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EMNIKAIPOTHTA

XV ECSMGE

AIEENXON peE €EalpeTikG WeyaAn emiTuxia, napd TIC MOAU pe-
yaAeg avmi§odTnTeg, TOo 15° NMaveupwnaiko Zuvédpio E-
dapopnxaviknGg kai FeWTeEXVIKAG MnXavikng pe Tnv
ouppeToxn 500 nepinou ouvedpwy, €Kk TwV onoiwv 180 EA-
Anveg kar o1 undAoinol anod 33 eupwnaikeg XWPEG, 2 apepI-
KAVIKEG, 13 aolaTikEG, 2 appIKavIKEG Kal 2 TG QKeaviag.

O1 KPITIKEG anod Toug cuvédpoug nTav diBupauPikeg! Mapa-
BETOUE, OTN OUVEXEIQ, KAMOIEG And AUTEG:

Thank you very much for the wonderful conference in Ath-
ens which I enjoyed very much! Dietmar Adam, AuoTtpia

I would like to congratulate you for the excellent organiza-
tion of the recent ECSMGE. It was a great pleasure for me
to have been in Athens and to participate to the Confer-
ence. Many of the lectures were very interesting and the
discussion in the large part of the sessions was very stimu-
lating. Stefano Aversa, ITalAia

Your event was indeed outstanding as well as your great
hospitality. My wife and me remember these days with
great pleasure. Prof. Heinz Brandl, AuoTpia

Let me add my thanks to those of my friend Roger who said
it so eloquently. It was very well done in many ways. You
managed to create an atmosphere filled with class and fun
at the same time. Memorable indeed. With warm regards.
Jean-Louis Briaud, President ISSMGE, HITA

I just want to thank you for the wonderful Conference you
and your team have put on last week. Despite the eco-
nomic crisis, the Conference was a testimony of the Greek
capability, punctuality, organisation and imagination! It was
a great advert as to what our country can do if we put our
hearts to it and all work together - pity our politicians
don't!

So congratulations again, I am always very proud to be
Greek and always try to be a good ambassador of our
country, of course, but last week you made me feel even
more proud that my country, despite all odds and against
many people’s disbelief can put up such a spotless ‘show’
despite the dire economic situation. On the build up to the
Conference some people laughed at me when I mentioned
conference in Athens and others worried about their safety
- I stood proud each time and convinced them that this
Conference, just like the Olympics, will be a geotech event
to remember for many years to come, I think I was right!
Yuli Doulala-Rigby, Hvwuévo BaoiAeio

I want to congratulate you and thank you for the very great
success of the XV European Conference you organised. It
was truly excellent on all aspects! I enjoyed every moment
of it.

As I also felt somewhat involved, for various reasons you
know, I was very proud to show to all our foreign guests
how all practical things were so well organised and techni-
cal/scientific matters so interesting.

Given the extremely difficult economic situation in Greece,
in Europe and other parts of the world, especially in the
construction sector, the merit of your great success is even
higher.

The XV ECSMGE in Athens will certainly remain a milestone
in my professional career and for my ... private life. Roger
Frank, MaAAia

First of all let me congratulate you for an outstanding Con-
ference that I personally enjoyed very much at all levels.
Everything worked perfectly and on time and one could feel
the warmth of Greek hospitality throughout. Antonio Gens,
Ionavia

Congratulations for the optimal organisation and manage-
ment oft the ECSMGE. Everything was perfect. I will never
forget the very nice time in Athens. Rolf Katzenbach, ep-
uavia

Many congratulations on organising such an excellent con-
ference. Everyone thoroughly enjoyed it. Robert Mair, Hvw-
HEvo Baoileio

The XV ECSMGE was a great success and most enjoyable -
well done to you and your committee for the good organi-
sation and the excellent venue. Having been secretary of
the IX ECSMGE in Dublin, I know that such a conference
involved a lot of work for you. Trevor Orr, IpAavdia

I would like to renew my congratulations for the excellent
Conference, in spite all the difficulties that you have faced.
I strongly believed that all the delegates will have wonder-
ful souvenirs from Athens and Greece. I take this opportu-
nity to thank you for the warm hospitality that I have re-
ceived during my stay in Athens. Pedro Séco e Pinto, Im-
mediate Past President ISSMGE, MopToyaAia

Thank you so very much for your fantastic collective or-
ganisation of the European Regional Conference of ISSMGE.
You really made the whole conference a tremendous suc-
cess in spite of the huge adversities thrown your way. Your
commitment to the conference was clear and evident and I
am sure all the delegates appreciated your huge efforts. I
believe all the sessions were successful. Certainly all the
delegates I talked to spoke very highly of the conference
and expressed their enjoyment of the event as a whole.

Also, thank you for being perfect hosts. All the arrange-
ments were excellent and I felt very well looked after and
had a very enjoyable time. The venues for the conference,
welcome reception and gala dinner were perfect and clearly
chosen with tremendous care and the gala meal and suste-
nance from the cultural evening were a delight. Neil Taylor,
General Secretary ISSMGE, Hvwuévo BaagiAeio

Safely back in Prague, I would like to express once again
my deep thanks for all what you did in the phase of EC
preparation and realisation. I believe that also last phase -
conference evaluation - will go by the same way. I hope to
stay in close contact also in future. Ivan Vanicek, Vice
President ISSMGE for Europe, Toexia

Returning from Athens, the very first thing I am so pleased
to do is to sincerely congratulate you with this marvellous
European conference, organised so brilliantly in such diffi-
cult social and political circumstances.

The conference was also content wise of a high and well
appreciated level, with lots of mile stones during the key
lectures and even at some of the discussions sessions.
Really, congratulations for this marvellous accomplishment.

Moreover, personally my wife and I would like to thank you
for the hospitality so profoundly present in the Greek life
style.

Thank you for all and wishing you a very well deserved pe-
riod of rest first of alll William Van Impe, Past President
ISSMGE, Past President FedIGS, BEAyio

MNepioodTepa aToIXEIa KAl NARPNG ANOAOYIOWOG YId TO OUVE-
dpio Ba napouciacBouv OTO ENOHEVO TEUXOG TwV NEQN.
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NMPOZEXEIZ
EKAHAQZEIZ
EAAHNIKOY
ENAIAGEPONTO2

SYETAM

EAAHNINOD THMHMA ANTILFITMIKHT M FXARTLHT

H EkteAeoTikn EmiTponr Tou ETAM e€ival otnv euxdapioTn
0¢on va avakoivwoel Tnv dieEaywyr dUo Huepidwv, oc AbN-
va (2/12/2012) kar ®gogahovikn (09/12/2012) avTioToixa,
Me Bépa Tnv «Egappuoyr Tou Eupwkwdika 8 yia Tov oxedia-
OMO Kal TNV anoTiNNon £€pYWV MOAITIKOU MNXAvikoUs.

SNUEI®VETAl OTI €KTOC and TIG NMPOYPAMUATIOUEVEG OMIAIEG,
EXEl An@Oei pepiuva va npayuaronoinbouv Tpeig (3) dekdAe-
NTeG TONOBETAOEIG ano pEAN Tou ETAM oe €101kdTEpa BEpata
Ta onoia dev nepiAapfavovTal oTo KUpiwg NpoOypappa kai Ta
onoia avapéveral va npotabolv ano Ta idia Ta evdlapepo-
peva pEAN. H enidoyr Twv NpOOBETWV aUTWV €l0Nynoswv Ba
yivel ano tnv E.E. Tou E.T.A.M. Katoniv NAEKTPOVIKNG uMo-
BOANG €k HEPOUG TWV EVOIAPEPOUEVWY HIAG NEPIANYNG Tou
NeEPIEXONEVOU TNG €I0NYNONG Touc. H npoBeopia yia Thv u-
noBoAn Tng nepiAnwng autng eivar n 15/10/2011 evew Ta
evdlapepopeva PEAN Tou ETAM napakalouvTal va Tnv aneu-
@nvouv npog Tov M. BouyloUka (manolis@mail.ntua.gr) i
Tov A. 3£ETo (asextos@civil.auth.gr).

