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Foreword

This handbook is one of the results of the work of the multinational team of teachers involved in the
Erasmus+ project “Social Values STEM from European Heritage" (no. 2019-1-R001-KA229-063117).
This project is implemented in partnership by six schools from: Romania, Hungary, Italy, Poland,
Portugal and Turkey. The project partners are:
e Liceul Teoretic , Tudor Arghezi”, Craiova, Romania
e Budapesti Gépészeti Szakképzési Centrum EéGtvés Lorand Szakgimnaziuma és Szakkdzépiskolaja,
Budapest, Hungary
e [stituto d’ Istruzione Superiore “G.Boccardi”, Termoli, Italy
e Colégio Casa Mae, Paredes, Portugal
o Zespot Szkot Ogolnoksztatcacych 5 IV Liceum Ogolnoksztatcace z Oddziatami Mistrzostwa Sportowego
im. Marynarzy WOP, Gdansk, Poland
o Nezihe Derya Baltali Bilim ve Sanat Merkezi, Denizli, Turkey
Nowadays a decreasing number of young people decide to take up STEM-related (Science, Technology,
Engineering and Mathematics) studies and careers. The project target group, direct beneficiaries of all the
activities, are students of applied science subjects, aged between 15 and 18, with different levels of
performance. The possibilities of the students - especially in high schools - are limited when it comes to applying
the theoretical knowledge learned in school in more concrete contexts and situations.
The main project objectives are:

- to promote and ensure the recognition of the social, economic and educational value of the EU cultural
heritage;

- to promote interdisciplinary co-operation in STEM to address the problem of lack of motivation for the
study of STEM;

- to develop basic STEM skills & knowledge through cross-curricular CLIL & ICT approaches;

- to support effective and innovative pedagogies and teaching in order to contribute to the teachers'
professional development;

- to develop collaborative learning, using the expertise and knowledge of others (peers, teachers and

professionals);

Mention must be made that, in what follows, we intended to illustrate possible cross-curricular
approaches by using a wide variety of resources, some of which we adapted to meet our objectives and tasks,
while some others are entirely original, being the result of personal work and creativity. Also, this handbook
represents the second volume out of a number of three volumes illustrating the materials conceived and used in
the work of the students and teachers involved in this demanding project. While this volume is focused on
technology and engineering, the other two illustrate the other branches of the STEM, which are mathematics and
sciences.

The present handbook is meant to share our experience as an example of good practice.

The project coordinators
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Tangible Heritage. The Technology and Engineering behind it.
Social and Economic Impact

Topic 1: The “Iron Gates” Power Plant on the Danube

The “Iron Gates” Power Plant on the Danube

Aims:

° To connect theory with practice by studying examples of how scientific concepts are
used and applied in technological achievements;

° To understand what sustainable energy means and to develop responsible behavior
towards electrical energy consumption within our households.

Stages:

I. Presentation

The teacher gives definitions of all the technical terms that the students will need for this

lesson, giving examples and using pictures.

These are:

Mechanical energy: The energy acquired by the objects upon which work is applied is

known as mechanical energy. Mechanical energy is the energy that is possessed by an

object due to its motion or due to its position. Mechanical energy can be either

Kinetic energy (energy of motion) or potential energy (stored energy of position). Objects

have mechanical energy if they are in

Mechanical

motion and/or if they are at some position
relative to azero potential energy
position (for example, a brick held at a
vertical position above the ground or zero
height position). A moving car possesses

mechanical energy due to its motion

(kinetic energy). A moving baseball, for
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example, possesses mechanical energy due to both its high speed (kinetic energy) and its
vertical position above the ground (gravitational potential energy).

Types of Energy
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Dam: A dam is a structure built across a river or stream to hold back water. People have used
different materials to build dams over the centuries. Ancient dam builders used natural
materials such as rocks or clay. Modern-day dam builders often use concrete. Man-

made dams create artificial lakes called reservoirs.
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The Danube: It is Europe's second-longest river, after the Volga. It is located in Central and
Eastern Europe.
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Kilowatt-hour: The kilowatt-hour (kWh) is a unit of energy equal to 3600 kJ (3,6 MJ).
The kilowatt-hour is commonly used as a billing unit for energy delivered to consumers

by electric utilities.

S| multiples for watt-hour (W-h)

Value Symbol Name Value Symbol Mame

1073 | mw-h | milliwatt-hour | 10* | kW-h | kilowatt-hour

107 | pwW-h | microwatt-hour | 10% | MW-h | megawatt-hour

10° | GW-h | gigawatt-hour
10'2 | TW-h | terawatt-hour
10" | PW-h | petawatt-hour

Sustainable energy is the energy produced and used in such a way that it "meets the needs of

the present without compromising the ability of future generations to meet their own needs."

The term "sustainable energy” is often used interchangeably with the term "renewable

energy". In general, renewable energy sources such as solar, wind, and hydroelectric energy
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are widely considered to be sustainable. Hydroelectric plants are generally clean sources of
energy with relatively low greenhouse gas emissions.
Hydroelectric dams are one of the most widely deployed sources of sustainable energy.

Mass flow rate: In physics and engineering, mass flow rate is the mass of a substance which
passes per unit of time.

A micro hydro power (MHP)'plant’ is a type of hydro-electric power scheme that produces
up to 100 KW of electricity using a flowing steam or a water flow. The electricity from such
systems is used to power up isolated homes or communities and is sometimes connected to
the public grid. Micro hydro systems are generally used in developing countries to provide
electricity to isolated communities or rural villages where electricity network is not available.
Feeding back into the national grid when electricity production is in surplus is also evident in
some cases. The micro hydro scheme design can be approached as per household basis or at
the village level often involving local materials and labor.

Pros and Cons: Arguments or considerations for and against something, as in We'd best
weigh all the pros and cons before we decide to add a new wing to the library. This idiom is

taken from the Latin pro for “for” and con for “against.”
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gorge : a narrow valley between hills or mountains, typically with steep rocky walls and a
stream running through it.
dwellings : a house, flat, or other place of residence.

parishes : (in the Christian Church) a small administrative district typically having its own
church and a priest or pastor.

municipalities : a city, town, or other district possessing corporate existence and usually its
own local government.

crest altitude : the height of a hill or mountain range; summit

spillway : a passageway through which surplus water escapes from a reservoir, lake, or the
like.

biodiversity : all the variety of life that can be found on Earth

steep river gradients : They show how quickly the elevation of a river falls along its course
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homogeneity : the quality or state of being all the same or all of the same kind.
stratification : a set of layers groups, levels.

abundance : avery large quantity of something

Practice:
1.Working in groups, the students from each group are given a set of words in which the

letters have been jumbled. They have to find the words within a time limit. The group with

most unjumbled words is the winner.

2. Another activity is to name the figure. The students are divided into three groups. A contest
between these groups is organized. The teacher shows each member of the group one picture.

They have to name it and write it down. The group with most correct answers is the winner.

3. A Quiz. The students are asked to go to the link below and solve the quiz:
Quiz On Mechanical Energy Forms!

https://www.proprofs.com/quiz-school/story.php?title=toe-quiz-1-1
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Take Quizzes~ Create A

Quizzes

Jrzres  Seience « Physcs + Enmgy + Qukz On Mechanical Ensrgy 7

Question 1 /10 > » L)

o A ball is at the top of a ramp. It has not started rolling. What type(s) of
energy does it have?

() Kinetic Energy

() Potential Energy

() Gravitational Potential Energy
() Heat Energy

) GPE and KE
Your Score

Production:

The free use of the newly acquired vocabulary in the context set by the necessity to solve the
real-life problems concerning technology and engineering.

Further study: The students will watch a short video on Youtube "How does a hydroelectric
power plant work? " and then they are required to debate upon it.

https://www.youtube.com/watch?v=g8HmMRLCgDAI

Hydropower 101

RUN OF RIVER
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LESSON PLAN 1

Lesson Plan: The “Iron Gates” Power Plant on the Danube

1. Argument:
A hydroelectric plant is a power plant used to convert mechanical energy produced by the
water into electricity. Currently, 20% of the world's electricity is supplied by hydroelectric
power plants.
The Iron Gate | Hydroelectric Power Station is the largest dam on the Danube river and one of
the largest hydropower plants in Europe. It is located on the Iron Gate gorge, between
Romania and Serbia. Nowadays, the Romanian side of the power station produces
approximately 5.24 TWh annually*.
The Iron Gate Il is the 2nd large dam on the Danube River, between Romania and Serbia.
Nowadays, the Romanian side of the power station produces approximately 1.3 TWh
annually*.
The Iron Gates | and Iron Gates Il Hydropower Plants are the result of a very fruitful
collaboration between Romania and Serbia.

* according to

https://en.wikipedia.org/wiki/lron Gate | Hydroelectric Power Station

https://en.wikipedia.org/wiki/lron Gate Il Hydroelectric Power Station
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2. Aims:
e To connect theory with practice by studying examples of how scientific concepts are
used and applied in actual technological achievements;
e To understand what sustainable energy means and to develop a responsible behavior
of electrical energy consumption in life and family.
3. Topic: The understanding of how a hydroelectric power plant works, its efficiency, the
social, economic & environmental impact
4. Objectives:
-To understand and to be able to explain the way a hydroelectric power plant works;
-To understand and use correctly the concepts of energy / power and to apply them in
concrete case studies;
-To calculate the efficiency of a hydropower plant / micro hydropower plant - case study;
-To evaluate the environmental conditions necessary for the location of a micro hydropower
plant and the impact produced on the environment;
-To analyze the socio-economic impact of such a megastructure for the respective area/
country;
-To consume electricity responsibly and to promote examples of good practices in school and
in the family / community.
5. Time available: 3/4 hours
6. Students’: 15/16 years old (Grade 9th -10th)
7. Organization: individual/pair work/group work (at the teacher’s decision)
8. Assumptions:
- The students know the significance of power and energy, the units of measurement in the
International System, as well as multiples / submultiples and calculation formulas
- The students know the significance of renewable energy and the main renewable energy
sources
9. Methods and procedures: Hands-on activity, study cases, debates
10. Materials and equipment: A computer or a laptop, smartphones, youtube links database,
internet connection, paper, markers, flipchart, etc.
11. Strategy:
e The teacher will chose the type of organization- individual/pair work/group work;
e The students will search information about Iron Gate Hydroelectric Power Plant on

the Internet;
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e After that, they will follow a short video on Youtube "How does a hydroelectric
power plant work?"; https://www.youtube.com/watch?v=q8HmRLCgDAI

e They will find information about the hydroelectric power plant impact on the
environment and will discuss this in groups. Also the economic and social impact
will be analyzed.

e Study cases on energy consumption/ hydroelectric efficiency will be solved by
students.

e Study case for a micro-hydroelectric power plant emplacement and energy
supplied by it.

