaming design. As a tool for analyzing the lesson, 29 items of instructional
analysis tools for early childhood science instruction consulting (Ahn, 2014), Classroom Analysis Tools
for Good Instruction Activities 68 questions (Kim, 2013), Questionnaire for Special Education Class
Assessment Tool 87 (Kim, 2015) when compared, it is judged as appropriate level. Although the class
analysis tool is important to analyze the class correctly, it should be able to collect and analyze the
analysis efficiently(Kim, 2013), The existing class analysis tools require a lot of time and effort to
analyze the class (Lee, 2007). In addition, considering that the school class is based on 40 ~ 50 minutes
per class, and when there are a large number of questions, it is necessary to use additional methods such
as video shooting for accurate analysis. It can be said that the level can be recorded at the same time or
immediately after observation without any special measures. '

Fourth, the developed tools suggested the order of principles and guidelines, not the method of
analyzing class and the order of proceeding class. Despite the clear purpose and necessity of class
analysis, it has been pointed out that it is difficult to realize the purpose of class analysis (Kim, 2013). In
this regard, it is pointed out that there are many cases in which the expertise in class analysis is inferior
due to lack of systematic education or training on class analysis when class analysis is conducted by a co-
worker or self-diagnosis(Chung, 2006; Chung & Kim, 2010). Therefore, the checklist of the instructional
analysis based on the Korean type universal learning design has priority to explain the principles and
guidelines, and then presents the relevant items. This type of analysis tool minimizes the existing
problems by considering sufficient understanding of universal leaming design for researchers who will
perform class analysis and taking pre - education as an essential element to understand the question.

2. Suggestion

Based on the results of this study and discussions, the following suggestions are made for further
study.

First, it is necessary to understand the characteristics of application of universal leaming design
according to subjects by applying checklists based on Korean - style universal leaming design analysis.

Second, it is necessary to prasp the difference between perception and performance by mutual
comparison with the characteristic of class analysis by observer through simultaneous use of self - report
teaching analysis tool.

Third, it is necessary to elaborate the Korean classical learning design based analysis checklists by
constantly revising and supplementing them, as they may contain limitations in the development process
and problems in the application process.
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Treatment Impact on Neuropsychological Traits
of Female Victims of Sexual Violence with
PTSD: A Prospective Study

A. C. F. Mozzambani, M. F. Mello

Abstract—Introduction: Sexual violence occurs throughout the
world; however, research on this subject is still scarce, with WHO
estimates indicating that 1 in 4 women have experienced sexual -
violence by their intimate partner, resulting in a major impact on
their physical and psychological health as well as on their
occupational life, Due to the severity of the wviolence, there is a
high probability that they will develop psychiatric conditions,
including Post Traumatic Stress Disorder (PTSD), which
compromises neuropsychological functions. Objectives: To
evaluate neuropsychological functions in women victims of sexual
violence with PTSD in a cohort over time (1 year), through
instruments that measure cognitive alterations, clinical symptoms
and tisk factors. Methodology: Administration of the Clinician-
Administered PTSD Scale (CAPS-5) to verify PTSD symptoms
and the use of the following neuropsychological tests: Rey auditory
- verbal learning test (RALVT), concentrated attention test D2,
abbreviated Wechsler intelligence scale (WASI), prospective
memory subtests of the brief neuropsychological assessment
battery (NEUPSILIN), scale digit subtest of the Wechsler
intelligence scale for adults — 3rd edition (WAIS-III}, Wechsler
memory sale-revised (WMS-R), WMSIII spatial span subtest,
Wisconsin card sorting test (WCST), Stroop test and the five-digit
test (FGT). During the period, all the patients participated in a
controlled clinical trial, receiving standard treatment according to
the guidelines for conduct of the Prove (Viclence Care and
Research Program). Results: The results showed that there was an
improvement in the attentional aspects with p = 0.005 in the
difference of the digit test, and improvement of the concentrated
aftention with p = 0.003, motor speed with p = 0.005, oscillation
amplitude with p = 0.004, number of errors with p = 0.004 in the
D2 test. There was also an improvement in the executive functions,
as well as a decrease in fatigue symptoms, besides improvement in
the inhibitory control abilities in the FDT test with p = 0.02; there
was also an increase in vocabulary and reasoning ability with p =
0.005 on WASI subtests. Conclusion: Sexual violence is a serious
public health problem that should be treated as carly as possible, in
order to minimize the effects of violence and PTSD on
neuropsychological functions, thereby providing a better quality of
life for the patients.

