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ZMHAIOZ AZMPOYAAZ

O =nnAiog Aonpoudacg - ouluyog, NaTépag, PiAog, ouvadeA-
®Oog, pEvTopPag Kal I3pUTAG TNG =. AZMPOYAAZ & ZYNEPTA-
TES E.E. - épuye and kovta pacg tnv Kupiakr 18 Maiou
2014.

FevviéTal oTig 29 AuyoucoTou 1948 ortnv MaTpa. Mera Tnv a-
nogoitnon Tou and To 1° lTupvaocio Appévwv Matpwv To
1967 @elyel yia onoudeg oTnv AHEPIKN HE €@ddIa pOVo pe-
pIkG 0oAAdGpia kal oAU B€Anon, neiopa, Kair PeYAaAeg BAE-
WEIG.

Me HEYAAEG OIKOVOMIKEG DUOKOAIEG QoITa Eavd oTnv TeAeu-
Taia TaG&n Tou Aukeiou oTo New Jersey. liveTal dekTOC OTO
West Virginia Tech an’ onou anogoitd To 1971 pe Bachelor
of Civil Engineering pe TIUNTIKEG Slakpioelg and To American
Road Builder’s Assoc., JIekdIK®VTAG OUYXPOVWG TNV €UKAI-
pia va Ta&idEwel o€ NOAAEG MOAITEIEC TNG AWEPIKNAG EMIOKE-
NTOUEVOG TA MEYAANG KAigakag €pya Tou Ynoupyeiou Anpo-
oiwv 'Epywv aAAd kal JeyAAeg IOIWTIKEG €TAIpEieg Kal Bloun-
xavieg nou e&e1dikeuovTav oTov ToPEA TG odonoiiag.

Ano 1o 1971 éwg To 1973 epydleTal oTto TURua odonoiiag
Tou Yrnoupyeiou Anuocinv ‘Epywv Twv H.M.A..

STN OUVEXEId MNPAYPATOMOIEl HPETANTUXIAKEG OMOUDEC OTIG
Ap1BuNTIKEG MEBODOUG, TNV Edagopnxavikn kai Tig Ogpeim-
O£IC UMO TNV €MONTEId HWEPIKWV and TOug M6 ovouaoToug
kabnynTég Tou xwpou aro Virginia Polytechnic Institute and
State University kal To 1975 anokta dinAwpa Master of
Science.

To idl0 €T0G enioTpépel otnv EAAGda kai unnpeTei Tn oTpa-
TIWTIKA TOUu OnTeia. 3Tn Ouvéxela, avaxwpei yia TRV noAn
Bregga Tng AIBung, pe Tnv K&S Geotechnical Cons. Eng.,
avaAapBavovrag To oxediacuo, TNV eNiBAEWnN Kal Tov EAEYX0
TWV YEWTEXVIKWOV €pywv TnG ESSO Standard Libya. And To
1976 w¢ To 1980, ouvepyaletal ye Tnv eraipia FRANK E.
BASIL Inc. oTnv MEAETN KAl KATAOKEUN €PYWV UNOJOWNG OTN
Saoudikn ApaBia kai Tnv AiyunTo.

To 1980, npoBAEnovTac TNV avaykn unocTnpIENG oToV TOUEA
TNG YEWTEXVIKNG WNXAVIKAG OTN yopyd avantuooOpevn EA-
Aada Tng enoxng, 19puel Tnv eTaipeia . AZMPOYAAZ «Kal
avaAapBAavel wg TEXVIKOG YEWTEXVIKOG OUMBOUAOG, TOV Mnpo-
YPAUUATIONO, TNV €kndvnon kal Tnv a&loAdynon YEWTEXVI-
KOV MeAeTwV oTn Zaoudikn ApaBia, yia Aoyaplacuod Tng e-
Taipiag ABA BUTAIN, OMMAR JAZZAR péxpi To 1985.

Ano To 1988 ouvepyaleTal pe TNV 'Ynatn Appooteia Tou OHE
yia Toug npoopuyes (UNHCR) yia Tn oUvTa&n npoypaupa-
TWV - NpoUnoAoyIoPWV Yid TNV KATAOKEUR Kal ouvThApnon
E€PYWV UMOJOUNG 0 XWPEG TNG APPIKNG.

To 1995, n eraipia petovopdleral oe . AZMPOYAAS & ZYN-
EPFATEZ E.E., ev®w napdAAnAa, 1o 1998, npoxwpd ortnv
idpuon Tng eTaipiag GEOSTIRIXIS, pe avTIKEIYEVO TNV KATA-

OKeUN €10IKWV BEPEAIVOEWY Kal avTioTnpiEEwy, unoBepeAi®-
OEWV, AVTIMETWNION KABIZNOEWVY K.a.

Méoa oe Aiya povo xpovia, BacilOPevog oTnv uneipia Tou
i5l0U Kal TWV CUVEPYATW®V TOU, KATapépvel To Ovopa Z. A-
SMPOYAAZ & ZYN. va €ival ouvovupo Tng a&lonioTiag Kal
NG 13iKeuong oTNV AVTIMETONION ANAITATIKOV YEOTEXVIKOV
ouvONKWV.

O ZnAAlog ATav AATpng Tng @UONG kai Tng 6aiacoag, Kai
aQIEPWVE TOV €AAXIOTO EAEUBEPO XpOVO TOU OTNV IoTIONAOIA
ME Ta ayannuéva Tou npocwna. AQRVel Nicw Tou Th yuvaika
Tou Zogia XZUpkou - ApxiTekTova Mnxavikd, kdai TIG KOPEG
Tou Mavayi®Ta, MoAITIkKO Mnxavikd - Edagopnxavikd, Kkai
Eipnvn, Apxitéktova - MNMoAeodopo, Pe Tn Bapid kAnpovopid
TOU OVOMATOG TOU Kal TOU €pyou Tou, TO onoio 6a cuveyi-
OOUV HE TIMM, ONWG AAAWOTE ATAV KAl TO OVEIPO TOU idIou.

Ayannuéve pag ZnnAio, KAAEG NAEUOEIG. ..

Nayia Aonpouda
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NuaAia kapia
To THAHA FEMTEXVIKAG TOU MOAuUTEXVEIOU —
BavdaAiopoug katayyEAAel kabOnynTAg Tou EMIN

- "MoAepoc" o €EENIEN aTo MoAuTexveio

- AyvwaTol BavdaAioav Ta EnuepwpaTa To TUAMA MewTeXVI-
KNG oTn ZXoAr MoAITIK®V Mnxavikwv

- 3Tn dnMOCIOTNTA QWTOYPAPieg Kal video anod TIG KATEC-
TpappEévVeG aiBouaeg

- "Mndape Ta kAykeAa yia va Pnoupe atn oxoAn! @élouv va
Hag nepdacouv KAipa TpopokpaTtiag", Aéel oto Newslt ka-
enynTng Tou EMM

- Mnvuon kaTt' ayvwoTwVv KaTabETel 0 NpOedPOoC TNG OXOANG

- KAgioTo yia TpiTn £Bdoupdada to EMIM Aoyw anepyiag Twv
SI0IKNTIKWV

- EioayyeAik napépBacn yia Tov anokA£Iopd Tng €100d0u
Tou MoAuTeyveiou

EikOVEG KATAOTPOPNG AvTikpigav 0001 BpeBNKav To Npwi TNG
TeTApTNG OTN TUAKA FEWTEXVIKAC TAG ZXOAAG MOAITIKOV Mn-
Xavikwv Tou MoAuTexveiou, onou ouvexileTal n anspyia Twv
JIOIKNTIKWOV UNAAARA®V Kal To €EAPNVO YId TOUG (POITNTEG
kivduvelel va XaBei opioTIKA.

'Onwg katayyéAAel oto NewsIt o kabnynTting Tou EMM, MNwp-
yoG kalerag, ol BavdaAiopoi €yivav ano Tig 21:30 To Bpddu
NG TpiTNG MEXP! ONMEPA To Mpwi nou nnye n kabapioTpia
Kal avTikpioe évda... Xdog.

Ekeivn nTav nou sidonoince Tov npuTtavn Kai Toug kabnyn-
TéC. O npdedpog TNG =XOANG, MAAIOTA, KATABETEl privuon
Kat’ ayvowoTwy.

'OTav o npoedpog kal KabnynTég Bpédnkav aTn oxoAn avTi-
Kploav kaTeBacpéveg o10epIEG, NAPABIACHUEVEG NOPTEG, KATE-
OTPAPPEVOUG UNoAoYIOTEG kal TZaupia onacpéva. Mahiora,
€dwaoav oTn dnuooidTNTa pWToypaPieg aAAa kai video ano
TIC KATAOTPOPEG.
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«la péva, To nio onuavTiko dev eival govo To KOOTOG TWV
{nuiwv aAAd To kAipa TpopokpaTiag nou BEAouV va pag ne-
paocouv» ine oto Newslt o k. Mkalérag, kKaBnynTnG Tou TUN-
paTtog Ta TeheuTtaia 35 xpovia. «Eivar Babia avTidnpokpaTiko
va anayopelouv O€ €UEVA KAl TOUC (POITNTEC Mou BEAOUUE,
va Pnoupe peEoa».

O id10G¢ kaTayyeAAel Nw¢ Kata Tn diIApKeEla TNG anepyiag oTo
EMM, ka®nynTég kal @oITnTEG avaykdornkav va nndnéouv
KAYKEAQ yia va Pnouv atn oxoAn and TiG NAdiveg €106doug,
agou and TIG KUPIEG MOU EiXE ANAYOPEUTEI.

https://www.youtube.com/watch?v=jgUa6Ba2L]0
AkouaTe TI gine oto Newslt o I'. MkaléTac:

http://www.newsit.gr/default.php?pname=Article&art id
=313023&catid=3

(Newslt, 02.07.2014)

MapdanAsupn anwAegia TnG d1appn&ng Tou KTnpiou Tou Topéa
FEWTEXVIKNG, NTAV KAl TO ONACIKNO TOU AOUKETOU Kal TNG KAE-
10apiag TN BIBAIOBNKNG ME Ta OIKOVOVIKG apxeia Tng 4EMM
(n onoia npoéc@ara HPETAKIVABNKE and To Npwnv ypa-geio
TNG 4EMM o< 31adpopo Tou KTnpiou Tou Topéa). MaAlov dev
Aginel kAT and To NepPIEXOMEVO.

Avagpopd diappn§ng pe eKTETapEVEG KAonEG UAIKOU Kal
(POOPEG EYKATACTACEWV

2 TouAiou 2014
Ano: MixdaAn KaBpada

Mpog: Mavvn NkoAia, KoounTtopa TN =X0ANG MoAITIKwv Mn-
xavikov EMM

Kolv : kaB. K. Z. Zipoénouho, Mputavn EMM
AIguBUVTEG TOPEWV TNG ZXOANC MOAITIKWV MnXavikmv
EMMN
MéAn AEM Tou Topéa MewTtexvikng EMN

Sag evnuepwvw OTI onuepa 1o npwi (2 IouAiou 2014), nepi
®pa 9:00nu evnUeP®ONKA TNAEPWVIKWG ano Tov Koountopa
(o onoiog pou €ine OTI evnuepwONKe and Tnv kabapioTpia
TOU KTIpiou) OTI ofuepa To npwi n kabapioTpia dianioTwoe
ixvn d1appn&ng oTto KTiplo MEwTeXVIKAG TNG ZXOAAG MOAITI-
KOV MNXavikov.

MeTERNV AUECWG OTO KTiplo Kal dianioTwoa OTI €Xel yivel di-
appnén pe Bpalon TNG nNOpTAG OTO €pyacThpio Tou B Yno-
yeiou, didppnén Bupwv OTa €pyacTnpla kair ypageia Tou A
Ynoyegiou Kal 0 apKeTa ypageia Tou looyeiou (METAEU Twv
onoiwv Kar To dikd Pou).

Mia apxikf anoTignon Twv JnUI®V €ival 0TI EKAANNoav apke-
Toi (opnToi UNOAOYIOTEG Kal BIVTEONPOROAEIG Nou Xpnalipo-
noioUVTO yia Tnv Jlevépyela TwV JIaAEEEwY Kal mBavov Kkal
aAAa uAika.

Eidonoinoa apéowg TNV acedAeia Tou EMM n onoia pe evn-
Mépwae OTI Npénel va PETaBw OTO ACTUVOMIKO TuAua Zw-
ypd®ou kal va kKatabéow WRAvuon Kat ayvwoTwy, npaypa
nou npoTiBepal va Npdfw apéows. Asv yvwpilw Tov TPOMO
nou n =nuavon 6a e10éABel evTog Tou (kAgioTou) EMM, aAAa
auTo dev eival dikn Jou appodioTnTa.

TEAOG, 0aC evNUEPWVW OTI AOYW TNG KAOMNAG TWV AVWTEPW
UANIK®V (N.X. eKAAnn o di1kdG pou @opnTOG UMOAOYIOTAG Kal
BivTeonpoBoA€ag nou XpnoIYOMoI®w Yia Ta Pabnuata, aAAd
Kal avTioTolxa UAIKA apKeTwV ouvadeApwv) dev eival duva-
A n dlevépyela TwV OIAAEEEWV TWV HABNUATWV AKOMWN Kal
€dv «avoi&el» 1o 'Idpupa epooov dev avTikataoradouv apé-
owe.

Me ekTiunon,
M. Kappadag

AvanA. Kaényntng EMN
AleuBuVTNC Tou Topéa MEWTEXVIKNG

TA NEA THZ EEEEI'M — Ap. 66 — IOYNIOZ 2014 - B




APOPA

Frozen Earth
Joseph A. Sopko and Robert R. Chamberland

ARTIFICIAL GROUND freezing to provide temporary earth
support and ground water control for the construction of
deep shafts has been used in the mining and civil construc-
tion industry since the late 1800s. The process of convert-
ing the pore water within a soil to ice creates a strong, im-
permeable material with properties similar to low strength
concrete.

The applications of ground freezing can generally be divided
into three different types or variations of these types:
shafts, tunnels and large-scale groundwater barriers. Re-
gardless of the application, the process is relatively stan-
dardised. A series of closed end freeze pipes, ranging in
diameter from 76 to 114mm are drilled and installed
around the perimeter of the proposed excavation. The pipes
are drilled with a variety of site-suitable drilling methods,
mud rotary, casing advancers and resonant sonic are the
most common. Regardless of the method, it is necessary to
keep the borehole open during the installation process of
the freeze pipes.

The freeze pipes are typically steel, although current re-
search is evaluating the feasibility of other materials. Within
the steel freeze pipe, smaller diameter down pipe or feed
pipe is installed as shown in Figure 1. The circulating coo-
lant, or bine, is pumped down this inner pipe using a spe-
cially made pipe head also illustrated in Figure 1. Once each
individual freeze pipe is installed it is both pressure tested
and surveyed for verticality using gyroscopic survey equip-
ment. It is imperative that reasonable alignment between
adjacent pipes be maintained. Excessive spacing between
pipes can extend the freezing time significantly, and in cas-
es of very large spacing prevent freezing altogether.

The circulating brine is actually a secondary coolant which
is contained in a closed loop and refrigerated in a heat ex-
changer that using refrigerant gases such as anhydrous
ammonia as a primary refrigerant. The refrigeration plants
are electrically powered and can be installed on mobile trai-
lers or built in permanent installations for larger or long-
term applications. The brine circulates through the pipe,
back to the refrigeration plant in a completely closed loop.
No chemicals or gases arc injected into the ground or re-
leased at ground surface. In cases where very rapid or flash
freezing is required on small isolated areas, liquid nitrogen
can be pumped into the freeze pipe and the nitrogen gas
released directly into the atmosphere, this specialized ap-
plication warrants consideration in a separate article.

The brine is cooled to temperatures of -25°C or colder and
pumped at flow rates to ensure that sufficient heat transfer
is occurring. It is important to note that this process is ex-
tracting heat from the ground, not injecting cold, in a simi-
lar manner as a well extracts groundwater. The heat that is
extracted from the ground is expelled to the atmosphere
via an evaporative condenser within the refrigeration plant.

As heat is extracted from the ground, cylinders of frozen
earth form around each pile and continue to increase in
size. These cylinders eventually overlap each other forming
the groundwater barrier.

As the frozen mass increases in size with time, its tempera-
ture continues to decrease and a structural frozen earth
barrier is formed. Frozen earth strength increases substan-
tially when the temperature is lowered. Like concrete how-
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ever, frozen soil is only strong when in a compressive
stress state and exhibits very little, if any tensile strength.
Because of the lack of any significant tensile strength, de-
signers of ground freezing systems create structures that
are essentially circular keeping the stresses in a totally
compressive stale.

Brine supply

Brine return — Freeze pipe header
\

Roust-a-bout coupling

Freeze pipe

HOPE downpipe ——

Figure 1. Typical freeze pipe header

Unfortunately, project constraints do not always allow for
purely cylindrical frozen earth structures. Even elongating
the structure to an ellipse doesn’t always fit the project
constraints. In recent years, ground freezing has been used
extensively on projects in congested urban areas where
straight sections of frozen walls are required. Areas be-
tween adjacent structures close lo underground subways
and utility tunnels do not permit the simplicity of designing
purely compression, circular frozen earth cofferdams. In
such cases, the frozen wall has straight sections and ten-
sion stresses develop. Reinforced steel can be used lo ac-
commodate the low tensile strength of frozen earth tension
zones within the frozen mass.

® L L L]
Pipes prior to freezing

0000

Fallowing intiation of freeze

0000

Closure of frozen earth wall

Complete frozen earth wall

Figures 2a. Freeze wall formation.
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Figures 2b. Freeze wall

Background

The use of steel reinforcements was evaluated and studied
extensively in the 1900s by researchers at Michigan Slate
University, East Lansing, Michigan. The research, headed by
Professor Orlando B. Andersland, Ph.D., has been well doc-
ument (Andersland and Sopko. 1990). A field application of
the technology was used on the Cross Town 8 Tunnel in
Milwaukee, Wisconsin. Figure 3 illustrates the CT-8 frozen
structures that are a series of four circular or elliptical cof-
ferdams joined tangentially.

Trash rack e
6.1m square
E
(=]
~
ot
Transition structure
3.7m wide
& variable height
5
w
2
“
/

Figure 3a. CT-8 underground structures

To construct the drop shaft and ancillary structures it was
necessary to mine rectangular openings between adjacent
ellipses. These openings created tensile stresses which
could not be supported with frozen earth only, hence the
need for steel reinforcing members on each side of the
opening as shown in Figure 4.

Reinforced frozen earth was used again on the North Shore
10 project in Milwaukee in 1988. NS-10 was similar in
shape to CT-8. The technology was not used in the United
States until 2006, once again in Milwaukee on the Harbor
Siphons project.

Buttress
sections

30.5m

42.7m

50m+

Cell 2 Cell 3

Drop shaft

Figure 3b. CT-8 tunnel frozen structures

Frozen earth cofferdam

Steel — |
reinfarcing

member

Opening for
transition
structure

Figure 4a (left). Buttress section; and 4b (below), Steel
reinforcement

In the cases of each of the three projects, the concept of
tangential frozen earth cofferdams permitted the construc-
tion of elongated structures that without reinforcement
would have to be constructed in a very large circular shaft.
In all three cases, project site constraints prohibited a large
single excavation.

The design of the reinforced frozen earth structures is more
complex and described by Sopko (1990). In addition to the
conventional frozen earth compression tests, tension tests
and 'pullout' tests can be conducted. The tension tests are
typically not needed since the tension strength is typically
neglected. The 'pullout’ tests are used to evaluate the
strength of the frozen bond between the soil and steel rein-
forcing. Once the material properties are evaluated analysis
can proceed using several different numerical solutions.
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Current Applications

The previous work on reinforced frozen earth was a combi-
nation of laboratory testing, engineering analysis and field
observation and measurement.

With the confirmation of the engineering, as well as the
means and methods, there are two more advanced applica-
tions of reinforced Frozen earth currently being proposed on
tunneling projects on the East Coast.

Frozen Soil Lagging

Frozen soil lagging is an approach where conventional sol-
dier piles are drilled and installed, in the same method as
used on wooden lagging systems. The only difference is
that a pipe sleeve is welded onto the steel beam to allow
the drilling of a freeze pipe through the sleeve deep into an
impermeable subsurface stratum as shown in Figure 5.