12. Evaluation and feedback: the evaluation can be done orally and with questionnaires.
The feedback will be received and offered by peers and teachers, through questionnaires &
orally as well.

Assignment 1

Students’ Worksheet: The “Iron Gates” Power Plant on the Danube

1. Necessary information

The Iron Gates | and Iron Gates Il Hydropower Plants are the result of very fruitful
collaboration between Romania and Serbia.

The Iron Gate | Hydroelectric Power Station is the largest dam on the Danube river and one of
the largest hydropower plants in Europe. It is located on the Iron Gate gorge, between
Romania and Serbia. The Iron Gate Il is the 2nd large dam on the Danube River, between

Romania and Serbia.

Iron Gate | Hydroelectric plant
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TASK 1: After the modernization of the technological equipment, the lIron Gates |
hydroelectric power plant has an annual electricity production of 5,241,000 MWh, which
represents about 10% of the national production of electricity of Romania*
(*https://www.hidroelectrica.ro/article/f5e9cc4f-2c02 -3701-0316-76d5dc27d358).
Assuming that the monthly electricity consumption of a small city is of 4500 MWh and a

house consumes on average an electricity of 150 KWh per month, please determine:
a) the electric power of the hydropower plant expressed in MW;
b) the percentage of the energy supplied by the Iron Gates I hydropower plant which is
consumed by the electricity supply of the above mentioned city;
c) the number of dwellings in the city that benefit from electricity supply.

TASK 2: A hydroelectric plant has maximum flow rate of 880 I/s and a net head of 180m.The
useful power of the plant is equal to 1500kW (g=9,81m/s?, p = 1000 kg/m®). Determine:
a) The efficiency of the hydroelectric plant
b) The average imput flow rate if it is assumed that the hydroelectric plant produces
7,6 GWh annualy

TASK 3: A dam for the production of electricity is 65 meters high and has penstocks and
turbines with a section of 1 m?, at the end of which the water flows at a speed of 6 m/s.
If we define the efficiency as the ratio between the absorbed energy and the usable energy at
its input, (g=9,81m/s? and water density p = 1000 kg/m®). Determine:

a) the potential energy per unit of volume before the fall;

b) the water speed after the fall,

c) the Kkinetic energy per unit of volume that comes out of the turbine;

d) the energy per unit of volume absorbed by the turbine;

e) the turbine efficiency.

TASK 4: The Study-case of Crestuma—Lever Dam Power Plant, Portugal.
e After reading texts 1 and 2, debate in groups the “Douro” River environmental
conditions necessary for the location of Crestuma-Lever micro hydropower plant. At

the end of debate put on paper the list with your conclusions.

Read the following texts carefully:
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Text 1: The Crestuma Lever dam owes its name to its location between the parishes of
Crestuma and Lever, in the district of Porto. It started operating in 1986 and connects the
municipalities of Vila Nova de Gaia and Gondomar. It has a difference of 13.9 meters. When
we go up the Douro River from Porto to Régua, this is the first dam we found. Its reservoir
extends for about 44 kilometers, and has 8 locks. 85 meters high, in addition to producing
electricity and storing water, the dam also serves to carry out pedestrian and road crossings.
Research on this links:

https://cruzeirosnodouro.pt/noticias/as-barragens-do-rio-douro/

https://en.wikipedia.org/wiki/Crestuma%E2%80%93Lever_Dam

https://www.youtube.com/watch?v=VVwzao2pZbU

Search on the Internet in order to find the run-of-the-river hydroelectric power plant dam
height above foundation, crest altitude, dam’s volume, the spillway extension and its
maximum discharge, reservoir of the dam surface area and its total capacity.

Text 2: The best geographic areas for exploiting small-scale hydro power plants are those
with steep river gradients flowing all year round, for example, the hill and mountain areas of
countries with high year-round rainfall, or the great mountain ranges and their foothills, like
the Andes and the Himalayas. Islands with moist marine climate, such as the Caribbean
Islands, the Philippines and Indonesia are also suitable. The low-head turbine types have been
especially developed for small-scale exploitation of streams and rivers where there is
available a small head but enough flow to provide the needed power. To evaluate the
appropriacy of a potential site, the hydrological characteristics of the site needs to be known
and a site monitoring carried out, to determine the real flow and head data. The load factor is
the amount of power used divided by the amount of power that is available, if the turbine
were to be used continuously. Unlike technologies relying on costly fuel sources, the fuel for
hydropower generation is free and therefore the plant becomes more cost effective if run for a
high percentage of the time. Water turbines, like gas or diesel engines, will vary in speed as
load are applied or relieved. Although not as great of a problem with machinery, which uses
direct shaft power, the speed variation will greatly affect both frequency and voltage output

from a generator.
Transylv. Rev. Syst. Ecol. Res. 17.2 (2015), "The Wetlands Diversity" - Environmental Aspects of
Implementation of Micro Hydro Power Plants — A Short Review Article in Transylvanian Review of

Systematical and Ecological Research - December 2015

https://www.researchgate.net/publication/312595929
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TASK 5: Evaluate the IMPACT produced on the environment by a micro- hydropower plant.
Text 3: Read the following text, published on Water.

The construction of dams affects the biodiversity of riverine ecosystems in a number of
manners. The hydrologic regime of streams is modified from lotic to lentic when stream water
is retained in the reservoir, while this new environment frequently promotes the anomalous
spreading of exotic species more adapted to the lentic conditions, and concomitantly the fall
of native species. The cyclic streamflow variability of rivers is reduced by the presence of a
new water body, which has been shown to increase water channel homogeneity and degrade
aquatic fauna habitats. The phytoplankton productivity and the thermal stratification of water
tend to increase while dissolved oxygen decreases, resulting in a rapid increase of
macronutrients in lake water that temporarily increases the abundance of aquatic flora.
However, the progressive increase of nutrients in the reservoir deteriorates water quality,
ultimately leading to eutrophication with negative consequences for the aquatic fauna. Water
quality deterioration can be particularly expressive in multiple land use or heavily urbanized
catchments, watersheds affected by recurrent wildfires, or basins affected by inadequate land
use changes, aggravating the impacts on aquatic fauna.

Concurrently with the impact on stream flow regime and freshwater quality, the
damming of rivers hinders the free circulation of migratory or resident species, causing
habitat fragmentation. The interruption of connectivity reduces the abundance of spawning
sites compromising the survival capacity of juveniles. This ability to survive can be further
reduced downstream from the dam by hypolimnetic discharges and concomitant fluctuations
in temperature and stream water composition. The longitudinal dimension of river
connectivity has been significantly disrupted by barriers in all Mediterranean areas to
compensate for water demand in the long periods of water scarcity. These changes are also
widespread on the Portuguese side of Douro River drainage network, which will be used as
our study site. In this case, side by side with agriculture intensification, there was a pressure to
increase hydropower production, especially in the last decades. In fact, this pressure continues
because new complex systems are still under construction (e.g., in the Tamega River).
Therefore, it is difficult to find a stream segment in the Douro that is not virtually obstructed
by at least one dam or weir.

Water 2019, 11(4), 693; https://doi.org/10.3390/w11040693
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e After reading text 3, discuss 3 multiple-impacts produced by Crestuma-Lever dam

micro hydropower plant on local environment and create a Pros & Cons arguments

table.
Create a Pros-and -Cons table using the following model 3X factor:
Factor 1:
PROS CONS
Factor 2 :
PROS CONS
Factor 3 :
PROS CONS
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Topic 2: The Eurasia Tunnel Built under the Marmara Sea

LINGUISTIC TRAINING 2

Outstanding Engineering Achievements — The Eurasia Tunnel

Aims:
e to help students develop their vocabulary on engineering issues;
e to improve the communicative skills of the students in English;
e to help students develop their listening comprehension skills.

Stages:

Activity 1. Match the words with the pictures provided below and with their definitions:

a. dual carriageway e. flyover

b. ring road f. motorway
c. bypass g. track

d. lane h. crossing
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Q) A rriiiiiiriniiieeeeeaas (British English) or divided highway (American English) is a
class of highway with carriageways for traffic travelling in opposite directions separated by a
central reservation.

o) Y- NP is a road or highway that avoids or "bypasses™ a built-up area, town, or
village, to let through traffic flow without interference from local traffic, to
reduce congestion in the built-up area, and to improve road safety. A bypass specifically
designated for trucks may be called a truck route.

[ 1 (also known as beltline, beltway, circumferential (high)way, loop or
orbital) is a road or a series of connected roads encircling a town, city, or country.

DA . is a narrow road in the countryside or in a town or a a special strip of
a road, sports track, or swimming pool that is used to keep vehicles or competitors separate.