TéNOG, onuelwveTal OTI WETA TOo MEPAg Tng Huepidag Tng
02/12/2012 oTtnv ABriva, Ba npayuaTtonoinBei n ernaoia revi-
KA Zuvéleuon Tou E.T.A.M.

Me ouvadeApikoug XalpeTiopoUg,

Kupiagng MmAdkng, Mpoedpog E.T.A.M.
AvaoTaolog Z£Etog, Mpappatéag E.T.AM.

3

TapakoUvnpa ota OshéAia
NG MFemTeXVIkNG Eknaidsuong!

SHAKING THE FOUNDATIONS
of Geo-Engineering Education

nore; And 4 €wg 6 IouAiou 2012

MoU; >Tn payeuTikn duTikn akt) Tng IpAavdiag (National
University of Ireland, Galway)

Ma, yia TI npokeITal; SuvedPIo Nou dIopyavwveTal ano Tnv
Enmitponn Tng ISSMGE yia Tnv Eknaidsuon (TC 306)

N®dg pnopei o kaBévag va ocupdBaAel oto TapakoUvnHa;
Me Tnv unoBoAn apBpou (n npobeopia unofoAng NepIANWE-
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vV gival 31 AuyoucoTou 2011) Kal PE TNV EVEPYO CUMMETOXN
OTO OUVEDPIO, nou nepiAappavel ouvedpieg-workshop oxedi-
aopéveg €1diIkd yia Tn dopnuévn KaTaBeon andWewv Kal gu-
NEIPIOV KAl TNV €EAywyr CUUNEPACHATWY.

Ti1 8a xaoouv 0001 dev £pOouv; MNMPOOKEKANUEVEG OHIAIEG
and KopuPaioug €KNPOCMMNOUG TNG MEWTEXVIKAG MNXAVIKAG
(John Atkinson, John Burland, Paul Mayne, Brian Simpson)
kal Tng Eknaideuong Tou MnxavikoU (Rich Felder, Steve
Ressler). Akopa, Tn duvaTtdtnTa va eniAeysi To apbpo Toug
yla npookekANUEVN opiAia (emmAgov Twv napanavw) kai/n
yia dnyooiguon Tou avapopPwuevou dpBpou o€ eNIGTNHOVI-
kO nepiodiko. Mavw ano 6Aa, opwg, dev Ba €xouv TNV €u-
Kaipia va A&ve PETA «APOUV KI EYW EKEI...».

MNMepi1ooOTEPEG nANPoOQopiEG;
mpanta@central.ntua.gr

www.sfge2012.com,

Mapiva MavTalidou

ZeAida 4




APOPA
A®IEPQMA ZTA ®PArMATA

Lessons learned from the earthquake perform-
ance of concrete dams

Kenneth D. Hansen and Larry K. Nuss

In an update to a 1979 paper on the response of concrete
dams to earthquakes, Kenneth D Hansen and Larry K Nuss
present details on the earthquake performance of six dams,
and discuss their significance for the dam engineering pro-
fession

An important paper was published in the April 1979 issue of
International Water Power and Dam Construction entitled
Response of Concrete Dams to Earthquakes. Authored by
Kenneth D Hansen and Louis H. Roehm, the paper reported
on the performance of 17 concrete dams in nine countries
that had been subjected to ground shaking in excess of
0.10 g. Specific case histories were presented for the fol-
lowing six dams that were shaken severely up to that time
and the performance noted:

e Lower Crystal Springs Dam, USA (1906*) - curved grav-
ity dam,

e Blackbrook Dam, England (1957) - straight gravity dam,
¢ Hsinfengkiang Dam, China (1962) - concrete buttress,

¢ Koyna Dam, India (1967) - straight gravity dam,

e Pacoima Dam, USA (1971) - arch dam,

e Ambiesta Dam, Italy (1976) - arch dam.

From the recorded performance of these and the other
dams listed in a table, it was concluded, in general, con-
crete dams had performed extremely well when subjected
to earthquake motions, even when shaken by forces far in
excess of their design loading.

Thirty-two years later, many more earthquakes have oc-
curred which have shaken concrete dams of all types world-
wide to a greater extent. Now 19 dams are listed in Table 1
that were shaken by peak horizontal ground accelerations
(PHGA) greater than 0.3g. The new list includes five dams
from the original table.

Case histories are now presented for the following dams:
e Sefid Rud Dam, Iran (1990) - concrete buttress,

e Bear Valley Dam, USA (1992) - straight gravity (after
modification),

e Pacoima Dam, USA (1994) - arch,

e Shih Kang Dam, Taiwan (1999) - multiple bay gravity
spillway,

e Kasho Dam, Japan (2000) - straight gravity,
e Shapai Dam, China (2008) - RCC arch.

These dams, similar to the previously reported case histo-
ries, were selected based on a number of factors which led
to their significance to the dam engineering profession.
These factors include importance of the dam, severity of
the ground motion, occurrence or lack of observed damage,

and availability of quality strong motion records at or near
the dam. In addition, a report on the performance of con-
crete dams subjected to the 2011 Tohoku Earthquake is
presented.

Sefid Rud Dam

The performance of Sefid Rud Dam in Iran as shown in Fig-
ure 1 is an important case study as the 106m (348ft) high
concrete buttress structure suffered appreciable damage
due to severe shaking from the M 7.7 Manjil Earthquake of
21 June 1990. Completed in 1962, the dam was designed
to withstand a 0.25 g PHGA and is located in the north cen-
tral region of Iran between the towns of Manjil and Rudbar.
The exact location of the epicenter of the earthquake was
not determined, but it was close to the location of the dam.
The estimated PHGA at the site was back calculated to be
0.714 g based on the nearest record 40km (25 miles) away
where a PHGA of 0.56 g was recorded.

Two strong aftershocks having magnitudes in the 6.2 to 6.5
magnitude range occurred several hours after the main
shock. In addition, more than 400 aftershocks with magni-
tudes up to 5.9 were reported in the following weeks by the
Geophysical Center of Tehran University. An estimated
40,000 people died due to the earthquake and another
60,000 people were reported as injured. The towns of Man-
jil and Rudbar were almost completely destroyed.

The dam suffered several types of damage, including hori-
zontal cracks about 18m (59ft) below the dam crest where
the inclined buttress intersected the vertical “chimney” sec-
tion. The cracks were due to a sudden change in stiffness of
the structure at this reentrant corner (see Figure 2). No
significant displacement occurred in these cracked joints
probably due to the high frictional resistance in the horizon-
tal concrete joints between the buttresses. Minor displace-
ment both in the upstream and downstream direction oc-
curred in a few of the 23 blocks. The accumulated dis-
placement in blocks 10 through 20 was 10mm (0.4 inch).
Leakage was reported through some of the cracks. Other
damage included minor damage and displacement of all the
gates, varying types of damage at the dam crest, and dam-
age in the switchyard and to transformers. Repairs were
made in 1991 by grouting the cracks and installing
prestressed anchors in the cracked areas. The repaired dam
remains in service at this time.

Bear Valley Dam

Bear Valley Dam located in southern California, US, as
shown in Figure 3 is significant in that it was shaken by two
distinct earthquakes one day apart. Bear Valley Dam is a
28m (92ft) high concrete multiple arch dam that was com-
pleted in 1912 and modified in 1988. The modification was
due to the concern with adequacy of the dam when sub-
jected to the design earthquake or overtopping by large
floods. The structural upgrade consisted of converting the
multiple arch to basically a gravity structure by partially
infilling the arch bays with conventional concrete.

