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GOSTEAM Hands-on Activity Template (Inquiry-based)

Title:

The ancient tunnel of Eupalinos in Samos, Greece

Short Description (Max 500 words):

This scenario involves different Applied Geometry concepts (angles and orientation,
congruent triangles) and Topographic Maps representations (elevation and contour
lines) in order to “manipulate” the alignment of the Eupalinos Tunnel which is
considered as one of the most important engineering achievements of antiquity.
Eupalinos worked as a modern engineer 2500 year ago without using any digital
devices, GPS etc., hence, a question arises: “Is it simple to succeed such a task with the
use of modern technologies and digital tools?”

Keywords (Up to 5):

Digital Elevation Model (DEM), Contours, Applied Geometry, QGIS, Maps

Information about the Implementation

Age and language of the students: 9-12 12-15 15-18 18+

Language: Greek Age: [ E [ O

Number of Lessons — Duration (per lesson):

Number of Lessons: Duration per Lesson: 45’

Subjects:
For which subject(s) the activity is usable, is it an interdisciplinary activity?
Science ™M

Physicsl:l Chemistryl:l BiologyD Geosciencesg EnvironmentalD OtherD
Technology ™M

Engineering ™M
Arts |Z
M

Mathematics




Information about the Scenario

Curriculum and country:

Link of the current activity to the curriculum:

Country: | Greece | Class: |Secondary Grade: |9-12

Topic: Applied Geometry, Geography, History

Objectives (Max 100 words):

Description of the learning objectives

Students will learn how to read, construct, and interpret a topographic map.

Students will be able to discuss, compare, and negotiate methods used, results obtained,
and explanations among groups conducting the same investigation.

Students will represent their ideas and solutions within text in the form of a report by
incorporating graphs and maps.

Utilize tools geographers use to study the world for solving complex engineering and
geometry-based historical problems.

Materials (Max 100 words):

Which resources and materials (software, hardware) are needed?

Material: Search Engines, Spatial Data, Maps and Online Support Material

Software: QGIS

Spatial concepts, skills, and abilities:

Which spatial concepts and skills are covered by the activity?

Spatial concepts:

Primitives: Identity/Name [_] Location M Space/Time []

Simple: Distance |:| Direction@ ConnectivityD Movement@
Boundary Ol Shape/Areal] Adjacency []

Difficul.  Overlay]  Buffer[] Topology[]  Coordinate[]

I\/Iapg Scale |:| Shortest Path |:| Navigation |:|

surface M Slope/Gradient[ ]  Aspect[]]  Contour[™
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Spatial skills:

[] Map literacy

M Navigation/orientation

M Estimating distances and directions

[] Recognizing and understanding patterns/Understand and identify models of
spatial organization

[] Select an ideal location based on the given spatial features

M Visualization

[] Understand and identify spatial correlations/ dependencies

[] Categorize spatial entities/ geographic features and identify hierarchies

[] Compare spatial entities and draw analogies among them

[] Identify/determine connections/relations

[J Understanding scale in space and time

[] Delineation of spatial regions/ zones based on given features/ properties

Short Description

Navigation/orientation: Finding one’s way in unfamiliar environments, interpreting and
giving walking and driving directions.

Estimating distances and directions: Measure paths, weighted distances, angles.

Map literacy: Using, interpreting/understanding, learning from, and communicating
acquired spatial knowledge from maps, comprehension of geographic features
represented as points, lines, or polygons.

Recognizing and understanding patterns/Understand and identify models of spatial
organization. Delineation of spatial regions/zones based on given features/properties:
Regionalization processes, pattern recognition and clustering identification in the 2d
and/or the 3d world.

Select an ideal location based on the given spatial features: Single or multi-criteria siting
and optimal areas identification.

Visualization: Visualizing spatial entities from written/oral verbal descriptions, from
their 2d or graphical representations or through mental transformations; such as axis
rotation or perspective taking.

Understand and identify spatial correlations/ dependencies: The ability to realize,
identify and explain patterns, clusters and relevant spatial dependencies.

Categorize spatial entities/geographic features and identify hierarchies: Identify the
hierarchical form of data and gradients between spatial entities.