Freeze pipe
header

Sleeve welded
to steel beam

Steel
beam

Freeze pipe

Figure 5. Frozen soil lagging

The wood lagging is replaced by a series of two to four
freeze pipes arranged in small compression arches as
shown in Figure 6. Each of these small arches reacts
against the soldier pile that is braced across the excavation.
Using this approach the frozen soil is kept entirely in com-
pression. The advantage of this system is that the frozen
soil, unlike wooden lagging provides an impermeable bar-
rier, eliminating the need for any dewatering.

As the face of the frozen soil is excavated, it is necessary to
insulate the exposed frozen earth. Typically, a layer of five
to ten centimeters of polyurethane insulation is sprayed on
a mesh fabric installed on the face of the frozen soil. Unlike
the conventional soldier pile and wood lagging system, fro-
zen soil is subject to long-term creep deformation. Atten-
tion must be paid to the concentrated stress zone where
each individual arch reacts against the soldier piles.
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— Freeze pipe header

Frozen —"
carth wall :
~— Freeze pipe

Steel beam —
— Sleeve

P
Cross bracing}—

Bottom of excavation

Figure 6.Compression arches

Frozen soil laboratory tests must be conducte to evaluate
the creep susceptibility of the particular soil. Research has
shown however, that creep deformation can be reduced
significantly when the temperatures are lowered. The aver-
age design temperature for frozen earth structures is typi-
cally -10°C. The purpose of the sleeve and freeze pipe at
each pile is to keep the pile temperature as cold as possi-
ble.

The circulating calcium chloride brine is -25°C or colder.
Creep deformations are substantially reduced at this tem-
perature.

Reinforced Frozen Wall

Another proposed application of reinforced frozen earth is a

straight, reinforced wall. Similar to the theory behind rein-
force concrete, a straight frozen earth wall is installed as

shown in Figure 7.

Sleeve

K,
b &
Freeze pipe 4:/
header [TYPW I,"”

b
e
Steel beam M 4
(Typ.) ‘ b ,ff

Freeze pipe

Frozen earth wall

Figure 7. Reinforced frozen wall

As previously explained, frozen earth has very little or no
tensile strength. For this reason, cantilevered, straight walls
are not practical, as they cannot support deep excavations.
The purpose of the steel reinforcing is to act just like the
reinforcing steel in a concrete beam.

As with the frozen soil lagging, a sleeve is welded to a steel
beam prior to installing the beam into the ground. The
beam is off set from the line of freeze pipes forming the
impermeable barrier as illustrated.
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The frozen earth wall acts essentially as a cantilever struc-
ture, with tensile stresses developing on the side of the
frozen wall opposite the excavation. The steel beam relying
on the ad-freeze bond against the soil acts at a reinforcing
element and provides the necessary tensile strength of the
frozen wall.

As with the frozen lagging concept, installing the freeze
pipe within the beam results in a very cold contact surface,
significantly increasing the ad-freeze bond.

Summary

The application of the Michigan State University research to
the project in Milwaukee, including the recent Harbor Si-
phons Tunnel permitted the construction of frozen earth
structures at locations that otherwise could not be com-
pleted due to project site constraints.

The measured field performance confirmed the design
technique required for reinforced frozen earth. The success
of these projects has enabled Maretrench to move forward
with this technology on upcoming projects in Washington,
D.C. and other locations on the East Coast.
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Service for Life
(The Second Coen Tunnel)

Coen van der Vliet, ARCADIS Nederland BV, Frederik
Deurinck, SA Besix NV, Remeo Lensen, ARCADIS Nederland
BV, Gerrie Jonkheijm, CFE

The Second Coen Tunnel has been constructed in a close
proximity of only 10 to 15m to the east of the existing Coen
Tunnel. This immersed tube tunnel has to bear heavy loads
during the service life. The governing design scenarios
however are the transport by sea and the impact of a sun-
ken ship. This article goes into the tunnel’s service life, and
covers the structural behavior of the immersed tunnel and
the precautions against fire.

AN ADDITION to the transport situation, the service life also
imposed requirement on the design of the Second Coen
Tunnel, in this phase, the tunnel lies on a elastic support.
The tunnel is loaded by soil and water and is also exposed
to physical working environment risks during operation
such as a dropped anchor or a sunken ship.

Beam Action

As explained in the previous article (see Tunnels Interna-
tional, November 2013, pp. 22-26), due to the weak foun-
dation applied with the sand-flow method, the tunnel will
not be evenly supported over its whole length.

Besides this, the profile of the canal bed, banks and dykes
will cause irregular permanent loadings, while under a
heavily-sailed route like the North Sea Canal, account also
has to be taken of the local loading of a sunken ship.

If the tunnel is considered as a abeam on the canal bed,
the uneven loading and bedding cause transverse forces
and moments, with the associated deformations.

Two extremes are possible. In a stiff beam, no deformation
differences arise, so the joints have to transfer large shear
forces.

On the other hand, a cable would be essentially stress-free,
at the cost of major deformations. Reality, as always, lies in
between.

When the existing Coen Tunnel had been built, it was opted
to build an intermediate solution of the stiffer type: tunnel
elements with a length of 90 m without dilatation joints; so
the majority of the deformations have to be taken up in the
immersion joints between the elements.

In the Second Coen Tunnel, a flexible compromise was cho-
sen: long tunnel elements, each one being divided into sev-
en sections.

In this solution, both the immersion and segment joints
serve as expansion joints.
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The force distribution in this elastically supported, unevenly
loaded and subdivided beam is more complex than it first
appears.

The force distribution proves for example to be affected by
temperature variations in the tunnel, even though these
variations in the closed tunnel section are only small com-
pared with, for example, the open approaches.

Besides the vertical bedding, account must also be taken of
a longitudinal interaction (friction), and proper account has
to be taken of the nonlinear stiffness of the rubber seals in
the immersion joints (GINA gaskets). In order to calculate
and understand the longitudinal behavior of the tunnel, a
special beam action model has been used.

In this model, the segments are modeled independently as
elastically supported beams.

Diagram demonstrating beam action

Traditionally, a tunnel would have been considered as a
chain of hinge-jointed shackles (the chain model). In reali-
ty, the segments touch each other either at the upper or
the lower edge.

In the beam action model, the longitudinal segment inte-
raction was therefore modeled eccentrically, with a very
stiff no-tension-connection (the block model).

Furthermore, in the segment joints only transverse forces
can be transferred. Also in the immersion joints, the eccen-
tric contact was taken into account; the force transfer in
the longitudinal direction was based on the non-linear com-
pression stiffness of the GINA gasket.

This modeling with eccentricities is particularly necessary to
determine the effect of temperature variation correctly.
When, for example, a chain of hinged rods would have been
used, with a local subsidence due to e.g. a weaker support
or a concentrated soil load, then at that point a small nega-
tive eccentricity would be resent.

An increase in the normal force due to a rising temperature
would then have led to an increase in vertical displace-
ments, larger support reactions and thus to lower trans-
verse forces and moments.

In reality, the longitudinal contact in the segment joint at
the position of the greater subsidence takes place at the
upper edge: a large positive eccentricity.

An increase in the normal force will then lift the tunnel
segments, with lower support reactions and a larger shear
force as a result.

This realistic modeling led to the discovery that the trans-
verse forces and moments in the tunnel depend strongly on
the temperature in the tunnel. Compared with the usual
chain model, the block model used here is a better repre-
sentation of reality.

To prevent differential deformations between the individual
segments, both the segment and immersion joint were im-
plemented as a hinge: rotation is more or less freely possi-
ble, but (vertical) transverse forces are transferred directly
by shear keys in the walls.
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The horizontal movements are restrained as well, by shear
keys in the roof and floor. Particularly in the case of a sun-
ken ship, these shear keys will have to transfer enormous
shear forces.

Sunken Ships

With regard of the intensive shipping on the North Sea
Canal, the tunnel had to be designed to take the loading of
a sunken ship.

The client (Rijkswaterstaat, RWS) prescribes in its Guide-
lines for the Design of Concrete Structures that a loading of
150 kN/m? must be taken into account for sea-going ves-
sels and 50 kN/m? for inland waterway vessels (including
dynamic behavior) and also that these loads should be veri-
fied by means of a risk analysis.

The loading of a sunken ship affected the design of the con-
crete structure in various ways:

* The loading must be borne by the roof (roof reinforce-
ments);

* The loading is transferred to adjacent segments by the
shear keys (shear key reinforcement) to an certain extent
- depending on the stiffness of the support;

= The shear key forces lead to a greater support reaction
under the adjacent segment (floor reinforcement);

= The transverse force is taken up in the walls in both the
loaded and the adjacent segment (wall reinforcement).

Design for loads like these is a combination of risk analysis
and force distribution.

The aforementioned effects are greatest if a ship sinks di-
rectly next to an expansion joint. The longer the segments,
the smaller the probability that a ship sinks directly next to
a joint, but the greater are the forces if it happens.

Probability and risk

As prescribed by RWS, the loading was verified by means of
a risk analysis. To determine the governing ship size, we
used an inventory of all sea-going vessels that passed the
Coen Tunnel in one year.

Based on these ships’ characteristics (dimensions, tonnage,
type of vessel), we determined for each ship the probability
that the ship would sink on to the Coen Tunnel, the loading
depending on the position in length and width direction and
the probability distribution of this loading.

In this way, a cumulative probability distribution of the
loading on the tunnel was determined, and for a probability
of failure of 1 x 107 per year a representative ship and its
associated loading could be determined.

This loading turned out to be only a little lower than the
value prescribed by RWS, so it was decided to use the RWS
value.

The structural behavior of the tunnel loaded by a sunken
ship was calculated by means of a DIANA calculation, which
provided insight into the distribution of the shear key forces
over the four walls, the increased support reaction and the
associated transverse forces.

Shear Keys

It was stated earlier that the joints have been provided with
shear keys to transfer transverse forces and to prevent
differential deformations. The shear keys were designed for
the structural behavior as a result of the uneven loading on
the tunnel and the unequal stiffness of the support.

Model calculating the effects of a sunken ship

If the forces die to a sunken ship had to be transferred en-
tirely by the teeth, the teeth would have to be extremely
strong; twice as strong as was required for the other design
scenarios.

To avoid this, it was decided to provide the joints additional
deformation capacity for this kind of emergency loading, by
allowing the teeth to fail in a controlled way.

The waterstops have been designed to take these large
deformations. In this way the tunnel still meets the require-
ments set out regarding accidental loads, but by means of
an economic solution.

Still the teeth turned out to be the most heavily reinforced
parts of the immersion elements.

Shear key reinforcement

Fire resistance for the completed tunnel structure

Another extreme situation is fire. The tunnel must resist the
extreme temperatures that can arise during a hydrocarbon
fire.

The temperature development inside the tunnel is defined
in the RWS temperature curve, in which the temperature in
the tunnel reaches 1350°C within one hour.

Two aspects of fire resistance are elucidated below: protec-
tion of the concrete structure and of the rubber waterstops.

Protection of the concrete structure

In a fire, the outer shell of the concrete on the exposed side
heats up very rapidly. Concrete and steel lose their strength
and stiffness from temperatures of 400 and 250°C respec-
tively.

To prevent the structure of failing due to the high tempera-
tures, the roof and the upper metre of the tunnel walls are
protected by means of insulating board material. This can
easily be applied to the tunnel formwork.
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The remaining parts of the tunnel walls must be protected
too, but here the solution using board material is less suit-
able from the point of view of construction.

Due to the positive experiences with another, previous tun-
nel project, the team decided to apply a large concrete cov-
er to protect the structural concrete.

For the walls, a limestone concrete mixture was used, with
a cover of 100mm on the reinforcement.

After two hours of fire according to the RWS temperature
curve the critical concrete temperature of 380°C has
reached a depth of approximately 70mm, leaving some
30mm of undeteriorated concrete around the reinforce-
ment.

In the structural calculations undertaken, the concrete
cross-section had to be reduced in order to take account of
the effect of the degraded concrete on the strength of the
cross section. After a fire, the degraded concrete layer must
be removed and repaired.

To prevent spalling of the cover, polypropylene fibres were
added to the concrete mixture - fire tests have proved that
this mixture indeed prevents spalling.

Protection of the rubber seal sections

The expansion joints contain rubber waterstops. Without
protection, the rubber temperature may rise rapidly when a
gap is present. Temperature damage to the gaskets may
cause leaks or a lower reliability of the gasket.

In contrast to the concrete surface, the rubber sections are
very hard to repair as they are situated in the outer part of
the wall. The client therefore demanded a maximum
temprcature of 80°C after two hours of fire according to the
RWS temperature curve. Traditionally, this type of joints is
protected with a double layer of fire protecting board. The
disadvantage of this relatively simple method is that the
board material can break with differential displacements
perpendicularly to the plane of the sheet material.

Expansion joint

Fire proofing board

Fire protection, the traditional solution

Due to the great transverse forces in the Second Coen Tun-
nel, the design opted for teeth in the walls, roof and floor,
rather than the traditional solution with a circumferential
shear key connection.

Differential displacements in the plane of the walls are thus
avoided, but displacements perpendicular to the plane can
happen more or less freely, for example because of uneven
loadings or an inhomogeneous support stiffness.

For the Second Coen Tunnel, a flexible joint detail was
therefore designed, enabling differential displacements in
all directions without actually damaging the cladding itself.

Relative displacement

Relative displacement

Above, top Fire Protection - cracking due to relative dis-
placements Above, middle and bottom: Flexible action fire
protection

Sand flow method

For the Dutch immersed tunnels roughly speaking three
foundation types have been used: gravel beds, pile founda-
tions and sand flow foundations.

In the sand flow method, a sand water mixture (slurry) is
jetted below the tunnel, to fill the gap between the tunnel
element and the bottom of the immersion trench. It is a
meticulous process, in which the mixture saturation and the
flow rate are important parameters for the final quality of
the foundation. As the tunnel elements have only a small
net weight, a relatively weak foundation is sufficient. How-
ever: this type of foundation is quite sensible for vibrations
because of the possibility of liquefaction and compaction.

Sand flow pancakes'
Completion and Ongoing Renovation
In the meantime, the Second Coen Tunnel has been opened

for traffic and the renovation the First Coen Tunnel is in
progress.
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Aerial photograph of Barendrecht construction dock

Project details
Project: Capacitteitsuitbreiding Coentunnel
Client: Rijkswaterstaat

Private partners: Design, build, maintain and finance in the
context of a public-private partnership (DBFM contract) by
Coentunnel Company: consortium of ARCADIS, Besix, CFE,
Dredging International, Dura Vermeer, TBI Bouw and Vinci
Grands Projects

Construction: Coentunel Construction, a conglomerate of
the construction companies Besix, CFE Dredging Interna-
tional, Dura Vermeer, TBI Bouw, Vinci Construction and
Croon Electrotechniek.

Handover: The realization of the Second Coen Tunnel
started in 2008. The tunnel elements were immersed in the
spring of 2011. The tunnel was opened for traffic in May
2013. Renovation work on the existing Coen Tunnel until
summer 2014.

Tunnels & Tunnelling, International edition, January 2014,
pp. 41-45.
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Cutting for Stone

Josh Bradley and Clare Onal of Mott MacDonald set
out the rock classification systems commonly used to
inform tunneling projects in this back to basics article

TODAY THERE are three main rock classification systems
commonly in use which were developed from the mid to
end of the 20th Century. All aim to provide engineers and
geologists with a quantitative and comparable way of de-
scribing the variable rock with which they are working.

The behaviour of rock in response to tunnel construction is
determined by both the properties of the intact rock and
the properties of the rock mass as a whole. Other factors
such as in situ stress and groundwater also have a signify-
cant impact.

Properties of intact rock arc determined by the materials
from which it is composed and the manner in which they
are bonded together. The uniaxial compressive strength
and the young's modulus of the intact rock are important,
especially in weathered or heavily altered rock or in mas-
sive rock where the intact rock is the governing feature
rather than the discontinuities.

Laboratory testing on samples of intact rock is usually rela-
tively simple and inexpensive, so there is a wealth of infor-
mation available on the properties of intact rock. However,
such testing can be misleading. The chief issue is that sam-
ples of highly weathered or disturbed rock may not be
available in the required intact volume for testing, so tests
tend to focus on good samples of intact, competent rock,
which are more easily collected in the field.

Tunnel stability is often dominated by the structural proper-
ties of the rock mass - the way in which blocks of intact
material behave along with discontinuities such as faults,
joints and bedding planes. The properties of a rock mass
are difficult to test due to scale effects. Therefore, it is cru-
cial to understand and quantify discontinuity properties
such as aperture, undulation, roughness, weathering and
infilling.

Unfortunately for the engineer, rock masses arc rarely ho-
mogenous, continuous or isotropic. A classification system
is therefore required to take account of the inherent vari-
ability.

Application of Rock Classificatiobs through the
Project Cycle

In the preliminary or feasibility stages of a project, little
information on the characteristics of the rock mass is typi-
cally known. However, use of a quantifiable rock classifica-
tion that is familiar to both engineers and geologists can
provide important early insights into tunnelling method,
tunnel shape, maximum size and stand-up time. Addition-
ally, it can provide initial estimates of rock support and de-
formation characteristics. The classification, although based
on information gathered from the field, is necessarily em-
pirical and based on a large amount of data.

At the design stages, the rock mass classification can be
developed as more information becomes available. Zones of
material with similar geomechanical characteristics can be
identified and grouped. Parameters such as in situ rock
mass strength and modulus of elasticity can be estimated.
Empirical estimates of support are then improved and used
in conjunction with more complex methods of analysis to
better understand tunnel deformation and stability within
the different ground classes along the alignment.

Engineers can then develop a flexible design comprising a
number of support classes to take into account the full
range of ground conditions likely to be encountered.

During construction, real-time classification at the excava-
tion face can allow engineers to continually re-assess tunnel
support, allowing for a flexible and economic support solu-
tion. A simple, quantitative record of ground conditions
encountered is Iso obtained. This is often important in the
development or improvement of construction techniques
and is widely used in the settling of contractual debates.

Getting up close to the Hindhead Tunnel jace. This allowed
detailed face logging and RMR assessment when required

The Development of Rock Classification Systems

The use of rock classification systems has always been
closely linked to advances in tunnel construction. Schemes
attempting to formalise empirical relationships in tunnel
design were first developed as early as 1879.

The first descriptive characterisation of ground conditions
appeared in 1942 and was developed following experiences
in steel arch tunnelling through the Alps. In 1946, Karl Ter-
zaghi became the first to publish a simple rock classification
system applied to an engineering environment He under-
stood the importance of the type and intensity of rock dis-
continuities over and above the rock type. Terzaghi's sys-
tem was widely used, but its lack of a truly measurable
classification, along with developments in modern tunnel-
ling methods, led to the development of the systems more
commonly in use today.

Classifications involving stand up time began to develop in
the late 1950s, leading to the New Austrian Tunnelling Me-
thod (NATM).

Rock mechanics at this time was cutting edge; standardisa-
tion of tunnel support was uncommon and tunnelling was
subsequently dangerous. The first quantitative schemes to
incorporate the engineering geological character of the
ground were developed in 1972 and have been developing
ever since.

A variety of rock tunnelling projects today still commonly
use classification systems such as Bieniawski's Rock Mass
Rating, first developed in 1972 and the Q-System devel-
oped by Barton et al. in 1974. Although also developed for
slopes, rock mass classification systems are primarily de-
signed to be used in underground excavations where the
excavation face can be viewed and mapped - for example
drill and blast, roadheader or mechanical excavation meth-
ods.

The three classification systems most widely used today are
Rock Mass Rating (RMR). the O-System and the Geological
Strength Index (GSI).

Rock Mass Rating
Bieniawski developed his RMR system, also known as Geo-

mechanics Classification, in 1972 and its latest revision was
published in 1989.
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The system requires an assessment of six parameters; the
intact rock material's strength, rock quality designation
(RQD), discontinuity spacing, discontinuity condition,
groundwater condition and discontinuity orientation relative
to the excavation.

Rock strength assessment is ideally based on uniaxial com-
pressive strength testing, but there are certain circum-
stances which require it to be correlated from point load
testing or based on field descriptions.