The strengthening of the dam considered two maximum
credible earthquakes (MCE). The controlling seismic shaking
was an M 8.3 earthquake on the San Andreas Fault 16m
(10 miles) away with a PHGA of 0.45 g and 35 seconds of
strong shaking.

On 28 June 1992, the fault rupture on the Landers earth-
quake (M 7.4) located 45km (28 miles) away shook the
dam. Then on 29 June 1992 the M 6.6 Big Bear Earthquake
occurred about 14.5m (9 miles) from the dam site on a
unnamed fault in response to the rupture on the Landers
Fault.

Thorough post earthquake investigations indicated Bear
Valley Dam had not been damaged. The only indication of
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shaking at the site was a slight displacement of girders on
the highway bridge located at the dam crest.

At the Big Bear Lake Civic Center located about 4km (2.5
miles) from the dam, PGA of 0.18 g horizontal and 0.08 g
vertical was recorded during the Landers Earthquake and
0.57 g horizontal and 0.21 g vertical due to the closer Big
Bear Earthquake.

Pacoima Dam

Pacoima Dam, also located in southern California, US as
shown in Figure 4 is of interest because it has been shaken
by two major earthquakes, the 9 February 1971 San Fer-
nando Earthquake of M 6.6 and then the 17 January 1994
Northridge Earthquake of M 6.8. The performance of the
113m (372ft) concrete arch dam was described in the 1979
Hansen-Roehm article. At that time a number of engineers
questioned the validity of the peak accelerations of 1.25 g
horizontal and 0.70 g vertical recorded by accelerometers
located 16m (52ft) above the dam crest on the left abut-
ment.

Since the 1971 seismic event, an extensive seismic instru-
mentation system was installed and the upper rock mass of
the left abutment was secured to more competent rock
below through the use of 35 rock anchors.

The epicenter of the 1994 Northridge Earthquake was de-
termined to be 18km (11.4 miles) southwest of the dam at
a focal depth of 17km (10.5 miles). Strong motion records
indicate a peak horizontal ground acceleration of 0.53 g at
the base of the dam. The acceleration records from the
instrument at the upper left abutment measured a peak
acceleration of 1.58 g due to the topographic amplification
in the canyon. Peak accelerations of greater than 2.3 g
horizontal were recorded at the dam crest. The records
from the 1971 San Fernando Earthquake are no longer be-
ing questioned.

Despite being subjected to high accelerations, the arch dam
survived the earthquake well with the main damage being
an opening of the contraction joint between the arch dam
and the thrust block at the left abutment of approximately
50mm (2 inches) (see Figure 5). A downward movement of
about 13mm (0.5 inches) indicates that the thrust block
and underlying rock mass may have moved away from the
dam. The water level at the time of the 1994 earthquake
was approximately two-thirds the maximum depth of the
dam and 4.1m (13.5ft) higher than the reservoir level dur-
ing the 1971 earthquake.

Mojtahedi and Fenves (1995) studied the response of Pa-
coima Dam using recorded ground motions obtained at the
dam site. The analyses indicated opening-closing of con-
traction and horizontal joints and non-uniform seismic in-
put. A reasonable agreement was obtained between the
accelerations recorded on the dam body and the computed
accelerations.

Shih Kang Dam

Shih Kang Dam (see Figure 6) in Taiwan is especially rele-
vant to the study of performance of concrete dams sub-
jected to earthquakes as it 1) is the first concrete reported
to have failed due to an earthquake and 2) the dam is lo-
cated directly over a branch of the fault caused by the M
7.6 Chi Chi (also called 921) earthquake on 21 September
1999. The 21.4m (70ft) high gravity dam is essentially an
18-bay gated spillway.

The main Che-Lung-Pu fault located about 300m (1000ft)
away from the structure was known at the time of the de-
sign of the dam, but not the branch that ruptured under the
dam. The fault rupture extended both upstream and down-
stream of the dam and caused extensive damage to bays
16 to 18 on the right side of the structure. The ground

movement raised the left part of these bays about 11m
(36ft) and the right side by about 2m (7ft). Thus, there was
a vertical differential movement of about 9m (29ft) in this
area. There was also a diagonal horizontal offset through
the dam of about 7m (23ft). A PHGA of 0.51 g and a peak
vertical acceleration of 0.53 g were recorded 500m (0.31
miles) from the dam site.

The remaining portion of the dam adjacent to the damaged
area also experienced high accelerations and separated
from its foundation bedrock. There was some cracking in
the piers closest to the fault rupture, but no structural
damage. Simply supported reinforced concrete bridges
spanning the spillways all came off their bearings. Six gates
were inoperable after the earthquake.

Considering the magnitude of the displacement, the per-
formance of the dam was quite remarkable. It did not fail
as indicated by the definition of failure as a complete loss of
the reservoir water. Due to the upstream topography as
well as the gates and piers falling into the passageway the
flow through this area was limited to an estimated 100 to
200m3/sec (3,500 to 7,000ft3/sec.)

The performance of Shih Kang Dam seems to confirm what
had been postulated by Zienkiewicz, Clough, and Seed
inICOLD Bulletin 52 (1986) "“Earthquake Analysis Proce-
dures for Dams - State of the Art”. The authors noted “we
shall not consider the possibility of a large differential
movement occurring in a fault transversing the dam foun-
dation. In particular the possibility of a movement on a
fault zone should at all times be avoided by a suitable geo-
logical study. Often, it is speculated that in the event of
such a movement, ‘soft’ structures - e.g. earth dams - are
safer than more rigid concrete ones. This prediction is how-
ever beyond the realm of calculations which are feasible at
present and it certainly is possible that a concrete gravity
dam is safer than an earth dam in such a fault movement
due to its inherent stability after damage.”

Kasho Dam

Kasho Dam as shown in Figure 7 is significant in that it is
the second concrete dam, the first being Pacoima Dam, in
which an acceleration greater than 2.0 g was recorded at
the dam crest during an earthquake. Kasho, a 46.4m
(152ft) high concrete gravity dam was shaken by the 6
October 2000 Western Tottori Earthquake (M 7.3) in Japan.
The epicenter of the earthquake was about 3km (1.9 miles)
from the dam. Numerous aftershocks were recorded with
one having a magnitude greater than 7. At the time of the
earthquake, the reservoir was nearly 5.8m (19ft) below
normal pool.

Peak accelerations of 0.54 g horizontal and 0.49 g vertical
was measured in the lower inspection gallery located nearly
9m (30ft) above the base of the dam and 2.09 g in an ele-
vator shaft at the crest of the dam.

Using accelerations measured in the lower inspection gal-
lery from the main shock as well as aftershocks, the natural
periods of vibration were 0.84, 0.96, 0.92, and 0.87 sec-
onds. The first period first increased and then decreased. It
was theorized with a high degree of probability that the
change in period was due to the nonlinearity of the hydro-
dynamic pressure acting on the upstream face of the dam.
Measurements indicated the water level in the upper por-
tion of the reservoir dropped about 200mm (8 inches) and
nearly 60mm (2.4 inches) at the dam. From plumb line
readings in the dam the main shock produced a relative
displacement of 28mm (1.1 inches) toward the right abut-
ment and 0.7mm (0.28 inches) in the upstream direction.
The maximum displacement was a little more than 29mm
(1.125 inches). There was basically no damage to the con-
crete gravity dam. The walls at the base of the control
room, a reinforced concrete structure cantilevering up-
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stream from the crest of the dam, were cracked (see Figure
8).