Keywords—Neuropsychological functions, PTSD, treatment,
sexual violence.
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Neuropsychological Aspects in Adolescents
Victims of Sexual Violence with PTSD

F. M. R. G. Silva, A. C. F. Mozzambani, M. F. Mello

Abstract—Introduction: Sexual assault against children and
adolescents is a public health problem with serious consequences
on their quality of life, especially for those who develop post-
traurnatic stress disorder (PTSD). The broad literature in this
research area points to greater losses in verbal learning, explicit
memory, speed of information processing, attention and executive
functioning in PTSD. Objective: To compare the
neuropsychological functions of adolescents from 14 to 17 years of
age, victims of sexual violence with PTSD with those of healthy
controls. Methodology: Application of a neuropsychological
battery composed of the following subtests: WASI vacabulary and
matrix reasoning; Digit subtests (WISC-IV); verbal auditory
learning test RAVLT; Spatial Span subtest of the WMS - III scale;
abbreviated version of the Wisconsin test; concentrated attention
test - D2; prospective memory subtest of the NEUPSILIN scale;
five-digit test - FDT and the Stroop test (Trenerry version) in
adolescents with a history of sexual violence in the previous six
months, referred to the Prove (Violence Care and Research
Program of the Federal University of Siio Paulo), for further
treatment. Results: The results showed a deficit in the word coding
process in the RAVLT test, with impairment in A3 (p =0.004) and
Ad (p = 0.016) measures, which compromises the verbal learning
process (p = 0.010) and the verbal recognition memory (p = 0.012),
sceming to present a worse performance in the acquisition of
verbal information that depends on the support of the attentional
system. A worse performance was found in list B {p = 0.047), a
lower priming effect p = 0.026, that is, lower evocation index of
the initial words presented and less perseveration (p = 0.002),
repeated words, Therefore, there seems to be a failure in the
creation of strategies that help the mnemonic process of retention
of the verbal information necessary for learning. Sustained
attention was found to be impaired, with greater loss of setting in
the Wisconsin test (p = 0.023), a lower rate of correct responses in
stage C of the Stroop test (p = 0.023) and, consequently, a higher
index of erroneous responses in C of the Stroop test (p = 0.023),
besides more type II errors in the D2 test (p = 0.008). A higher
incidence of total errors was observed in the reading stage of the
FDT test p = 0.002, which suggests fatigue in the execution of the
task. Performance is compromised in executive functions in the
copnitive flexibility ability, suggesting a higher index of totai
errors in the alternating step of the FDT test (p = 0.009), as well as
a greater number of persevering errors in the Wisconsin test (p =
0.004). Conclusion: The data from this study suggest that sexual
viclence and PTSD cause significant impairment in the
neuropsychological functions of adolescents, evidencing risk to
quality of life in stages that are fundamental for the development of
learning and cognition.

Keywords—Adolescents,  neuropsychelogical — functions,
PTSD, sexual violence.
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The Impact of Childhood Cancer on the Quality
of Life of Survivor: A Qualitative Analysis of
Functionality and Participation

Catarina Grande, Barbara Mota

Abstract~—The main goal of the present study was to
understand the impact of childhood cancer on the quality of life of
survivors and the extent to which oncologic disease dffects the
functionality and participation of survivors at the present time,
compared to the time of diagnosis.

Six survivors of pediatric cancer participated in the study.
Participants were interviewed using a semi-structured interview,
adapted from two instruments present iri the literature - QALY and
QLACS - and piloted through a previous study This study is based
on a qualitative approach using content analysis, allowing the
identification of categories and subcategorles Subsequently, the
correspofidence between the units of meaning and the codes in the
Iiternational Classification of Functioring, Disability and Health
for Children and Young, which contributed to a more detailed
ahalysis of the impact on the quality of life of survivors m relatlon
td the domains under study.

" The results showed significant changes between the moment of
dnagnosu; and the present moment, concretely at the mxcl'osystcni
of the survivor. Regarding functionality and participation, the
results show that the functions of the body are the most affected
domain, emphasizing the emotional component that currently has a
greater impact on the quality of life of survivors. The present study
ailowed identifying a set of codes for the development of a CIF-CJ)
core set for pediatric cancer survivors. He also indicated the need
for future studies to validate and deepen these issues.