RQD in itself is a rock classification system, published by
Don Deere in 1967, which modifies the core recovery per-
centage by only measuring sound pieces of core that are >
100mm in length. Although designed to be taken from rock
cores, RQD can also be estimated from outcrops or excava-
tion faces. The other required parameters can be based on
a combination of field observations and measurements from
mapping and borehole drilling - ideally a combination of
both.

Figure 1, Geotechnical Face Log recorded during the con-
struction of the Hindhead Tunnel. RMR was recorded follow-
ing every advance, with the engineering geologist maintain-

ing a safe distance from the open face

The six parameters are each given a rating, which is added
together to give the final classification value. The output of
RMR classification is a value between 0 (very poor rock)
and 100 (very good rock), immediately providing the engi-
neer or geologist with a sense of the relative quality of the
rock mass.

The RMR can then be used to provide basic guidelines for
tunnel advance length and support quantities based on a
10m span - there is no consideration of the end use of the
tunnel. RMR can also be converted into a GSI rating and
could provide an estimate rock mass strength and modulus
of elasticity (Hock and Brown, 1997).

RMR can provide an indication of the most suitable tunnel
shape and insight into the support capabilities of the shot-
crete - for example, whether or not a shotcrete layer can be
expected to act as an arch, or just lock together adjacent
blocks (Lowson and Bieniawski, 2013).

However, RMR does not consider in situ stress, which can
be very important in deep excavations where squeezing
ground or rock bursting may be a problem. The number of
joint sets is also not explicitly considered and this parame-
ter can be very influential on tunnel stability. Additionally,
although RQD is a major parameter, it can be difficult to
determine at the tunnel facc as it was designed to be
measured from drill cores.

On the whole, RMR may be more useful in weaker rock,
where methods of support such as spiling, dowels, steel
arches or canopy tubes are used. The RMR system was very
effective during the construction of the Hindhead Tunnel
and a typical classification of the tunnel facc is shown in
Figure 1.

Q-System

The Rock Tunnelling Quality Index, or Q-System of rock
mass classification, was developed by Barton, Lien and Lun-
de in 1974 and is also based on assessments of six pa-
rameters - although slightly different to those used for
RMR. The six parameters are: RQD, joint set number (Jn),
joint roughness number (Jr), joint alteration number (Ja),
joint water reduction number (Jw), and stress reduction
factor (SRF).

The first four parameters are similar to that of the RMR
system. RQD and joint set number give an indication of
block size, while joint roughness and joint alteration show
the fractional characteristics and shear strength of the joint
walls. Essentially, larger, rougher blocks are likely to be
more favourable in terms of tunnel stability than smooth,
clay infilled joints as the latter will have rcduced rock wall
contact between blocks. Joint water reduction is a measure
of water pressure and groundwater inflow, while SRF is an
empirical way of considering the influence of shear zones
and rock stress problems in both competent and incomepe-
tent rock. The parameters are again given a rating, al-
though RQD is used directly, and they are multiplied to give
the classification value.

The Q-System was developed directly with the now widely
accepted Norwegian Method of Tunnelling (NMT) support
principle, which currently uses steel fibre reinforced shot-
crete and fully grouted rock bolts as permanent support.

Empirical assessment of support quantities, taking into ac-
count both the span and the end use of the excavation, can
be made using the chart shown in Figure 2. By varying the
cxcavation support value, the Q-System considers a range
of final uses; from temporary mine openings or water tun-
nels in hydropower schemes - which are unlikely to see
significant access post-construction — to underground nu-
clear power stations or public railway stations where abso-
lute and continuous stability is required.

(3
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Figure 2. Permanent support recommendation based on Q
and NMT (Grimstad and Barton, 1993)
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Grimstad and Barton (1994) and Barton (2013) state that
the large range of Q values possible - from 0.001 (excep-
tionally poor rock) to 1000 (exceptionally good rock) - re-
flects rock quality variation more readily than the linear
RMR scalc. Correlation with physical parameters is probably
easier to achicve bccausc of this.

Another important application of the Q-System is its ability
to directly predict effective rock mass strength and depth-
related phenomenon such as strain bursting, rock slabbing,
swelling and squeezing.

The Q-System does not directly consider intact rock
strength, although Qc (Q normalised by UCS / 100) does
provide an even larger scale over eight orders of magnitude
(Barton 2013). Neither does it directly consider joint orien-
tation; it is only indirectly considered in the SRF value and
is especially important in tunnels which cannot usually be
designed for the most favourable orientation. Also, the joint
water reduction number and the stress reduction factor can
be difficult to determine with limited information or experi-
ence.

The Q-System may arguably be the superior rock classifica-
tion system in deep tunnels and in cases of faulted or
jointed and clay-bearing rock masses that give marked
overbreak during cxcavation, due to the SRF parameter.
The typically rough, irregular surface left by drill and blast
excavation in this type of rock is suited to the application of
fibre reinforced sholcretc and bolts. Application of the Q-
System works best for 0.1<Q<40 and for tunnels with
spans between 2.5m and 30m (Palmstrom and Broch,
2006).

In weaker rock, the Q-System and fibre reinforced shot-
crete and are less appropriate. It is also less applicable in
TBM tunnelling, although it should not be discounted. Open
hard rock TBMs with bolting and shotcrcling facilities behind
the drill head mean that use of the Q-System may be rele-
vant.

Undertaking Q-System assessments of jointed surface out-
crops to aid in tunnel design on a hydropower project in
Shuakhevi, Georgia

Geological Strength Index

Rather than being a classification system for use during the
tender and construction stages for aiding the determination
of support requirements, the GSI was developed to link the
parameters of the Hoek-Brown failure criterion with condi-
tions that can be observed in the field. This provides an
estimation of rock mass properties that can be used in de-
sign.

GSI can be estimated directly by combining the surface
condition of the discontinuities with the structure of the
rock mass. It can also be based on RMR ratings, as shown
by Hoek and Brown in 1997, and therefore is closely linked
with the RMR classification system.

Conclusion

The systems discussed are not the only options available.
Variations of each system exist, such as slope mass rating,

mining rock mass rating and QC. An additional system
such, as rock structure rating or rock mass index may be
relevant for specific projects. However, the wealth of case
studies upon which the better known systems are based
lends credibility. These systems are empirical, after all.
Nothing beats years of first-hand expcrience, but for those
who have not been around long enough to gain this knowl-
edge, rock classification systems can be an essential tool in
leveraging the experience of others.

The advantages of one system over another are not neces-
sarily restricted to specific projects. A large tunnelling pro-
ject will likely benefit from the use of multiple systems.
Combined use of both the RMR and Q-System is often rec-
ommended, and there are benefits to this double approach.
The number of joint sets and rock stress are absent from
RMR, while rock strength is not directly considered by the
Q-System. Recording the input parameters of both systems
ensures that potentially important properties are not
missed. Recording details of the individual input parame-
ters, rather than simply assigning a value, also allows bet-
ter understanding and verification of the final values - as
well as providing the flexibility to take into account addi-
tional investigation at a later dale. Every year there are
more tunnel case studies using both systems, increasing
understanding.

A practical example of how a project can benefit from the
combined use may involve the Q-System being used to
establish an initial estimate of support quantities at feasibil-
ity stage, with RMR/GSI being used at a later stage as an
input into finite element modelling. Finally, the Q-System
can be used again during construction to record ground
conditions and determine the required installation of flexible
support classes.

For such an approach to be successful, sufficient informa-
tion must be obtained during the early stages of a project
to ensure neither system is restricted should it be required
at a later stage. This, together with the variety of data
sources available - from held observation of outcrops, to
borehole logs and laboratory testing - highlights the impor-
tance of the tunnel designer being involved al an early
stage in the process.

None of the classification systems are all-encompassing.
Intact rock properties such as rock hardness, abrasiveness,
durability and mineralogy are not covered, but may still be
an important influence in finalising construction details and
cost estimates. Similarly, separate seismic analysis is re-
quired in certain situations and modifications and further
support analyses are required where squeezing ground is
present.

Both Q arid RMR rely on a fixed boundary system, where,
despite the parameter assessments being largely esti-
mated, a value falling close to the classification boundary
may lead to perceived excess support being installed. It is
possible that the way in which recommended support types
are linked with rock mass classifications niay be refined to
deal with this in the future.

Advances in modelling software such as Phase2 by Roc-
science mean that when the rock classifications - particu-
larly RMR and GSI - are available it can be fast and cost-
effective to confirm empirical support estimates using finite
element stress analysis. However a robust classification
system will remain essential, both as a starting point to the
analysis and as a major input, as well as then being able lo
make use ol the output in an effective way.

It is important lo conclude with Bieniawski's own recom-
mendation, along with similar warnings from Hoek and Ter-
zaghi, that rock classification systems were never intended
as an ultimate solution to design problems and should be
used in conjunction with - and not as a replacement for -
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analytical studies, field observations, measurements and
engineering judgement.
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History of Geosynthetics: Filter Fabrics Emerge
from a 1957 Storm

Carthage Mills

In March 2014, I published “A Brief History of Geotextiles”
in Land and Water Magazine (0.€. dgg Teuxog 65 — Iouviog
2014 - A). It would take a considerably long manuscript to
fully detail the research, projects, events and people who
have brought forth geotextiles, let alone the larger field of
geosynthetics; but a welcomed result of that small article
was post-publication communication with various people in
the field, including Alan Ossege of Carthage Mills. His com-
pany was essential to the earliest development and push of
filter fabrics into civil engineering. Here, Carthage Mills
shares its story about the beginning of geosynthetic filtra-
tion materials and design. — Chris Kelsey, Editor, Geosyn-
thetica

LY

Erosion from a Florida storm at the home of Carthage Mills’
president led his company to develop, along with the Uni-
versity of Florida, a woven synthetic filter fabric. A stronger
waterfront structure resulted and spurred continuing mate-
rial advances and design expansion.

In 1957, a tropical storm caused severe beach erosion at
the Florida home of the president of Carthage Mills. Subse-
quently, he joined forces with engineers from the Coastal
Engineering Lab at the University of Florida to protect his
property against future storms. Through their exchange of
ideas, they developed a tough woven synthetic filter fabric
with design properties that permitted water to pass through
while holding back sand and particles.

The following spring (1958), a revetment of interlocking
concrete blocks was constructed using the new material in
place of costlier graded granular filters. This marked the
first use of a filter fabric for a waterfront structure.

EARLY EDUCATION & PROJECTS

The late Robert J. Barrett accepted the challenge to head
up a commercial venture to perfect and market this new
concept. Barrett set out to educate the many districts of the
US Army Corps of Engineers (USACE) and consulting engi-
neers around the world on the benefits of using these new
materials.
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At that time, the standard practice for shoreline erosion
protection was limited to articulated concrete blocks, the
deployment of large sand bags, concrete and sand-filled
mattresses, concrete block mattresses, membranes, gabi-
ons, and graded granular filters.

The early years, though, were discouraging. By 1960, Car-
thage Mills had sold only nine projects, but momentum was
building. The use spread, culminating in USACE’s 1962
agreement to construct a series of experimental projects to
determine the overall effectiveness of Carthage Mills’ fab-
rics and innovative methods of construction.

To test these early geotextiles under what the Corps called
“the most extreme conditions possible,” sites were selected
along the Mississippi and St. Francis Rivers. Three years
later, the Corps’ official technical reports concluded that
Carthage Mills" materials and recommended construction
techniques as “superior” to every other method being em-
ployed by the Corps at that time.

The program was extended, additional sites were selected,
and evaluations continued for another seven years.

ACCEPTANCE & THE MARKET ACCELERATES

Barrett continued his work with the Corps and continued to
extend his education efforts further afield. In 1966, he pre-
sented at the International Conference on Coastal Engineer-
ing in Tokyo, Japan. The paper, “Use of Plastic Filters in
Coastal Structures,” was a turning point for project de-
signer and owner attitudes.

Meanwhile, Carthage Mills was still alone in its endeavors;
and as late as 1967 had the only plastic filter fabrics avail-
able on the market. By this time, Carthage Mills had pub-
lished the 3rd and final version of what was the world’s first
“Filter Handbook,” which had been utilized by engineers
and contractors worldwide for the design and construction
of erosion control systems such as revetments, seawalls,
jetties, channel linings, breakwaters and more.

In 1972, after ten years, the USACE Waterways Experiment
Station in Vicksburg, Mississippi concluded the Corps’ ex-
perimental projects and evaluations. Their first comprehen-
sive specification for filter fabrics, including test methods
for these fabrics was issued. That specification is still used
today in nearly the original form for percent open area,
permeability, apparent opening size and gradient ratio to
measure a fabric’s resistance to clogging.

FILTER HANDBOOK

|| CARTHAGE MILLS
L ERDEICH CONTROL Division
DAL DFFCE: 134 W B TH STHAT + niderucns 2020763 « CMCIMRATL OHKD 814

Carthage Mills’ publication of its Filter Handbook, which saw
three editions through the late 1960s, helped establish geo-
synthetic filtration materials in engineering designs.

The USACE reports and specification added considerable

credibility to designs incorporating woven synthetic filter
cloths.
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More than 3500 projects in 49 states and 26 countries had
used Carthage Mills’ materials by 1976.

Barrett was recognized as a “father of filter fabrics,” not
only for his earliest work but for his interaction in additional
designs, including French drains, scour protection around
bridge piers, fabric-wrapped perforated pipe, and fabric-
encapsulated sandcore breakwater.

NEW FRONTIERS FOR FILTER FABRICS

A major breakthrough for the use of “geotechnical fabrics”
in other applications occurred in 1978 and 1979. Carthage
Mills, again working with USACE, participated in the con-
struction of a full-scale embankment test section at Pinto
Pass in Mobile, Alabama. Data obtained from this study
were used to develop the first effective design criteria and
construction techniques for “fabric-reinforced embankments
on extremely soft soils.”

The project opened a new frontier for design engineers in
the potential future uses of filter fabrics.

Those first woven filter fabrics were the forerunners of the
materials that have since defined the geosynthetics field.
Many of those earliest installations are still in service and
engineers continue to draw from those early works and add
to and expand our understanding of geosynthetics.

Carthage Mills is proud to have been a key part of the early
manufacturing and education efforts for such an innovative
industry. And we are proud to still be an active participant
and to continue working with engineers and agencies
around the world to advance infrastructure.
www.carthagemills.com

(geosynthetica.net, June 19, 2014,
http://www.geosynthetica.net/geosynthetics-history-filter-
fabrics)
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The Greek Database
of Seismogenic
Sources
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The Greek Database of Seismogenic Sources is a project
devoted to provide Greek authorities of a complete and
modern tool for improving the Seismic Hazard Assessmant
(SHA) of the country. It also represents a valuable source
of information for scientists who want to deal with earth-
quake scenarios and modelling, geodynamics, active de-
formation and many more.

GreDaSS is an open-file, continuously updated database,
that can accommodate all proposals from multi-field re-
searchers. As a GIS-based database, consists of several
layers, both graphical and metadata ones, based on the
general structure of the Italian DISS (a special thank to
Roberto Basili and Gianluca Valensise for providing the
software and continuous assistance).

To download and navigate the contents of GreDaSS, click

http://gredass.unife.it.

NEW: Download the current version of the map in AO size
from
http://eqgeogr.weebly.com/uploads/8/2/8/3/8283914/gred
ass poster a0Ol.pdf.
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The Department of Geological Sciences and Geological En- Www.gueensu.ca ]

gineering of Queen’s University, one of Canada’s premier
earth-science departments, invites applications for its Wil-
liam E. White Postdoctoral Scholarship, created from a fund
endowed by the estate of William E. White. The award will
be made for one year and may be renewed for a second
year. The annual stipend will be no less than $60,000.

The William E. White Postdoctoral Scholarship will be
awarded to an outstanding scientist who has completed a
Ph.D. degree, normally within the two-year period preced-
ing the time of the appointment. The area of research is
open, but the scholar’s research must be complementary to
that being pursued in the Department of Geological Sci-
ences and Geological Engineering. The research program to
be undertaken and the level of support of research costs
and moving expenses will be negotiated with a faculty
member at the time the award is made. Potential applicants
may obtain an outline of current research interests on the
Departmental website http://www.queensu.ca/geol/home
and are required to initiate contact with a potential faculty
supervisor in advance of applying. Fit with the research
interests of the Department and the research excellence of
the candidate will be the primary considerations in the se-
lection process.

The Department invites applications from all qualiCed indi-
viduals. Queen's University is committed to employment
equity and diversity in the workplace and welcomes applica-
tions from women, visible minorities, aboriginal people,
persons with disabilities, and persons of any sexual orienta-
tion or gender identity.

Applicants should send a curriculum vitae, a statement of
research interests, and samples of research writing to the
following address. Applicants should contact their referees
and arrange for at least three conldential letters of refer-
ence to be sent to the address below. Review of complete
applications will begin on September 1, 2014

Professor D. Jean Hutchinson

Department Head

Department of Geological Sciences and Geological Engi-
neering

Queen’s University

Kingston, Ontario, Canada

K7L 3N6

Fax: 613-533-6592

hutchinj@queensu.ca and hyde@queensu.ca
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SIMSG ISSMGE

International Society for Soil Mechanics and
Geotechnical Engineering

The Innovation and Development Committee (IDC, under
the chairmanship of Dimitrios Zekkos), in collaboration with
Geoengineer.org, has completed the creation of a database
that hosts the entire proceedings of the 18™ International
Conference on Soil Mechanics and Geotechnical Engineering
(Paris, September 2013). It is available from
http://www.issmge.org/en/resources/publications/18th-

Icsmge.

Both the IDC and Professor Frank wish to acknowledge Evi
Palatou and Kostis Tsantilas from Geoengineer.org who did
most of the work to make this a reality, and Valerie Bern-
hardt who provided access to the database. They would
also like to extend their gratitude to the French Member
Society (Comité Francais de la Mécanique des Sols et des
Travaux de Fondations, the organisers of the Paris Confer-
ence), to the publisher of the Proceedings (Presses de I'E-
cole des ponts), and to all of the authors of the papers, for
having negotiated and agreed that the copyright be re-
tained by the authors and for the permission to publish
online. The President hopes that this may be an example
followed by many others from now on, in line with the pol-
icy set up by the ISSMGE under the Presidency of Jean-
Louis Briaud and following the hard work by the Task Force
on Copyright chaired by Rainer Massarsch and co-chaired
by Bengt Fellenius
(see: http://www.issmge.org/en/resources/copyright-
policy).

O3 D

World Wide Web of Geotechnical Engineers
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About W3G

About the World Wide Web of Geotechnical Engineers
(W3G)

W3G Document Library

Documents of W3G

Using/Referencing W3G Documents

Please reference properly

Currently Active W3G Projects

e  WWWVL:Geotech or GVL

World Wide Web Virtual Library of Geotechnical Engi-
neering, WWWVL:Geotech or simply GVL as most geo-
technical engineers prefer to call it.

(] iGEM Magazine

The Internet Geotechnical Engineering Magazine. It
publishes magazine articles, hosts the world's first and
only Geotechnical Engineering Hall of Fame, and pre-
sents timely information for geotechs such as the con-
ference calandar and available jobs.

e  EJGE the Journal
The Electronic Journal of Geotechnical Engineering pub-
lishes high quality, peer- reviewed scientific and/or
technical journal articles.

e  GeotechML (GML) Project

The Steering/Working Group on developing the stan-
dards and protocols for the interoperability of geotech-
nical engineering computer applications.

Geotech Server Home Page
If you want to start from the top, here is a link for you to

go to the home page (i.e., the root directory of the server)
-- here are two home pages:

e the Geotech Server's first home page (went offline
at the end of 2002; use the EJGE Server instead)

e the EJGE Server's home page

3 O

LEE

TEXNIKO EMIMEAHTHPIO EAAAAAL

KaBe npwi aTo nAekTpovikd Taxudpopsio oac To "Newsletter
TEE". AneuBeiag diadikacia eyypapng:
http://lists.tee.gr/cgi-bin/mailman/listinfo/info-tee
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. 2nd EASTERN EUROPEAN
TUNNELLING CONFERENCE

- Tunnelling in a challenging environment

ATHENS 30 September - 3 October 2014 Royal Olympic Holel Athens. Greece

30 September - 3 October 2014, Athens, Greece
www.eetc2014athens.org

It is our pleasure to inform you that the Greek Tunnelling
Society is organizing the 2"Eastern European Tunnelling
Conference in Athens on September 28 - October 1 2014
(EETC2014, Athens).