Two other concrete gravity dams, the 73.5m (341ft) high
Sugesawa Dam and the 14m (46ft) high Uh Dams were
also located close to the earthquake epicenter. There was
insignificant damage at Sugesawa Dam with PHGA of 0.16
g consisting of a small 1m by 0.3m (3.3ft by 1ft) concrete
spall on the downstream face of the dam. Uh Dam is lo-
cated about 1.0km (0.6 miles) from the earthquake epicen-
ter. Seismographs recorded peak accelerations at the sur-
face of 1.16 g and at a depth of 100m (330ft) of 0.62 g.
Although Uh Dam was subjected to severe shaking, the
only damage to the dam was cracking 10 to 30mm (0.4 to
1.2 inch) wide on the spillway channel near the base of the
downstream face.

Shapai Dam

Shapai Dam as shown in Figure 9 is the first roller-
compacted concrete (RCC) dam shaken by a major earth-
quake. The dam located in Sichuan Province, China is a
132m (433ft) high three-centered RCC arch dam completed
in 2003. It is located 12km (7.8 miles) from the Wenshuan
(also called Sichuan) earthquake that occurred on May 12,
2008. The M 8.0 earthquake killed more than 80,000 peo-
ple and about 675,000 were injured.

The PHGA at the site was estimated to be about 0.8 g com-
pared to the design acceleration of 0.13 g. With a nearly
full reservoir at the time of the earthquake, the dam was
undamaged. One of the spillway gantries was slightly dam-
aged. However, all gates could be opened after the shak-
ing. The power station was badly damaged when large
rocks rolled down the steep mountain site knocking holes in
the building walls.

The Tohoku Earthquake

As this article was being prepared, the M 9.0 Tohoku earth-
quake of 11 March 2011 occurred in the Pacific Ocean
131km (81 miles) east of Sendai, Japan. The earthquake
triggered tsunami waves up to 10m (33ft) high when it hit
shore that caused extreme destruction.

Following the earthquake, more than 400 dams were in-
spected. No damage was reported to any concrete dam
except a minor slope failure at one reservoir formed by a
concrete dam. Many of these dams are concrete dams as
about 37% of all dams and 60% of dams greater than 30m
(100ft) high in Japan are concrete structures.

Aydan (2011) published a map of the location of maximum
ground accelerations color coded from 50 to 800 gal (0.05
to 0.8 g). The area of maximum ground acceleration is lo-
cated about 48 km (30 miles) north of Sendai.

The authors determined that Miyatoko Dam (see Figure
10), a 48m (157ft) high RCC dam was located approxi-
mately 13km (8 miles) north of Sendai. From Aydan’s map,
this would place this concrete dam in an area where the
PHGA was greater than 0.7 g. There are many other con-
crete dams located in Miyagi, Fukashima and Iwate Prefec-
tures which apparently were subjected to PHGAs in excess
of 0.3 g. All were not damaged by this event which has
been reported as the fifth greatest magnitude earthquake
on record. A recent paper from Japan indicates the 77m
(252ft) high Takou concrete gravity dam was shaken by a
PHGA of about 0.4 g using Aydan’s map. Takou Dam suf-
fered no damage except cracking in the walls of the gate
house located on the crest of the dam. The PHGA's for Mi-
yatoko and Takou Dams, and possibly others in Japan, will
need to be confirmed at a later date.

Conclusions

Since the 1979 article was published, many large magni-
tude earthquakes have occurred as expected. With a
greater number of higher quality strong motion instruments
located at or near dams, our base of knowledge of the
magnitude of shaking to which concrete dams have been
subjected has increased. Thus, our knowledge of the per-
formance of severely shaken concrete dams has increased
and this knowledge can be applied in a positive and benefi-
cial manner to the design of future dams.

While many previous reports on the performance of dams
subjected to major earthquakes focused on the magnitude
of the earthquake and a not so precise distance to the dam,
it has become apparent the most significant factor in de-
termining the response of concrete dams is the PHGA and
probably the spectral acceleration at the natural frequency
of the dam.

While the 1979 article provides a list of 17 dams shaken by
an acceleration measured or estimated to be in excess of
0.1 g, Table 1 lists 19 dams shaken by PHGAs greater than
0.3 g. In general, it can be concluded that concrete dams
have performed very well when subjected to high intensity
accelerations. The threshold of no damage is project spe-
cific, but can quite probably be significantly higher than 0.3
g for properly designed and constructed concrete gravity
and arch dams.

Concrete buttress dams when subjected to severe shaking
have developed horizontal cracks at the elevation high in
the dams where the downstream buttresses intersect the
vertical “chimney” section. This is an area where the stiff-
ness of the concrete structures significantly changes.

Some other specific conclusions are:

e While a fault located directly below Shih Kang Dam (Tai-
wan) caused a rupture and relative vertical displacement
of 9m (29ft), the remaining damaged concrete limited an
im-mediate total and sudden release of the reservoir.

e PHGAs are amplified from the base of the dam to the
crest. In two cases, this amplification produced measured
peak accelerations at the crest in excess of 2.0 g (Pa-
coima arch dam - USA (2.3 g) and Kasho gravity dam -
Japan (2.05 g)).

Peak accelerations, as expected, at the crest are greater
with full reservoirs.

Several dams have been severely shaken on two occa-
sions by separate major earthquakes — Bear Valley Dam
- USA (one day apart) and Pacoima Dam - USA (23
years apart) with only minor damage. Many concrete
dams have also been shaken by high intensity after-
shocks that oc-curred after the main earthquake without
any additional damage.

Roller-compacted concrete dams - Shapai arch in China
and Miyatoko Dam in Japan performed no differently to
date than a dam built of conventionally placed concrete
despite concern by some of less strength at the many lift
joints.

e Where damage has been identified, it has been cracking
high in the dam and where additional features such as
curbs, railings, gates, or guard or control houses are lo-
cated.

Very little in the way of increased leakage has occurred in
concrete dams subjected to major earthquakes. This can
be attributed, in part, to the fact that any cracking
caused by the earthquake has mainly been horizontal and
located high in the dam together with the reservoir not
being full in many cases. Some rock foundations have

TA NEA THZ EEEEI'M - Ap. 39 — ZENNTEMBPIOZ 2011




experienced a temporary increase in seepage following
an earthquake.

There may be a number of reasons why concrete dams
have performed well and invariably better than that pre-
dicted by design or analysis when shaken by an earth-
quake. The main reasons may be 1) the redundancy of the
damaged structure to redistribute load, 2) the duration of
strong shaking being too short to cause failure, 3) the in-
crease in the tensile strength of the concrete during dy-
namic loading that increases resiliency, 4) an increase in
the damping that reduces the seismic impact on the dam,
5) reduced seismic impact because the natural frequency of
the dam does not match the frequency of the earthquake,
and 6) three-dimensional effects of canyon confinement or
dam geometry (curvature) that help prevent failure.

A generally accepted potential failure mode for concrete
dams during an earthquake is cracking of the concrete,
cracking through the dam that forms removable blocks,
sliding of the blocks during or after the earthquake to cause
failure. Severely shaken concrete dams to date have
cracked at locations of change in geometry (reentrant cor-
ners), but have not formed removable concrete blocks.
Thus the entire potential seismic failure mode has not been
fully achieved or experienced for concrete dams.

Commentary

Earthquakes are natural phenomena that will continue to
occur and cause extensive loss of life, damage to buildings
and all types of infrastructure. Currently, there is no real
way of predicting earthquakes. We can just design our
structures including dams to withstand severe seismic
shaking.