€) A iiiiiiiiiiiiiieieeeans is a bridge that carries a road or railway over another road

) A ceeiiiiiiiiiiees is a wide road for fast-moving traffic, especially in the UK, Ireland, and
some other countries, with a limited number of places at which drivers can enter and leave it.
B) A i, is a structure consisting of a pair of parallel lines of rails with their
crossties, on which a railroad train, trolley, or the like runs.

h) A i is a place where something such as a road, river, etc. can be

crossed safely, or a place where a road and a railway meet and cross each other.

Activity 2. Listening Comprehension Activity

While listening to the following recording, fill in the gaps with the missing information.

Use a maximum of three words in each gap:
https://www.youtube.com/watch?v=MKOZG16yYFY

|[More than 150 years ago, the Ottoman sultan Abdul Majid had the ambition of constructing a

tunnel under the 1)...........oooiiiii. , Which was to connect Turkey’s European
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and Asian sides. 2)..........cooiiiinnn was the year when Istanbul’s Bosphorus tunnel opened.
It was the world’s deepest underwater 3).................. and the first to connect two continents.
The 9.8 kilometre tunnel includes an area of 4)................... which is 5)................. under
the sea.

The purpose of the project is 6)...........c.cceenvenn... on its two bridges used by some 2 million
people each day. It is expected that travel times should be cut by nearly half.

Marmaray tunnel is also internationally supported as it aims at 7)...................... through
opening up a London to Beijing railway corridor for 8).............................

Istanbul is constantly at risk as far as 9)................ are concerned. The constructors of the
tunnel claim that the 10).......................... are designed to resist quakes of the maximum
possible intensity expected in the area.

(Mention must be made that the information presented in the listening part is outdated)

Activity 3. Reading Comprehension

Read the text below about the Marmaray Tunnel:
MARMARAY TUNNEL

One of the tunnels in 2012, one year before opening:

Marmaray train station in Yenikapi

The Marmaray Tunnel (Turkish: Marmaray Tuneli) is a 13.5 km (8.4 mi) long undersea
railway tunnel in Istanbul, Turkey, beneath the Bosporus strait, linking Kazlicesme,
Zeytinburnu in Europe with Ayriltkcesmesi in Asia.

Hence the name Marmaray, a combination of the Sea of Marmara and ray, rail in Turkish.
The tunnel consists of two single track tunnels with three underground railway stations:
Yenikap, Sirkeci and Uskudar.

The Marmaray Tunnel was opened to passenger traffic on 29 October 2013. In March 2019
the overground part of the Marmaray project were completed and normal train traffic,
including commuter (entire line), YHT and freight services started to run through the tunnel.
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You can take trains between 6:00 and midnight, and catch one every five minutes during rush
hours, every 7-10 minutes otherwise. The tunnel is the deepest immersed tube tunnel in the
world.

History

The plans of construction of a railway tunnel beneath the Bosporus strait date back to 1860,
when Sultan Abdulmejid | first proposed an undersea crossing of the strait. The project was
proposed again in 1892, under Abdul Hamid II, when French engineers planned such a
tunnel. The plan was never realized.

Plans to build a modern trans-Bosporus tunnel were proposed in 1997, based on a feasibility
study ten years prior, and the necessary capital secured in 1999. Preparatory works on the
project began in 2001. Construction began in May 2004. The tunnel was constructed by a
Turkish-Japanese consortium led by the Taisei Corporation. Tunnel construction was
completed on 20 October 2008, and rails were added in 2009. The completion of the project
was delayed due to archaeological discoveries near Sirkeci, with artifacts dating back 8,000
years.

Test runs began on 6 August 2013, and operations began 29 October, with a ceremony in
Uskuidar.

Operations

The Turkish State Railways own the tunnel, while trains are operated by 7CDD Tasimactlik.
Both tunnels are electrified with 25 kV AC 50 Hz overhead wire.

The western portal of the tunnel is in Kazlicesme, Zeytinburnu on the European side of the
city, just west of Fatih. Out of the three tracks that approach the west portal, two of them
enter the tunnel, while the third track continues to Sirkeci station.

The eastern portal of the tunnel is located in Ayrilik¢esmesi, Kadikoy on the Asian side of the
City. Ayrilik Cesmesi station is located right outside the east portal. After Ayrilik Cesmesi
station, the two tracks connect to the Istanbul-Ankara railway, from Haydarpasa station, and
continue towards Gebze and Anatolia.

As of November 2017, TCDD Tasimacilik operates 164 round-trips between Kazlicesme and
Ayrilik Cesmesi at intervals from every 5 minutes during peak hours, to 10/15 minutes during
off-peak hours. In total, the Marmaray tunnels see 328 scheduled trains daily.

Engineering

The undersea section of the Marmaray tunnel is the deepest immersed tube tunnel in the

world, with its deepest point being 60 m (200 ft) below sea level. This section of the tunnel is
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1,387 m (4,551 ft) long and consists of 11 sections lowered via barges on the Bosporus. Eight
of these sections have a length of 135 m (443 ft), two of them have a length of 98.5 m (323 ft)
and one with a length of 100 m (330 ft). These immersed tube tunnels are connected via
bored-tunnels on both sides. Before the tunnel sections were lowered, a portion of the ground
underneath the Bosporus needed to be strengthened. This was done by lowering concrete
columns 4 to 10 meters long which stabilized the area. The tunnels were assembled on dry-
docks in Tuzla and tested off Buyukada. After testing, they were dragged by Tugboats to their
positions at the southern end of the Bosporus.

Once the tunnels were lowered into place, they were covered with fill, de-watered and sealed.
Tunnel boring machines (TBMs) were used to drill the tunnels under land. The under-land
section of the tunnel consists of two tube tunnels, each with a single track. Walkways are
present within each tube.

Based on the text above, decide if the following statements are true (A), false (B), or if
the text does not provide enough information (C).

1. The name of the tunnel comes from the name of the sea and a Turkish word.

A) True B) False C) Doesn’t say
2. Marmaray consists of three tunnels.

A) True B) False C) Doesn’t say
3. The idea was first proposed in the 18" century.

A) True B) False C) Doesn’t say
4. Archaeologists discovered ancient jewellery on the construction site.

A) True B) False C) Doesn’t say
5. The trains get electricity from the rails in the tunnel.

A) True B) False C) Doesn’t say
6. In rush hour, you can catch a train every 5 minutes.

A) True B) False C) Doesn’t say
7. The trains take over 300 back-and-forth trips a day.

A) True B) False C) Doesn’t say
8. The deepest point of the tunnel is 200 meters below sea level.

A) True B) False C) Doesn’t say
9. The tunnels are made of concrete.

A) True B) False C) Doesn’t say
10. The ride between the two portals takes 16 minutes.
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A) True B) False C) Doesn’t say

Activity 4.- Follow-up

Fill in the gaps with one of the words below:

seabed, segments, crossings, shafts, underneath, approach, toll, strait, lanes, double deck
The Eurasia Tunnelis a road tunnel in Istanbul, Turkey, crossing 1) ................
the Bosphorus 2)...................... The tunnel was officially opened on 20 December 2016
and opened to traffic on 22 December 2016.

The 54km 3) ... tunnel connects Kumkapi on the European part
and Kosuyolu, Kadikdy, on the Asian part of Istanbul®® with a 14.6 km (9.1 mi) route
including the tunnel 4) ................... roads. It crosses the Bosphorus beneath the 5)
................... at a maximum depth of —106 m. It is about 1 km south of the undersea
railway tunnel Marmaray, which was opened on 29 October 2013. The journey between the
two continents takes about 5 minutes. 6).................. is collected in both directions; as of
2018, £36.40 (about $4 US) for cars and 154.70 ($6 US) for minibuses.

The project consists of three main7) ........................:

European side

Construction of five U-turns as underpasses and seven pedestrian 8) .................... as
overpasses along Kennedy Street that stretches between Kazligesme and Sarayburnu as a
shoreline road beside the Sea of Marmara. Widening of the entire Segment 1, which is
approximately 5.4 km (3.4 mi), from 3x2 lanes to 2x4 lanes.

Bosphorus crossing

Construction of a 5.4 km (3.4 mi), two-deck road tunnel with two 9) ........................ on
each deck, a toll plaza and an administrative building on the western end and ventilation 10)
........................... on both ends of the tunnel.

Asian side

Widening from 2x3 and 2x4 lanes to 2x4 and 2x5 lanes along an approximately 3.8 km
(2.4 mi) stretch of the current D100 road that links at Goztepe to Ankara-istanbul State

Highway, and construction of 2 bridge intersections, 1 overpass and 3 pedestrian bridges.

Activity 5. Further Practice- project
Find information on other outstanding engineering feats throughout the world and prepare a
presentation of them.
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LESSON PLAN 2

Lesson Plan: The Eurasia Road Tunnel Built under the Marmara Sea

https://www.youtube.com/watch?v=nAyKIf1CDYU&ab channel=Engineeringandarchitecture

1. Argument:
The Eurasia Tunnel, a civil engineering project for Turkey, was opened in December 2016.
The tunnel will allow vehicles to cross from Europe to Asia, and vice versa, simultaneously.
The Eurasia Tunnel is an underwater road tunnel crossing the Bosphorus strait. The 14.5 km
tunnel connects Kazlicesme on the European side and Goztepe on the Asian side of Istanbul
with a 5.4 km of the route under the Bosphorus.
Designed and built to help reduce Istanbul's traffic problems the tunnel is about 1km south of
the undersea train tunnel Marmaray. The new tunnel and route will reduce travel times by 85
minutes from 100 to 15!
While its construction reduce pressure on existing infrastructure it also help reduce air and
noise pollution.