Compare spatial entities and draw analogies among them: Calculate and compare
different geometric objects’ shapes, area and boundaries.

Identify/determine connections/relations: The ability to identify links and common
characteristics among spatial entities and between humans and spatial entities.
Understanding scale in space and time: The understanding of changes/transitions
through space and time for different spatio-temporal scales.

Geospatial concepts and spatial abilities documentation (see Section 3.2):
http://www.gosteam.eu/wp-content/uploads/2021/05/GOSTEAM 101 A1l final.pdf
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http://www.gosteam.eu/wp-content/uploads/2021/05/GOSTEAM_IO1_A1_final.pdf

Description of the activity in detail

Question Eliciting Activities

Provoke curiosity

Describe ways and materials that teachers will present to their students to attract their
attention to the topic investigated.

¥ Usually, the most effective way to provoke students’ curiosity is by presenting an exciting

video or a series of photos

Pose questions like:
How long is the longest underwater section of any tunnel in the world?
How you believe was constructed?

https://www.youtube.com/watch?v=gNS2jj2w-Gl (How the world’s longest

underwater tunnel was built)

Make a comparison with the current technological advancements and tools and
during the ancient times. Was it possible to do something similar (of course at a
smaller scale)?

One of the greatest engineering achievements of ancient times is a water tunnel,
1036 meters (4000 feet) long, excavated through a mountain on the Greek island of
Samos in the sixth century B.C.

Watch the following video to get introduced to this mathematical and engineering
challenge 2600 years ago!

https://www.youtube.com/watch?v=CR8BIMxrorA (Maths bring water to Samos)

Propose preliminary explanations or hypotheses

Formulate the scientifically oriented questions that teachers will present to the students to
trigger their engagement in thinking about the topic investigated based on their existing
knowledge. Make these questions digitally available and easily usable, e.g., by integrating them

in the materials described in the previous step.

© 1t is best to ask these questions in the context of a relative discussion.

Can you identify the difficulty of the task illustrated in the last video?

a. Can you identify the tunnel’s path? (Its straight direction and level ground)

b. In which part of the mountain and why? At which altitude? (The altitude: 55.8m in
order to minimise excavation works)

c. How to identify the entrance and the exit point? Why to start from both sides?
(starting to work from both ends in order to save time)
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https://www.youtube.com/watch?v=qNS2jj2w-GI
https://www.youtube.com/watch?v=CR8BIMxrorA

Active Investigation

Plan and conduct simple investigation

During this phase, teachers must provide a specific plan of the investigation that will take place.
Offer instructions about the activities they students will need to perform and what kind of
materials they may need. Describe ways that the teachers can use to facilitate the students to
focus on evidence.

© This is the phase in which students are being prepared for the subsequent phase of
evidence gathering during observation.

In order to comprehend in depth the principles governing such an engineering task,
we need to review some fundamental geometry concepts along with previous
explanations on how Efpalinos solved this problem.

Let’s see what this is all about:

https://www.eclass.tuc.gr/modules/document/file.php/ARCH193/TunnelSamos.pdf

See pg. 33-34 for the first method considered (Hero’s method)

See pg. 34-36 for the second method considered (Using pillars and the leveling
bow)

North Entrance (Google Maps)

South Entrance (Google Maps)

AGADES
But why is the Hero’s method important? o
Hero’s method explanation (Link) “ :‘LE‘N’THE?Z
What else you will need in order to verify the [ ‘3’{,,,, rornrcanos

correct orientation from both sides?

Y

\(_) N
>
s

SOUTHERN
', ENTRANCE
——

https://www.mathsisfun.com/geometry/triangles-

similar.html (Similar Triangles)