The Eastern European Tunnelling Conference is a biennial
regional traveling conference. It aims to promote the shar-
ing of knowledge, experience, skills, ideas and achieve-
ments in the design, financing and contracting, construc-
tion, operation and maintenance of tunnels and other un-
derground facilities among the countries of Eastern Europe,
on an organized basis and with agreed aims. EETC2014
aims mainly to bring together colleagues from Eastern Eu-
rope but people from the rest of the world are also wel-
come.

The theme of EETC2014 Athens is:

“Tunnelling in a Challenging Environment”
Making tunnelling business in difficult times

The construction of underground projects is becoming in-
creasingly demanding as new challenges are emerging in
every aspect and sector of this multidisciplinary and multi-
various business. Further to the usual geological, geotech-
nical, structural and operational challenges, we are now
facing a difficult business and financial environment, which
requires the deployment of even more intelligent and effec-
tive tools and solutions.

I really do hope that the EETC2014 Athens will contribute
and further facilitate the growth of the tunnelling busi-
ness and will be a forum for scientific and professional col-
laboration.

TOPICS:

Innovative methods for Analysis and Design
Tunnelling in difficult ground conditions
Conventional urban or shallow tunnelling
Mechanized tunnelling

Hydraulic tunnels

Underground complexes

Caverns for Hydropower or Storage

Pipe jacking and microtunnelling

Innovations in tunnelling construction technology
Tunnels and shafts for mining
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Rehabilitation and repair

Safety and security in tunnels and tunnelling
Contractual and financial issues

Education and training

Case histories

Underground space use

Tunnels and monuments
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7° NANEAAHNIO EYNEAPIO

FEQTEXNIKHE MHXANIKHE

5 — 7 NosuBpiou 2014, AI'AH Zanneiou, AGRva
http://www.Zhcge2014.gr

H EAANvikn Emotnuovikh ETaipsia Edagounxavikng kai Mew-
TEXVIKNG MNXavikng, oTo NAdicio Twv dpacTnpioTATWV TNnG,
dlopyavwvel To 70 MaveAAnvio Suvédplo MewTexVIKNG Mnxa-
VIKNG uno Tnv aiyida Tou Anyou ABnvaiwv kai Tou TeXVIKOU
EnipeAnTnpiou EAAGSAG. STOXOG Tou Zuvedpiou eival va Kka-
Taypayel TIg NpoodouG TNG YEWTEXVIKNAG UNXAVIKNAG oTnV EA-
Aada Tou 21ou aiwva 6nNwg avTikatonTpifovTal oTa onuavTi-
KA YEWTEXVIKG aAAa kal aAAa £pya (o1dnpodpopikd, odonol-
iag, Aigevika, udpaulikda, KTipiakd, nepiBaAAovTika) pe on-
HaVTIKO YEWTEXVIKO AVTIKEINEVO, MOU €XOUV MEAETNOei Kal
KATAOKEUAOTEl 1| KataokeualovTal, KaBmG Kal oTa anoTeAE-
OHaTa TNG EPEUVNTIKAG dpacTnPIOTNTAG TWV EAANVIK®OV MO-
AUTEXVEIWV Kal MOAUTEXVIKWV OXOA®V. Enidiwgn eival ol gp-
yaoieg Tou Zuvedpiou va avadeifouv mpwTOTUMNA OTOIXEIA
OUMBOANG TNG YEWTEXVIKAG MNXAVIKAG aAAd kal va npofd-
Aouv BewpnTIKEG KAl MEIPANATIKEG EPEUVEG O £daQikd, Bpa-
Xwon kai nuIBpax®dn UAIKA nou Bprikav i ynopouv va Bpo-
uv eQappoyn otnv npaén."

OepaTIKEG EVOTNTEG

1. Z}Junsplcpopc'l Edapwv: 'Epeuveg Ynaibpou kal EpyaoTtn-
piou

Jupnepipopa Edapwv: Mpooopoimuara

Enipaveiakeg kal BaBeiég OepeAimoeig

AAMNAenidpaon EdAgoug - KaTaokeung

Mpavr) - KatoAioBnoeig

Babeieg Ekoka®eg - AvTioTnpi&eig

Znpayyeg

BeATiwoeig Edapwv

®paypara, AonAa Enixwpara

© 0O NOOU AN

. OnAiopéva Emixopara

. Epappoyn Eupwkwdikwv

. Epappoyeg MrewouvBeTIkK®V YAIKQOV

. Edapoduvapikn / Texvikr Zeigpoloyia

. Bpaxopnxavikn

. MepiBaAAovTikr) FEWTEXVIKN

. Evepyeiakn Mewtexvikn (energy geotechnics)

=
= O

P e e e e
N o b~ WN

. MoAmoTikr) KAnpovouid kar FewTexvikn Mnxavikr

-
(o]

. AidaokaAia kar Maenon rewTexvikng Mnxavikng
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Ma TiIg NaAaIOTEPEG KATAXWPNOEIG NEPICOOTEPEG NANPOPOPI-
€C MMopouv va avalnTnbouv oTa nponyoUpeva TeUXn Tou
«nepI0dIKOU» KAl OTIG NApaTIBENEVEC I0TOTEAIDEG.

The 6th International Conference on Unsaturated Soils UN-
SAT 2014, 02 - 04 July 2014, Sydney, Australia, Adrian
Russell, a.russell@unsw.edu.au

2" International Conference on Vulnerability and Risk Ana-
lysis and Management & 6 International Symposium on
Uncertainty Modelling and Analysis - Mini-Symposium
Simulation-Based Structural Vulnerability Assessment and
Risk Quantification in Earthquake Engineering, 13-16 July
2014, Liverpool, United Kingdom,
http://www.icvram2014.org

GeoHubei 2014 International Conference Sustainable Civil
Infrastructures: Innovative Technologies and Materials, July
20-22, 2014, Hubei, China
http://geohubei2014.geoconf.or

ICITG 2014 Second International Conference on Informa-
tion Technology in Geo-Engineering, 21-22 July 2014, Dur-
ham, UK, www.icitg.dur.ac.uk

Second European Conference on Earthquake Engineering
and Seismology, 24-29 August 2014, Istanbul, Turkey

www.2eceesistanbul.org

TC204 ISSMGE International Symposium on "Geotechnical
Aspects of Underground Construction in Soft Ground" - IS-
Seoul 2014, 25-27 August 2014, Seoul, Korea,

csyoo@skku.edu

ACESD 2014 International Conference on Advances in Civil
Engineering for Sustainable Development, 27-29 August
2014, Nakhon Ratchasima, Thailand,
http://acesd.sut.ac.th/index.php?acesd=9c847ec878ac085f
8c0c829a241d5a35

International Symposium on Geomechanics from Micro to
Macro (TC105), 01 - 03 September 2014, Cambridge,
United Kingdom, http://is-cambridge.eng.cam.ac.uk

International Conference on Industrial and Hazardous
Waste Management “CRETE 2014”, September 2" - 5%,
2014, Chania, Crete, Greece, http://www.hwm-
conferences.tuc.gr

Geosynthetics mining solutions 2014, September 8 - 11,
2014, Vancouver, Canada,
http://www.geosyntheticssolutions.com

JUBILEE CONFERENCE 50th Anniversary of Danube-
European Conferences on Geotechnical Engineering Geo-
technics of Roads and Railways, 9 - 11 September 2014,
Vienna, Austria, www.decge2014.at

IAEG XII CONGRESS Torino 2014 Engineering Geology for
Society and Territory, IAEG 50th Anniversary, September
15-19, 2014, Torino, Italy, www.iaeg2014.com

3 O

reclaim

10 MaveAARvio Zuvédpio yia Tnv E§E6puEn AnoBAnTwv
16 ZentepuBpiou 2014 — Oscoalovikn
http://us3.campaign-
archivel.com/?u=234903e30e14c301e8f4d6547&id=
7108cb488a&e=e6374bee25

Zkonog Tou lou MaveAAnviou Zuvedpiou EEOGpUENG AnoBAn-
TWV €ival N evNUEPWON TWV ANHOCIWV Kal IBIWTIKOV POPEWY
aAAd kal Tou KoIvoU yia TNV eVAAAAKTIKN NpOTACN TNG avak-
TNONG XPNOIMWV UAIK®V, yNG Kal EVEPYEIAG and xwpoug dida-
Beong anoBANTwV HECW TNG €EOPUENG Kal KATAAANANG ene-
Eepyaoiag autwv. =To MACICIO TWV €pyaciuv Tou ouvedpiou
6a AaBouv Xwpa napouaciaceig ano €1dikoUg ENICTAPOVEG 0Ta
nedia Tng €€6puEng kal diaxesipiong anoBAnTwy, Ba avaAu-
BoUv Texvika kal nepiBaAlovTika InTApata Tng HpeBOdou
Kabwc kal ol duvaToOTNTEC EPApUOYAG TNG oTov EAANVIKO Kal
Eupwnaikd Xwpo.

O@eparoloyia Zuvedpiou

EEOpUEN AnoBARTWV

AigBvng Epneipia otnv EE6pUEN ANoBARTWV

Enegepyacia AoTik@v ANoBAATWV yia AvakTnaon
SuoTAuaTta Alaxeipiong AoTiIK@V AnoBAATWV

Neeg Texvohoyieg otn Alaxeipion AnoBANTWYV
Evepyeiakr) Aglonoinon AnoBARTwv

Anokartaotaon Xwpwv Ald6song AnoBARTwV Kal Punac-
HEVWOV XWpwV

Aikaiwpa SUMHETOXAG

To ouvedpio ansuBuveral o dnUOCIOUG POPEIC, MEAN TNG
ENICTNHOVIKNAG KOIVOTNTAG, OE ENEIXEIPAOEIG KAl o Mn Kep-
dookonikeg Opyavwoelc. H oUuueTOXn OTO GUVEDpPIO €ival
AQPEAN.
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10th International Conference on Geosynthetics - 10ICG,
Berlin, Germany, 21 - 25 September 2014 www.10icg-
berlin.com

14th International Conference of the International As-
sociation for Computer Methods and Advances in Geome-
chanics (14IACMAG), September 22 - 25, 2014, Kyoto,
Japan, www.14iacmag.org

14th World Conference of the Associated Research Centers
for the Urban Underground Space (ACUUS 2014), Septem-
ber 24-26, 2014, Seoul, Korea
http://acuus2014.com

EETC 2014 ATHENS 2nd Eastern European Tunnelling Con-
ference, 28 September - 1 October 2014, Athens, Greece,
www.eetc2014athens.org

7th Basements and Underground Structures Conference, 30
September - 1 October 2014, London,
geevents@emap.com
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5th International Forum on Opto-electronic Sensor-based
Monitoring in Geo-engineering (5th OSMG-2014), Oct 12-
14, 2014, Nanjing, China, http://www.osmg2014.com

International Congress Tunnels and Underground Space
risks & opportunities, 13-15 October 2014, Lyon, France,
www.congres.aftes.asso.fr/en/content/invitation

ARMS 8 - 8th ISRM Rock Mechanics Symposium, 14-16
October 2014, Sapporo, Japan
www.rocknet-japan.org/ARMS8/index.htm

9™ International Conference on Structural Analysis of His-
toric Constructions, 14 - 17 October 2014, Mexico City,
Mexico, www.linkedin.com/groups/SAHC-2014-Mexico-City-
3930057.5.213150607

6th International Conference on Protection of Structures
Against Hazards, 16-17 October 2014, Tianjin, China,
http://cipremier.com/page.php?764

2" International Conference Innovations on Bridges and
Soil - Bridge Interaction IBSBI 2014, Athens, 16 - 18 Octo-

ber, 2014, http://ibsbi2014.ntua.gr

1st International Conference on Volcanic Landscapes
(VOLAND 2014), 16 - 18 October 2014, Santorini Island,

Greece, voland@heliotopos.net

1st International Conference on Discrete Fracture Network
Engineering, October 19 - 22, 2014, Vancouver, British
Columbia, Canada, www.dfne2014.ca

12% International Conference Underground Infrastructure of
Urban Areas, 22-23th October 2014, Wroclaw, Poland,
http://www.uiua2011.pwr.wroc.pl
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H xpRon vémv TexvoAoyi®v oThV NPOoAnywn Kai
TN J1aXEipIon PUOIKMOV KATACTPOP®V- O pOAOG
TNG NOAITIKNG NpooTaciag
24 + 26 OkTWRpiou 2014, P6dog
http://saferhodes.blogspot.gr

MaveAAnVvio ouvedpio Pe BEpa: «H Xprion VEWV TEXVOAOYIMV
oTnv NpoAnwn kai Tn dlaxEipion QUOIK®V KATAGTPoPwv- O
pOAOC TNG NOAITIKAG npooTacgiag», 8a npayuatonoinBei and
TIG 24 WG TIG 26 OkTwPpiou 2014, oTnv NOAn Tng Podou (&e-
vodoxeio Semiramis City).

Tnv enioTnuovikn €kdnAwon ouvdiopyavwvouv To EBviko
kal KanodioTpiakd Maveniotnuio ABnvwv, To EBvikd AoTe-
pookoneio ABnvwyv, o ARuog Pddou, n levikn Mpappateia
MoAITikng MNpoaoTtaaiag, To MavenioTruio Alyaiou kal To Apio-
ToTéAElo MavenioTrhuio ©sgaaAovikng.

«To Ouvedplo —ONWC ENICNUAIVETAl OE avakoivwan- €XEl WG
oTOX0 TNV Mnapouciacn €nikaipwy EMNICTNHOVIKOV EPEUVAOV
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Kal epyaci®v anod €1dikoUg EMNICTAMOVEG OTOUG TOWEIG TNG
npoAnyng, diaxeipiong aAAd kai npooTaciag TOCO Tou Nepi-
BaAAovTog, 600 Kal TWV NOAITOV and TNV €UPAvion Qaivo-
MEVWV EKTAKTNG avaykng onwg €ival n.x. Ta €vrova Kaipika
(aivoueva, oeiopoi, nupkayieg k.a. Ttoxelel va dnuioupyn-
ogl €va Brua yia Tnv avraAiayn 1I3ewv JeTa&u Tng enioTnuo-
VIKNG KOIVOTNTAG, EKNAIDEUTIKWV, HN KUBEPVNTIK®V 0pyavm-
oWV, eVOIQPEPOUEVWV MOANIT®V, KABWG Kal TNG TOMIKAG au-
T0dI0ikNONG.

JUYKEKPIPEVA, Ol OMIANTEG Ba NAPOUCIACOUV TA ANOTEAECHA-
Ta TNG €peuvacg Toug os Bgparta oxedlaopou, npoAnyng, dia-
XEIPIONG, MPOOTACIAG OIKOOUOTNHATWY OPEIVMV, AYPOTIKWV
Kal aoTIK®V MEPIOXWV, ME NEPIBAAAOVTIKN Kal MNOAITIOTIKA
kAnpovopid kabwg kai PBiwoiung avantugng. ‘Epgacn 6Ba
d00¢i oTa B£pata nou anaoyxoAoUv TNV MOAITIKN npoaTacia
TOOO O€ TOMIKO 000 Kal 0 €OBVIKO €NINEdO».

MAnpogopieg: TnA: 2241-361310, fax: 2241-361309,
email: georodos@gmail.com, http://saferhodes.blogspot.gr
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AusRock 2014
3rd Australasian Ground Control in Mining
Conference - an ISRM Specialized Conference
5 - 6 November 2014, Sydney, Australia

Contact Person: Sienna Deano
Telephone: +61 3 9658 6126
E-mail: sdeano@usimm.com.au

O3 D

3rd ISRM International Young Scholars
Symposium on Rock mechanics -
an ISRM Specialized Conference
8 - 11 November 2014, Xi'an, China

Contact

Telephone: +86 10 62332 464
Fax: +86 10 62334 098
E-mail: caimeifeng@ustb.edu.cn

O3 D

7th International Congress on Environmental Geotechnics,
10-14 November 2014, Melbourne, Australia,
www.7iceg2014.com

GEOMATE 2014 Fourth International Conference on Geo-
technique, Construction Materials + Environment, 19 - 21
Nov. 2014, Brisbane, Australia, www.geomate.org

International Symposium “Geohazards” Science, Engineer-
ing & Management, 20-21 November 2014, Kathmandu,
Nepal, www.ngeotechs.org/ngs/index.php/geohazards-2014
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7th International Conference on Scour and Erosion (ICSE-
7), 2™ - 4" December 2014, Perth, Western Australia,
http://www.2014icse.com

Third Australasian Ground Control in Mining Conference
2014, Sydney, Australia,
Www.mining.unsw.edu.au/node/608

Proceedings of the Institution of Civil Engineers, Geotechni-
cal Engineering, THEMED ISSUE 2015, Construction proc-
esses and installation effects, Editors: Benoit Jones, Univer-
sity of Warwick, UK and Stuart Haigh, University of Cam-
bridge, UK, sarah.walker@ice.org.uk

IGS Chennai 2015 6™ International Geotechnical Sympo-
sium on Disaster Mitigation in Special Geoenvironmental
Conditions, January 21-23, 2015, IIT Mandras, Chennai,
India, http://igschennai.in/6igschennai2015

Geosynthetics 2015, February 15 - 18, 2015, Portland,
Oregon, USA, http://geosyntheticsconference.com

12th Australia New Zealand Conference on Geomechanics
(ANZ 2015), 22-25 February 2015, Wellington, New Zea-
land, http://www.anz2015.com

16th African Regional Conference on Soil Mechanics and
Geotechnical Engineering, April 27 to 30, 2015 in Hamma-
met, Tunisia, http://www.cramsg2015.0rg

ISP7-PRESSI02015 27 to 30 April 2015, Hammamet, Tuni-
sia, http://www.cramsg2015.0rg/isp7-pressio2015

13" ISRM International Congress on Rock Mechanics Inno-
vations in Applied and Theoretical Rock Mechanics
10-13 May 2015, Montreal, Canada, www.isrm2015.com

Shale and Rock Mechanics as Applied to Slopes, Tunnels,
Mines and Hydrocarbon Extraction, Special One day Sym-
posium, May 12, 2015, Montreal, Quebec, Canada,
www.isrm2015.com/Page/PageContent/ShaleSymposium

O3 D

'T_AWTF 2015 !(.3

SEE

ELING IN SEE REGION

CMTE | 30-3m3018

World Tunnel Congress 2015
and 41st ITA General Assembly
Promoting Tunnelling in South East European
(SEE) Region
22 - 28 May 2015, Dubrovnik, Croatia
http://wtc15.com

Contact

ITA Croatia - Croatian Association for Tunnels and Under-
ground Structures

Davorin KOLIC, Society President

Trnjanska 140

HR-10 000 Zagreb

Croatia

info@itacroatia.eu

3 O
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83rd ICOLD Annual Meeting
June 2015, Stavanger, Norway

3 O

ISFOG 2015 3™ International Symposium on Frontiers in
Offshore Geotechnics, Oslo, Norway, 10-12 June 2015,
www.isfog2015.no

DMT 15 The 3™ International Conference on the Flat Dila-
tometer, Rome 15-17 June 2015, www.dmt15.com

ICGE 2015 International Conference in Geotechnical Engi-
neering - Colombo-2015, 10 - 11 August 2015, Colombo,
Colombo, Sri Lanka, http://www.slgs.lk/?p=564

16™ European Conference on Soil Mechanics and Geotechni-
cal Engineering “Geotechnical Engineering for Infrastructure
and Development”, 13 - 17 September 2015, Edinburgh,
UK, www.xvi-ecsmge-2015.0org.uk

Workshop on Volcanic Rocks & Soils, 24 - 25 September
2015, Isle of Ischia, Italy, www.associazionegeotecnica.it

(C- 4R -0)

EUROCK 2015
ISRM European Regional Symposium
64th Geomechanics Colloquy
7 - 9 October 2015, Salzburg, Austria

O3 D

European Conference in Geo-Environment and
Construction
GEO-ENVIRONMENT AND CONSTRUCTION

POLIS University, the Albanian Geotechnical Society and
Co-PLAN are pleased to invite you to the European Con-
ference on Geo-Environment and Construction. The con-
ference aims to provide a comprehensive coverage of theo-
retical and practical insights regarding geotechnical engi-
neering, environmental issues and construction. This initia-
tive is supported by the International Society of Soil Me-
chanics and Geotechnical Engineering. Engineers, re-
searchers and professionals from all over Europe are invited
and encouraged to participate in this conference in order to
submit written contributions and also to present their
works.
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TOPICS