Keywords—Cancer, Participation, Quality of life, Survivor.
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Representations of Germanophobia during the
German Unification and the Euro Crisis: A
Comparative Study in the Portuguese Press

Ana Luisa Mouro, Ana Maria Ramalheira

Abstract—The Reunification of Germany, in 1990, was not
received with great enthusiasm by other European countries. On
i the contrary, the union of the two German states was accompanied
by great concern towards its possible political and economic
consequences. The FEuropeans had not forgotten Germany’s
responsibility in the outbreak of the Second World War and many
feared that this new nation would again long for a hegemonic role.
During the following years, however, the notion of a threatening
Germany faded away, giving place to a description of Germany as
an economic giant but a political dwarf. Twenty years after the
Reunification, with the outbreak of the financial crisis, Germany
conquered a key and powerful position at the heart of Europe and
Germanophobia started to gain ground again. The present study has
been based on the survey, selection and critical analysis of news
reporting, opinion articles, interviews and editorials, published in
the weekly Expresso and in the daily Priblico, during two historical
moments: the Reunification of Germany in 1990 and the European
Crisis, between 2008 and 2015. The findings of this study will
show that Germany’s growing influence over the current European
economic and political scene woke up old “demons” that had been
“sleeping” since 1990.

Keywords—Media and Cultural studies, Buro crisis, German
Unification, Germanophobia, Portuguese quality press.
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Aveiro, Portugal (phone: +351 963 726 202; e-mail: anamouro@ua.pt),

1751




Conference Proceedings, Barcelona Spain May 17-18, 2018, 20 (5) Part XV

Assessing the Social Impacts of Regional Services:
The Case of a Portuguese Municipality

A. Camdes, M. Ferreira Dias, M. Amorim

Abstract—In recent years, the social economy is increasingly
seen as a viable means to address social problems. Social enterprises,
as well as public projects and initiatives targeted to meet social
purposes, offer organizational models that assume heterogeneity,
flexibility and adaptability to the ‘real world and real problems’.
Despite the growing popularity of social initiatives, decision makers
still face a paucily in what concerns the available models and tools to

" adequately assess its suslainability, and its impacts, notably the

nature of its contribution to economic growth, This study was carried
out at the local level, by analyzing the social impact initiatives and
projecis promoted by the Municipality of Albergaria-a-Velha
(Cémara Municipal de Albergaria-a-Velha -CMA), a municipality of
25,000 inhabitants in the central region of Portugal. This work
focuses on the challenges related to the qualifications and
employability of citizens, which stands out as one of the key concerns
in the Portuguese economy, particularly expressive in the context of
small-scale cities and inland territories. The study offers a
characterization of the Municipality, its socio-economic structure and
challenges, followed by an exploratory analysis of multiple sourced
data, collected from the CMA's documental sources as well as from
privileged informants. The purpose is to conduct detailed analysis of
the CMA's social projects, aimed’ at characterizing its potential

impact for the model of qualifications and employability of the -

citizens of the Municipality. The study encompasses a discussion of
the socio-cconomic profile of the municipality, notably its
asymmetries, the analysis of the social projects and initiatives, as well
as of data derived from inquiry actors involved in the implementation
of the social projects and its beneficiaries. Finally, the resulis
obtained with the Betler Life Index will be included. This study
makes it possible to ascertain if what is imiplicit in the literature goes
to the encounter of what one experiences in reality.

Keywords—Measurement, municipalities, social economy, social
impact.

1. INTRODUCTION

T present, it is noticeable through the media, ‘in
particular, informal documents and debates, a greater
emphasis under the themes related to crisis, restructuring,
authority, reduction of public expenditures that are prominent
in reducing social benefits, unemployment and wage cuts at
the level Governmental, private and public-private enterprises

. [1]. All these concepts are direct consequences of the

economic crisis that Portugal has gone through in recent years.
This crisis has manifested itself both economically and

socially. As a result of the crisis, Portugal and the rest of

Europe started to develop companies that are committed to
social well-being and are aimed at solving the remaining
problems of the crisis. These companies of social nature can

Ana Raquel Monteiro Marques Camdes is with the University of Aveiro,
Portugal (e-mail: anacamoes{@ua,pt),

1752

be of private or public tutoring.