Creation

Gather evidence from observation

The selected resource (e.g., a simulation, an experiment, an animation, a graph, or other exhibit
of similar nature) must provide students with an opportunity to collect evidence addressing the
scientific questions presented in previous stages through direct or indirect observation. Provide
guidance to the teacher organize and manage the activity most effectively and efficiently.
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https://www.eclass.tuc.gr/modules/document/file.php/ARCH193/TunnelSamos.pdf
https://www.google.com/maps/place/%CE%95%CF%85%CF%80%CE%B1%CE%BB%CE%AF%CE%BD%CE%B5%CE%B9%CE%BF+%CE%8C%CF%81%CF%85%CE%B3%CE%BC%CE%B1+%CE%92%CF%8C%CF%81%CE%B5%CE%B9%CE%BF+%CE%A3%CF%84%CF%8C%CE%BC%CE%B9%CE%BF/@37.6981391,26.9259185,1240m/data=!3m1!1e3!4m12!1m6!3m5!1s0x14bc3db1f3dd4d57:0xdd6dbf0401ead325!2zzpXPhc-AzrHOu86vzr3Otc65zr8gzozPgc-FzrPOvM6xIM6Sz4zPgc61zrnOvyDOo8-Ez4zOvM65zr8!8m2!3d37.7030709!4d26.9252171!3m4!1s0x14bc3db1f3dd4d57:0xdd6dbf0401ead325!8m2!3d37.7030709!4d26.9252171?hl=el
https://www.google.com/maps/place/%CE%95%CF%85%CF%80%CE%B1%CE%BB%CE%AF%CE%BD%CE%B5%CE%B9%CE%BF+%CE%8C%CF%81%CF%85%CE%B3%CE%BC%CE%B1/@37.6959035,26.9277845,2086m/data=!3m1!1e3!4m5!3m4!1s0x14bc3c4d02818c55:0x4cb7ffc0ae1fe843!8m2!3d37.6946288!4d26.9301124
https://books.google.gr/books?id=y-HtCAAAQBAJ&pg=PA17&lpg=PA17&dq=efpalinos+and+hero%27s+method&source=bl&ots=d80chA6jyA&sig=ACfU3U3t6OPV1mQiAApr5tqEDMCtlGwxOg&hl=el&sa=X&ved=2ahUKEwjGyp7W9fHyAhWkgf0HHdz_DAUQ6AF6BAgMEAM#v=onepage&q=efpalinos%20and%20hero's%20method&f=false
https://www.mathsisfun.com/geometry/triangles-similar.html
https://www.mathsisfun.com/geometry/triangles-similar.html

't is recommended to introduce group work at this stage. Guide the teachers to divide
students in groups, each of which will be facilitated by the teacher to formulate and to evaluate
explanations to the scientific questions based on the collected evidence.

Before we begin, students have to download and install QGIS platform!

QGIS Platform Download (version 3.14.0)
https://qgis.org/downloads/
Digital Elevation Model (DEM) data

https://land.copernicus.eu/imagery-in-situ/eu-dem/eu-dem-v1.1?tab=mapview
QGIS Plugin Open Street Maps
https://opengislab.com/blog/2018/4/15/add-basemaps-in-qgis-30 (Guidelines)

Before the beginning of the activity, students are separated to groups of 2. One of the group
members is responsible for the tasks’ flowchart implementation, data acquisition and the
appropriate steps to be followed during the activity. The second member is responsible for the
results validation and communication, including the final report and the maps preparation.

In order to better understand what type of data we will use and how we “translate” or
model the Earth surface and processes, we have to discuss about spatial data structures
(type of data and how spatial information is stored, data types etc.)

A short explanation:

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

Vector and Raster data:

Some useful examples on how we can model a river, a mark on the map or an area using vector

and raster data structures!

raster data
urban area

river

vector data
Vector data Raster data
(Lines, Points, (as Lines, —
Polvgons) Points. An example
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https://qgis.org/downloads/
https://land.copernicus.eu/imagery-in-situ/eu-dem/eu-dem-v1.1?tab=mapview
https://opengislab.com/blog/2018/4/15/add-basemaps-in-qgis-30
https://www.youtube.com/watch?v=HwVFvHwuYJo
https://pediaa.com/what-is-the-difference-between-raster-and-vector-data/
http://www.eo4geo.eu/training/urban-heat-islands-basic-gis-knowledge-vector-and-raster-data/
https://www.azavea.com/blog/2014/08/21/summer-of-maps-raster-versus-vector-visualization/vector-raster/

Support Material for Vector and Raster data: https://gisgeography.com/spatial-data-types-
vector-raster/

WHY THIS IS IMPORTANT?