* according to

https://interestingengineering.com/connecting-continents-with-the-eurasia-tunnel
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2. Aims:
e To connect theory with practice by studying examples of how scientific concepts are
used and applied in actual technological achievements.
e To realize the role and importance of outstanding engineering achievements —focus on
the Euroasia Tunnel
3. Topic: The understanding of how creation of a megastructure solves a real need/problem,
its efficiency, the social and economic impact
4. Objectives:
-To understand and use correctly the concepts of mechanical work, power, velocity, etc. and
to apply them in concrete case studies;
-To calculate the reducing time crossing the tunnel - case study;
-To analyze the socio-economic impact of such a megastructure for the respective area /
country;
-To estimate in how many years the investment cost will be covered;
- To read and interpret a map.
5. Time available: 2/3 hours
6. Students’: 15/16 years old (Grade 9th -10th)
7. Organization: individual/pair work/group work (on the teacher’s decision)
8. Assumptions:
- The students know the concepts of velocity, mecanical work, mecanical power, the
movement laws, the units of measurement in the International System, as well as multiples /
submultiples and calculation formulas;
- The students are aware of problems deriving from pollutant emissions resulting from traffic
and the need to reduce it.
9. Methods and procedures: web research, study cases, debates.
10. Materials and equipment: A computer or a laptop, smartphones, youtube links database,
Internet connection, paper, markers, flipchart, etc.
11. Strategy:
e The teacher will choose the type of organization- individual/pair work/group work
e The students will search for information on Eurasia tunnel on the Internet-web
research;
o After that, they will follow a short video on Youtube- ,Eurasia Tunnel

Presentation Movie” https://youtu.be/e2Bmrg8bes8

26 | The European Commission support for the production of this publication does not constitute an endorsement of the
contents which reflects the views only of the authors, and the National Agency and Commission cannot be held responsible
for any use which may be made of the information contained therein.


https://youtu.be/e2Bmrq8bes8

SOCIAL VALUES STEM FROM EUROPEAN HERITAGE Erasmus+

e They will find information about the social and economic impact and will discuss
and analyze it in groups.

e Study cases will be solved by students so as:
- to find how much the traffic became more efficient by reducing the time of crossing the sea
through this tunnel;
- to find the amortization time of the investment;
- to find the pollutant emissions resulting from traffic and the needs to reduce such emissions.
12. Evaluation and feedback: the evaluation can be done orally and with questionnaires, also
through self-evaluation.
The feedback will be received and offered by peers and teachers, through questionnaires &

orally as well.

Assignment 2

Students’ Worksheet: The Eurasia Tunnel Built under the Marmara Sea

https://www.iguzzini.com/projects/project-gallery/eurasia-tunnel-istanbul/
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Use the information about the Eurasia tunnel shown in the image below. With this
information about the tunnel length, solve tasks 1, 2 and 3.

B

£

AVRASYA TUNELI

Kosuyolu

L
N

N
Uzungayir
N

Goztepe

TASK 1:

a) From Kazlicesme to Goztepe, a car with a stable velocity of 70 km/h, how much time will
it take for the car to reach its destination? Draw the graph of this car X(t), V(t), a(t).
b)

A B
L —
o 2km _.l: Goztepe
Kazlicesme

In the figure above, vehicles A and B are moving in the Kazlicesme — GOztepe direction in the
Eurasia tunnel with constant speeds of 70 km/h and 50 km/h, respectively. When vehicle A
enters the Eurasia tunnel from point K, vehicle B is 2 km ahead. According to this
information:

v After how many km will vehicle A and vehicle B come side by side?

v How much time before, will vehicle A exit the tunnel before vehicle B?

TASK 2: A vehicle traveling in the direction of Kumkapi-Uzungayir entered the Eurasia
tunnel from Kumkap1 and started its movement. The speed-time graph of the movement until

it passes the tunnel is given below.
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According to the information by the graph and by the image initially provided:
a) How long will it take the vehicle to pass through the tunnel?
b) What is the average speed of the vehicle during its movement in km/h?
c) Using the graph, calculate the distance the vehicle travels during its movement and
compare the result obtained with the actual distance traveled. Comment on the result.

d) Draw the position-time graph during the movement of the vehicle.

TASK 3: Piezo electric crystal is a crystal that can produce
electrical energy by converting the pressure difference applied to

its surface into electric potential. In the busy streets of the cities,

football fields, and when placed on the soles of sports shoes,
people's daily electricity needs can be met. 1000 vehicles pass
through the Eurasia tunnel daily. Therefore, the tunnel has a very suitable structure for piezo
electricity generation. The tunnel consumes 2400kWh electrical energy per day. Its area is
450.000m?. An average of 1000 vehicles pass through the tunnel per day. According to this
information;

a) How many piezo electric crystals with a radius of 25 cm should be placed at the

bottom of the tunnel? (= = 3,14 = 3)
b) If one of the crystals you use produces approximately 20 mW of electrical power from

a vehicle passage, how many kWh of electrical energy is produced per day, if only
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5% of the total of piezo electric crystals are used when one car passes through the
tunnel?

c) Can the electrical energy generated from this system of the the tunnel per month
provide the tunnel's own monthly electrical energy? If so, how many households can
meet the electrical energy needs with the remaining energy? (The monthly average of
electrical energy requirement of a house is 200 kWh)

d) If one KWh of electrical energy is 0,2 euro, how much will the annual income from
this generation be?

TASK 4: (work in teams) You are the manager of company X, which invests in the Eurasia
Tunnel. First of all, find your company name (work in Mentimeter and choose the best).You
intend to invest $1.3 billion. The toll for a vehicle is $10. Your company spends 20% of its
annual earnings on operating expenses. Interpret by calculating how the investment cost will
be recovered in the following cases:
a) What is your company's annual net income if about 10.000 vehicles pass through the
tunnel per day?
b) How many vehicles must pass through the tunnel per year to cover your cost in a year?
c) After how many years can the company make a profit according to the annual net
income calculated for point a)?
d) What are your first 5-year /10-year goals for your company to be in a better position?

e) Prepare a poster promoting your company using the Canva program.

TASK 5: (work in teams) Imagine you are journalists working for a TV channel.
a) Surf the net to get info about the impact that the Eurasia Tunnel has on the
environment and understand what Turkish people think about it.
b) As jounalists you will interview the other students about the issue and you will take
notes of the pros and cons.
c) Each team will create a report using infographics and share it with peers and in the

school online magazine/website .
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Topic 3: The Vasco da Gama Bridge-The Longest Bridge in
Europe

Aims:
e to help students develop their vocabulary on technical and engineering issues with
focus on the topic of “bridges”;
e to improve the communicative skills of the students in scientific English;
e to help students develop their listening comprehension skills.
Stages:

A. Get to know basic vocabulary related to the topic “bridges” by clicking on the words
to access their definition:

https://dictionary.cambridge.org/topics/building-and-engineering/bridges/

B. Check the following definitions, related to the topic of “Bridges”:
= Bridge —a structure carrying a road, path, railroad, or canal across a river, ravine, road,
railroad, or other obstacle. Bridges gives a way to get from one place to another.

= Compression — a force that pulls materials together.

Tension — a force that pulls materials apart.

force compression
~
~~ forces w
tension
forces =2
N— > —
- e, Wiy

= Stability — A structures ability to maintain or regain a stable position. Structures do move.

= Center of gravity — The point where the mass of an object is equally distributed in all
directions.

= | beam — a level structure usually made of metal that supports a load. The beam shape
resembles an I.
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FLANGE
e Corrugation - bending the material, folded material.
= Tensile strength of materials. This is the maximum force that can be applied to a material
without pulling it apart.
= Span — the length of a single bridge segment, between two vertical supports called piers.
SUSPENSION BRIDGE
wde cerier
span P
Fouations
affenrg pylon  suspersion Geck  suspander foundation  side
grder cable of pylon pyton

C. Match the words to their definitions.

Tower

the distance a bridge extends between two supports

piles or pillars

supported roadway on a bridge

a live load the outermost end supports on a bridge, which carry the load from the deck

Span the weight distribution throughout a structure

Decking the weight of the bridge itself and anything permanently attatched to the
structure; columns, nuts and bolts

abutments the weight of the stuff on the structure that move on it; people, furniture
and cars

dead load long, round pole of wood, concrete or steel driven deep into the earth onto
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hard, solid soil, to keep the structure safe

load the vertical structure in a suspension bridge or cable bridge from which
cables are hung

D. Choose the correct designation from the box to label the different types of bridge.

Arch bridges

Through Arch | Deck Arch | Bowstring | Half Through Arch
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Beam Bridges
Truss | Truss Girder | Cantilever
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Tension Bridges

Suspension | Cable Stayed
1.
2.
E. Fill in the blanks with the words from the box:
Concrete Towers distances Cables
Supports Piers strength structure

Which bridge when?

Choosing the design of a bridge primarily depends on how wide the obstacle is — is it a small

road or an enormous river? The main difference between the three main types of bridges is the

......l) they can cross in a single span. This means the distance between one vertical

support to another. Some bridges can cross an obstacle in a single span, while others need

many. If an enormous river is to be crossed, a bridge is needed that doesn’t need too many

«eeeeed. Another consideration of course is the types of material available to be used as well
as the overall look of the bridge.

35 | The European Commission support for the production of this publication does not constitute an endorsement of the
contents which reflects the views only of the authors, and the National Agency and Commission cannot be held responsible
for any use which may be made of the information contained therein.



SOCIAL VALUES STEM FROM EUROPEAN HERITAGE Erasmus+

The beam bridge
The beam bridge is basically a rigid horizontal ..........) that rests on two piers (or supports),
one at each end. The weight of the beam pushes straight down on the ...........4%. The further
apart the piers, the weaker the beam becomes. Next time you’re on a journey, look out for
these bridges crossing motorways. They’re usually made of ...........) or steel. Beam bridges
rarely span more than 60m.
The arch bridge
It is the shape of the structure that gives the arch bridge its ..........."); they’re a natural form of
bridge. That’s why they’re so beautiful. An arch bridge doesn’t need any additional supports
OF ceveennnn. (™. In fact, an arch bridge made of stone doesn’t even need mortar. Imagine that!
There are still many arch bridges built by the Romans 2,000 years ago, without mortar, which
are still standing today, real proof of the natural effectiveness of an arch as a bridge structure.
Modern arch bridges can span up to 300m.
The suspension bridge
But surely the most elegant and sophisticated of all bridges is the suspension bridge. Modern
suspension bridges usually have two tall ..........® (the supports) joined by cables (or ropes or
chains). The bridges hang from these cables. This means it is the towers that are supporting
the majority of the bridge’s weight. These bridges can have the longest spans — up to 2,000m.
The main span of the incredible Akashi-Kaikyo Bridge is 1,991m.
F. Answer the quiz, using the following link:

https://cutt.ly/qQIS6sk

The players must collect the necessary information about the types of bridges, the different
parts of bridges, basic knowledge of the forces that affect on the bridges. They must use the
vocabulary of this item. They have to have information about the history of the Ponte Vasco
da Gama.