When analyzing the problem of the emergence of social
enterprises, the growth of poverty in Europe is notorious and,
initially, the countries did not have the means and tools to give
an efficient response to the various problems that the crisis
brought about, to promote and guarantee the sustainability of
the community [2].

Currently, the social economy is seen as a promoter of
improvement in the areas of education, unemployment and/ or
social exclusion. The idea of social enterprises prevails in
relation to the other typologies of companies, by the concept
of heterogeneity and flexibility in adapting to the "real world
and real problems”, being seen as a point of reference in
solving problems of the society [3]. As government
institutions are no longer able to respond to sccial problems,
research in the field of social enterprises is becoming
increasingly important and how they have become competitive
elements in economic growth and maintain social impact.
There are a number of organizational characteristics and
activities of public interest, previously stipulated [4].

This paper intends to analyze this issue and outline a
panorama/trend of social enterprises in services for economic
growth, that is, to measure their impact and whether it is
significant in the markets; in particular, the study of the impact
of these companies/projects on the economic level of
municipalities. The municipalities are the governmental
structures closest to their community.

The study aims fo understand how the projects developed
by the Municipality of Albergaria-a-Velha can be seen as
"houses of the social economy™ [5]; in other words, how social
action projects are denominated companies social policies.

Each social action project has its own management, its own
budgets and tools to be implemented in the field, having as
main objective the satisfaction of a need of the society, namely
of the community of Albergaria-a-Velha.

This study is characterized by three distinct moments of
evaluation, The first part is the interviews for the analysis of
social action projects; the second part is the realization and
applicability of a questionnaire to the beneficiaries and their
respective project teams and, finally, the adaptation of Index
Better Life to the context of the municipalities. It should be
noted that due to the diversification of contexts, this study had
the need to delimit the study in the areas of employability,
education and social welfare.

In view of the above, we intend to answer the following
question: How can we measure the social impact of regional
services, namely, in the Municipality of Albergaria-a-Velha.
Next, the sub-questions inherent in solving the problem

S



Conference Proceedings, Barcelona Spain May 17-18, 2018, 20 (5) Part XV

question will be presented. -

+  How the SAP (Social Action Project) came about and
how it is being implemented on the ground;

s How the techniques responsible for SAP feel and see the
sustainability of it;

«  How do beneficiaries evaluate the SAP that they enjoy in
their quality of life;

+ How to frame the SAP with the tools defended in the
literature review.

As mentioned, methodologically, the study is divided into
three parts, in which the first focuses on the analysis of SAP
through interviews, the second part on the applicability of
questionnaires to two distinct publics and the third part on the
adaptation of the Better Life Index.

II. THEORETICAL GROUNDING

In recent years, the concept of social economy has been the
subject of intense debate, in order to achieve an objective and
clear definition.

The concept of social economy is often related to social
intervention activities, such as the "third sector" or solidarity
economy. There is currently no exact definition for each
element and it is preferable not to differentiate them. What
often prevails is the social reality in which the social economy
or the third sector is inserted. '

The concept of social enterprise has been penerating some
controversy, so no conceptual definition has yet been reached.
Some authors such as Mort, Weerawardena and Camegie
"point to the fact that there is no precise and consistent
definition of the term social enterprise" [6].

The terminology of social enterprise emerged in Italy in the
late 1980s and began to be used throughout Europe in the
1990s [7]. In a first moment, social enterprises aimed to
respond to environmental problems and the challenges and
obstacles that non-profit organizations faced [7].

Social impact is a national and international concern, and
increasingly, it is an object of study in debates in schools,
universities, and communities, in order to determine measures
and to define it in a clear and objective way.

The idea of social impact is strictly related to the social
value produced by organizations [8], as a result from an
activity that can have a negative or positive value,

The social economy begins to have some weight in the
economy, According to a recent article in the national press, in
Social Economy [9], there is already an awareness about the -
weight that the social economy can have in Portuguese GDP.
"Although the value of the social economy can’t be evaluated
only by economic - financial criteria, other indicators such as
well-being, sustainable development may be appropriate to
measure the social economy, which has a dual-purpose
operating in the market to achieve social objectives."