In order to understand spatial data structures, models’ data inputs, data volume, spatial
resolution, scale, computational efficiency and spatial data, big data manipulation-processing-
visualization etc.

Particularly for the terrain models or Digital Elevation Models (DEM) that we will use in this
experiment, see the images below in Figure 2!

Elevation models

Raster Vector Vector IP 2_0 _3 - 18 . 24
21 : ’
21)20] 15
19
2 6 12 18
[ ]
10
10
(Elevation) grid  Contour line Triangulation .2 .6 .B
model (TIN; triangulated
irregular network)
Vector Raster

Figure 2: Digital Elevation Model (DEM) and heights representation using Vector
and Raster (gridded) data

@&

You can also ask from students to “google” for Digital Elevation Models and see different 3D
visualizations of the Earth’s surface. They can also identify the comparisons between Digital
Elevation/Surface Models (DEM/DSM) and Digital Terrain Models (DTM).

Z, elevation

Z, elevation DTM
LWILe Digital Terrain Relief Model
Sy
£ Lh
: , (LHET

Figure 3: DEM/DSM and DTM examples

% Students can also search for “contour maps” and see many different topographic patterns
in order to better understand how the height difference are mapped and visualized as also,
how critical is the contour intervals in a topographic map. But, what is the contour intervals?
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https://gisgeography.com/spatial-data-types-vector-raster/
https://gisgeography.com/spatial-data-types-vector-raster/
https://slideplayer.com/slide/5077919/16/images/41/Elevation+models+Raster+Vector+Vector+%28Elevation%29+grid.jpg
https://www.e-education.psu.edu/natureofgeoinfo/sites/www.e-education.psu.edu.natureofgeoinfo/files/image/vector_raster_surfs.gif

A topographic contour map of mo.

researchgate.net greenbelly.co

Topographic Map Contour Lines | HowStuffWorks
adventure.howstuffworks.com

What are Contour Lines? | How to Read a Topogr.

)
&=
S i

i
Maps, Maps, Maps | Con.
pinterest.com

Interpreting Contour Maps | METE
e-education.psu.edu

Contour Map

Topographic Mapping | Infotech IT
infotechit.net

surferhelp.goldensoftware.com

Basics of Contour Lines in Topographical.

redhawksurveying.com

WHAT YOU SEE
ON YOUR MAP

OF LANOMARK

How to Read a Topographic Map | REI Co-op
rei.com

A beginners guide to understanding map con..

getoutside.ordnancesurvey.co.uk

Figure 4: Contour maps examples by simply typing “contour maps on Google”

OPTIONAL ACTIVITY

You can print the DEM image on the left and ask from students
to draw on this image how they imagine that the contour lines

will look like!

You can see the results on the image below. Most of the times,

Digital Elevation Models are visualized in a greyscale color-

ramp where the black colors identify low-altitude areas and

the white color the high-altitude areas.

— 7T )J/IVJI ey
’T[T_‘_Z:/f ;{\“Iﬁ “\
s ﬁxﬂw \
&=\ I
o ——
N — -'.'=—.~'-:1~‘~n“:;§?“‘

Hint:
between the colors (from
black without
intermediate grey colors)

Steep  differences

white to

indicate increased height

differences! (looks like a cliff)

Some technical guidelines considering the tools (QGIS Platform) we will use during this

Activity!

Load data: In general, data can be loaded in four ways. The first way (Figure 5-selection 2)

is to use the Layer > Add Layer menu and select the appropriate type of data you wish to

load. The second way (Figure 5-selection 1) is to open the Browser panel, navigate to the

data you wish to load, and then drag the data on to the map display, or on to the Layers
panel. The third way (Figure 5-selection 6) to load data is to enable the Manage Layers
toolbar and click on the button representing the data type you wish to load. The fourth way
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@ Untited Project - 0

is to locate the data in QGIS Browser, drag to the data, and drop it onto the QGIS Desktop

Map Display or Layers panel (Source: https://www.gislounge.com/loading-data-mastering-

agis/).