Useful sources:

a. https://en.wikipedia.org/wiki/Vasco da Gama Bridge

b. https://www.lusoponte.pt/en/vasco-da-gama/project/design-and-construction

c. https://www.lusas.com/case/bridge/tagusbrg.html

The task: There is a collection of questions about the bridges. The used page is quizizz.com.
The students can play individually, in pairs or in teams. (They all answer the questions
individually, but the results are added.) But they can discuss upon the answers. The teachers

don’t have to find the correct answers, because they are automatically in the Reports menu.
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Ponte Vasco da Gama 35 Questions

NAME :
CLASS :
DATE :

1.What are the steel wires used to suspend the
main supports called?

a)span
b)abutment

c)pier
d)cable

2. What are the two ends of a bridge that support
its weight?

a)span

b)abutment

c)cable

d)pier

3.What is the name for the entire length of a
bridge?

a)span

b)pier

c)abutment

d)cable

4. What are the names for the middle supports that are normally attached to the bridge
between abutments to support more weight?

a)span
b)abutment
c)pier
d)cable
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5.Which type of bridge is this?

a)suspension
b)truss
c)arch
d)beam

6.Which type of bridge is this?

a)suspension
b)truss
c)arch
d)beam

7.Which type of bridge is this?

a)suspension
b)truss
c)arch
d)beam

8.Which type of bridge is this?

a)suspension
b)arch
c)truss
d)beam

9.The simplest bridge to build is a

a)Beam
b)Arch
c)Truss
d)Suspension
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10.This bridge uses compression to support the
load
a)Truss

b)Suspension
c)Cable Stay
d)Arch

11.This bridge shares the load by using triangle
shapes
a)Suspension

b)Arch
c)Truss
d)Beam

12.Strong anchorages are needed in this type of
bridge
a)Cable Stay

b)Suspension
c)Truss
d)Arch

13.In this bridge, the cables run directly from the '
roadway up to a tower, forming a unique "A" '
shape
a)Truss

b)Suspension
c)Cable Stay
d)Beam

14. bridges are very strong and make ¢
efficient use of materials. However they require a e
lot of maintenance
a)Cable Stay

b)Truss
c)Suspension
d) Arch
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15. bridges are very strong and can
be made from a wide range of materials. However
they have a limited span and they require a large
amount of materials.

a)Arch

b)Suspension

c)Beam
d)Truss

16. bridges are very strong and are
good for spanning long distances. However they
are expensive and complex to build.

a)Cable Stay

b)Arch
c)Truss

d)Suspension

17. bridges are good for medium spans
and do not require strong anchorages. However
they are expensive and complex to build.

a)Cable Stay

b)Suspension
c)Beam
d)Arch

18.What is the abutment?

a)A force that squeezes material together
b)A force that stretches material apart
c)the supports at each end of the bridge
d)the roadway of the bridge

19.What is the arch bridge?

a)one of the oldest bridge designs; great natural
strength; the peak is called the keystone
b)Roadways are hung from above the bridge; most
expensive bridge

C)A horizontal beam supported at each end by
piers; simplest bridge
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20. What is the deck?

a)natural cement

b)weight of the traffic crossing the bridge
c)the roadway of the bridge

d)actual weight of materials that make up the
bridge

21.What is a cantilever?

a)bridges made of a combination of 3 types of
bridges

b)a strong framework of straight sections of metal

joined together at their ends forming triangles
c)structures that project horizontally and
supported only at one end

22.What is the torsion?

a)a force that causes one material to slide past another in opposite directions
b) a force that squeezes a material

c) an action that twists a material

d) a force that stretches a material

23.What is the live load?

a) roadway of the bridge

b)weight of the traffic that cross the bridge; changes all the time
c)weight of the materials that make up the bridge; it never changes
d)deck

24.What is the dead load?

a) the weight of traffic that crosses the bridge; it always changes

b) the roadway

c) the actual weight of the materials that make up the bridge; it always remains the same
d) force that acts on structures; all structures withstand this or they will fall apart

25.Which is a cable-stayed bridge?

a) b) c) d)
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26.Which is a truss bridge?

27.What is tension?
a) A force that causes material to slide past each other in opposite directions
b) A force that squeezes material together or presses

c) A force that twists an object
d) A force that stretches material apart or pulls

28.Which is the definition of the suspension bridge?

a) bridge made using a combination of 3 types of bridges.

b) cables run directly from roadway to the towers, forming an "A" shape; towers support
entire weight of roadway

c) oldest design in bridge building; great natural strength

d) most expensive bridge; has longest span; roadways are hung from above the bridge

29. What is the name of that bridge?

30.When was the Ponte VVasco da Gama built?

a) The construction began in 1995, and ended in 1996
b) The construction began in 1995, and ended in 1998
c) The construction began in 1996, and ended in 1998
d) The construction began in 1994, and ended in 1997

31. The bridge was opened at the 500th anniversary of the discovery of Vasco da Gama.
Which country did they want to reach? What products did they want to import?

a) South America, the products are: tomata, potato, corn, cocoa
b) China, the products are: silk, gunpowder, porcellain,

¢) India, hte products are: spices (cinnamon, ginger, cloves, pepper, turmeric)
d) North Africa, the product is ivory
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32.What is the name of the river that the bridge p— =
crosses? i .

33.The bridge runs through 400 hectares of the
partially abandoned Samouco Salt Pans, an
important breeding ground for a number of
protected species such as:

a)the  Black Winged Stilt  (Himantopus
himantopus)

b) the Little Tern (Sterna albifrons)

c) the Kentish Plover (Haradrius alexandrinus)

d) the Mute Swan (Cygnus olor)

34.This building is the Capela da Nossa Senhora
da Conceicdo, and it is located near the Ponte
Vasco da Gama. What happened to it during the
construction?

a) It was demolished.
b) It was opened the first time.
c) It was completely restored.

d) Ceramic tiles and archeological artefacts were
uncovered.

35.Which natural phenomenon could cause damage in the bridge?
a) Eartquake

b) Flood

c) Avalanche

d) Volcaninc eruptions

Quizizz
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LESSON PLAN 3

Lesson Plan: The Vasco da Gama Bridge-The Longest Bridge in Europe

https://www.lisbon.net/vasco-gama-bridge

1. Argument: The Vasco da Gama Bridge was the longest* bridge in Europe when it was
opened. It measures over 10 miles (17 km) in length and connects the northern and southern
parts of Portugal. This cable-stayed bridge connects the Portuguese capital city, Lisbon, to
nearby cities. It was built in 1998 to alleviate the traffic congestion and facilitate circulation.

* according to https://www.lisbon.net/vasco-gama-bridge

2. Aims:

e To promote the students’ interest in European landmarks, as vehicles for
understanding European values and communicating within European borders, while
making students aware that technology and science are present in daily life;

e To promote the use of different digital tools in order to achieve goals and creativity.

3. Topic: The Vasco da Gama bridge as a starting point to use scientific knowledge and
creativity.
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4. Objectives:
- To make students aware of local heritage and its importance;
- To create cross-curricular approaches between different subjects, such as Physics,
Maths, Geometry, Design, Arts and Crafts and Marketing Communication;
- To solve problem-based situations using critical thinking;
- To develop environmental awareness, by promoting recycling of materials in hand-on
activities.
5. Time available: 4/5 hours
6. Students’: 15/16 years old (Grade 9th -10th)
7. Organization: group work (4-5 students at the teacher’s decision)
8. Assumptions:
- Students are able to do online research and select relevant information;
- Students can organize information and digitally make a sort of an ID card;
- Students know and can use mathematical expressions related to kinematics;
- Students are able to use different digital programmes;
- Students use their creativity while developing team working skills, discussing options
and finding solutions;
- Students are able to check vocabulary comprehension and look for clarification if
necessary;
- Students are creative and goal-oriented.
9. Methods and procedures: web research, problem-based situations, digital modeling,
hand-on methods.
10. Materials and equipment: computers or laptops with internet acces, smartphones,
youtube links database, tinkercad programme, different materials (paper, wood, cardboard,
polysterene, colouring materials, wires, etc.)
11. Strategy:
e The teacher will create groups within the class and will clarify rules and techniques of
cooperative work;
e The students will search information about Vasco da Gama bridge on the Internet-
web research;
o After that, they will follow a short video on Youtube about Vasco da Gama bridge,

https://www.youtube.com/watch?v=-EnZUXJc8xk

e Problem based and hands-on tasks will be solved by students on:
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- kinematics applications (eg. the time for crossing the bridge in different weather conditions,
meeting conditions in kinematics);

- 3D digital modeling of the bridge using tinkercad programme https://www.tinkercad.com;

- building a physic model/machete of the central part of the bridge, maximum 1 meter long;
- promoting an european megastructure as part of tangible E. U. heritage through a relevant
and creative logo and slogan.

e The teacher will check that students understand the tasks and the instructions;

e Each group shares their work with the other groups;

e Students compare difficulties, reflect on the work done and suggest improvement

areas.