The social economy in Portugal in 2013 reflected around
2.8% of national gross value added (GVA), about 5.2% of
total employment and about 6.0% of paid employment [10].

The most recent report of the [11], "the remuneration paid
by the Social Economy constituted 52% of total
remuneration, while the average remuneration in the sector
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corresponded to 86.4% of the average remuneration in the
economy as a whole".

In Portugal, there are already a diversified number of
organizations that compose the social economy sector.
Currently, there are a group of activities such as sports, culture
and recreation that represent about 50% of activities in the
social economy. Social security, cults, and congregations also
play a significant role in the set of social economic activities
[113.

The social economy aims to respond to its community and
involve it in its projects. The municipalities aim for a
sustainable development at the comumunity level, finding
ideas, capacities, and experiences appropriate to the
surrounding community [12].

The municipalities have to take into account the migration
of people, especially from small-scale territories. It is
necessary to create an involvement with these people in order
to see prospects of continuing in that region [12].

The municipatities have to go beyond their old rural
traditions, but meet these new needs imposed by society and
the technological development. In this way, municipalities
must have infrastructures that support the internet, cultural
activities, cable TV installations, drinking water, waste
system, public transport, school fransport, revitalization of
degraded spaces, creation of tourist routes within the
municipality, access to doctors, and nurses [12].

In 2013, the European Parliament's Social Economy
Framework Law proposes that social economy can be seen as
an asset for local initiatives, being seen as an alternative to
capitalism in the traditional profit oriented economy, by
offering the opportunity to develop innovative initiatives [12].

There is now a need to create synergies between
municipalities and its industrial assets and services in order to
create "social economy houses” that will provide and offer
services and products to their community [12]. Commonly
cited examples include the provision of better services at
lower prices, and the engagement in local entrepreneurship
initiatives, job training centers, incubators, and shelters for the
most vulnerable community. In this way, they will help the
population to reorganize their lives, providing an increase of
their well-being.

The "houses of the social economy" would be an old vision
of what the pecople's home was, providing permanent
monitoring of the community, revitalizing the areas lacking
employability and economic sustainability [12].

The social economy is one of the essential tools in the aid of
new solutions for the municipalities that increasingly face
more cases of economic vulnerability of the community [12].

Measuring social impact is an added value to all
stakeholders in the organization in order to understand how
the organization is and what strengths and weaknesses and
opportunities for improvement. According to Nicholls (2009),
social impact measurement can help social enterprises
establish realistic goals, monitor and improve performance,
prioritize decisions and the most competitive access capitai
markets [13].

But measuring social impact may not be an easy task, an
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organization's performance can be difficult as it may be
related to various activities other than social [14]. States that
"As it can’t be effectively measured using traditional
indicators"; in this way, the instrument used in for-profit
enterprises cannot be applied to social ones.

III. METHODOLOGY

Methodologically, the present situdy is divided info three
parts, the first part being interviews and the s€cond part the
questionnaire’s applicability to the beneficiaries and the
respective SAP staff, and the third part the adaptation of Better
Life Index. It should be noted that due to the diversification of”
contexts, this study had the need to delimit the study in the
specific areas: employability, education and social welfare,

In view of the above, we intend to answer the following
question: How can we measure the social impact of regional
services, namely, in the Municipality of Albergaria-a-Velha.
Next, the sub-questions inherent in solving the problem
question will be presented. '

1. How SAPs have emerged and how they are being
implemented;

2. How the SAP techniques feel and see the sustainability of
it;

3. How do beneficiaries evaluate their quality of life

satisfaction?

4. How to frame SAP with the tools defended in the
literature review.

As mentioned, the study is divided into three parts.

In order fo answer the central question, it is necessary to
understand the reason for the appearance of social action
projects within the City Hall. Today, the Chambers are close
to their community and are the first to feel the difficulties that
their community is expressing, Faced with this proximity, the
City Councils are the first institution to respond or to direct
their community during a process of socio-economic
- vulnerability, .

The town councils are seen as social economy houses, in
other words, these may have small social economy companies
‘[14].

In the Municipality of Albergaria-a-Velha there are already
several initiatives at a social level to address the failures
provided by the crisis and the vulnerability of its surrounding
community. ‘

As the literature indicates, there are already some tools to
measure social impact; however there is still some resilience
in adopting them. Measuring quantitatively the social impact
that SAP can have is difficult, although techniques such as
certification that allow a more quantifiable assessment through
audits and financial accounting already exist. .