When a major earthquake occurs, there are all kinds of
devastation as was recently recorded following the M 9.0
Tohoku earthquake off the coast of Japan. This resulted
mainly from an earthquake induced tsunami that caused
extensive damage after washing ashore for a maximum
distance of nearly 10 km (6 miles).

Concrete dams have performed very well when subjected to
high intensity earthquakes as noted in this paper. We do
not need to have a concrete or any type of dam fail and
release a wave of water rushing downstream that would
add to the devastation already caused by the intense seis-
mic shaking and other earthquake induced phenomena.

While concrete dams are designed to withstand a higher
degree of seismic shaking than buildings and have per-
formed well in the past, we should not become overconfi-
dent of their performance in the future. Great care should
be taken in the design details and quality of construction.
Particular attention should be given to possible faults lo-
cated under the dam.
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Dam Safety: Stability and Rehabilitation of
"Smaller" Gravity Dams

Gregory S. Paxson, David B. Campbell, Michael C. Canino,
and Mark E. Landis

Gravity dams about 100 feet high and smaller often require
special considerations when evaluating stability and reha-
bilitation of these structures. Three case histories are pre-
sented that illustrate some of the unique challenges in the
stability evaluation and upgrading of these dams.

This article has been evaluated and edited in accordance
with reviews conducted by two or more professionals who
have relevant expertise. These peer reviewers judge manu-
scripts for technical accuracy, usefulness, and overall im-
portance within the hydroelectric industry.

For many, the terms “gravity dam” and “concrete dam”
conjure images of large structures, such as the Hoover and
Grand Coulee dams. However, most masonry and concrete
gravity dams in the U.S. are much smaller structures. Ac-
cording to the National Inventory of Dams, 90 percent of
gravity dams categorized as high or significant hazard
structures are less than 100 feet tall.

Design features common to large gravity dams often are
not incorporated into these smaller structures. For exam-
ple, many smaller dams do not include foundation drainage
systems. In addition, large dams in steep canyons typically
are keyed into bedrock at the abutments, while for smaller
structures the non-overflow sections may only extend a
limited distance beyond the original ground surface and
many times are not abutted into sound rock.

Geologic investigations and methods for stability evaluation
often are less rigorous and complex for smaller structures.
The behavior of larger dams necessitates a better under-
standing of the foundation conditions and a more in-depth
analysis of the performance of the structure under various
loading conditions, including finite element and deformation
analyses. This article discusses the stability analysis and
rehabilitation of smaller (less than 100 feet tall) gravity
dams.

reure 1 Typical Forces for a Gravity Dam

Headwater —s

For any size of gravity dam, iypicol forces included in o two-dimensional stobility onalysis
Include headwoter and tailwater, weight of the dam, and uplift,

Gravity dam stability analysis

The most common failure mode for gravity dams is sliding
or overturning along or beneath the dam/foundation inter-
face.?Stability analysis for gravity dams often is simplified
into a two-dimensional rigid body analysis of a cross section
of the structure (see Figure 1) and is focused on stability
against sliding. In this analysis, overturning of the dam is
considered within the context of its potential influence on
sliding. Overturning tendencies express themselves through
development of tensile stresses at the heel of the dam. In
these cases, sliding stability is analyzed considering a
cracked base, which reduces sliding resistance. While the
gravity dam stability analysis often is simplified to evaluate
failure along the base, it is important to consider kinematic-

cally feasible failure mechanisms along joints, foliations and
bedding planes or within the rock mass.>

In addition to failures through the foundation and along the
dam/foundation interface, the stability analysis should con-
sider failure through the dam, commonly along horizontal
construction joints. This “partial section” analysis usually is
performed using the same methods applied to the stability
evaluation of the entire structure.

Guidance documents for the evaluation and design of grav-
ity dams have been developed by U.S. agencies that own or
regulate dams, including the Federal Energy Regulatory
Commission, Bureau of Reclamation, and U.S. Army Corps
of Engineers. In Canada, the Canadian Dam Association and
BC Hydro provide similar guidance for the evaluation of
gravity dams.>*

Material properties

The selection of physical and mechanical properties of the
dam and foundation are critical to the stability evaluation of
a gravity dam. Unit weight of the concrete or masonry is a
key component of the analysis. Estimates of the shear and
tensile strength of concrete in the dam can be estimated
from laboratory testing of representative samples and/or
using available guidance documents.*>®

The shear strength along the dam-foundation interface or
through the foundation is probably the most important pa-
rameter to define. Shear strength is comprised of the fric-
tion angle and cohesion of the material(s) or interface.
Typical shear strength values are available.®”'® Friction an-
gle often is estimated using material testing and/or correla-
tion with empirical data for similar materials. Estimating
cohesion (or adhesion along the base of the dam) is more
difficult, and the selected value has a significant effect on
the stability analysis results. FERC recognizes the difficulty
in accurately defining cohesion along the base of the dam
and provides alternate requirements for stability if cohesion
is not relied upon in the analysis.®

riGURE 2 Gravity Dam Abutment
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Loading conditions and safety factors

Most regulatory agencies, including FERC, categorize load-
ing conditions as “usual,” “unusual” and “extreme,” and the
required safety factor increases with the probability of a
given loading condition. Typical loading combinations to be
considered include normal operating conditions (usual),
flood discharge loading (unusual or extreme), loading from
ice (unusual) and earthquake forces (unusual or extreme).

The stability analysis for flood conditions should consider a
range of floods to identify the combined reservoir (headwa-
ter) and tailwater loading that results in the lowest safety
factor. The largest hypothetical flood, or probable maximum
flood, is not always the most critical flood loading scenario.

As noted earlier, FERC guidelines allow a reduction in the
required safety factor if cohesion is not considered in the
analysis. For example, the minimum required safety factor
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for normal operating conditions is 3.0 if cohesion is included
but otherwise only 1.5.

Uplift forces within the dam, on the base of the structure,
and within the foundation rock mass are important in sta-
bility evaluations. For structures without an internal drain-
age system or other special features, and with fairly uni-
form foundation conditions, it is typical to assume that up-
lift varies linearly from full headwater at the heel to full
tailwater at the toe of the dam. For dams with a drain sys-
tem, reduction in these pressures should only be allowed
when it can be verified that the drain system is effective.

Cracked section analysis

The gravity method of analysis requires that the resultant
of all forces acting on the dam lie within the middle one-
third of the base to avoid tensile stresses at the heel. When
the resultant lies outside the middle one-third, tensile
stresses are assumed to develop along the base of the
dam. Most regulatory agencies (including FERC) require a
cracked section (or cracked base) analysis when tension
develops at the heel of the dam. Full uplift is then assumed
to act on the cracked section of the base (except under
seismic loading, where full uplift is assumed not to develop
due to the rapid cycling from seismic loads), and the analy-
sis is revised to reflect this modified uplift distribution, with
cohesion, if considered, acting only along the uncracked
portion of the base.

Most agency guidance suggests an iterative approach to the
cracked section analysis for static loadings. However, the
crack length and reaction pressure at the toe of the dam
can be solved explicitly.!®!! For earthquake forces, the
crack length can more easily be computed.

Rehabilitation of gravity dams

The most common methods for rehabilitation of gravity
dams that do not meet stability criteria include buttressing
or anchoring. Buttressing consists of adding mass to the
downstream portion of the structure to resist sliding. This
can be accomplished using conventional mass or roller-
compacted concrete. High-capacity post-tensioned rock
anchors have been used to stabilize gravity dams since the
1960s, with more than 300 dams in North America being
anchored.'?Vertically installed post-tensioned anchors add
normal force, increasing the sliding frictional resistance and
preventing the development of tension at the heel of the
dam. Anchors installed at an angle will provide additional
sliding resistance by directly offsetting applied horizontal
forces, but installation can be more costly than vertical an-
chors.