QGIS Interface

2. 3. 4,

BN 33F ] ' = [T
LLNYA. £ AR
EYRET) g
e
o
E\
g 1. Navigate to your folders — Drag and drop datasets
> or inspect your progress and what you are saving
%22"‘
@ wnspans
G 2. Open any Vector or Raster based files with Add
{.?:::m\mwm
;|l< miu Server
6. 3. All Vector data-based commands and Processes
Layers. & x
AT~

4. All Raster data-based commands and Processes

5. Processing Toolbar, Button and Panel helps to find any

command or Process we are looking for from all available
Plug-Ins and Libraries of QGIS

6. All added layers that the user “loads” (step 2) to QGIS

Processing Toobox
i

8 x

v Recently used
£ verge

B Gipraster by extent
& magority fiter

Wl Seve
@ cartography
@ Database
@ Fie tooks
@ Graphics
@ 1nterpoistion
@ Layer tools
@ MNetwark anal

@ Raster tooks

@ vector analysis
@ vector crestion
@ vector general
@ Vector geometry
@ vector overlay
@ vector selection

@ Vector table
& GOAL
@ Grass
o Models
& saca

A sapts

Coordnate | 1.208,0.020 |95 scale[1:959725 | @ Magnifier [100%

Figure 5: QGIS interface and key functionalities

Step 1 - Based on the above-mentioned instructions you can start with:

1

2.

=] rotaton [0,0°

s
@ Raster ansiysis
@ Raster terrain analysis

| Mrender @ sz @

During the first step of the Activity, load Samos island surface data in the QGIS platform.

Use the Main toolbar (top of the screen) -> Layers -> Raster Layer -> Navigate to your folder

and select Samos_dem_proj.tif

Change layout colors using Layer Properties (double-click on the .tif image you’ve loaded)
-> Symbology -> Single-band Pseudocolor -> Classify.

Identify mountains and plains, find height values and height differences, mostly in the
Eastern-South part of the island (identify button).

Step 2: Install the Plugins needed to run the activity (ggis2threejs, QuickMapServices)

To begin using plugins, you need to know how to download, install and activate them (Figure
6). To do this, you will learn how to use the Plugin Installer and Plugin Manager. But what a

Plugi

nis?
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https://www.gislounge.com/loading-data-mastering-qgis/
https://www.gislounge.com/loading-data-mastering-qgis/

Plugins in QGIS add useful features to the software. Plugins are written by QGIS developers and
other independent users who want to extend the core functionality of the software. These

plugins are made available in QGIS for all the users (Source: QGIS Tutorials).

G‘ *Contours — QGIS 1. Click on Plugins on the Main Toolbar
5

Project Edit View Layer Setting

ector Raster Database Web Mesh SCP Prc

D . IEE Es =‘;‘ anage and Install Plugins... ”:
@ Python Console Ctri+Alt+P
g % % /?EEI ﬁ @ ' ) 2. Select Manage and Install Plugins
@ pugins|an iz 3. All Plugins X
2 quickmap| 4. Type “quickmapservices” |
o ap e All Plugins

@8 QuickMapServices

[

On the left you see the list of all plugins available for your |
QGIS, both installed and available for download. Some plugins [

Mot installed

5. Select it come with your QGIS installation while most of them are made
Install from ZIP available via the plugin repositories.
You can temporarily enable or disable a plugin. To enable or
ﬁ Settings disable a plugin, click its checkbox or double-click its name...

Plugins showing in red are not loaded because there is a
problem. They are also listed on the 'Invalid' tab. Click on the
plugin name to see more details, or to reinstall or uninstall
this plugin.

6. Click “Install Plugin”

Upgrade all Uninstall Plugin Reinstall Plugin

Close Help

Figure 6: Steps for installing Plugins in QGIS

Step 3: Load Satellite Imagery as Basemap and change color ramp to Samos DEM

s Samos_dem_prc

Ho

B 1767825
353565
530.3475
70713
232.9125
1060.695

W 12374775

W 121426

Satellite image DEM

Figure 7: Satellite image of Samos (left), Digital Elevation Model with height values (right)
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https://www.qgistutorials.com/en/docs/using_plugins.html

u E‘ l-a |—‘Q§ =g @\ Q Layer Properties — Samos_dem_proj — Symbology Y
a@gv.aw @
f' Information Render type | Singleband pseudocolor