12. Evaluation and feedback: the evaluation can be done orally and with
questionnaires/quizzis, also throught self-evaluation.
The feedback will be received and offered by peers and teachers orally whenever necessary.
Evaluation of students’ degree of satisfaction, regarding cooperative work and interpersonal

relationships will be obtained through questionnaires &/or orally as well.

Assignment 3

Students’ Worksheet:
The Vasco da Gama Bridge-The Longest Bridge in Europe

1. Necessary information

The Vasco da Gama Bridge is 17 km (11 miles) long (10km/6 miles of which pass over
water), being the longest bridge in Europe when it was opened in 1998 and today is still one
of the longest in the world.

Its vastness forced engineers to take into account the curvature of the Earth during its
construction. That makes it a superb feat of engineering, made up of several sections
supported by pillars, built at a cost of one billion US dollars. 3,300 workers were needed to

build the bridge and it took 18 months to complete.
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Built to last it is said that the bridge can withstand wind speeds of up to 250 km/h (155 mph)
and survive an earthquake with nearly 5 times the power of the quake which destroyed the
city in 1755.

Vasco da Gama bridge, Portugal

TASK 1: Create an ID of the bridge, covering the most relevant aspects that identify it; for
example: height, length, weight, materials, number of pillars, characteristics, when it was

built, etc.

TASK 2:
a) Calculate how long it takes to the following vehicles to cross the bridge, at maximum
speed, in the following conditions*:
v Acar on a sunny day
v A big truck on a sunny day
v A car on a windy rainy day

*according to the maximum legal speed on this bridge checked on internet for different weather conditions

b) Imagine the following situation: A car begins crossing the bridge on the Lisbon side,
travelling at 100 km/h; a big truck begins, at the same time, crossing the bridge on the

opposite side (Montijo), travelling at 90 km/h. They are both travelling at constant
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speed. Calculate the exact point where they will meet and cross each other. Use some

necessary information from a).

TASK 3:
a) Use the following link to create a digital model of the bridge, using the information in
the ID card previously done at TASK 1:
https://www.tinkercad.com

b) Using the digital model, students choose any materials to build a real-life model of the
central part of the bridge, maximum 1 meter long. Examples of materials: Wood,

cardboard, polystyrene, coloring materials, wires, etc.

TASK 4: The Vasco da Gama bridge will be 25 years in 2023. For this celebration, create a

logo and a slogan, in English.

To help you create catchy slogans, here are seven tips to get your creative flowing:
Keep it short and simple. ...
Be consistent. ...
Focus on what makes you different. ...
Make it timeless. ...
Ensure it can stand alone. ...
Consider your target market. ...

Get input.
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Topic 4: The Vertical Forest

LINGUISTIC TRAINING 4

Outstanding Engineering Achievements —The Vertical Forest

Aims:
e to help students develop their vocabulary on scientific issues with focus on the topic of
environmentally-friendly buildings;
e to improve the communicative skills of the students in scientific English;
e to help students develop their listening comprehension skills.
Stages:
l. Read the following text about Vertical Forest. Six sentences have been
removed from the text. Choose from the sentences A-F the one which fits each
gap (1-6).
A. The steel-reinforced concrete balconies are designed to be 28 cm thick, with 1.30 metre
parapets.
B. Within the complex there is an 11-storey office building.
C. These tree-packed high rises help cities built for density, adding more housing and
infrastructure, while improving the air quality.
D. These green technology systems reduce the overall waste and carbon footprint of the
towers.
E. Italso involved input from horticulturalists and botanists.
F. The vegetation also protects the interior spaces from noise pollution and dust from street-
level traffic.
The Vertical Forest is a pair of residential towers in the Porta Nuova district of Milan, Italy.
They have a height of 111 metres (364 ft) and 76 metres (249 ft) and contain more than 900
trees (approximately 550 and 350 in the first and second towers, respectively) on 8,900 square
metres (96,000 sq. ft) of terraces. 1. ; its facade does not include plants.
The towers were designed by Boeri Studio (Stefano Boeri, Gianandrea Barreca and Giovanni
La Varra). 2.
The building was inaugurated in October 2014.
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https://newatlas.com/bosco-verticale-vertical-forest/20194

Concept

The project was designed as part of the rehabilitation of the historic district of Milan between
Via De Castillia and Confalonieri in Porta Nuova, which is known to be the richest business
district in Europe. BoscoVerticale is one of the biggest European redevelopment projects,
consisting of two residential towers of which the largest is 26 floors and 110 metres high
(called Torre E) and the smaller tower is 18 floors and 76 metres high (called Torre D). It
contains 400 condominium units priced from 10,000 Euro per square meter for lower floors —
to 18,000 Euro per square metre for higher floors.

According to Stefano Boeri, the building was inspired by Italo Calvino's 1957 novel The
Baron in the Trees, in which the protagonist decides to abandon the ground and live in the
trees for the rest of his life.

The project was named Bosco Verticale, or in English "The Vertical Forest", because together
the towers have 900 trees, 5,000 shrubs and 11,000 perennial plants, which help mitigate
smog and produce oxygen. 3. Trees and plants are the most efficient and cost-effective
way to absorb carbon dioxide. The 20,000 trees and perennial plants in the buildings will
convert approximately 44,000 pounds of carbon each year. With more than 90 species, the

buildings' biodiversity is expected to attract new bird and insect species to the city. It is also
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used to moderate temperatures in the building in the winter and summer, by shading the
interiors from the sun and blocking harsh winds. 4.

The building itself is self-sufficient by using renewable energy from solar panels and filtered
wastewater to sustain the buildings' plant life. 5. Lead designer Stefano Boeri stated,
“It’s very important to completely change how these new cities are developing. Urban
forestation is one of the biggest issues for me in that context. That means parks, it means
gardens, but it also means having buildings with trees.”

The design was tested in a wind tunnel to ensure the trees would not topple from gusts of
wind. Botanists and horticulturalists were consulted by the engineering team to ensure that
the structure could bear the load imposed by the plants. 6. Bosco Verticale is the first
model of urban densification of nature in a city and Boeri plans to build similar structures in
Switzerland, the Netherlands (one is already under construction in Utrecht), and multiple
cities in China.

(Source: https://en.wikipedia.org/wiki/Bosco_Verticale)

1. Match the words in the box with the correct definition.

perennial  self-sufficient ensure bear biodiversity

1. Able to provide everything you need, especially food, for yourself without the help of other
people.

2. The number and types of plants and animals that exist in a particular area or in the world

generally.

3.To make certain that something happens

4. Lasting a very long time, or happening repeatedly or all the time.

5. To support something

I11. Use words or phrases from the text to complete the sentences. You’ve been given the

first letter to help you.

1.0n each side of the f is a massive tower of four storeys.

2.Inb transactions he was frugal with his money, but when it came to his

family, he was generous.

51| The European Commission support for the production of this publication does not constitute an endorsement of the
contents which reflects the views only of the authors, and the National Agency and Commission cannot be held responsible
for any use which may be made of the information contained therein.


https://en.wikipedia.org/wiki/Utrecht
https://en.wikipedia.org/wiki/Bosco_Verticale

SOCIAL VALUES STEM FROM EUROPEAN HERITAGE Erasmus+

3. It is unclear how to m the effects of tourism on the country.

4.Noxious gases, as they're released into the air, cause chemical changes in the atmosphere
which result in the formation of s and acid rain.

5. Although many plant names continued to be published under different classification
schemes, b began to show a definite preference for the binomial system.

Green Energy

1. What can you say about the following things?
renewable / energy / fossil fuels / solar energy / coal / electricity replenish

What Is Green Energy?

2. Complete the text with the given words.

pollutants, lowered, renewable, replace, environment, fossil fuels, utilizes, climate change

Green energy comes from natural sources such as sunlight, wind, rain, tides, plants, algae and
geothermal heat. These energy resources are Y meaning they're naturally
replenished. In contrast, 2 are a finite resource that take millions of years to develop
and will continue to diminish with use.
Renewable energy sources also have a much smaller impact on the % than fossil
fuels, which produce ) such as greenhouse gases as a by-product, contributing to
5. Gaining access to fossil fuels typically requires either mining or drilling deep
into the earth, often in ecologically sensitive locations.
Green energy, however, ® energy sources that are readily available all over the
world, including in rural and remote areas that don't otherwise have access to electricity.
Advances in renewable energy technologies have 7 the cost of solar panels, wind
turbines and other sources of green energy, placing the ability to produce electricity in the
hands of the people rather than those of oil, gas, coal and utility companies.
Green energy can ® fossil fuels in all major areas of use including electricity, water

heating, home appliances, and fuel for motor vehicles.
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3. Read the text about the types of green energy and do the tasks.

Types of green energy
Research into renewable, non-polluting energy sources is advancing at such a fast pace, it's
hard to keep track of the many types of green energy that are now in development. Here are
six of the most common types of green energy:
Solar power - The most prevalent type of renewable energy, solar power, is typically
produced using photovoltaic cells, which capture sunlight and turn it into electricity. Solar
energy is also used to heat buildings and water, provide natural lighting and cook food. Solar
technologies have become inexpensive enough to power everything from small hand-held
gadgets to entire neighbourhoods.
Wind power - Air flow on the earth's surface can be used to push turbines, with stronger
winds producing more energy. High-altitude sites and areas just offshore tend to provide the
best conditions for capturing the strongest winds. Research shows a network of land-based,
2.5-megawatt wind turbines in rural areas operating at just 20% of their rated capacity could
supply 40 times the current worldwide consumption of energy.
Hydropower - Also called hydroelectric power, hydropower is generated by the Earth's water
cycle, including evaporation, rainfall, tides and the force of water running through a dam.
Hydropower depends on high precipitation levels to produce significant amounts of energy.
Geothermal energy - Just under the earth's crust are massive amounts of thermal energy,
which originates from both the original formation of the planet and the radioactive decay of
minerals. Geothermal energy in the form of hot springs has been used by humans for
millennia for bathing, and now it's being used to generate electricity. In North America alone,
there's enough energy stored underground to produce 10 times as much electricity as coal
currently does.
Biomass - Recently-living natural materials like wood waste, sawdust and combustible
agricultural wastes can be converted into energy with far fewer greenhouse gas emissions than
petroleum-based fuel sources. That's because these materials, known as biomass, contain
stored energy from the sun.
Biofuels - Rather than burning biomass to produce energy, sometimes these renewable
organic materials are transformed into fuel. Notable examples include ethanol and biodiesel.
Biofuels provided 2.7 percent of the world's fuels for road transport in 2010, and have the
potential to meet more than 25 percent of world demand for transportation fuels by 2050.