Gravity dams with inadequate spillway capacity can be al-
lowed to overtop during extreme floods, provided the dam
meets stability criteria under the flood loading conditions
and overtopping flows can be shown not to erode founda-
tion support from the toe of the dam or abutments.

For many smaller gravity dams, the non-overflow sections
do not extend to bedrock at the abutments but are simply
buried in the earth abutment (see Figure 2). This typically
is acceptable, provided the fill materials are satisfactory
and the spillway can pass the design flood without overtop-
ping the non-overflow sections or abutments. If these sec-
tions do overflow, there is potential for erosion and failure
of the earth abutment, resulting in a potential dam failure
or loss of reservoir. In some cases, these dams have cutoff
walls that extend further into the abutments than the grav-
ity section. However, these walls typically are intended to
reduce abutment seepage rather than prevent erosive fail-
ure from overtopping. Dams lacking non-overflow sections
that tie into bedrock abutments may require modifications
to prevent overtopping or erosion of the earthen abutment.

Case histories

The following case histories include discussion of the gravity
dam stability analysis, the importance of parameter selec-
tion, rehabilitation to address stability issues and the po-
tential for abutment erosion and failure.

Sugar Hollow Dam

Rivanna Water and Sewer Authority owns Sugar Hollow
Dam near Charlottesville, Va. This 80-foot-high concrete
gravity dam was completed in 1947 and consists of spillway
and non-overflow gravity sections, with cutoff walls extend-
ing into earth abutments. In the mid-1990s, the Virginia
Dam Safety program identified the dam as having inade-
quate spillway capacity, and analyses indicated that the
dam did not meet stability criteria for extreme flood load-
ings.

The authority planned to install 30 vertical multi-strand,
post-tensioned rock anchors through the gravity sections to
increase the frictional resistance and prevent overturning
under extreme flood conditions. Anchor sizes ranged from
five to 36 strands, with a maximum design load of about
1300 kips. Anchors were designed, installed and tested in
accordance with Post-Tensioning Institute standards.!?

Because the non-overflow sections would overtop during
the PMF, there was potential for erosion and failure of the
earth abutments and cutoff walls. Alternatives to address
this concern included armoring the abutments, stabilizing
the cutoff walls assuming downstream soils eroded, and
raising the abutments to prevent overtopping flows of these
areas. Raising the earthen abutments by 10 feet with
earthfill was found to be the most cost-effective approach.
The ends of the non-overflow sections were also raised with
concrete to confine overflow to the central valley.

The project received the Association of State Dam Safety
Officials award for National Rehabilitation Project of the
Year in 2000.

Stony Creek Dam

Stony Creek Dam is a 35-foot-high concrete gravity dam
constructed in the late 1920s for water supply. The dam,
owned and operated by the City of Burlington, N.C., has a
200-foot-long spillway section with concrete non-overflow
sections that tie out to earth abutments. State dam safety
regulations require safe passage of half of the PMF. Al-
though the concrete of the dam is in good condition, the
non-overflow sections and abutments overtop at about the
100-year storm event, and stability analyses demonstrate
the dam does not meet the required safety factor for events
greater than an estimated 300-year storm. For the modeled
half PMF, the abutments overtop by 12 feet, which would
result in a breach of the reservoir.

The rehabilitation design for Stony Creek Dam includes
post-tensioned anchors installed in the spillway and non-
overflow sections, spaced 10 feet apart with design loads
up to nearly 800 kips. The left abutment will be protected
by constructing a concrete gravity section extension, and
the right abutment will be reinforced by the installation of a
48-inch-diameter secant shaft wall with steel H sections
placed in alternate shafts and socketed 15 feet into rock
and secondary shafts terminated at the top of rock. The
secant wall is designed to provide cantilever resistance at
half PMF water levels, with erosion to rock on its down-
stream side.

Construction of the upgrades to Stony Creek Dam began in
spring 2011, and this work is expected to be completed by
the end of the year.
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A concrete gravity section was built at Stony Creek Dam to
tie the dam into the bedrock at the left abutment (fore-
ground). The right abutment will be reinforced using a se-
cant shaft wall, and the spillway will be stabilized with post-
tensioned rock anchors.

Green Lane Dam

Green Lane Dam is a 103-foot-high, 800-foot-long concrete
gravity dam northwest of Philadelphia. The dam, owned by
Aqua Pennsylvania, was constructed in the mid-1950s for
water supply. The design flood for this high hazard dam is
the PMF, which was re-evaluated in the late 1990s and
found to overtop the non-overflow sections of the dam by
about 2 feet. A preliminary stability evaluation indicated
that the dam did not meet generally accepted criteria, and
the owner’s previous consultant recommended performing
more in-depth field explorations and analyses to support a
rehabilitation design. Initial estimates for stabilizing the
dam with post-tensioned rock anchors were $1 to $3 mil-
lion.

As-built drawings and original construction photos indicated
that significant rock excavation (15 to 30 feet) was per-
formed. Concrete at the base of the dam was cast against
the bedrock, indicating that sliding could not occur without
mobilizing a significant rock wedge (shear through bed-
rock). In addition, the roller bucket energy dissipater in the
spillway section has a minimum 5-foot concrete thickness
and is anchored into the foundation bedrock, thereby pro-
viding supplemental sliding resistance.

At Green Lane Dam, subsurface information obtained and
detailed analysis indicated the dam met stability criteria of
the Pennsylvania Department of Environmental Protection.

A subsurface exploration indicated that the dam’s concrete
was of good quality. Most of the horizontal construction
joints were unidentifiable by visual inspection, indicating
bond at these joints. However, the rock at the con-
crete/bedrock interface was highly fractured, suggesting
that cohesion at the interface could not be relied upon in a
stability analysis.

Laboratory testing included unit weight and compressive
strength tests of the concrete and rock samples. Concrete
samples had an average dry unit weight of 157 pounds per
cubic foot (pcf), compared to the typical unit weight of good
quality mass concrete of 145 pcf to 155 pcf.

More detailed analyses were performed to estimate down-
stream flood levels because tailwater can have a significant
effect on stability. The HEC-RAS river modeling package,
developed by the Corps, was used to model flow in the
creek and floodplain downstream of the dam. For the spill-
way section, the tailwater computed using HEC-RAS was
adjusted to reflect effective tailwater against the dam, as
influenced by high-velocity flow through the spillway and
roller bucket.

Corps guidance suggests that the effective tailwater force
downstream of a spillway can be reduced to as little as 60
percent of the depth in the downstream channel, a default
value used when supporting documentation is not provided.
Using model studies performed as part of the original de-
sign and guidance provided by the Corps,'* the effective
tailwater for the Green Lane Dam roller bucket was esti-
mated to be about 85 to 90 percent of the downstream
tailwater depth.

The findings of the documentation review, subsurface ex-
ploration, laboratory testing and hydraulic analysis provided
information that contributed to a refined evaluation of the
stability of the structure, including:

e Unit weight of the concrete was higher than expected;

e Tailwater levels during the PMF were higher than as-
sumed in previous analyses; and

e The dam is “keyed” into the rock foundation.

An updated analysis was performed in 2004 incorporating
these findings, and the results demonstrated that Green
Lane Dam meets the Corps criteria for gravity dam stability,
eliminating the need for an upgrade.

Summary and conclusions

Smaller gravity dams commonly are evaluated using simpli-
fied two-dimensional analyses with conservative assump-
tions for strength along the dam/foundation interface and
within the foundation rock. For dams not meeting stability
criteria, stabilization is often performed using post-
tensioned rock anchors or buttressing. In addition to stabil-
ity concerns, many smaller gravity dams are not “keyed in”
to bedrock at the abutments, creating the potential for
abutment erosion and failure.