The conference topics include all aspects of geo-environ-
ment and construction fields. The aim of the conference is
to present achievements and on this respect, to evidence
what have been the main challenges and to introduce what
appropriate approaches can be used. Professional interac-
tion and mutual experience interchange are important as-
pects of this event. Some of the main conference topics
are:

Geotechnical Engineering and Environment

- Infrastructural geotechnical engineering

- Geotechnical engineering related to industrial areas, min-
ing industry and power plants

- Environmental geotechnical engineering
- Irrigation system and environment
- Slope stability and their impact on environment

Construction

- Foundation engineering

- Soil mechanics

- Underground construction and deep excavations

- Impact of geotechnical phenomena in architectural design

- Geotechnical engineering of historical and cultural monu-
ments

- New technologies in geotechnical engineering
- Seismic structural design

- Case studies

- Structural Aesthetic Design

- Coordination between academic and practice experience
in construction

CONTACT

Prof. Dr. Luljeta Bozo
E-mail: lulibozo@gmail.com;

luljeta bozo@universitetipolis.edu.al
Address: Naim Frasheri Street, No.36, Tirana, Albania
Tel: +355 4 222 4970
Mob: +355 68 21 36 140

MSc. Eng. Erdi Myftaraga

E-mail: erdi.myftaraga@hotmail.com;
erdi_myftaraga@universitetipolis.edu.al

Mob: +355 66 40 61 326

MSc. Eng. Erion Bukagi
E-mail: erion.bukaci@gmail.com
Mob: +355 66 20 50 007

O3 D

6th International Conference on Earthquake Geotechnical
Engineering, 2-4 November 2015, Christchurch, New Zea-
land, www.bicege.com

The 15th Asian Regional Conference on Soil Mechanics and
Geotechnical Engineering, 9-13 November 2015, Fukuoka,
Japan, http://www.15arc.org

15th Pan-American Conference on Soil Mechanics and Geo-
technical Engineering, 15 - 18 November 2015, Buenos
Aires, Argentina, http://conferencesba2015.com.ar

VIII South American Congress on Rocks Mechanics, 15 - 18
November 2015, Buenos Aires, Argentina,
http://conferencesba2015.com.ar

Sixth International Conference on Deformation Characteris-
tics of Geomaterials IS Buenos Aires 2015, November 15th
to 18th 2015, www.saig.org.ar/ISDCG2015

2015 6" International Conference Recent Advances in Geo-
technical Engineering and Soiul Dynamics, December 7-11,
2015, New Delhi (NCR), India, wason2009@gmail.com;
wasonfeg@iitr.ernet.in, sharmamukat@gmail.com; mukut-
feg@iitr.ernet.in, gvramanaiitdelhi@gmail.com, ajay-

cbri@gmail.com
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3™ panAmerican Regional Conference
on Geosynthetics
11-14 April 2016, Miami South Beach, USA
NAGSDirector05@gmail.com

3 O
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84th ICOLD Annual Meeting
May 2016, Johannesburg, South Africa

3 O

GEOSAFE: 1st International Symposium on
Reducing Risks in Site Invertigation, Modelling
and Construction for Rock Engineering -
an ISRM Specialized Conference
25 - 27 May 2016, Xi'an, China

Contact
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Telephone: 0086 27 87198913
Fax: 0086 27 87198413
E-mail: xtfeng@whrsm.ac.cn

(C- 4R -0)

NGM 2016 - The Nordic Geotechnical Meeting, 25 - 28 May
2016, Reykjavik, Iceland, www.ngm?2016.com

(C- 4R -0)

3rd ICTG International Conference on
Transportation Geotechnics
4 - 7 September 2016, Guimaraes, Portugal

The Transportation Geotechnics International Conference
series began under the auspices of ISSMGE-TC 3 and was
initiated in 2008 at the University of Nottingham, UK, as an
International event designed to address the growing re-
quirements of infrastructure for societies. The 2" Interna-
tional Conference on Transportation Geotechnics took place
in 2012, at Sapporo, Japan, under the ISSMGE-TC202 that
follows the TC-3 activities for the period 2009-2013. To
continue the successful of these conferences and the output
of ISSMGE-TC-202, the 3™ was scheduled for 2016, at
Guimaraes, Portugal. Following the previous one, the chal-
lenges addressed by this conference will include a better
understanding of the interactions of geotechnics on roads,
rails, airports, harbours and other ground transportation
infrastructure with the goal of providing safe, economic,
environmental, reliable and sustainable infrastructures. The
3 ICTG will be composed of workshops and several types
of sessions, as well as a technical exhibition, to better dis-
seminations of findings and best practices. A special atten-
tion will be paid to the publication of all the peer review
papers, some of them in specialised international journals.
On behalf of the organizing committee I am honoured to
invite you to the 3™ ICTG in the City of Guimardes, UNESCO
World Heritage (September 4-7, 2016).

Contact person: Prof. A. Gomes Correia (Chair)

Address: University of Minho, School of Engineering, 4800-
058, Guimardes, Portugal

Phone: +351253510200

Fax: +351253510217

E-mail: agc@civil.uminho.pt

O3 D

EuroGeo 6 - European Regional Conference
on Geosynthetics
25 - 29 Sep 2016, Istanbul, Turkey
equler@boun.edu.tr

3 O
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6" Asian Regional Conference
on Geosynthetics
November 2016, New Delhi, India
uday@cbip.org

3 O

11*" International Conference on Geosynthetics
(11ICG)
16 - 20 Sep 2018, Seoul South Korea
csyoo@skku.edu
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ENAIAGEPONTA
FEEQTEXNIKA NEA

‘Avoi§e n yn ota TpikaAa
TpUna pe diapgeTpo 9 HETPa kal BaOog 7 HETPa

'Eva evtunwolakd aAAd kal avnouxnTikd B€apa avTikpioav
Tnv Kuplakn ol kaTtoikol aTnv nepioxn «AiBaddkia Tou Mnen»
oTo Bouvo Koliaka ata TpikaAa, 6nou n yn avoi&e, dnuioup-
ywvTag pia TepaoTia TpUna oTo £3agog.

H kaTaBuBion Tou £ddgoug, n onoia dnuioupynaos TV Tpuna
ME JIGUETPO 9 METPa kal BABoOG 7 pETPA, OPeiAETAl OE UNo-
XWPNOoN Tou aocBeoToAIBIkoU unoBadpou Tng nePIOXNAG —ni-
Bavwg piag onnAainwong nou avantUooETAl TNV MEPIOXN- TO
onoio €ival d1aBpwWHEVO Kal KATA BE0EIC KAPOTIKOMOINUEVO.

Navtwe, ol apx&C BpiokovTal o€ ETOINOTNTA, APOU O KPATn-
pag éxel avoi&el dinha and To povondT E4, and onou nep-
voUv ouXVva opeIBATEC.

(makeleio, 14 Mdaiou 2014)

3 O

http://news247.gr/eidiseis/apisteyto _anoikse h gh sta tri
kala.2787098.html

I-495 bridge columns rebound more

Tilting bridge support columns along I-495 continue to inch
back to vertical alignment since the removal of soil piles
blamed for the roadway's closing at the Christina River,
state officials reported Thursday.

Crews closed the 90,000-vehicle-a-day stretch of highway
on June 2 after four sets of columns along the bridge's
southern approach tipped as much as 4 degrees, causing
travel lanes to tip as well. Sensors show the columns have
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moved 0.26 degrees back towards vertical, or about 6.5
percent.

The Delaware Department of Transportation has tentatively
blamed the dangerous movement of the bridge on a con-
tractor's stockpiling of as much as 55,000 tons of soil on
land adjacent to the span. Some of the pile crossed onto
the state's right of way.
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State and city officials have released little about the origins
of the material or why the mass managed to go unnoticed,
despite a string of Freedom of Information Act requests to
agencies that apparently failed to catch the threat, or viola-
tions that would have flagged it.

Late Thursday, in response to a series of questions, the
Department of Natural Resources and Environmental Con-
trol reported that "neither the city of Wilmington nor
DNREC's Sediment and Stormwater Program was aware" of
soil stockpiles beneath the span.

"It is astounding that no one saw that, or, clearly, people
saw it but no one acted on it," said Senate Minority Whip
Gregory F. Lavelle, R-Sharpley. "It's a colossal failure."

"I understand that some of the other bridges have stuff
under them, vehicles, things like that, because of people
taking advantage or getting lazy. But this is like not seeing
Godzilla," Lavelle said. He added that the bridge shutdown
and traffic snarls are "all you hear about" from constituents.

The piles are clearly visible in aerial photos from 2013, un-
der and alongside the bridge off busy Christiana Avenue.
DNREC inspectors have been active in the same area for
years attempting to enforce environmental laws at a trou-
bled industrial-scale composting plant nearby.

Keogh Contracting Co. was required to secure a sediment
and erosion control permit from the city for a stockpile even
a fraction of that size, under authority delegated by DNREC
and reviewed by the state every three years. DNREC offi-
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cials said only that the case is now considered a "potential
'no plan' violation" to be investigated by DNREC.

DelDOT has retained a geotechnical engineering consultant
to independently investigate the bridge damage and report
on the cause. Officials believe that pressure from the soil
pile compressed and distorted soft soils and silt under the
area, sending pressure in all directions and bending the
deeply driven steel piles supporting the bridge.

Federal Highway Administration officials have approved $2
million in emergency aidf or work to repair the bridge and
restore traffic.

DelDOT Secretary Shailen Bhatt announced a $20 million
contract for around-the-clock repair on Tuesday designed to
restore traffic to southbound lanes by Labor Day. The tem-
porary repair plan is expected to allow the reopening of
northbound lanes two to four weeks later, with permanent
repairs to follow.

Bhatt has said that his agency is conducting an internal
review to determine how officials handled citizen warnings
about the threat days and weeks before the shutdown. The
adequacy of DelDOT's right-of-way inspection practices also
are under review.

The agency last week inspected 29 bridges more than 500
feet long with the potential for stockpiling or storage of
materials underneath the spans, within the state's rights-
of-way, or close enough to potentially affect the structure's
stability.

Materials were found in several cases, but nothing to the
extent of the dirt mountain stored along I-495. Under two
bridges - along Kirkwood Highway and DuPont Road over
CSX tracks - inspectors found fill and/or construction
equipment stored under the bridge.

"In those two cases, we sent out another team to inspect
the substructure units that were near the materials to make
sure they were still plumb, and everything was safe there,"
said Calvin Weber, bridge maintenance engineer for Del-
DOT. "There was no cause for safety concerns."

The material under DuPont Road has since been relocated
without DelDOT even needing to ask anyone.

"We're not exactly sure why it was removed. All I can say
is, since the closure of the 495 bridge, anyone with materi-
als stored under a state bridge structure has a heightened
awareness," DelDOT spokesman Geoff Sundstrom said.

Steel cases that will be put in the ground for support have
arrived at the bridge site

Vehicles are regularly parked under some of the bridges,
including DART buses under I-95 and Martin Luther King Jr.
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Boulevard in Wilmington. Those won't be relocated, officials
said.

"Not only in Delaware but in other places, it's not unusal to
park vehicles under bridge decks," Sundstrom said. "The
weight of a vehicle, while heavy, is not remotely compara-
ble to the weight of the pile beneath the I-495 bridge."

DelDOT staff are digging through archived plans and re-
cords to determine the state's right-of-way near several
bridges, as well as soil conditions and foundation types for
each, Sundstrom said. Where fencing is needed for security
or safety reasons it will be installed or re-installed, he
added.

"Many of our structures were erected years ago, and the
right-of-way adjacent to them has not been reviewed for
some time," he added. "We do need to know what the
right-of-way for all of our bridges is, and we will ascertain
that information."

Crews this week began checking the next set of state-
maintained bridges - those between 200 and 500 feet in
length - again with the potential for stockpiling or storage
of materials underneath them, Weber said.

The state has also asked the U.S. Army Corps of Engineers
to conduct similar checks of their bridges in Delaware, in-
cluding the Reedy Point Bridge (Del. 9) and Summit Bridge
(Del. 896).

DelDOT has said this data will be recorded as part of peri-
odical bridge inspections from now on. The agency is also
considering the use of automated monitoring technologies
in the future, so that DelDOT engineers would be notified
when something is amiss.

Crews at the bridge site continue to work to install ties be-
tween the pairs of damaged bridge supports. Materials for
the repairs are beginning to arrive, including 4-foot-wide
steel casings that will be used to create concrete shafts for
the new bridge foundation.

DelDOT also announced Thursday that northbound I-495
will be reduced to one lane of traffic through July 3 between
Exits 4 (Edgemoor Road) and 5 (Philadelphia Pike) for the
rehabilitation of the bridge over Stoney Creek. The contrac-
tor, Mumford & Miller Concrete Inc., is reconstructing the
northbound and southbound approaches, among other
work. The project began in February.

(Jeff Montgomery and Melissa Nann Burke, The News Jour-
nal, June 13, 2014,
http://www.delawareonline.com/story/news/traffic/2014/06
/12/bridge-columns-rebound/10379757).

Contractor says dirt piles were placed at I-495 bridge

A Wilmington contractor said Wednesday his company pre-
viously placed mounds of dirt alongside I-495 that now are
part of a state investigation into how support piers on a
span over the Christina River shifted, forcing officials to
close the bridge for emergency work.

"Only thing I can tell you right now is I feel very badly
about what happened to the bridge. I have absolutely no
idea what happened," Jim Thomas, the owner of Keogh
Contracting Co., said by phone Wednesday.

"I'm going to cooperate 100 percent with DelDOT, and I
have been since Monday when I found out about this."

Engineers for the Delaware Department of Transportation
believe the mounds of dirt set alongside the leaning piers
could have had a role in compacting soft soils beneath the
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surface. Another possibility, DelDOT says, is corrosion of
the steel piling, which reaches 140 to 160 feet below the
surface to anchor in bedrock.

"It's too early to tell if it's a factor," Transportation Secre-
tary Shailen Bhatt said of the dirt mounds. "Most of the
folks who took a look at this say that something of that
mass, of that height and weight, could certainly have an
effect on compression. That's why we want to get the dirt
out of there."

DelDOT is in the early phases of determining what caused
the subsurface shifting of four pairs of 50-foot-tall bridge
supports, called piers.

The worst pier is 4 percent out of vertical alignment. The
concrete footing upon which the piers sit, as well as the
bridge deck, have also shifted. With the increased load, the
structure can support its own weight but not traffic.

Bhatt said DelDOT will take action if it determines that
someone is responsible, but Thomas has been responsive
since officials contacted him Monday about removing the
stories-high piles of dirt — part of which sit within the
state's right-of-way. The agency will soon send reinforce-
ments to speed up the process, Bhatt said.

"It would be very premature for us to assign any kind of
blame right now. He has been cooperative. When we called
him and asked him to come down and move his dirt, and he
did that," Bhatt said.

i — DIRT
GEHEITS PILES

AL A 2012 aerial
image shows
little to no
stockpiling;
the 2013
image clearly
1 shows large
volumes of
ol = material.
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Delaware
Environmental
Monitoring &
Analysis Center,
University of
Delaware.

Changes from 2012 to 2013 at the bridge site. (Photo: Dan
Garrow/The News Journal)

Thomas would not comment Wednesday on the purpose of
the dirt pile or how long it's been on site.




"I haven't had any contact with DelDOT today, and I'm
really not in a position to talk about that. I'd be guessing. I
just can't talk right now," Thomas said.

Transportation officials closed I-495 in both directions Mon-
day evening at the bridge between Terminal Avenue and
12th Street. They expect it to remain closed for several
weeks until the structure can be shored up and leveled. The
affected segment of I-495 carries an average 90,000 vehi-
cles a day, according to state estimates.

According to county records, the property along the south-
east side of the bridge is owned by the DuPont Co. Port
Contractors Inc. President Michael Evanko said his company
leases the tract from DuPont, but has an agreement with
Keogh for it to use the land for storage.

T : = e

A major bridge on I-495 will remain closed for weeks, if not
months, as officials seek a remedy for tilted piers support-
ing the highway's span over the Christina River.
6/4/14 DAMIAN GILETTO/The News Journal

Evanko said he couldn't provide any information about the
dirt, referring questions to Thomas. However, Port Contrac-
tors is allowing Keogh to temporarily relocate the dirt at its
industrial yard next door on Christiana Avenue, Evanko
said.

Dump trucks continued transporting load after load of the
dirt from next to the bridge to the yard Wednesday.

A check of multiple years of aerial images of Delaware, dis-
tributed through the state's Geospatial Data Exchange,
show little stockpiling of material around or under the
bridge in past years through 2012, although some piles
appear adjacent to the span.

An image of the site for 2013 clearly shows large volumes
of material along and under the edge of the northbound
approach span's right side — the side to which the piers are
leaning.

DelDOT and builders around the world sometimes use piled
soils to "pre-load" or "pre-consolidate" soft or unstable
ground prior to construction of roadways or other projects.
Time and weight relentlessly pack soil particles and other
underground materials downward and squash away water,
providing a more reliable base.

But the same process generates changes and forces in
other directions as well, potentially affecting the ground or
structures nearby.

"It's a perfectly good, common-sensical assumption" that
piles near the I-495 approach spans created a problem,
said C. David Jamison, a retired DelDOT engineer now in
private practice. "Once you start loading up soil that's not
stable in one direction, you create vertical loads and hori-
zontal loads and it makes sense that something is going to
have to give."
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"In this case, it's scary. Usually when stuff settles, it takes
a while," Jamison added. "This sounds very fast to me."

Murad Abu-Farsakh, who holds a doctorate in geotechnical
engineering from Louisiana State University and teaches
there, said soil stockpiling near major bridge structures
should not be taken lightly and results are difficult to pre-
dict.

"It can't be answered quickly. It takes calculations. If there
are existing pilings, this might cause problems," Abu-
Farsakh said.

Although pre-loading was used successfully in the building
the Del. 1 toll road in the 1990s, a similar effort went awry
during construction of an earlier design for the Indian River
Inlet Bridge, resulting in abandonment of an initial plan and
a more-than $20 million DelDOT lawsuit against contrac-
tors, settled late last year for $5.25 million.

"You couldn't just look at it and say whether the effect is
going to be significant or not significant," Abu-Farsakh said.
"You need to know about the subsurface conditions, how
much has been added, and how close it is to the piles. It
can have a significant effect on the surrounding environ-
ment."

Tilt sensors placed on the leaning bridge piers have de-
tected negligible movement within the first 36 hours of
monitoring - less than 0.02 degrees, Bhatt said. Engineers
are focusing on learning more about what's happening be-
neath the surface, officials said.

The last bridge inspection in October 2012 found no signs
of leaning piers or other deficiencies.

The structure received a sufficiency rating of 82 out of 100
— a score designed to gauge the importance of replacing
the span. A bridge scoring less than 50 can be eligible for
federal dollars to help fund replacement.

New Castle County records show that the DuPont Co. owns
triangular-shaped parcels of land on either side of the ap-
proach span between the Christina River and Christiana
Avenue.

Alma Properties LLC owns land adjacent to both of Du-
Pont's, and along the south side of Christiana Avenue in the
area of 495. Its holdings include property used by Port Con-
tractors just west of I-495 near the Christina's southern
banks, and by Peninsula Compost LLC, which in turn has as
one of its partners Port Contractors.

Some of the stories-high piles of dirt under the bridge sit
within the state’s right-of-way.

DuPont spokesman Terry Gooding confirmed Wednesday
that DuPont's property had been leased out and then made
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available by the lease-holder to Keogh, and referred ques-
tions to Thomas. Alma officials did not return calls. Port
Contractors Inc. is a family-founded material- and cargo-
handling business and contractor that operates in multiple
locations with its base in Wilmington.

Its Wilmington ventures have included a range of activities
along Christiana Avenue near the I-495 bridge, including
handling of petroleum coke from the Delaware City Refin-
ery, as well as an interest in an industrial scale composting
plant nearby.

Google removed the bridge from its mapping application
Wednesday, which may have helped route through-
travelers around the closure, Bhatt noted.

To ease traffic congestion, DelDOT has adjusted signal tim-
ings at intersections, tweaked detour signs and is setting up
a temporary signal at the Terminal Avenue exit of 1-495,
where northbound traffic is forced to exit.