In terms of well-being and quality of life measurement tools
such as Index Better Life already exist. At the literature level
there are still not many measurements made at the regional
level through social projects. Thus, for the present study, care’
was taken to study in detail the best way to measure the social
impact of SAP.

As social action projects still do not have much information
about the measurement theme, it is essential to define the best
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techniques that allow a more complete and interesting
response from the scientific point of view.

A. Interview

The interview was prepared in advance. Before the
interviews, each of the SAP that were analyzed was analyzed
in order to have a greater knowledge and question the
interviewee in a more assertive way, always giving space for it
to express itseif on their SBP.

In the first phase of the research process that aims to
analyze the role of CM - Albergaria-a-Velha in solving
problems in the areas of employability, education and social,
we used the interview to promote debate and analysis of SAP
of the municipality with the various constituent elements of
the teams and the “direction. Each interview had as its main
objective the understanding and analysis of the rationale, the
applicability and the opinion of ils beneficiaries of the SAP.
An analysis grid of SAP was elaborated with the imtention of
being the basic script of the inferview process, in order to
direct the key issues for the perception of the theme and its
due response. However, during the interview, the various
stakeholders have the possibility to encourage new issues in
the subject under study.

The selection of the interviewees was based on the fact that
they were the coordinators of each SAP and thus had greater
knowledge of each project.

During the interviews, care was taken in the conduct of the
interviews, providing uniformity and equity during the three
interviews. The duration of each interview was approximately
1 hour and each individual meeting was held in each meeting
room.

It is noted that the answers given and their opinions were
recorded in the SAP analysis grid.

Before conducting the interviews, the "Project Analysis
Grid"” was sent to each T by e-mail so that they prepared for
the type of questions that would be asked.

B. Questionnaire

In order to have a better perception of the reality among the
beneficiaries of the social action projects and what the
advantages and warnings that the SAP will have with the
beneficiary community, a questionnaire, divided by eight
sections, was administered in order to evaluate their
satisfaction and their level of importance/agreement.

The questionnaire has two different audiences, the
beneficiaries of the SAP and the elements of each SAP team.
Thus, the initial questionnaire that would only be applied to
the beneficiaries was adapted to the coordination teams of
each SAP, with the aim of having two different perspectives of
who benefits from the social action project and who
coordinates it.

The questionnaire is based on de Sousa, being duly adapted
to the theme under study and directed to the social economy
[15]. .

It should be noted that the adoption of this method of
analysis of customer satisfaction through the SERVQUAL
method of the 5 Gaps, from the point of view of research in
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Economics, is not used. The SERVQUAL model is used in
Management Studies to Evaluate Customer Satisfaction,
perhaps the purpose of the study is the social impact
assessment and in this case, it can be seen, as the evaluation of
its satisfaction in the project(s) social benefit. Measuring your
satisfaction through this method allows you to have more
reliable tesults and greater sustainability by checking the
impact of SAP on the community that used it.

The questionnaire implemented contains questions that
allow the identification of facts, attitudes, satisfaction, opinion
and values of the respondents [16].

The types of question that the questionnaire refers to are
open and closed questions. The open answer question allows
you to get more information and the respondent has complete
freedom to express their opinion. However, this type of
question has the disadvantage in the subsequent analysis of the
questionnaires. by the researcher [16]. However, the closed-
ended questions are easy to analyze, but the individual is
limited to the options [16].

The questionnaire is composed of eight sections, three of
which are common in both questionnaires, grouped by criteria
to evaluate gaps between importance and satisfaction [17].

To elaborate the questionnaire, we resorted to an adaptation
of the SERVQUAL model in order to evaluate the difference
that the projects of social action can have.

The SERVQUAL meodel is based on the dimensions defined
by Parasuraman et al.: “"tangibility - associated with the
appearance of physical and human elements; reliability -
ability to provide the service in a dignified and cared manner;
responsiveness - availability to help the customer and provide
fast service; trust-knowledge of employees, provision of the
service without errors and meets the defined dates; empathy -
care and attention given to the client " [18].

According to Parasuraman et al., this model, SERVQUAL,
based on the 5 Gaps, that is to say, "in the discrepancy
between the expectations of the beneficiary of the service, the
service that will receive and the perceptions about the service
actually rendered" [19].