These case histories demonstrate approaches for the reha-
bilitation of gravity dams with stability issues or potential
for abutment erosion. The case history for Green Lane Dam
illustrates the importance of detailed review of dam con-
struction records, advanced hydraulic analysis for estimat-
ing effective tailwater, and laboratory testing (especially
related to unit weight and bond) when it comes to stability
analysis results.
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Dam Safety: What Happened to Lake Delhi
Dam?

W. Fiedler, W. King, N. Schwanz, J. Garton and L.McDaniel

Record rainfall, faulty gates and inherent design issues con-
tributed to the July 2010 breach of Iowa’s Delhi Dam, in-
vestigators found. The overtopping caused the earthen em-
bankment to erode and eventually emptied Lake Delhi,
causing millions in property damage.

Delhi Dam was breached on July 24, 2010, after two days
of heavy rain in the drainage basin above the dam. What
follows are details about the dam’s history, the Iowa De-
partment of Natural Resources’ role in forming and assist-
ing the Independent Panel of Engineers to investigate the
breach, the dam breach investigation process, the likely
cause of the dam breach and lessons learned.

The dam breach initiated about 1 p.m. on July 24, 2010,
with an estimated peak breach outflow of 69,000 feet3/s.
The flood and the dam breach resulted in extensive prop-
erty damage in the reservoir above the dam and in the
communities downstream of the dam. No loss of life oc-
curred as a result of the dam breach.

There were a number of factors taken into consideration in
the investigation of the breach. These included:

e The design of the embankment dam, which included a
reinforced concrete core wall as the primary impervious
element in the dam;

e The embankment materials, which appear to have con-
sisted of a low plasticity sandy clay;

e The limited ability of the dam to pass a major flood
(given the spillway capacity was initially designed to
about 25,000 ft3/s, at reservoir water surface elevation
900 ft), and;

e The binding of one of the spillway gates preventing its full
opening during the flood event.

Delhi Dam: History and background

Delhi Dam is on the Maquoketa River, about 1.4 miles
south of the town of Delhi. The Maquoketa River in north-
eastern Iowa is a tributary of the Mississippi River. The dam
was constructed between 1922 and 1929 by the Interstate
Power Company for hydroelectric power generation.

Generation of power was terminated at the dam in 1968.
The dam is currently owned and operated by the Lake Delhi
Recreation Association. In 1991, the Lake Delhi Combined
Recreation and Water Quality Tax District was formed pur-
suant to Iowa Code Chapter 357E to allow lake residents to
tax their property an additional $4 per $1,000 of assessed
value, to support the dam and lake. In 2005 the District
issued tax-exempt bonds to finance dredging of the lake.

The flood gates and wicket gates of the dam were damaged
in 2008 and dangerous scouring of the underwater rock
armor of the dam was discovered. At the invitation of Fed-
eral Emergency Management Agency representatives, the
Tax District applied for and was approved for repairs to the
lake and dam. Several repair projects were completed and
additional projects were underway at the time of the 2010
flood.

While the lake frontage was primarily privately owned, pub-
lic access was allowed and the lake was patrolled by Iowa
DNR enforcement officials. The dam was inspected every
five years by the IDNR dam safety staff. The last full in-
spection was in 2009. At this inspection, the need for re-
pairs to the spillway gates were noted, and IDNR required
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the repairs to be completed by the Lake Delhi Recreation
Association by the end of 2009.
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Aerial view of Delhi Dam Failure.

Follow-up contact made by the IDNR in January 2010 found
that repairs were currently underway but were not com-
pleted. The repairs do not appear to have been completed
prior to the July 2010 breach of the dam

Delhi Dam was designed as a concrete dam and earthen
embankment. The 704-foot long structure consists of: A
60-foot long concrete reinforced earthfill section abutting
the left limestone abutment; a 61-foot long conventional
reinforced concrete powerhouse containing two S. Morgan
Smith turbines with two Westinghouse generators (each
rated at 750 kW); an 86-foot long gated concrete ogee
spillway with three 25-foot by 17-foot vertical lift gates;
and, a 495- foot long embankment section with a concrete
core wall.

The embankment section was originally constructed with
1V:3H upstream slopes and 1V:2H downstream slopes, and
extends to the south (right) abutment of the dam. The
crest of the south embankment section of the dam is 25
foot wide and the dam crest is at elevation 904.8 feet
NGVD29.

The maximum section of the concrete portion of the dam
has a height of about 59 feet and the embankment section
has an estimated maximum height of 43 feet. Lake Delhi,
the reservoir behind Delhi Dam has an area of approxi-
mately 440 acres and a storage volume of 3,790 acre-feet
at normal reservoir (elevation 896 ft) and a reservoir vol-
ume of about 9,920 acre-feet at the crest of the dam (ele-
vation 904.8 feet). The spillway crest is at elevation 879.8
feet and the hollow inside of the spillway crest structure is
filled with rock.

The concrete reinforced earthfill section of the dam at the
left abutment was originally constructed with two parallel
concrete retaining walls, founded on rock and spaced 20 ft
apart. Rock fill was placed between the walls.

In 1967, a concrete crib wall and additional fill was placed
upstream of the original walls.

The area downstream of this section serves as a parking
and staging area for performing maintenance in the power-
house.

Formation of the dam failure investigation team

In response to the dam failure, the Governor of the State of
Iowa requested assistance from the National Dam Safety
Review Board in providing an Independent Panel of Engi-
neers to evaluate the cause of the overtopping and breach
of Delhi Dam. This request was made to the Administrator
of the Federal Emergency Management Agency (FEMA)
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dated August 6, 2010. The National Dam Safety Review
Board includes representatives from federal and state
agencies as well as a member from the private sector and
operates under the direction of FEMA. The National Dam
Safety Review Board is statutorily established under the
Dam Safety Act of 2006 (Public Law 109-460) and provides
the Director of FEMA with advice in setting national dam
safety priorities and considers national policies affecting
dam safety.

W
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The breach of Delhi Dam in progress. The core wall is still in
place.

In an Aug. 6, 2010, letter, the State of Iowa identified the
scope of the Independent Panel of Engineers review as fol-
lows:

e Review the operational characteristics of the project lead-
ing up to the breach of the upper reservoir.

e Perform an evaluation of the breach of the dam to de-
termine the specific failure mode.

e Submit a final report documenting the results of their
findings on the cause of the breach of the upper reservoir
and the important lessons learned from the failure.

In a letter from the Deputy Administrator of FEMA to the
Director of the Iowa Department of Natural Resources
dated Aug. 27, 2010, a commitment was made to convene
a three-member Independent Panel of Engineers under the
auspices of the National Dam Safety Review Board. The
three members represent federal agencies with extensive
experience in dam safety and include: William Fiedler, Bu-
reau of Reclamation; Wayne King, Federal Energy Regula-
tory Commission; and Neil Schwanz, U.S. Army Corps of
Engineers.

Each of the respective agencies absorbed the time and
travel costs for this investigation. State funding was not
used for this investigation.

The investigation process

In order to fulfill its mission, the independent panel initially
collected and reviewed key information. The panel operated
independently and access to individuals and to any re-
quested information was freely granted.

Areas of focus included: the design and construction of
Delhi Dam, subsequent modifications to the dam, the op-
erational and performance history of the dam, past exami-
nations and reviews of the dam, the timeline of events
leading up to and including the breach of Delhi Dam and
the emergency response to the dam breach.