Southbound motorists are urged to detour via I-95, al-
though local traffic can access the highway to 12th Street.

(Melissa Nann Burke and Jeff Montgomery, The News Jour-
nal, June 12, 2014,
http://www.delawareonline.com/story/news/local/2014/06/
04/contractor-says-dirt-piles-placed-bridge/9971917)

How the I-495 bridge will be repaired

REPAIRING THE BRIDGE
Four pairs of piers, 11 through 1:1 are damaged and require foundation
ZSB awhobe new set of support colulms md‘footnq;_ i ol
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12 and 13
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SOURCE: DelDOT  DAN GARRCWATHE NEWS JOURNAL

http://www.delawareonline.com/story/news/local/2014/06/
10/i495-bridge-repair/10309329
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ENAIAG®EPONTA -
2EI2MOI

ZuoTApaTa 24wpng {mvTavhng napakoAoudnong
OEICH®OV

Kataypaen Twv osiopov otov EAAnvikd xwpo Ba Bpeite
oTov gnduevo oUVOETHO:

http://www.earthquakenet.gr/index.htm

MnopeiTe va HeEYEVOUVETE 1 va OMIKPUVETE Tov XAPTN TNG
NEPIOXNG NOU 0ag evOIAPEPEL.

Me «kAIKk» OTnVv Koukida nou Oeixvel O€IonNd OTO PEPOG MOU
oac evdolapEpel, BAENETE OAEG TIC BACIKEG MANPOPOPIES Yia
auTd TO OEIoNO (NUepounvia, B€on, evraon, wpa, Baog).

KaTtdoTaon Twv TeEAeUTainv OEIOUOV Nou cupBaivouv ' OAn
TNV 'n TIG TeAeuTaieg 48 wpeg purnopeiTe va BpeiTe dw:

http://www.emsc-csem.org/Earthquake/Ma map.ph

3 O

Ze10p0G KepaAAnviag

Report GEER/EERI/ATC Cephalonia, Greece 2014
http://www.geerassociation.org/GEER Post%20EQ%?20Rep
orts/Cephalonia Greece 2014/index.html

EuBUung Aékkag: véa enikalponoinydévn napouciacn Ke Ta
enioTnuovika dedopéva and Toug Npda@AToug OsIooUg aTNV
Kepalovia
http://elekkas.gr/images/stories/Frontpage/kefalonia2014/

KEFALONIA NEW.pdf
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ENAIAG®EPONTA -
AOINA

Pedro Okalla - O1 Ionavoi diapnuifouv Tnv EAAGSa

Exk@wvnBnke and Tov eAAnvioTnh Mévtpo OAayia otnv Huepi-
da KAacoikoU MMoAImiogoU Tou Zayouvto Tng lonaviag, pe
agopun TNV NpoTacn katdpynong Tou PabnuaTtog Twv €AAN-
VIK®V 0TV I00avikn eknaidsuon.

To yUpo Tng Ionaviag Kavel eva eknANKTIKO BivTeo nmou @TI-
AaxTnke Ye okono va avadeiel TNV npoo@opd Tou apxaiou
eAANvikoU noAITIopoU oTnv avBpwnoTnTa.

Eikdveg and Ta eAAnvika vnaoid, Tnv unaibpo, To nAlopaciie-
Ma, Ta apxaia Mdapuapa nou BpiokovTal didonapta oTnVv
eAANVIKN €nikpdTeld ouvBETOUV aUTO TO €EAIPETIKO BivTeo
nou anoTeAei pia Opop®n OAIYOAENTN JIAPRMION TNG XWPAG
pac.

To keipevo nou ouvodelel To BiVTEO KAl TO OMOIO EXEl KAVEIG
Tnv duvatotnTa va diaBacel kal ota eAANVIKAG MIAEyovTag
TNV avTigroixn &vdeign, kaTtw deEid oTo BivTeo.

http://loutrakil.blogspot.gr/2014/01/blog-post 2746.html
http://www.youtube.com/watch?v=U9NeWHI3yw8
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What the World Would Be Like if Engineering
Didn't Exist

Are you fascinated by the world of engineering? Can you
imagine a world without engineering? It might be a tougher
question than you think to answer, because many people
do not actually know the extent to which we rely on engi-
neering for our world to function, and the amount of work
that has gone into it by different types of engineers.

The discipline of engineering is one of the oldest in the
world, arguably as old as civilization itself. The first engi-
neers were those who developed the lever, the pulley and
the inclined plane. Egyptian engineers designed and built
the Pyramids, and Roman engineers conceptualized the
famous aqueducts. Today, engineering covers a broad
range of disciplines all devoted to keeping the "engine" of
our modern civilization running — world without engineer-
ing would see disaster happen more often than not.

I have personally worked in many engineering jobs in var-
ied fields, and some of my jobs have seen me move inter-
nationally to explore the world of engineering from a num-
ber of different countries and cultures. What I can say is
this: in every role my skills have developed and expanded,
with advanced technology aiding my engineering work.
Gone are the days were I had to run out to a construction
site and manually repair an engineering fault — now the
reliance is upon technology working and managing the fault
from a control room.

However, the world does not only function on advanced
engineering technology. In order to fully understand the
world without engineering, you need to be familiar with the
current jobs that make an impact. For example, you can
find electrical engineers working for companies like General
Electric and Siemens who develop, test and supervise the
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equipment that keeps our power running. There are the
mechanical engineers who physically develop and test all
kinds of modern devices, from computers to recreational
equipment to vehicles. Civil engineers work to maintain and
improve the infrastructure of our modern cities, roads, air-
ports and transportation networks. Environmental engi-
neers help companies comply with environmental law, aid
in the cleanup of hazardous waste and consult with corpo-
rations and governments on how to avoid environmental
problems.

Engineering in Modern Life

When we think of engineering, we usually think of devices,
computer software, complicated mathematics and elaborate
building projects that look beautiful to the eye; a stunning
piece of architecture or scientific program. But these highly
specialized fields are just a distillation of a basic concept
that has fueled civilization itself. Engineering has created
nearly every aspect of our daily modern lives and it is more
than just a skill or design — it's a fundamental way of
thinking and interacting with the environment around us.

But that's only scratching the surface. In fact, without civil
engineering, there would be neither cities nor landscapes to
view. Take away the tallest skyscrapers like the Shanghai
Tower in China, the World Trade Center and Empire State
building in New York, the Dream Dubai Marina or the Petro-
nas Tower 1 and 2 in Kuala Lumpur Malaysia, and what are
you left with? Not much in the skyline anywhere. These
tallest buildings have been constructed and engineered to
fulfil a purpose over the years.

Without engineering, any structure more modern than a
simple hut would be impossible to build. Infrastructure
would be gone as there would be no roads, or vehicles to
travel on them — building roads has its roots in ancient
Roman engineering and is considered not only one of the
touchstones of modern life, but the secret to the Roman
Empire's long prosperity. Without engineering we simply
would be walking along foot paths or game trails.

If you can think of any machine, device, or process that
makes life simpler and more convenient for humanity, you
are talking about engineering at work. Without it, civiliza-
tion would barely exist as we know it today. To remove
engineering would be to regress humanity back to the most
basic innovation; the invention of the wheel. Without engi-
neering, none of the Seven Wonders of the World would
ever have existed and even the most basic of tools would
not exist. The first forged weapon, the first spear, anything
more complex than a thrown rock — all the work of the first
engineers, before there was even a name for it.

We, as engineers, all play a vital role in the world actually
functioning. Without these job roles being fulfilled by skilled
people, the world would start to break down slowly. A world
without engineering would be a world without humanity,
our ability to design and create makes us unique in the
natural world.

Our buildings, roads, vehicles, and technologies make us
human. These engineered structures allow us to translate
space, communicate across vast distances and extend the
limits of our bodies. A decline in the sciences is a serious
threat to our global society and the sciences are in decline:
The Royal Society reports that scientific doctoral degrees
have fallen by 8 percent (in proportion to total PhDs
awarded) in the past decade. Meanwhile, the U.S., once a
world leader in engineering and math, has seen a massive
falloff in students pursuing post-graduate science degrees.

So, it is time to engineer a campaign to revive engineering.
Here's how:
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#1: Define New Frontiers

Previous generations had oceans to cross, continents to
traverse and an atmosphere to escape. Since the earliest
civilizations, people around the globe have been reeled in
by the great unknown, so there has been a constant ex-
citement, urgency and determination to explore pervading
our race since its earliest beginnings. Explorers have fueled
advances in engineering perhaps more profoundly than any
other group, from the wheel to the space shuttle.

Engineering has long been driven by the simple urge to
know what else is out there: beyond the next mountain or
across the sea. So, to rescue engineering, we must now
define new common frontiers and mobilize a widespread
sentiment that exploring them is both necessary and admi-
rable. Where should we look to rescue engineering? The
depths of the oceans, the far reaches of space and beneath
the Earth’s crust.

#2: Pursue the Impossible

Bold adventurers climb Everest simply “because it is
there.” They chase records of supersonic flight, try to drive
faster than anyone in history, and set out to surf the big-
gest waves on the planet. All these endeavors require as
much engineering as they do guts and each time someone
proves that the impossible is indeed possible, they open up
a new world of human potential — one that extends both
the mental and physical limitations that stifle innovation.

This is why the ongoing Bloodhound SSC project is so im-
portant. Engineers are currently at work on a car they hope
to drive faster than 1,000 mph, shattering the current land
speed record and inspiring a new generation to redefine the
limits of engineering achievement. The attempt is sched-
uled to take place in late 2015, and could very well create a
new era of automotive innovation; it is innovation like this
that rescues engineering.

#3: Invest in Engineering

When governments fail to support the sciences, as so many
today are, it is the duty of private investors to fuel innova-
tion and revive engineering. Elon Musk and Richard Branson
are two shining examples of how entrepreneurs can revive
a world of engineering and change it. Branson and Musk are
at the forefront of private space exploration, with plans to
start commercial flights to space in the near future. Musk’s
company, Space X, even managed to launch a shuttle and
dock with the International Space Station last year. Elon is
also the genius behind Tesla Motors, which is redefining the
automobile industry by creating the most sustainable (and
stylish) electric vehicles on the road. We need more entre-
preneurs like these to keep the world of engineering run-
ning.

#4: Challenge
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To spark the innovation needed to overcome our direst so-
cial and environmental problems, we must challenge to-
day’s minds to engineer solutions. The Bill and Melinda
Gates Foundation provides a brilliant example of how this
can be accomplished. They recently held a competition,
with a prize of $100,000, to be awarded to someone who
could invent an inexpensive and sustainable toilet capable
of bringing sanitation to communities in developing nations.
The result was a major step forward in the science of sani-
tation and new hope for a brighter future.

#5: Inspire

Most importantly, to avoid a world without engineering, we
must continue to inspire innovation. In the first month of
2014, a NASA space shuttle, which will soon land on a
comet in the hopes of discovering how life began on Earth,
awoke from its energy-saving hibernation and sent a mes-
sage back to Earth — “Hello world” — from 500 million
miles away.

The Future World

Women, in particular, have the opportunity to set some
standards with revived engineering, and I'm here today to
encourage more females to explore engineering and sci-
ence, and to get involved in the world of the future. Cur-
rently, in the U.K. alone, only 7 percent of females work in
engineering — we need to more than triple this.

There is great progress in our world helping to increase this
percentage — Jaguar Land Rover, for example, launched
their 2014 apprentice campaign which is in search of 150
new recruits and state they want to build on the number of
female engineers. Their brand-new initiative takes this into
account and is targeted at girls that are between the ages
of 10 and 14. I believe more encouragement like this is
needed and will revive engineering for women of all ages.

Who knows how many people might space dive in 2016
with the real-life “Iron Man” suit being developed by hi-tech
inventors Solar System Express (Sol-X), and the biotech
designers over at Juxtopia LLC (JLLC)? I just hope that
when this suit is finished, it's a woman in 2016 who breaks
the world record — that alone could help encourage many
more women into the industry.

For now, we can embrace what engineering is and the in-
novation that it brings. We are seeing new forms of engi-
neering and medical devices saving lives every day — the
engineering development and manufacturing of medical
equipment advancing to an extent that it gives a person
with an amputee the ability to walk or run again through an
engineered prosthesis.

Having now seen what a world would be like without engi-
neering, it's important to question if you would be able to
cope without it. Do you appreciate it enough to help it live
on? What are you doing to keep it around?

(Jenny Ann Beswick / Manufacturing Net, 5™ February 2014
http://www.manufacturing.net/blogs/2014/02/what-the-
world-would-be-like-if-engineering-didnt-exist)
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It takes a country to raise an engineer
Engineering firms must step up when it comes to
training graduates if they expect universities to do
the same

Britain’s bouncing back! Or so the statistics appear to indi-
cate. The UK economy grew by nearly one per cent in the
first three months of the year and is nearly back to its 2008
peak. Of course the population has also grown so we're all
still poorer, plus there are fears of a London house-price
bubble and the spectre of interest rate rises to worry about.

There are at least signs that manufacturing is finally mak-
ing a clear recovery, growing by more than the service sec-
tor and at the fastest rate since 2010 (although given
manufacturing’s steeper fall during the recession we're
some way off the much hoped-for rebalancing).

But with the good economic news comes the inevitable
complaint that we don’t have enough engineering graduates
and that the ones we are producing don’t have the right
skills to fuel industry’s needs.

Research released today by manufacturers’ organization
EEF shows 66 per cent of firms plan to recruit engineering
graduates in the next three years, but that 80 per cent of
them think universities need to prioritise making students
employable and 35 per cent have recently turned to EU
students, who are often seen has having better industry
experience.

There is certainly a case for universities to look again to
ensure their engineering courses are giving students the
best opportunities, and for businesses to communicate their
needs more clearly. Chairing a recent workshop for the En-
gineering Professors’ Council on the topic of postgraduate
engineering, The Engineer was amazed to see how little
university representatives understood what engineering
firms wanted from masters and PhD-level candidates.

There is also a strong argument for greater encouragement
of industrial placements and sandwich years as part of un-
dergraduate courses, and for more firms to offer such ex-
perience.

But there’s also a need for employers to check their expec-
tations and understanding of what universities are for. They
are not training colleges or vocational schools but places for
students to undertake deep study. They shouldn’t neglect
the issue of employability but they also can’t be expected to
train students in using specific machines and software at
the expense of greater understanding of engineering princ-
ples.

Engineering firms also have to step up and take responsibil-
ity for training and skills — and indeed many are, providing
placements, sponsoring students and putting their existing
employees through university. But the numbers doing these
things are half (or less) the numbers calling for more from
higher education.

While all this is going on, the struggle continues to get
more young people onto engineering courses in the first
place. A new set of recommendations on careers advice in
school raises the hope of some improvement in this sphere.

The approach set out by Sir John Holman in a review for
the charitable Gatsby Foundation is to give schools more
resources and incentives to improve career guidance provi-
sion, which is currently patchy at best - less than a quarter
of students receive more than one face-to-face advice ses-
sion by the time they're 18.

This approach fits with the current trend for giving schools
more freedom to set their own agendas but leaves hanging
the question of whether schools will take up the challenge -
even with greater pressure from Ofsted and the inclusion of
student destinations in league tables. And, especially if ca-
reers guidance is provided by teachers rather than dedi-
cated advisers, it won't address the problem of stereotyping
and cultural bias against engineering jobs.

(Stephen Harris, Senior reporter / the€NGINEEN, 30 April
2014, http://www.theengineer.co.uk/channels/skills-and-
careers/opinion/it-takes-a-country-to-raise-an-
engineer/1018485.article#ixzz30Ni3DrMM)

O3 D

AnioTeuTo: OAPTNKE {WVTAVN Kal J€iTE NWG Ka-
TaPepe va eni¢noel

H 34xpovn Kivéla dnou epyaldTav O €va KATAOKEUAOTIKO
€pyo Eapvikd Bpébnke Bappévn KATW and TOVOUG AUMOUG.
O1 dIa0WOTEG NPOKEIYEVOU Va TNV EVTOMICOUV avaykaoTnkav
va okdyouv é&va oAdkAnpo ToUvVeA kal oTav kaTtdgpepav va
TNV avacUpouv EUElvav NPAayPaTika EKNANKTOI.

Ev® kaveig dev Ba nioTeue OTI n yuvaika 6a {ouoe ekeivn Ta
KaTapepe Xapn oTo OKANPO KANEAO NMou QoOpousE, TO Onoio
dnuiolpynoe €va MIKPO Kevo and nou pnopolos va ava-
nveuoel Ta 30 ekeiva Kpioiga AenTd PEXPI va TNV evTonicouv
Kal va Tnv aneykAwpioouv.
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H yuvaika €ixe npaypatika Ayio a@ou onwg PAENETE Kal
oTNV QWTOYPAPia NTAV KUPIOAEKTIKA Bapuévn KATW anod Tnv
aupo.

(4 Maiou 2014, http://www.queen.gr/SYMBAINEI-STON-
KOSMO/item/94507-apisteyto-thaftike-zontani-kai-deite-
pos-katafere-na-epizisei#ixzz30ju265Ny)

(C- 4R -0)

MeydAn emituyxia otnv KpATn: EpeuvnTég
dnuIoUpynoav 1o nio 1I0Xupo AEI{Ep OTOV KOOHO

EpeuvnTég oTnv EAAGda katagepav va dnuioupynoouv éva
Aeilep aTOUWV, NMOU €ival ENTA QPOPEC Mo I0XUPO ano O,T &i-
XE E€MITEUXBel pEXPI onMepa. Maykoopiwg, nepinou déka e-
PEUVNTIKEC onadeg aoxoAoUvTal Pe Ta A&ilep aTOPWY Kal ia
and autég Bpioketal otnv KpnTn, HE EVTUNWOIAKEG PAAIOTA
emdoosig oc digBVEC eninedo.

OI €MICTAMOVEC, HE EMNIKEPAANC TOV, YEPHUAVIKAG KATAYWYAG,
(UOIKO BOAQ ov KAITOIVYK Kal Tn JETAdIdAKTOPIKN EPEUVI-
Tpia BaagiAikp MnoAnacn, Tou IvoTiTouTou HAEKTPOVIKAG
Aopng & Adilep Tou IdpUpaTtog TexvoAloyiag kal ‘Epsuvacg
(ITE) otnv KpATn, ékavav Tn OxeTikr dnuooisuon oTto die-
Ovég eniaTnuovikd neplodiko «New Journal of Physics».

SUMMETEIXAV gniong o enikoupog kabnyntng Nikog Eugpaipi-
dng Tou TuApaTog Epappoopévwv Mabnuatikwv Tou Mave-
nioTnpiou KpAtng kar o MNMauAog KovdUAng Tou KévTpou KBa-
VTIKOV Texvoloyimv Tou EBvikoU MavenioTnuiou ThG Ziyka-
noupng, kKabwg eniong ol MaikA Mopicél kal Mapk Mnéikep
ano 1o ITE kal NTavieA ZaxaykoUv and Tn Ziykanoupn.

Ta Ailep atopwy () atopika A&iIlep) eknEPnouv SECHEG UANG
avTi yia déoNEC PWTOC. ONWG 0 €va CUMBATIKO ONTIKO Al-
Cep, N Oé0uN Tou nepIEXEl PWTOVIA (CwHATIdIa PwTOG) Mou
KIVvoUVTal JE OUVEKTIKO TPOMO OTOV XWPO, HE avaloyo Tpono
oc éva Aéilep aTOPWV n O€0UN Tou NepIAAMBAVEI EKATOMMU-
pia atopa. Ta Aéilep aTOPwV BpiokovTal 0TO ApXIKO OTAdIo
TWV €PEUVMV Kal MpEnel va yivouv akdun MoAAd npotou
BPOUV NPAKTIKEG EPAPHOYEG, ONWG N ATOMIKI CUNBOAOMETPI-
a, n arodikn AlBoypagia, n akpiBECTEPN WETPNON PaAyvnTI-
KOV nedinv K.d.

Kpiolgyog napdywv kai yia Toug duo TUNoug A&ilep €ival n
por}, dnAadn o pubpog ekNopnng GwToViwV N aTopwv. MexpI
ONMEPA, N pon TwV aTOPwV oTa A&Ilep ATAV MEPIOPICHEVN,
aAAd n véa epeuva Eenépaoce Ta €wg Twpa epnodia, ENITUy-
XAavovTag por enTa Popeg peyaAUTepn and O,TI €iXE eMITEU-
XBei pEXpI onpepa.