G- [F 2

Band Band 1: Band_1 (Gray) -

¥ Band Rendering -
3. Singleband pseudocolor

Browser & (3 '{:\\ Source
oevmte " 2. Symbology’ Max 14132
Favorites 4] d Symbolegy Min / Max Value Settings

v " Spatial Bookmarks
[ Project Home

[¢] Home Histogram Coler ramp | . . -

L@ Tiansparency Interpolation Linear M

' %;: Y, Dt Label unit suffix
: 4 Rendering
oy Value Color Label 4' COIor ramp =
@ GeoPackage Temporal
@ o ,
f Spatialite
‘ PostGIS ‘ Pyramids
P mssoL ) 1767825 R
@ Oracle b l Metadata
Layers (=) I : 353.565
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« @l & T
: - QGIS Server 530.3475
707.13 70713
W 1767825 -
353565 1. Double-click Y Fe— a FRE
530.2475 jode qual Interval ~ . asses -
70713 5. Classify
' Classify & | = =
883.9125
1060.695 Clip out of range values
W 12374775 =
W a6 I
v [ "B Dinn Catallita i Style < | Ok J Cancel Apply Help
Q Type tolocate (Ctrl+K) Getting tiles. Coordinate | 756506,4175318 | W9  Scale| 112322 |~ | @ Magnifier| 100% [] Rotatior

Figure 8: Change colorbar to a Raster layer

() *Contours — QGIS - hd

Project Edit View Layer Settings Plugine Vector Raster Database Web Mesh SCP  Processing Help
1. QuickMapServices

DEEREY OS2 R PP BENDOR # T =5
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rEzoo :'m »

y- B 2oEa- A O B Eooow e e [ 0DEEEEE
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@ 295 S = Y
@ AutoNavi >
[ > Bing Map Bing »
| > Bing Map Ru i esri 2 Bi >
. in
Bing Satellite @ GeoQ g 4
{3 Geofabrik »
| & Google »
[€7 Kosmosnimki.ru » ) Toolbox a®
@ Portugal v [O = XN
@ Mapbox N
@ Nasa * [cently used
| ¥ Georgia » Irtography
- b;
5 ¢ CartoDB f o
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£ Sputnik , ttwork analysis
ts
.
“i Stamen ” kter analysis
strava » [ster creation
E USGS » [ster terrain analysis
22 TianDiTu y [ ook
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8 2% Ukraine Cadastre » ktor general
& Waze » [ctor geometry
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Resu It ! I3 Bergfex  ctor table
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- AL
€} Search QMS 1ASS
(@) Add to Search GA
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“g Settings
@ About

L Mannifier | 1009% er @ Fpceoinn @

Figure 9: Load Basemap Satellite data
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Step 4: Extract contour lines using DEM

1. Raster
ns Ve abase Web Mesh SCP Processing Help
A, Calculator... | =) ¥ D & o S e
& 7 d OO & W =, T~

Align Rasters...
= %E5%% AQAR ¢
K o 0,010000 S rin e Max By : Eo

[ 11 Georeferencer...

Analysis 4

Projections »

Extra % Clip Raster by Extent...

onversion CloDocio b Rl

[i§ Contour...
= e

() Contour

P e . g
i 4. Input layer: Samos_dem_proj.tif
" samos_dem_proj [EPSG:2100] -
Band 1: Band_1 (Gray) -
Interval between contour lines 5. Interval: 5 (mEte rS)

5,000000

Offset from zero relative to which to interpret intervals [optional]
0,000000 € |v
P Advanced Parameters

I C:/Usersloukat/Desktop/EA_Erasmus +/GOSTEAM_Scenarios/1.Efpalinos_tunnel fSamos_contours5.shp I

Ol (Fren s i R el e i 6. Save Contours as: Samos_contours5.shp
GDALfOGR conscle call

gdal_contour -b 1 -a ELEV 4 5.0 -f "ESRI Shapefile” C:/Users floukat/Desktop/EA_Erasmus +/GOSTEAM_Scenarios/1.Efpalinos_tunnel/[DEM_Gr_eu/f
Samos_dem_proj. tif C: Users/floukat/Desktop/EA_Erasmus +/GOSTEAM _Scenarios/ 1. Efpalinos_tunnel/Samos_contours5.shp

0% Cancel

Run as Batch Process... Run | Close Help

NOT PRETTY
IMPRESSIVE, BUT,
ZOOM-IN, INSIDE

THE CIRCLED AREA!!