Given the objective of the research to analyze the impact
that SBP beneficiaries have on then, they will present four of
the five dimensions model throughout the questionnaire [20].

C.Index Better Life

The index created by the OECD Better Life Index makes it
possible to evaluate the welfare of the society of the various
OECD countries, in order to create policies for the various
actions (education, income, housing, cnvironment, social
satisfaction, among others).

This study intends to contribute to the development of the
adaptation of the index created by the OECD, at the municipal
level, to create policies more directed to the needs of its
community.

With the results obtained in the questionnaires, it is possible
to create a municipal index, based on the objectives of the
Better Life Index. To restrict this index, only the personal
satisfaction of the beneficiaries will be analyzed, that is, how
much the beneficiaries consider themselves happy, through the
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criterion "Feel happier".

The index is based on the mean of the criterion responses
for each SAP. The adoption of this measure, serves as
reference value for the creation of personal satisfaction
ranking. Although this tool, in measurable terms, being
subjective is, however, an advantageous tool for comparing
how SAP contributes to the beneficiary's personal satisfaction.

IV. RESULTS

In general, and as the results obtained are positive through,
it can be concluded that the questions were answered as
follows:

Through the interviews it was evidenced that SAP came
about through governmental regulations that the Chamber
accepted and developed, such as the PS-01, others emerged
through synergies, such as the Padre Antonio Vieira-Montepio
Foundaticn and the IEFP, namely SAP, PED-01 And PED-02.
Other projects have arisen within the scope of the needs of the
municipality, with the objective to fill or minimize some
problems, such as projects directed to well-being and
education. ‘

In view of the second question, the SAP techniques agree
that they are sustainable and evidenced both in the interviews
and in their questionnaires and the importance they give in the
search for improvements in relation to the service rendered.

One of the techniques confirms that there is a desire to grow
in social economy and there is already a project under
development - "Social housing" - this project involves the
restoration of buildings with the purpose of creating social
neighborhoods for the economically vulnerable community,
where these neighborhoods belong to the Chamber.

In the third question, the beneficiaries are mostly satisfied
and confirm that their quality of life has increased, all SAP are
an aid to their development and to their economic
organization. However, a minority do not agree that their
quality of life has increased, either because they have not yet
found employment or because they are voluntary and in )
economic terms their quality of life is stagnant and improved
only on a personal level.

To fit the empirical study with the literature it was decided
to adapt the Index Better life, instead of being at the country
level, to the municipalities and to use it as a development
management tool. As evidenced by the literature, this index
evaluates several areas allowing the creation of an index and
policies to improve them.

In my opinion and as Leite refers, "municipalities are
houses of social commendation" and yes, each project can be
seen as a social enterprise, there is a need of the population,
goals are designed to mitigate or reduce the effects of the
problem, specific regulations are drawn up for each project
and then the service that meets the needs of the population is
elaborated [21]. :

The impact of regional services can be measured by
adopting the questionnaires presented: with the adaptation of
the SERVQUAL model and with the dimensions of the quality
of the service provided for customer satisfaction. Through the -
transversally of a management tool it is possible to adapt to
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the scope of an economic study.

V.CONCLUSION

Increasingly, partner companies have emerged within the
framework of traditional third sector organizations, in order to
respond to the needs of the population and the social
repression experienced [22].

Currently, municipalities are looking for sustainable
development with concern for socio-economic problems. They
are privileged because of the proximity they have in their
community, are the main agent of local development,
strengthen strategies appropriate to their municipality and
surrounding community, creating "a set of local actions taking
into account the interests of their community" [23].

The municipality should offer jobs, education and services
that meet the needs of its community, fi ndmg ideas, capacltles
arid experiences to its community [23]

Social enterprises are essential in helping new soluhons for
municipalities that are mcreamdgly faced with cases of
community economic vulnerability-[23]. In this way, it can be
concluded that social action projects can be considered as
social enterprises within the Chamber.

' The growing importance in these hew projects of sccial
initiative is an asset, not only for the community that benéﬁts
from these projects and initiatives, but also for global andl
national economic growth.

These social action projects are a "trend”, both in the
acceptance of society and in the market itself. Nowadays, this
new ideology of social projects provided by the City Council
is indispensable, as it is the Municipal Councils that are closer
to their community and feel their needs the most.