(Source of the article : https://www.treehugger.com/what-is-green-energy-4864279)
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4. Complete the chart.

Green energy Advantages of using it

Solar power

Wind power

Hydropower

Geothermal energy

Biomass

Biofuels

5. Match the sentence halves.

1) Renewable energy sources a) including evaporation, rain fall, tides and force

of water running through a dam.

2) Renewable energy sources have b) used to push turbines to produce energy.

3) Green energy can replace fossil fuels c¢) including electricity, water heating, home

in all major areas of use appliances, and fuel for motor vehicles.

4) Solar power is the most d) are naturally replenished.

5) Hydropower is generated by the e) prevalent type of renewable energy.

Earth’s water cycle,
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6) Air flow on the earth’s surface can be ) smaller impact on the environment than fossil

fuels.
6. Match the words and the definitions.

1. Renewable a. A black or dark brown rock found underground deposits and
burnt for heating or power.

2. fossil fuels b. Fill (something) up again.

3. Replenish c. A natural source of power that comes from under the ground
or under the sea, such as coal and gas.

4. Solar d. Atype of energy that is not gone forever when it is used.

5. Coal e. make practical and effective use of

6. consumption of energy f. Not releasing pollutants, especially carbon dioxide, into the
atmosphere.

7. non-polluting g. The amount of energy or power used

8. Utilize h. About the sun.

Photosynthesis

a) Read the following definition of photosynthesis. Choose from the list to complete the

text.
Online task: https://learningapps.org/display?v=pwh91s70521
captured - oxygen - plants —carbon dioxide- light- chemical — photosynthesis
Photosynthesis, the process by which green ____ and certain other organisms transform
energy into energy. During in green plants, light energy is
and used to convert water, , and minerals into and energy-rich

organic compounds. (Source: https://www.britannica.com/science/photosynthesis)

b) Put the sentences into the right order to get the process of photosynthesis.
Online task: https://redmenta.com/?solve&ks_id=391962621
a) The leaves take in CO2 from the air.
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b) The plant uses the sugars for growth.

c) The plant releases oxygen (O2) into the air.

d) The leaves trap energy from sunlight.

e) The plant draws up water (H20) through its roots.

f) The plant uses the energy of sunlight to turn water (H20) and CO2 into sugars and
oxygen (0O2).

c) Look at the following picture and explain the process of photosynthesis.

sunlight

carbon
dioxide

https://www.britannica.com/science/photosynthesis
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LESSON PLAN 4

Lesson Plan: The Vertical Forest

https://realestatemagazine.ro/wp-content/uploads/2019/04/bosco-verticale-1.jpg

1. Argument: The Vertical Forest Towers is located in Milan, Italy, Lombardy region.

The Vertical Forest is a residential complex consisting of two towers, 110 and 76 meters high.
On flat land, each Vertical Forest equals, in the number of trees, an area of 20,000 square
meters of forest. In terms of urban densification, it is the equivalent of an area of a single-
family dwelling of nearly 75,000 square meters. The vegetal system of the Vertical Forest
contributes to the construction of a microclimate, produces humidity, absorbs CO2 and dust
particles and produces oxygen. The facades, clad in dark-grey porcelain tiles, are marked by a
sequence of large balconies, 3.35 meters/11 feet deep, which make the buildings’ appearance
quite dynamic. The complex has a total gross floor area of 40.000 square meters / 430.000
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square feet divided between the southern tower, called Torre de Castilla, and the western one,
the Torre Confalonieri.
The concept behind the Vertical Forest, that of being a “home for trees that also house
humans and birds”, defines not only the urban and technological characteristics of the project
but also the architectural language and its expressive qualities. On a formal level, the towers
are mainly characterized by large, staggered and overhanging balconies (each about three
metres), designed to accommodate large external tubs for vegetation and to allow the growth
of larger trees without hindrance, even over three floors of the building. At the same time, the
porcelain stoneware finish of the facades incorporates the typical brown colour of bark,
evoking the image of a pair of gigantic trees in which to live and which are rich in literary and
symbolic implications. More than just surfaces, the facades can be viewed as three-
dimensional spaces not only because of the denseness and function of the green curtain but
also in aesthetic-temporal terms, due to the multi-coloured cyclical and morphological
changes in the size of the plants
2. Aims:

e To understand the green strategies to reduce the impact of the tall buildings upon the

environment and to improve quality of life in city centres;

e To apply environmental friendly strategies in other contexts.
3. Topic: How to reduce the impact of buildings and human activities on the environment
4. Objectives:
-To develop consciousness on sustainability issues, like CO2 reduction, pollution, etc. in
urban environment;
-To provide STEM solutions for a better quality of life.
5. Time available: 4/5 hours
6. Students: 15/16 years old (Grade 9th -10th)
7. Organization: group work (tasks 1 and 2); individual (tasks 3 and 4)
8. Assumptions:
- The students know the significance of power and energy, the units of measurement in the
International System, as well as multiples / submultiples and calculation formulas;
- The students know the significance of renewable energy and the main renewable energy
sources. Students are aware of problems deriving from pollutant emissions, resources

consumption, and sustainability basics.

58 | The European Commission support for the production of this publication does not constitute an endorsement of the
contents which reflects the views only of the authors, and the National Agency and Commission cannot be held responsible
for any use which may be made of the information contained therein.



SOCIAL VALUES STEM FROM EUROPEAN HERITAGE Erasmus+

9. Methods and procedures: Hands-on activity, study cases, web research, multimedia
production (drawings, models, papers, abstracts, etc.), brain storming.

10. Materials and equipment: A computer or a laptop, smartphones, YouTube links
database, internet connection, paper, markers, flipchart, 3D graphic software, 3D printer, etc.
11. Strategy:

e Students will search for information about the Vertical Forest and similar feats of
engineering all over the world, and compare them. They can follow provided links and
watch videos. After that they are requested to develop their own point of view and
create a strategy to improve green/sustainable themes in the environment they are
familiar to.

e Study cases will be solved by students on:

- the effects of green curtains on the environment such as regulation of humidity, oxygen
production and absorption of CO2 and microparticles, etc;

- the re-design of our own school building(s) using green/sustainable technologies adopted in
the Vertical Forest concept;

- other green buildings before the Vertical Forest (historical references);

- how many trees are needed to keep a person alive in one growing season

12. Evaluation and feedback: the evaluation can be done orally and with questionnaires, also
through self-evaluation.

The feedback will be received and offered by peers and teachers, through questionnaires &

orally as well.

Assignment 4

Students’ worksheet: The Vertical Forest

1. Necessary information

The Vertical Forest Towers is located in Milan, Italy, Lombardy region. It is a residential

complex consisting of two towers, 110 and 76 meters high. On flat land, each Vertical Forest

equals, in the number of trees, an area of 20,000 square meters of forest. In terms of urban

densification, it is the equivalent of an area of a single-family dwelling of nearly 75,000
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square meters. The vegetal system of the Vertical Forest contributes to the construction of a
microclimate, produces humidity, absorbs CO2 and dust particles and produces oxygen.

The concept behind the Vertical Forest, that of being a “home for trees that also houses
humans and birds”, defines not only the urban and technological characteristics of the project
but also the architectural language and its expressive qualities. On a formal level, the towers
are mainly characterized by large, staggered and overhanging balconies (each about three
metres), designed to accommodate large external tubs for vegetation and to allow the growth
of larger trees without hindrance, even over three floors of the building. At the same time, the
porcelain stoneware finish of the facades incorporates the typical brown colour of bark,
evoking the image of a pair of gigantic trees in which to live and which are rich in literary and
symbolic implications. More than just surfaces, the facades can be viewed as three-
dimensional spaces not only because of the denseness and function of the green curtain but
also in aesthetic-temporal terms, due to the multi-coloured cyclical and morphological
changes in the size of the plants.

For more information follow the link:

https://www.stefanoboeriarchitetti.net/en/project/vertical-forest/

Vertical Forest, Milan, Italy
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BEFORE VERTICAL FOREST
References:

Hanging gardens of https://en.wikipedia.org/wiki/Hanging_Gardens_of_ Babylon
Babylon

Iraq 9/6th century BC

Hundertwasser House

Wien/Milan - 1970’

The work of Emilio
Ambasz

Fukuoka - Japan
1992-1995
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TASK 1:

Look at the two pictures. In the first picture you can see a traditional building, in the
second picture you can see the vertical forest.

a) Take notes on the differences and the similarities you can see and think.

un
-
oL

o

b) Identify strengths, weaknesses, threats and opportunities of the two buildings related
to social, economic and environmental impact. Consider the followings: CO, emission
and fine dust, noise pollution, living comfort, implementation costs, visual impact. Do
SWOT Analysis and present them in the following chart:

S Weaknesses

Opportunities Threats

TASK 2:

Re-design your school using environmentally friendly / sustainable technologies that have
been implemented within the Vertical Forest (consider the following: better comfort,
pollution, energy consumption, environmental impact, increasing thermal efficiency, plants,
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irrigation system, etc.). Make a multimedia presentation or an info-graph to share your re-
design project, using ICT tools and programs.