Ta 10xupOTEPA HEXPI ONPEPA AEIlep aTOUWV ouvioTavTal o€
VEQN AaTOUWV Mou £XOUV NAayIdEUTEl YE PayvnTIKO TPONo Kai
EXOUV WuxBei o Beppokpacieg KOvTA OTO ANOAUTO HNJEV
(npokeiTal yia Ta AsyOpeva «oupnukvoparta Mnooul- Aiv-
oTdaiv»). AUTd Ta CUUNUKVWUATA €ival TOoo kpud, Nou NoAAd
aToud Toug BpiokovTal oTn XaunAoTepn duvaTr EVEPYEIAKN
KATAaoTaon, JE CUVEMEIQ va XAvouv TNV aTOMIKN TOUG TAUTO-
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TNTa kai va oxnuatifouv pia eviaia kBavTikh ovrtoTnTa. Me
Tn BonBeia nediwv padlocuxvoTATwV, Ta v AOyw kpUa Cup-
NUKVOMATA TEAIKA EKMNEUMOUV WIA OUVEKTIKN JE0MN aTOHWV,
METaTpenopeva £T1al ae A&Ilep.

O1 gpeuvnTég oTo ITE, Xpnoidonoi®vTag 1oxXupoTepa nedia
padloouxvoTnTwy, nétuxav pia por 4 X 1077 (eig Tnv €Rd6-
Mn dUvapn) aTopwv/deuTepOAEnTO Kal nNpoBAEnouv OTI OTO
MEANOV, epapuolovTag cupnukvopata Mndoul- AivoTaiv pe
nePICOOTEPA ATOMA, Ba KATAPEPOUV -PETA OTIG EMOMEVEG £-
Bdouadeg- va au§noouv MepaITépw TNV I0XU TOU ATOMIKOU
Aeilep.

Eniong, xpnoigonolovTtag Tnv idla TEXVIKA, yia np®Tn popa
ol €peuvnNTEG dnMioUpynoav pia iIoxupn d€oun atopwvy, mnou
nepigixe Tautoxpova pia d€opn A€ilep ATOUWV Kal Kia noAu
Kpua 56¢opn Beppikwv aTépwv. Eival n npwTn gopd nou eni-
Tuyxaveral pia Tétola uBpidikn dEoun atopwy. H déoun Bep-
HIKQV aTopwyv, Pe Beppokpaaia poAig 200 vavokeABlv, eival
dlo TaEeic peyéboug mio kpUa and onoladnnoTte avaloyn
O¢oun aTopwv €xel emTeuxBei pExpl onpepa.

(iefimerida, 09.05.2014,
http://www.iefimerida.gr/node/154190#ixzz31POAa3wT)
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Self-healing plastic mimics blood clotting

Healing chemicals arrive via capillaries (the red and blue
vertical lines) and form a gel that seals the gap

A new plastic that "heals itself" has been designed, mean-
ing your cracked phone screen or broken tennis racquet
could mend its own wounds.

The polymer automatically patches holes 3cm wide, 100
times bigger than before.

Inspired by the human blood clotting system, it contains a
network of capillaries that deliver healing chemicals to
damaged areas.

The new material, created by engineers at the University of
Illinois, is described in Science journal
(http://www.sciencemag.org/content/344/6184/620).

For decades scientists have dreamed of plastics that heal
themselves like human skin.

Cracks in water pipes and car bonnets would seal up. Satel-
lites could repair their own damage. Broken electronic chips
in laptops and mobile phones would spontaneously sort out
their own problems.

One of the first big breakthroughs came in 2001 at the Uni-
versity of Illinois
(http://www.nature.com/nature/journal/v409/n6822/full/4

09794a0.html). Prof Scott White and colleagues infused a
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polymer with microscopic capsules containing a liquid heal-
ing agent. When the material cracked, the chemicals were
released and bridged the gaps.

A timelapse of a broken area self-healing (left to right)

More recently, concrete
(http://www.bbc.com/news/science-environment-
20121303), water-resistant coatings
(http://www.bbc.com/news/science-environment-
18998638), and even electrical cir-

cuits (http://onlinelibrary.wiley.com/doi/10.1002/adma.201
102888/abstract) have been engineered with self-healing
properties.

But even the best self-healing plastics and polymers can
only repair small-scale damage, the Science magazine au-
thors note.

"Although self-healing of microscopic defects has been
demonstrated, the re-growth of material lost through catas-
trophic damage requires a regenerative-like approach," said
Prof White.

To fix larger breakages, he and his team have designed a
new, vascular system - inspired by the arteries and veins of
the human body.

A network of channels delivers a healing agent to the site of
damage.

The chemicals arrive via two separate streams. They com-
bine to seal the gap in a two-stage reaction. Initially, they
form a gel scaffold across the hole. The gel then slowly
hardens into a robust, solid structure.

"We filled regions exceeding 35mm within 20 minutes, and
restored mechanical function within three hours," the re-
searchers wrote in Science.

Tests showed the material recovered about 62% of its
original strength.

The new material paves the way for future polymers that
can recover from ballistic impacts, such as bullets, bombs
or rockets.

Its design was praised by engineers Zhouzhou Zhao and
Prof Ellen Arruda, of the University of Michigan.

"This innovative approach enables restoration of mechanical
integrity to a damage volume that is roughly 100 times the
largest defect previously healed in this manner," they
wrote in Science
(http://www.sciencemag.org/content/344/6184/591).
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Self-healing systems

Capsule-based

Sequester
healing agents

Palymerizers

Source: Janet Sinn-Hanlon, Scott White, Ben Blaiszik

Capsules containing the healing agents and other chemicals
are distributed throughout the material. If a breakage oc-
curs, the capsules release their contents casuing a chemical
reaction to "heal" the breakage.

Vascular

/M

Refillable channels
=

Source: Janet Sinn-Hanlon, Scott White, Ben Blaiszik

Vascular systems use networks of refillable channels to
deliver the healing agent and polymerisers to the breakage
point.

Intrinsic

o

Chemical bonds

Sourge: Janet Sinn-Hanlon, Scott White, Ben Blaiszik
Intrinsic systems use the reversible nature of certain
chemical bonds to incorporate healing properties directly
into the material.

"Vascular systems can potentially eliminate fracture in ma-

terials by preventing small, noncritical cracks from propa-
gating to critical sizes."
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However, future materials which are "truly regenerative"
will require a much more flexible repair system, the scien-
tists admit.

"When damage is unpredictable and uncontrolled, more
complex and interconnected vascular networks will be nec-
essary to provide sufficient vascular coverage and redun-
dancy to circumvent channel blockage," Prof White and his
co-authors wrote.

While recent advances in self-healing are exciting, "the
long-term performance of autonomously healed polymers
has largely remained unexamined," said Prof Arruda and Mr
Zhao.

"Methods are also needed to assess and monitor the poten-
tial healing ability after multiple repair events.

"Here again, elegant examples that have evolved in nature
can inspire solutions."

(James Morgan, Science reporter / BBC News, 09.05.2014,
http://www.bbc.com/news/science-environment-27296365)

O3 D

Timescanners: Digital Scanners Explain Historic
Architecture’s Engineering Mysteries

Thanks to state of the art mobile laser scanners, scientists
can now document the greatest architecture in history,
from The Pyramids to St. Paul’s Cathedral, as digital models
with pinpoint accuracy. The digital representations take you
inside, around and through the buildings, which
means researchers can study and analyze sites without
being in the field. The technology is already proving its
worth - watch the trailer above to see how Petra was con-
structed and more!

(Andrew Galloway, 07 Jun 2014.
http://www.archdaily.com/?p=513971,
http://www.archdaily.com/513971/timescanners-digital-
scanners-explain-historic-architecture-s-engineering-

mysteries,
http://www.archdaily.com/tag/digital-preservation).

O3 D

QKeavoi VEPOU oTa £yKara TNG yng

Mia véa auePIKAVIKN €NIOTNMOVIKA €peuva KATéAn&e oTo ou-
unépaocpa OTI ota Baén Tng ng, oto oTpwpa Tou pavdua
nou BpiokeTal avapeoa aTov GAOIO KAl OTOV Nupnva, undap-
XOUV TepAaTia anoBépara vepou, mBavwg TpINAAacia ano Tov
OUVOAIKO Oyko vepoU nou JiaBeTouv OAol paldi ol wkeavoi
otnv enipdveia Tou NAavATn pag. Auto To «pelepBoudp>
TOU VEPOU, nou @aiveTal diaxpovikd oTtabepo, BpiokeTal ot
BABog £wg 700 XIAIOPETPWV KATW ano Tnv €nipaveia, otnv
evdlapeon {wvn avapeoa OToV aVWTEPO KAl OTOV KATWTEPO
pavdua.

O1 €peUVNTEG KTIMOUV OTI TO VEPO BPIOKETAl «KAEIDWHEVO>
(Hoplakda nayideupévo) PEaa os yaAalwnda NeETpwHPATA, TOUG
pIVYKOUDITEC. MPOKEITAl yIa £€va OXETIKA ONAVIO NETPWHA HE
KpUoTaAAIKf dopn, nou oxnuarieral ano oAiBivn kaTtw and
NoAU UWNAEC MIECEIG KAl BEPUOKPATIEG.
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Yndapyel ndpa noAu vepo Babia katw and Ta ndédia pag, av
Kal 0x! OTIG YVWPIKEG HOPPEC Tou (UYpO VEPO, NAyog, ud-
paTuoi), aAAa To B€pa gival Nwg To PTAVEl KAVEIC.

H Unap&n 1000 PEYAAWV MOCOTHATWV UMOYEIOU VEPOU, PiXVEI
néavwg véo Qwg oTov aévao udpoAoylkd KUKAO Tng ng,
oTNV NPOoEAEUCN TwV OaAaco®V Kal OTO YIATI Ol WKeavoi
€XOUV Aiyo-noAU diatnprosl To WéyeBOG Toug €dW Kal €Ka-
TOHMUpPIa XpoOvia. Mepikoi YyewAOyol MIOTEUOUV OTI TO VEPO
€pTace otn I'n €€ oupavou, and NAywHEVOUG KOMUNTEG Mou
£€neocav oTov NAavATn Pag.

'Ouw¢ N véa avakaluwn evioxUel hia evaAAakTIKn méavoTn-
Ta, va «avadubnkav» oTadiakd ol wkeavoi anod Ta €ykarta
TNG NPWINNG NG, Xapn Kal oTn Ouvexn avakUKAwon Twv
TEKTOVIK®V NAAK®V. «O1 gvdei&elg eival kaAég o1 To vepd
TNG ¢ NponABe anod To €0wTePIKO TNG», dNAwoe o TlEIko-
Hnoev.

H Unap&n 1600 PEYAAWV MOCOTATWV UMOYEIOU VEPOU, PiXVEl
néavwg véo Gwg oTov aévao udpoAoyikd KUKAO TnG ng,
oTNV NPOEAEUCN TwWV OAAACOWV Kdl OTO YIATI Ol WKEAvoi
£X0ouVv Aiyo-noAU diaTnproel To PEYEBOC TOUuG €3 KAl €Ka-
ToppUpIa Xpovia. Mepikoi YEwAOYOl nigTeUouvV OTI TO VEPD
£pTace otn 'n €€ oupavou, and NAyWHPEVOUG KOUATEG Mou
€neoav otov nAavnTn pag. ‘Ogwg n véa avakaluywn evioyUel
dia evaAAakTikn nibavotnTta, va «avadulnkav» oradiakd ol
WKeavoi anod Ta &ykara Tng npwiung 'ng, xapn kai oTn ouv-
exf] avakUKAWGON TWV TEKTOVIKOV MAAAK®WV. «Oi &evdei&eig
€ival KaA&ég OTI To vepO TNG 'nGg NponABe anod To €0WTEPIKO
TNG», dNAwae 0 TIEIKOUNOEV.

O1 osiIocpoypagol

O1 Apepikavoi €peuvnTEG Xpnolponoinoav navw and 2.000
OEIONOYPAPOUG YIA VA HEAETAOOUV TA OEIOUIKA KUPATA NMou
yévvnoav ndvw anod 500 ceigpoi oTig HMA. Auta Ta kUuara
dianepvolv TO €0WTEPIKO TOU NAAVATN Hag (akOpn kai Tov
nupnva) kai £€1al anoteAoUv OTNV ouadia To KAAUTEPO HEXPI
onuepa TpoOMo nou JIaBETouvol YEWAOYO!I YId va <«aKTIVO-
ypagouv» -av Kal EUueca- TI cupBaivel oTa €ykaTa Tng MngG.

MeTpwvTag TNV TaxuTnTa d1ad00nG TwV UNOYEIWV OEICHIKMOV
KULATWV O€ 31aPOpETIKA BABN, oI ENICTAPOVEG CUMNEPAvav
TNV NUKVOTNTA KAl CUVENWMG TO €i00G TWV NETPWHATWV MOu
Ta kupata digoxiZav. To KaAd KPUMHEVO VEPO anokaAugpTn-
Ke, €neIdn AOyw TNnG napouciag Tou Ta CEICUIKA KUPATa €ni-
Bpaduvlnkav OTO avTioTOIXO YEWAOYIKO OTpwua (éva oel-
OMIkO KUpa xpelaletal neploodTEPO XPOVo yia va dianepacel
€va &vudpo NETpwa ano o,TI £va avudpo).

O OSIOMIKEG QUTEG MApATNPNOEIG CUMNANPWONKav ano nei-
pduaTta oTo €pyacTnpIo, and TA OMoid Ol EPEUVNTEG KATEAN-
Eav oTO Ooupnépacua OTI ol €vudpol pIvYKoudiTeG os Basn
NG TA&ng Twv 700 XAW. €ival oav «o@ouyydpia» nou, unod
uwnAn nieon kal Bepuokpacia, Aiwvouv oTadiakd kai £T0l
«{oUAGve» TO VEPO MOU £XOUV MPONYOUMEVWG AnoppoPpraEl,
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wBwvTtag 1o €€w anod To néTpwua. «Eivalr éva nétpwpa pe
vepO WEoa Kal yUpw Tou, oxedOv oav va I1Idpwvel», €ine xa-
pPakTnNpPIoTIKG 0 TZEIKOUNaooV.

AV Kal N MEAETN TWV OEIOHIKOV KUPATWV and Tov auepikavo
€NIOTAMOVA apopa 1o unedagog Povo Twv HMA, nigTevel OTI
KATI avaAoyo oupBaivel oe 6Ao Tov nNAavATtn Kai ndn oko-
neUel va €NEKTEIVEI TN OEIOUIKA HEAETN TOU O AAAEC XWPEG
eniong. 'Onwg sing, «Ba €npene va €ipaoTe UyVOUOVEC yI'
autd To BaBU andBespa vepou. Av dev BpiokoTav ekei, Ba
ATav otnv enipaveia Tng ng kar Téte POVO Ol KOPUPEG TWV
Bouvwv Ba BpiokovTav Navw and To vepo». H peAETn dnuo-
oleVETAl OTNV €NIBewpnon «Science».

(Kepdog online, 13.06.2014,
http://www.kerdos.gr/%CE%B8%CE%AD%CE%BC%CE%B
1%CF%84%CE%B1/99858-

% CF%89%CE%BA%CE%B5%CE%B1%CE%BD%CE%BF%
CE%AF-%CE%BD%CE%B5%CF%81%CE%BF%CF%8D-
%CF%83%CF%84%CE%B1-
%CE%AD%CE%B3%CE%BA%CE%B1%CF%84%CE%B1-
%CF%84%CE%B7%CF%82-
%CE%B3%CE%B7%CF%82?utm source=KerdosNLetterAp
p&utm medium=email&utm campaign=html newsletter)

(G2 4R -0

MOPTPETO TOU «HNAPIVTYKHAVITN >
To npwTo deiyla Tou «nio Gplovou opukToU oTn N'n»

‘IXvn TOU «UMPIVIYKPAVITN» KpuBOTAV OE £€vav PETEWPITN
nou €neoe Tov 190 aiwva otnv AucTtpaAia (Mnyn: Chi Ma)

NéyeTal OTI €ival To nio a@Bovo opukTod oTn N, kKpUReTal
OMwWG BaBid oTo pavdla Tou mAavATh, Makpld anod Ta av-
Bpwniva partia. To NpwTo PUOIKO JeiyPa TOU EiXe MNEPIEPYWG
€Ewynivn NpogéAeuan, Kabwg evronioTnke OXI 0To UNEDAPOG
aAAG p€oa oe évav apyeyovo PeTewpiTn. Kail n avakailuyn
ENETPEYE YIA NPWTN POPA OTOUC EMICTAMOVEG va npoadiopi-
gouv Tn doMR TOU Kdl va To BagTicouv enionua: HnpIvT-
yKpaviTn.

To KPUHMMEVO OpPUKTO anoTeAsiTal and payyavio, nupitio Kai
o&uydvo (MgSiOs) kal ATav yvwoTo wg OfPEPA WG NUPITIKOG
nepoBokiTnNG, avagEpel O avakoivwan Tngn AMEPIKAVIKA
'‘Evwon Few®uoikng
(http://blogs.agu.org/geospace/2014/06/06/earths-
abundant-mineral-finally-gets-name). H xnuikn oUoTaon
dev ATAv ApKETN YId va avayvwpIioTei WG VEO 0PUKTO, a@oU
ol Olgbveic kavoveg anaiTouv Kai npoadiopiond TNG Kpuo-
TAaAAIKAG dounG.

«Ta gupAUATa pag KAsivouv €va evoxAnTIkKO Kevo oTnv Tagl-
VOUIKR) TWV OPUKTWV» OXoAlalel o ‘OABep Todouvep Tou
MavenioTnuiou Tng NeBada oto Aag Béykag.

O Todouvep kal o ouvepyaTng Tou Tal Ma Tou TexvoAoyikoU
IvoTimouTtou Tng KaAipopvia (Caltech) npoonaboucav eni
névTe Xpovia va evronioouv éva Quoikd deiyua Tou opukToU
Kal va To XapakTnpicouv.

O1 yewAodyol nioTelouv OTI 0 PNPIVTYKKAVITNG ival €va ano
Ta nio agbova NeTpwuaTa TnG g, av oxi To nAéov ageovo.
Aev unapxel OJwG oTo PAoI6 AAAG og Badn 670 €wg 2.900
XINOUETPWY, avapeoa oTtn petaBatikn {wvn Tou pavdua Kal
To Oplo Tou nupnva. H peraBarikn {wvn, n onoia avaka-
AUQONKe anod Tn PEAETN TNG 31Ad00NG TWV CEICHIK®V KUHA-
TWV 0TO UNEdAPOC, BPioKETAl AVANEDA OTOV AVWTEPO Kal TOV
KaTwTepo Havdua Kai avTioTolxei oto Ba6og oTo onoio Ta
OPUKTA u@ioTavTal aAAayEG o€ aTtopikO €ninedo AOyw Tng
akpaiag nieong kai Beppokpaaiag.

Aegdopévou OTI eival adlvartn n avaocupon Jeiyddtwv ano
TETOIO BABN, o1 €peuvnTEC avalATnoav ixvn Tou PRAPIVTYKKa-
ViTn OTOV PETEWPITN TOu Tévay, pia nérpa and To didoTnua
nou €nece 1o 1879 otnv AucoTpaAia. MponyoUNEVEG HEAETEG
gixav dei&el 0TI 0 e§wynIvog Bpaxog €ixe unooTei aAAendAAn-
AEC OUYKPOUOEIG YE AAANOUC aoTePOEIDEiC Kal £Pepe PAEPEC
OPUKTWV Mou gixav Aiwoel and Tnv nieon kai Tn Beppokpaaci-
a.

Méoa o€ auTég TIG QAEBEG o Ap Ma avakaAuwe cwparidia
MAPIVTYKHAViTh, HIkpOTEPA anod éva PIKPOUETPO. ‘OTav OpWG
npoonddnaos va Ta PEAETATEI WE TNV TEXVIKA TNG NepiBAaong
akTivwv X, Ta noAuTiya deiypaTta karaorpdenkav and Ta
nAskTpovia.