The social action projects in the Municipality of Albergaria-
a-Velha are having a positive impact on their community, not
only by the citizens who benefit from them, but also the other
community that values these types of initiatives.

The City Council goes beyond education and qualifications,
safeguarding the well-being of its community mainly from the
most economically vulnerable population, assisting in the
lease support by providing a monetary fund and contributing
to the financing of monthly billing of domestic consumption
of water, sanitation and urban waste. ’

In terms of educational projects, employability and
qualifications, the City Council and the IEFP have created a
job exchange that directs the citizen to a job more ditected to
his qualifications and taking advantage of and enhancing his
professional and personal qualities, power the community to
the entrepreneurship and to creaté their own employment by
providing the business incubator.

At the educational level, the Chamber works together with
schools in order fto be closer to the younger community,
encouraging higher education by offering scholarships,
volunteering in the Municipality and for young people who
prefer a more the professional, to choose a course with a high
level of employability in the companies of the Municipality.

All these actions and social projects are having a high
positive impact in the Municipality, reflecting in this way on
the well-being and quality of life of the community.
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Increasingly, there is a éreater importance and awareness of
what the social economy is and the benefits it offers to society.

The present study entitled "Measuring Social Impact in
Regicnal Services - the case of a Municipality" aims to answer
four questions: How did SAP arise and how is it being applied
on the ground? How do the techniques responsible for SAP
feel and see the sustainability of it? How do beneficiaries
evaluate the SAP that they enjoy in their quality of 1ife? And,
how to frame the SAP with the tools defended in the literature
review. To answer these questions the research was based on
three distinct moments: the interviews with SAP techniques,
the application of questionnaires to the beneficiaries and the
technical téam and adédptation of Better Life Index.

Social action projects can be considered social economy
enterprises, although they are being developed by the City
Councﬂ these projects aim to respond to the needs of their
community stich ds social exclusion, education, employment
and poverty. All CM-Albérgaria-a-Velha projects aim to
reduce or;thitigate the problems of your conimunity. SAP are
deve[opeci in partnership with other entities, either defined by
the Government or created by the Chamber itself, in which it
creates its project for that specific need of its population.

The threg moments of research were essential to answer the
questions; however, it is noteworthy that thé questionnaires
were the tool that could meashre the impact through the eight
sections tHat it contained.

The primary results obtained from the beneficiary
community are that together, SAP have a positive impact.
They are mostly satisfied and claim that their quality of life
has improved. The beneficiaries feel more confident and the
involvement with the municipality is very important for their
reintegration into the community.: :

The beneficiaries emphasize the importance of the
beneficiary-employee relationship throughout the SAP
process, as well as the knowledge of the employees according
to each project. However, they make some complaints such as:
excessive documentation, poor management of SAP delivery
and frequent visits to the immediate surroundings of the
Chamber. Suggest greater dissemination of the projects.

In the municipality of Albergaria-a-Velha, there are already
several social action projects and it is expected to create new
projects such as "Social Housing" (creating social
neighborhoods for the most wvulnerable population) and
increasing vacancies for other projects such as the PED-01,
and with the increase of the donation of school books, it is
possible that higher dumbers of the population benefit from
these same books- PED-02.

The creation and enrichment of the industrial fabric will be
possible with the restructuring of the professional courses and
qualification of the unemployed in the areas most enriching
the industrial fabric.

It is concluded that social enterprises and social action
projects are already a concern for investors and entrepreneurs,
but it is important that there is a greater promotion of social
projects, with society, demystifying what this new ideology to
society, such as increasing their quality of life.

For the development of the Social Economy, and especially
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of social enterprises/ projects, it is necessary to resort to the
management tools used in the traditional market in order to
reduce the fears that researchers and entrepreneurs may have
with this new concept. |

This study is an example of how a social management tool
can be adapted and consolidated with a tool for measuring
social impact, in this case, the Better Life Index.

VI, FUTURE STUDY

As future research work, the continnation of the application
of questionnaires is suggested in order to evaluate the impact
to other municipalities and in order to prove that the SAP is
important for the development of the beneficiary, for the
quality of life of the same and for the surrounding community.
Adaptation of the Better Life Index is possible, in order to
continue with the development and to evaluate other areas
such as education and employability of the municipality and
the creation of policies for improvement.
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