TASK 3:

A 50-year-old average tree emits 50 kg of oxygen during the daytime and the growing season
(April 1 to September 30 of each year). A person inhales 2 litres of oxygen in one minute. If
other sources of oxygen in the atmosphere are not taken into account, how much wood is

needed to keep a person alive in one growing season?

https://www.thoughtco.com/how-much-oxygen-does-one-tree-produce-606785

https://dickinsoncountyconservationboard.com/2020/04/20/trees-give-us-oxygen/

https://www.youtube.com/watch?v=XVUAgcSCP U

TASK 4:

We know that it takes an average of 1.7 kg of wood to produce 1 kg of paper. If a person uses
an average of 90 kg of paper per year, how many trees must be cut to supply a city with
paper? A full-grown tree can produce 113 kg of paper. Complete the chart below with the
help of the given data. : Data Source: https://hu.wikipedia.org/wiki/Pap%C3%ADr

Country Capital Number of | Amount of | Number of trees
inhabitants
(persons)

Relevant photo

paper used | destroyed (pcs)

(kg / year)

Rome

Portugal
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Budapest

Bucharest

Poland

Turkey
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Hands-on Activity on Specific Components of the European Heritage

Topic: The Social and Economic Value of the European Heritage

Assignment 5
Students’ Worksheet: The Social & Economic Value of the European Heritage

Aim: This activity aims at helping the students understanding of the social and economic
impact resulting from the creation of certain components of our European tangible heritage.
Implementation of the activities:

1. The students are presented the following list of components of tangible heritage (which
have been decided upon by the multination team of teachers- 2 pieces of heritage/ partner
country):

Olivia Star-Gdansk- Poland

Malbork Castle- Poland

Budapest (Fovam ter) Great Market Hall- Hungary

Budapest Infopark- Hungary

Bran Castle- Romania

The People’s House/ The Parliament Building in Bucharest- Romania

The Fortress of Almeida- Portugal

Casa da Musica in Porto- Portugal

© 0o N o o b~ wbhPE

Camlica Tower in Istanbul- Turkey
10. Uzunkopru in Edirne- Turkey
11. Bosco Verticale in Milan- Italy

12. Ponte Tibetano in Castelsaraceno- Italy

2. The students are required to search for information on the social and economic impact of
the construction of the following pieces of the national heritage upon the population in the

area. They will organize the information as follows:
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Social Impact Economic Impact Environmental Impact
Landmark Positive Positive Positive
Aspects Aspects Aspects
Olivia Star-
Gdansk
Malbork Castle

Budapest Great
Market Hall

Budapest Infopark

Bran Castle

People’s House in
Bucharest

The Fortress of
Almeida

Casa da Musica in
Porto

Camlica Tower in
Istanbul

Uzunkopru in
Edirne, Turkey

Bosco Verticale in
Milan

Ponte Tibetano in
Castelsaraceno

In implementing the activity, the students should be guided to think about aspects such as:

Social Impact

Economic Impact

Social division
Gender division
Age groups
Minorities -if any

Religion

Demographic dynamics
Labor Market inclusion
The dynamics of the living standard

Average income
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4.The students will then have to prepare infographs/posters/interactive maps/ID cards in order
to illustrate the social and economic impact of the creation of the components of the studied
European tangible heritage.

5.0utdoor activity in the city hosting the international groups within the project or, in the
case of other local activities, within own city/area.

The students, in (international) groups, will identify similar points of interest (parts of the
tangible heritage) in the hosting city and will issue similar tasks, thus preparing a similar set

of photos and tasks which will be given to solve to another international students’ group.

FOR MORE INFORMATION FOLLOW OUR PROJECT ON:

https://twinspace.etwinning.net/92569/home
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SOLUTIONS
ltem Answer key

Task1 |a)P=E/t P =598MW
b) Pcity=6,25MW

1% of from it energy production is supplied by hydropower plant for the
mentioned city

c) n=30 dwellings

Task2 | a) Pyserui = n-g-p-Q-H

0=9,81m/s?, Q=0,88 m%/s , H=180m, p = 1000 kg/m?®
Nn=0,965=96,5%

b)E=P -t P=0,87 MW

Q=P/(m-g-p-H) ; Q=511ls

Task3 | &) Epoentia = m-g-H ; m=pV p = 1000 kg/m®
Epotential =637,65 kJ

byv=.,2-g-H; v=357mls

2
mv
C) Ekinetic = -

d) Eusefu= Etot-Ekinetic= 619,65k.]

; Exinetic=18kJ

e) n:EusefuI/Etot =97,2%

Task 4 students’ own answer

Task 5 students’ own answer
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Assignment 2

ltem

Answer key
Task 1 N 2
V=2, v=2 , =2%:0209h
At At 70

b) e 7km to Kazligesme vit=d+vot  t=d/(vi-v2) compulsory vi>Vvs
e t; =~ 0,209 minutes t> = 0,292 minutes
At=t2 — t1 = 0,0834 = 5 minutes

Task2 | 5yt ~ 00924 = 55 minute  b)V = 58,69 km/h
c) The area of the V(t) graph gives the displacement

The graphic representation being made to scale, the real distance D=5,4km does
not coincide with the distance calculated from the graph d= 4,1 km.

d)

Task 3 a) n=2.400.000 gl’ain CI’yStal Atunnelz n Acrystal ; /A\(;rystalzTE'r2

b) 5% n=120.000 crystals ; E=P-t
E=1000-0,02-120.000-24=57.600 kWh (energy produced by the tunnel in a day)
c) E=1.728.000 kWh (electrical energy produced by the tunnel in a month)

Eused by wnnel=72.000 kKWh (|n a month)
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Eprovided = E-Eused by tunnei= 1.656.000 kWh (Net energy produced in a month)
Eprovided= N- Enhouse
n=8280 households
d) 331.200 euro (in a month)  3.974.400 euro (in a year)
Task4 | 3y 29.200.000 dollars
b) 356.164 vehicles
C) = 44,5 years
d), e) students’ own answer
Task 5 students’ own answer
Item Answer key
Task 1 students’ own answer

Task2 |a) D=17km v=120km/h in a sunny ; v=90 km/h in a rainy day/a big truck
t = 8,4 minutes (sunny day)

t= 11,3 minutes (a big truck in a sunny day)

t= 11,3 minutes (windy and rainy day)

b) t=d/(v1+v2) t = 0,09h=5,4minutes (meeting time)

x1= vl =9 km to Lisbon side and x2 =v2-t = 8km to Montijo side

Task 3 students’ own answer

Task 4 students’ own answer

Assignment 4

Item Answer key
Task 1 students’ own answer
Task 2 students’ own answer

Task 3 | Vegetation period: 183 days, but experts count
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220 days 220 - 24 - 60 minutes = 316,800 minutes

50 kg of oxygen; 50 kg = 50,000 g of oxygen emitted by trees

Density of the air at 0 ° C (101 325 Pa) p = 1,3 kg / m® 21% of air is oxygen,
2 liters = 0.002 m3

In 220 days, meaning 316,800 minutes, 633 m3 of oxygen are inhaled, which
corresponds to 1.3 - 633 - 0.21 kg = 173 kg.

It is more than three trees!

Task 4

Number of inhabitants = X

Amount of paper used by the population: X - 90
Required wood: X - 90 - 1,7

Number of trees destroyed (pcs): (X - 90 - 1,7) / 113
https://www.youtube.com/watch?v=wa7DBd1tE2E

https://www.sierraclub.ora/sierra/2014-4-july-august/ask-mr-green/how-much-

paper-does-one-tree-produce

https://kellygreenclub.com/how-much-wood-is-used-to-make-paper/

Linguistic training keys

Topic Answer key
Topic 1 Practice & production: students’ own answer
Topic2 | Activity 1

1-d, 2-f, 3-h, 4-b, 5-¢, 6-a, 7-c, 8-g

a- dual carriageway, b-bypass, c- ring road, d-lane, e-flyover, f-motorway, g-
track, h- crossing

Activity 2

1-Bosphorus Strait, 2- 2013, 3- rail line, 4-1.4 kilometers, 5- 56 meters, 6- to
reduce/ease congestion, 7- boosting trade, 8- passengers and freight.9- major
earthquakes, 10-undersea structures

Activity 3
1-A, 2-B, 3-B, 4-C, 5-B, 6-A, 7-B, 8-B, 9-C, 10-C

Activity 4
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1-underneath, 2-strait, 3-double-deck , 4-approach, 5-seabed, 6-toll, 7-
segments, 8- crossings, 9-lanes, 10- shafts

Activity 5

Students’ own answer

Topic 3 | Activity D

Arch bridges

1-Deck Arch, 2-Half Through Arch, 3-Through Arch, 4-Bowstring

Beam Bridges

1-Girder, 2-Cantilever, 3-Truss

Tension Bridges

1-Suspension, 2-Cable Stayed

Activity E

1-distances, 2-supports, 3-structure, 4-piers, 5-concrete, 6-strength, 7-cables,

8-towers

Topic4 | Activity 1

1-B, 2-E, 3-C, 4-F, 5-D, 6-A

Activity 2

1-Self-Sufficient, 2-Biodiversity, 3-Ensure, 4-Perennial, 5- Bear

Activity 3

1-Facade, 2-Business, 3-Mitigate, 4-Smog, 5-Botanists

Green Energy

1-renewable, 2- fossil fuels, 3-environment, 4-pollutants, 5-climate change,
6-utilizes, 7- lowered, 8-replace

Types of green energy

Activity 2

1-d, 2-f, 3-c, 4-¢, 5-3, 6-b

Activity 3

1-d, 2-c, 3-b, 4-h, 5-a, 6-g, 7-f, 8-e

Photosynthesis

a) 1- plants, 2-light 3-chemical, 4- photosynthesis, 5-captured, 6- carbon
dioxide, 7-oxygen 8- compounds.

b) e-a-d-f-c-b  ¢) students’ own answer
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