O Ma aneublvenke TOTE aTov TOAOUVEP, O OMOIOG PEAETNOE
owuaTidla Tou opukToU He NepiBAaon akTivwv X ge guyxpo-
Tpo. 'Eneita and névre Xpovia PEAETNG, O EPEUVNTEG sixav
OUYKEVTPWOEI NMid apkeTd dedopéva woTe va unoBdAouv Tnv
avakdAuyn Toug yia €ykpion oTnv apupodia emitponn Tng
Aigbvoug ‘Evwong OpukToAoyiag.

3Tig 2 Iouviou, O PNPIVTYKUAVITNG €YIVE €nionpa JOekTOG WG
VEO 0pUKTO. OI EPEUVNTEC TO BAPTICAV MPOG TIUAV TOU PUOI-
Kou Mépal Mnpivtykuav, BpaBeupévou pe NOpneN DUGIKAG
To 1946 yia TIGC UEAETEC TOU OTO OXNUATIOHO OPUKTWV OF
ouvenkeg akpaiag nieong.

«XalpopaoTe nou To Ovoua [Tou Mnpivrykupav] dev €ixe Adn
xpnoipgonoinBei yia dAAa opukTd. AuTO gival To Mo onuavTi-
KO» gxoAiace o Ap Ma.

(Newsroom AOA, 17 Iouv. 2014, http://news.in.gr/science-
technology/article/?aid=1231327691)

Earth’s most abundant mineral finally gets a name

The mineral said to be the most abundant of our planet, but
found so deep within Earth’s interior that scientists usually
cannot observe it directly, now has a name.

On June 2, bridgmanite was approved as the formal name
for one of the Earth’s most plentiful yet elusive minerals
known to exist in the Earth’s lower mantle. Bridgmanite,
which was formerly known simply as silicate-perovskite, is
named after the 1946 Nobel Prize winning physicist Percy
Bridgman.

Scientists have known for decades that bridgmanite existed
in the Earth’s interior, but had been unable to successfully
characterize a naturally occurring sample until this year.

“This [find] fills a vexing gap in the taxonomy of minerals,”
Oliver Tschauner, an associate research professor at the
University of Nevada-Las Vegas who characterized the min-
eral, said in an email.

Tschauner, along with Chi Ma, a senior scientist and miner-
alogist at the California Institute of Technology in Pasa-
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dena, Calif., have been working to chemically and structur-
ally characterize natural silicate-perovskite (MgSiOs) since
2009.

bridgmanite

A sample of the 4.5 billion-year-old Tenham meteorite that
contains submicrometer-sized crystals of bridgmanite. Sci-
entists were only recently able to characterize and name
bridgmanite, a mineral found deep within the Earth’s inte-
rior that is thought to be the most abundant mineral on the
planet, after analyzing samples found in the meteorite.
Credit: Chi Ma

Scientists think the mineral, suspected to be the most plen-
tiful of the planet, exists in an interior region that extends
from the bottom of the transition zone of the Earth’s mantle
down to the planet’s core-mantle boundary, at depths be-
tween 670 and 2,900 kilometers (416 and1,802 miles). The
transition zone, which scientists discovered from studying
the way earthquake waves travel through the Earth, lies
between the upper and lower mantle and marks the point
where mineral structures undergo change at an atomic level
due to increasing temperature and pressure.

The lower mantle is a place scientists can only dream of
observing directly. Instead, Tschauner and Ma found sub-
micrometer-sized crystals of the then yet-to-be-named
bridgmanite in the Tenham meteorite, a space rock that fell
in Queensland, Australia in 1879.

The meteorite formed 4.5 billion years ago, and has been
“highly shocked,” meaning it survived high-energy impacts
in space. These impacts submitted the meteor to intense
pressure and temperature—much like what rocks in the
Earth’s mantle experience, making it a likely source of
bridgmanite.

“Shocked meteorites are the only accessible source of natu-
ral specimens of minerals that we know to be rock-forming
in the transition zone of the Earth,” said Tschauner.

To begin the hunt for bridgmanite, Ma analyzed shock-
induced melt veins in the Tenham meteorite. The melt
veins are structures that formed as a result of the meteor’s
impacts in space and often contain high pressure minerals.

Ma was able to identify a bridgmanite-like mineral under a
high-resolution analytical scanning electron microscope.
However, when he tried to analyze its crystal structure us-
ing electron diffraction, the structure disintegrated.

“This material is very sensitive to electron beams,” Ma said,
and noted that other scientists who had tried to character-
ize the mineral in the past had faced the same setback.

Ma then sent the samples off to Tschauner who used a dif-
ferent method—synchrotron X-ray diffraction—to character-
ize the mineral. After five years and multiple experiments
using synchrotrons in Chicago and Berkeley, California,
Tschauner and Ma were finally able to gather enough data
to submit the mineral to the International Mineralogical
Association (IMA) for official review.

In March 2014, Tschauner and Ma sent the proposal, which
included information such as bridgmanite’s chemical com-
position, crystal structure, and other physical properties, to
the IMA Commission on New Minerals, Nomenclature and
Classification (CNMNC), where it underwent a rigorous re-
view.

The CNMNC has strict guidelines for naming new minerals,
one of which is the requirement that the crystal structure
be defined. Because Tschauner and Ma had obtained the
mineral’s crystal structure, it could now be approved as a
new mineral.

On June 2, the CNMNC accepted the mineral and its name.
They chose Bridgman as the mineral’s namesake because
of his contributions to the study of how materials react
when they are submitted to extremely high pressures.

”

“We are glad no one used [Bridgman] for other minerals,
said Ma, “this one is so important.”

(JoAnna Wendel / GeoSpace / AGU.Blogsphere, 6 June
2014, http://blogs.agu.org/geospace/2014/06/06/earths-
abundant-mineral-finally-gets-name).

3 O

Mystery of Florence's Cathedral Dome May
Be Solved

Architect Massimo Ricci's theories are explored this
week in a NOVA/National Geographic special

The precision of the Santa Maria del Fiore cathedral's fa-
mous dome would be difficult to re-create today, even with
modern laser levels, GPS positioning devices, and special-

ized software.

Nearly six centuries after it was completed, the dome of
Santa Maria del Fiore cathedral in Florence—a cathedral
known around the world simply as il Duomo—remains that
city's icon and greatest pride. Built without flying buttresses
or freestanding scaffolding, using experimental methods
that many contemporaries believed would surely fail, the
150-foot-wide (46-meter-wide) dome effectively ignited the
creative explosion known as the Renaissance.
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Its creator, Filippo Brunelleschi, a homely, hot-tempered
goldsmith with no serious architectural training, is a hero to
his fellow Florentines—and to one modern architect in par-
ticular (read more about il Duomo in the February 2014
issue of National Geographic magazine,
http://ngm.nationalgeographic.com/2014/02/il-
duomo/mueller-text)

Last April 15, on the 567th anniversary of Brunelleschi's
death, I stood in the portal of the Florence cathedral, a few
feet from his grave, as a procession in Renaissance dress
entered the basilica—double ranks of halberdiers with
gleaming weapons and breastplates, maidens in sweeping
brocade gowns carrying wreaths of laurel and myrtle,
drummers and trumpeters whose music filled the church
and echoed in Brunelleschi's dome as on the day he was
buried.

The procession descended into the crypt to lay the wreaths
on Brunelleschi's slab. A portly gentleman in his early 70s
bent down and laid his hand on the marble, his head bowed
reverently, his breathing audible. No one in history has de-
voted himself more wholeheartedly to Brunelleschi and his
memory than this man, Massimo Ricci, an architect from an
ancient Florentine family who walks at the head of this
memorial procession each year.

Ricci has spent much of his life trying to work out the con-
struction techniques that Brunelleschi used to build the
dome—still the largest masonry dome on Earth.

Ricci's identification with Brunelleschi has been so intense
that at times he says he almost feels the great architect
standing, silent and invisible, beside him.

"We've developed a special, almost spiritual relationship,"
Ricci says in his throaty growl. "Sometimes I'm filled with
gratitude for what he accomplished, what he left us. Other
times he frustrates me so much, I tell him to go to hell."

Having Brunelleschi's spirit whisper in your ear may be
about the only way to know for sure how he worked. Secre-
tive to the end, he carried many mysteries of his dome to
the grave.

To this day, we don't know where he got the inspiration for
the double-shell dome, the herringbone brickwork, and the
other features that architects through ensuing centuries
could only marvel at (explore the hidden details of Brunel-
leschi's daring design.)

(video)

Perhaps the most haunting mystery is the simplest of all:
How did Brunelleschi and his masons position each brick,
stone beam, and other structural element with such preci-
sion inside the vastly complex cathedral—a task that mod-
ern architects with their laser levels, GPS positioning de-
vices, and CAD software would still find challenging today?

For 40 years, Ricci has tried to answer these questions in
the same way that Brunelleschi did: by trial and error. He
has built scale models of Brunelleschi's innovative cranes,
hoists, and transport ships. He has scoured the interior and
exterior of the dome for clues, mapping each iron fitting
and unexplained stub of masonry and cross-referencing
them against the archival documents concerning the
dome's construction.

And since 1989, in a park on the south bank of the Arno
River half a mile downstream from Santa Maria del Fiore,
he has been building a scale model of the dome that's 33
feet (10 meters) across at its base and consists of about
500,000 bricks.

"Theoretical models are fine for grasping the dome's ge-
ometry," Ricci says, "but of limited use in understanding

TA NEA THZ EEEEI'M — Ap. 66 — IOYNIOZ 2014 - B

the problems Brunelleschi dealt with while building the
dome. And that's what really matters to me: how Brunel-
leschi put bricks together."

In the process of putting together half a million bricks, Ricci
may have solved one of Brunelleschi's biggest secrets: how
a web of fixed and mobile chains was used to position each
brick, beam, and block so that the eight sides of the dome
would arc toward the center at the same angle.

Inspired by documentary references to "the star of the cu-
pola," Ricci started by suspending a star-shaped hub in the
center of his model dome. From the eight points of this star
he stretched eight chains radiating outwards and down-
wards to the walls of his model, attached to hooks in the
walls, in the corners of the octagonal plan (similar hooks
are present in the dome itself).

Next he linked these eight chains with horizontal ropes,
which traced arcs along the eight sides of the octagon
where the walls were rising. Seen from above, these ropes
resemble the petals of a flower.

After last year's memorial procession ended, Ricci laid out
for me some of the evidence for his theory of the dome's
flower, which he considers to be the breakthrough in his
conception of Brunelleschi's method. "In fact, Santa Maria
del Fiore means Saint Mary of the Flower," Ricci notes. "And
the symbol of Florence is a flower, the lily."

He smiles with evident satisfaction. "You see? The pieces of
my theory fit together, as solidly as the duomo itself."

Explore the inner details of Brunelleschi's Dome by zooming
in on this 360 image from the February 2014 digital edition
of National Geographic magazine:

(TICTSIS [T

(Tom Mueller / National Geographic, February 10, 2014,
HTTP://NEWS.NATIONALGEOGRAPHIC.COM/NEWS/2014/02
/140210-DUOMO-FLORENCE-BRUNELLESCHI-CATHEDRAL-
ARCHITEC-

TURE/?RPTREGCTA=REG FREE NP&RPTREGCAMPAIGN=20
131016 RW MEMBERSHIP R1P INTL OT W)
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Manual

Manual of Soil Laboratory Test-
ing vol III

Effective Stress Tests 3rd edi-
tion

K. H. Head, R. J. Epps

This third volume completes the
long-established key handbook for the laboratory testing of
soils. The text covers soil testing in terms of effective
stress, for which the measurement of pore water pressure
is the essential feature. The principle and theory of effective
stress are explained, practical applications are outlined, and
the apparatus used, including its calibration and checking,
is described.

The book has been updated to reflect current practice and
instrumentation using electronic data capture. The first two
chapters provide the theory. These are followed by a de-
scription of the apparatus and associated instrumentation
for effective stress triaxial tests and then the test proce-
dures themselves. A description of the accelerated perme-
ability test and procedures for unconsolidated undrained
and consolidated undrained triaxial compression tests using
a mid-height pore pressure probe have been added, and
reference to changes due to Eurocode 7 requirements for
sample quality are provided as required.

(Whittles Publishing, July, 2014, 448 pages)

Logging the Chalk
Rory N. Mortimore

Chalk has proved to be one of the
more difficult rocks to core-log as it
breaks up readily during the drilling
process leading to core-loss and
destructuring, particularly where
flints, nodular chalks and/or fractures are present. One of
the greatest difficulties is the identification of chalk engi-
neering grade which relies heavily on fracture aperture.
Obtaining the correct grade to define the depth of weather-
ing and the depth at which fractures become closed is es-
sential whether for tunnels in London or for wind turbine
piled foundations in the offshore chalks. Very few geologists
and engineers have had the opportunity to study field sec-
tions in the Chalk so there is little visual appreciation of the
grades or the variation to expect or even what flint bands
look like. To partly overcome this difficulty, both field and
core sections are illustrated in this book.

Equally important to recognising Chalk grade is the building
of conceptual ground models for construction projects. This
can only be achieved if the various Chalk formations, beds
and marker beds can be identified from cores and then
boreholes correlated using the marker beds. The Chalk
stratigraphy is accordingly covered with key formations and
marker beds illustrated, and the best field sections for
viewing them identified.

This book is based on the standard lithostratigraphy and
method of engineering description of Chalk developed over
many years. Also important are over 3000 onshore and
offshore chalk-cored boreholes undertaken by the author
over more than 30 years. In addition, typical lithologies and
weathering profiles representing the Chalk formations likely
to be encountered in the various onshore and offshore con-
struction projects are illustrated using field exposures, ro-
tary core samples and geophysical borehole wire-line logs.

There will be geological settings where information on the
Chalk is poor and unexpected lithologies and stratigraphies
may be found. This book will enable geologists to work from
first principles to construct a lithostratigraphy and define
weathering boundaries.

(Whittles Publishing, August, 2014, 352 pages)

oll and RocK m

Soil and Rock Description in En-
gineering Practice

David Norbury

In ground investigation, the descrip-
=-. tion of soils and rocks in engineer-

ing practice forms a major input to
the field log. The Iog records the materials and strata seen
in any sample, core or exposure and is a basic element of
the factual information that underpins the entire under-
standing and interpretation of the ground conditions on
site. The field log is also all that remains after the investi-
gation is over and so has a life well beyond that of the in-
vestigation report. Practical guidance is provided for those
in the field carrying out engineering geological logging of
soil and rock samples and exposures. Information on the
current systematic and codified approach and its use are
laid out in detail to ensure the defined descriptors are used
in a consistent format, rendering mistakes less likely and
the necessary communication from field to design more
successful.

The procedures, techniques and tips within this book are
not only for young practitioners learning their craft, but are
also relevant for their seniors and mentors, including re-
sponsible experts who sign off the logs and report on behalf
of their company. Although they may have been involved in
logging for many years they need to be aware of current
practices in order to avoid costly mistakes.

Soil and Rock Description in Engineering Practice enables
the practitioner to record and present features of the
ground from the exposure in such a way as to convey a
field presence to subsequent users of the data. This is im-
portant as the samples deteriorate quickly and are not usu-
ally inspected by any party other than the logger. Field logs
therefore provide the only record of the ground that is
available to the designer and contractor later in the con-
struction process.
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The procedures given are in accordance with the newly-
implemented ISO, EN and BS international standards and
other practice such as ASTM is also considered. The rules
set out in these standards are considerably amplified by the
author's 35 years experience describing natural and an-
thropogenic materials in the field and in teaching others to
do so.

(Whittles Publishing, 304 pages)

Ground Gas Handbook

Steve Wilson, Geoff Card, Sarah
Haines

With the increasing development of
brownfield and landfill sites, ground
gas is a common problem encoun-

il tered by engineers and scientists
and this book not onIy raises awareness of the phenomenon
but also provides practical solutions to the difficulties ex-
perienced.

This vital new handbook provides practical guidance to en-
gineers, regulators and designers about assessing ground
gas risk and the design of appropriate protection measures.
It includes a great deal of information that has never before
been available in one volume and draws on the collective
experience of the authors. The book discusses the assess-
ment of ground gas for Part II A sites and also includes
information on the assessment of vapours. Detailed infor-
mation on gas generation and the analysis of gas flows in
the ground are included, including the design of gas protec-
tion systems.

There are many worked examples throughout the book that
help to explain the concepts and calculations that are de-
scribed. It explains how to use the most recent assessment
methods published by CIRICA, NHBC and BSI and high-
lights the differences between the various methods. The
final sections cover the design and installation of gas pro-
tection systems to buildings and in ground barriers. Most
importantly, it includes advice and recommendations about
the validation and testing of protection systems as they are
installed.

(Whittles Publishing, 192 pages)

TA NEA THZ EEEEI'M — Ap. 66 — IOYNIOZ 2014 - B ZgAida 45



EKTEAEZTIKH ENITPONH EEEENM (2012 - 2015)

Mpoedpog : Xpnotog TEATSANIPOS, Ap. MoAITIKOG Mnxavikdg, MANTAIA SYMBOYAOI MHXANIKOI E.M.E.
president@hssmge.gr, editor@hssmge.gr, ctsatsanifos@pangaea.gr

A’ AVTINpoedpog : Mavayiwtng BETTAZ, MoAITIkOG Mnxavikog, OMIAOZ TEXNIKQN MEAETQN A.E.
otmate@otenet.gr

B’ AvTinpoedpog : MixaAng NMAXAKHZ, MoAITIKOG Mnxavikog
mpax46@otenet.gr

levikog Mpappareag : Mapiva MANTAZIAOQY, Ap. MoAimikdg Mnxavikdg, AvanAnpwTpia Kaényntpia E.M.M.
secretary@hssmge.gr, mpanta@central.ntua.gr

Tapiag : Mwpyog NTOYAHZ, MoAITIkoG Mnxavikog, EAAOOMHXANIKH A.E.- TEQTEXNIKES MEAETEZ A.E.

gdoulis@edafomichaniki.gr

'Epopog : Mwpyog MMNEAOKAZ, Ap. MoAITikdg Mnxavikdg, Kévrpo Aopikwv Epeuvmv kai Mpotunwv AEH
gbelokas@gmail.com, gbelokas@central.ntua.gr

MéEAN : Avdpéag ANAITNQETOMOYAOZ, Ap. MoAITIKOG Mnxavikog, OudTIog Kabnyntng EMMN
aanagn@central.ntua.grn

MavwAng BOYZAPAZ, MoAITIKOG MNxavikog
e.vouzaras@gmail.com

MixaAng KABBAAAS, Ap. MoAITKOG Mnxavikog, AvanAnpwtnc Kadnyntng EMM
kavvadas@central.ntua.gr

AvanAnpwparika
MEAR : Xprotog ANATNQSTOMOYAOS, Ap. MoAITikog Mnxavikdg, Kadnyntng MoAuTexvikng ZxoAng AMO
anag@civil.auth.gr, canagnostopoulos778@gmail.com

Znupog KABOYNIAHZ, Ap. MoAITikog Mnxavikdg, EAA®OS SYMBOYAOI MHXANIKOI A.E.
scavounidis@edafos.gr

AnunTpng KOYMOYAOZ, Ap. MoAITikog Mnxavikdg, KASTQP E.M.E.
coumoulos@castorltd.gr

MixdAng MMAPAANHZ, MoAITikdg Mnxavikdg, EAA®OS SYMBOYAOI MHXANIKOI A.E.
mbardanis@edafos.gr, lab@edafos.gr

EEEEIM

Topéag FrEWTEXVIKAG TnA. 210.7723434

2XOAH MOAITIKQN MHXANIKQN Tor. 210.7723428

EONIKOY METZOBIOY NOAYTEXNEIOY HA-AI. secretariat@hssmge.gr ,
MoAuTtexveioUnoAn Zwypagpou geotech@central.ntua.gr

15780 ZQrPA®OY IotooeAida www.hssmge.org (und KaTaokeun)

«TA NEA THZ EEEEMM» Ekd0TNnG: Xprnotog TaaToavigog, TNA. 210.6929484, ToT. 210.6928137, nA-31. pangaea@otenet.gr, ctsatsani-
fos@pangaea.gr, editor@hssmge.gr

«TA NEA THZ EEEEMM» «avapT®vTal» Kal oTnv 10TooeAida www.hssmge.gr

TA NEA THZ EEEEI'M — Ap. 66 — IOYNIOZ 2014 - B ZgAida 46