Figure 10: Create contours of specific interval using DEM
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Step 5: Extract contour lines using Select features option

Contour lines (Mount Kastro)

Browser P®
QRTHO

"¢ Favorites
» 1" Spatial Bookmarks
» [ Project Home
» [6] Home
» O\

» Oz
0 GeoPackage
/ SpatiaLite
@ rostais
P mssaL
@ Oracle -
Layers @®
< L@ ®, Y 8“ A i g 0
== Path 65 ~ o
« Entrances g
Tunnel_contour65
Samos contours5
- ¥ Samos_dem_proj
Ho
B 176.7825
353.565
530.3475
707.13
283.9125
1060.AAS -

Samos airport

Figure 11: Exported contour lines of 5 meters interval

HOW CAN WE VISUALIZE CONTOURS HEIGHTS (e.g. using labels)????
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1.

Figure 12: Contours’ labeling with heights values
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(2 Samos_contourss — Select by Expression *

| Expression | Function Editor

L3 | Q search.. Show Values group field
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Figure 13: Select the contour of 65 meters
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Figure 14: Save as separate layer (shapefile) the contour of 65 meters
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Figure 15: Contour with height value of 65 meters (Yellow color)
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Figure 16: Create a new empty shapefile to your folder for digitizing new data

LOAD THE NEW EMPTY SHAPEFILE ON QGIS!

Using Hero’s method, start at a convenient point near the northern entrance of the

tunnel, and traverse the western face of the mountain along a piecewise rectangular path
(indicated in green on Figure 17) at a constant elevation above sea level, until reaching
another convenient point near the southern entrance.
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1. Measure the total distance moved west, then subtract it from the total distance moved

east, to determine one leg of a right triangle, shown dashed on the map, whose
hypotenuse is along the proposed line of the tunnel.

2. Then add the lengths of the north-south segments to calculate the length of the other leg,
also shown dashed.

3. Once the lengths of the two legs are known, one can lay out smaller horizontal right
triangles on the terrain to the north and to the south (shown in orange) having the same

shape as the large triangle, with all three hypotenuses on the same line.
4. Draw these sm all triangles!

. L. . . 5. Point B “Left
2. Click “Toggle editing” 3. Click “Add Line Feature” . “ s
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Figure 17: A digitized path for a series of left-angled traverses of same height (approximately)

Using Hero’s method, start at a convenient point near the northern entrance of the

tunnel, and traverse the western face of the mountain along a piecewise rectangular path

(indicated in red) at a constant elevation above sea level, until reaching another convenient

point near the southern entrance.
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Figure 18: Add length field and estimate segments’ length
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After you finish the path digitization you must calculate each path’s segment length. To
succeed that, you will create a new Field on the “Path_65" layer!

1. Right-click on “Path_65" layer and select Open Attribute Table.
2. Select “Toggle Editing” in order to be able to add the new Field.
3. Press “Field Calculator” and follow the instruction of Figure 18.

When you calculate all segments’ length open again the Path_65 | @ path 65— Features Total: 33, Filtered: 33, Se
layer Attribute Table and you will see that all length values have |

J.:r }.:

been updated for each segment! ' d 4] Lengt

1 1 117,33
There is one last Step you have to follow in order to estimate - , .
the final tunnel’s length! ,

3 3 259,27
The unique id you set for each segment suggests which |4 4 22813
segments have a horizontal orientation and which one |3 b 19,62
have a vertical orientation! & > 7 17.92

7 8 19,62
DO NOT FORGET TO SORT DATA BASED ON THE ID |, - 24,44
COLUMN' 9 10 18,00

Based on the lengths’ estimation and the sorted length attribute values:

i) measure the total distance moved west
(odd id segments), then subtract it from the
total distance moved east (odd id
segments), to determine one leg of a right
triangle, shown dashed on the map, whose
hypotenuse is along the proposed line of
the tunnel.

ii) then add the lengths of the north-south
segments (even id segments) to calculate

the length of the other leg, also shown
dashed.

Once the lengths of the two legs are known, you can easily estimate the total tunnel length,
even though they are buried beneath the mountain!
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In addition, in order to validate that workers will start digging on the same direction, one can
lay out smaller horizontal right triangles on the terrain to the north and to the south having
the same shape as the large triangle, with all three hypotenuses on the same line.

Therefore, workers can always look back to markers along this line to make sure they are
digging in the right direction.

Discussion

Explanation based on evidence

Encourage your students to provide correct explanations for the topic(s) investigated.

© pescribe ways that they can use to this end and give them directions how to discover them.

Ask from students to load on QGIS the Entrances.shp layer presenting the real North
and South entrance (as show in Figure 19). Ask from the to measure the Euclidean
distance of the entrances (1036 meters the actual length) and compare their results

with the actual tunnel length.
Consider the following questions from the students:

Why not to make the Southern entrance on the Western part of the mountain in order
to reduce the tunnel’s length?

Fortification wall of Samos ancient city
in

Students have to consider the exact Topographic maging
position of the ancient city of Samos so that
the tunnel ends inside the fortification

walls.

Source: https://www.samosin.gr/item/fortification- A

wall-of-samos-ancient-city/

Why Efpalinos selected the 55 m. contour line (65 m. in our activity) and not another
elevation to delineate the tunnel?

Because water volume is proportional to the elevation, hence, per 2 meters increase
on the elevation, water volume increases by 100 m3.

Why we selected the contour of 65 m. and not 55 m.?

First of all due to potentially modelling uncertainties. This means that for producing
the contour lines based on the Digital Elevation Model, there is an inherent level of

uncertainties, errors or modelling inaccuracies linked to the initial DEM data quality,
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resolution (pixel size) etc. Moreover, the terrain of Samos may have also change
during the last 2500 years and therefore we observe short discrepancies between
the elevation values.

Why is not optimal to build a longer tunnel?

Consider that for the tunnel’s elongation per 100 m., workers needed 10 days of
extra excavations.

Source: https://drive.google.com/file/d/1JnBvbcYSKaMokyNFCEp) K7xBwWd7B1/view
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Figure 19: Actual North and South entrance of the Efpalinos Tunnel

Consider other explanations

Facilitate the student groups to evaluate their own explanations in the light of alternative
explanations, particularly those reflecting scientific understanding. Illustrate examples they can
use and give them instructions how to locate them.

Students can repeat the experiment, having already known the entrances
coordinates. Can they really succeed to apply the Hero’s method with the minimum
possible error?

How could we solve this specific problem with the current technological means and
support?

https://engineering.stackexchange.com/questions/17045/how-are-tunnels-dug-

from-two-endpoints-joined
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Reflection

Communicate explanation

Facilitate each student group to reflect on the previous experiences and to produce a report
with its findings, presenting and justifying the proposed explanations to the other groups and

the teacher.

© provide content which the teacher can use to help the students to get familiarized and to

become efficient in scientific writing.

Ask from students to write a short report by incorporating the scope of this Activity
(which is the objective?), the data and the tools they used, what methodology
(algorithms) and to present their results in the form of maps (images) by reporting

their errors and potential difficulties they found.

The report outline could be in the form of:

i) Introduction,

ii) Study area and Data used,
iii) Methodology,

iv) Results and Discussion

Follow-up activities and materials

Describe and direct the user to any follow-up activities or materials that can be used to wrap-

up the hands-on activity.

€ These could include appropriate learning assessment and/or reminder materials (e.g.,

quizzes, games, other user-friendly tests), hints for further activities etc.

How to identify if students familiarized with contours and elevation models:

https://www.purposegames.com/game/972382ecf2 (Contours game)

https://orienteering-games.vercel.app/game/contour/ (Contours puzzle game)

Sustainable contact

Name & email: Loukas Katikas (lkatikas@ea.gr)
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References (if any):

Apostol T.M. (2004): The Tunnel of Samos, Engineering & Science;1

How are tunnels dug from two endpoints joined?
https://engineering.stackexchange.com/questions/17045/how-are-tunnels-dug-from-

two-endpoints-joined

Assessment (if any):
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