A key activity for the panel was convening in Iowa during
the week of Sept. 6, 2010. On Sept. 7, 2010, the panel
reviewed records at the Iowa Department of Natural Re-
sources Offices in Des Moines, Iowa, and conducted inter-
views with personnel from the IDNR, as well as the dam
operators, owner’s representatives and local residents. On

Sept. 8-9, 2010, the team inspected the dam site and the
upstream and downstream areas and conducted additional
interviews with personnel from local government agencies
and from the Lake Delhi Recreation Association. The team
spent Sept 10, 2010, in Des Moines at the Iowa Depart-
ment of Natural Resources Office and reviewed additional
records and conducted additional interviews.

After the information gathering was complete, the panel set
out to draft their report. A thorough review of the geotech-
nical aspects of the original design and past modifications
was completed. The original drawings and documentation
were not very clear on the original foundation and geotech-
nical design, Therefore, a soil sample of the remaining em-
bankment was tested and two shallow hand augers of the
foundation were obtained.

A hydrology and hydraulic analysis was undertaken by the
panel. The analysis utilized a HEC-RAS model developed by
the IDNR shortly after the breach. There were many ques-
tions that arose after the failure in regards to one of the
spillway gates that was not able to be fully opened. It was
critical for the panel to complete some “what-if” scenarios
to begin to answer those questions. Flow data were avail-
able from a U.S. Geological Survey-gage in the City of Man-
chester upstream of the lake. However, there were also
significant local inflows to the lake that had to be esti-
mated.

The panel also provided a review of the emergency man-
agement response and a timeline of events based on testi-
monials and photos.

July 22 - 24, 2010
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Iowa’s role of information provider

In order for the investigation team to be completely impar-
tial, the Iowa DNR facilitated the process to gather wit-
nesses and provided records of the dam’s history. Iowa
DNR did not have an active role in developing the investiga-
tion report.

This allowed the investigation team to not only review the
failure itself, but to also review the State’s dam safety pro-
gram and regulation of the dam up to the time of failure.
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Findings of the panel

The following describes the panel’s key findings. Complete
findings and recommendations are available in the full IPE
report.

Dam design and construction

There was limited information on the dam materials in
terms of gradations of the materials and density of the in
place embankment. It appears that the dam embankment
consisted of a homogeneous material, with a reinforced
concrete core wall placed upstream of the centerline of the
dam. A sample from the remnant of the embankment was
tested and it was determined that the material was a sandy
clay with low plasticity (plasticity index of 9).

The concrete core wall was placed on top of steel sheet
piling that extended to rock for some distance near the
right abutment wall of the gated spillway. The core wall was
founded directly on bedrock from the spillway wall to a dis-
tance of about 20 feet from the wall. South of that point
the sheet piling is shown extending to bedrock for a short
distance where the depth to bedrock was known. The top of
the cutoff wall extended to within about 6 feet of the crest
of the dam.

The concrete cutoff wall on top of a sheet pile wall created
a vertically rigid element in the dam that would not settle
over time, as compared to the embankment on either side
of the cutoff wall which could settle. This situation likely
created differential settlement in the area of the cutoff wall
that caused low stress that could have lead to cracks in the
embankment fill emanating from the top of the cutoff wall.
The potential seepage path created by the cracks from the
cutoff wall and the low plasticity embankment material cre-
ated a situation where internal erosion of the embankment
could initiate and progress quickly.

The spillway was the primary waterway for passing flood
flows at Delhi Dam. The wicket gates in the old power plant
have a discharge capacity of about 500 feet3/s but this flow
is relatively small compared to the spillway capacity. The
spillway is regulated by three 25-foot wide by 17-foot-high
vertical lift gates. With all three gates fully opened and the
reservoir at elevation 904.8 NGVD29 (130 feet local da-
tum), the estimated spillway capacity is about 32,000
feet3/s.

General Layout of the Delhi Dam and Spillway.
Dam performance prior to flood
No adverse performance of the dam was reported to the

IPE. No significant seepage had been reported at the down-
stream toe or on the downstream face of the dam.

Although the embankment performed well up to the recent
event, it is very possible that prior loadings did not achieve
a water surface elevation that exceeded the top of the core
wall (EL 898.8 ft) or have a sufficient duration to develop
internal erosion.

The spillway gates have been difficult to operate in the
past. The gate guides are tapered at the bottom and some-
times the gates would stick in the closed or nearly closed
position. A crane had been used in previous floods to oper-
ate the spillway gates.

The lack of maintenance of the embankment section imme-
diately south of the spillway and the 2H:1V downstream
slope made inspection of the dam for seepage flows diffi-
cult.

Dam performance during July 22-24 flood

During the July 22-24 flood, Gate 3 could not be opened
more than 4.25 feet. This was a significant reduction in the
spillway capacity.

Nothing out of the ordinary was observed related to the
dam performance during the July 22-24, 2010, flood until
the reservoir water surface exceeded the top of the core
wall at elevation 898.8 feet. Within about 8 hours of this
occurring, vortices in the reservoir and sinkholes on the
upper portion of the upstream face of the dam were ob-
served. The first vortex was noticed about 40 to 50 feet
south of the concrete structure at 3:30 a.m.; the second,
noticed later, was estimated to be about 100 feet south of
the concrete structure.

Seepage from the downstream slope was first observed
around 6 a.m. July 24, 40 to 50 feet south of the spillway
training wall. At 6 a.m., settlement of the dam crest was
observed in the areas where the vortices and sinkholes
were first observed. All of this evidence is consistent with
internal erosion occurring in the portion of the embankment
above the top of and downstream of the concrete core wall.

The dam breach began to accelerate around 12:30 p.m. on
Saturday, July 24th. The dam breach was caused by inter-
nal erosion of the embankment, flows over the embank-
ment and structural failure of the thin concrete core wall.

A full breach of the embankment dam occurred at about 1
p.m. on July 24th. The concrete core wall appeared to have
failed due to differential loading caused by the flood and
erosion of downstream embankment soils. As erosion of
embankment soils continued, sections of the core wall also
toppled, eventually ceasing at a maximum breach width of
235 feet. It is likely that the concrete core wall slowed
down the rate at which the embankment dam breached.

The breach of Delhi Dam did not cause any loss of life. This
is attributed to several factors: the concrete core wall likely
slowed down the rate of the dam breach; warning of dam
failure was issued several hours before the breach; the
flood wave was dissipated in farm fields, which reduced the
level of flooding in the downstream communities of Hopkin-
ton and Monticello; and door to door warnings were issued
in Hopkinton and Monticello resulting in evacuation of resi-
dents whose homes were subsequently inundated.

Alternative scenarios for reservoir operations during flood

A number of scenarios were evaluated to help determine if
different spillway operations would have made a difference
in reservoir levels and the breach of the dam.

One of the items explored was the effect of the partially
closed spillway gate. A routing was performed in which all
three gates were opened to 18 feet, which was the maxi-
mum opening achieved by Gate 1 during the July 22- 24,
2010 flood.
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The flood routing results indicated that Delhi Dam would
not have overtopped if all three gates had been fully
opened.

However, the reservoir would have exceeded the top of the
core wall by up to 2.4 feet for about a day, and it is likely
that internal erosion would have initiated in the embank-
ment.

Based on the duration of seepage that likely would have
occurred through the embankment, it is judged that the
dam would have suffered damage and possibly a total
breach, even with all three gates fully open.

One of the criticisms from downstream residents is that the
dam operators should have lowered the reservoir in antici-
pation of the peak flood inflows.

Routings were performed that evaluated the effect of lower-
ing the reservoir by 2-, 4-, 8- and 10-feet at the beginning
of the flood.

The results of these flood routings indicated that the dam
would likely have still been overtopped and the reservoir
would have exceeded the top of the core wall elevation for
an extended period, even with the hypothetical drawdown
levels. This reflects the fact that the reservoir volume is
relatively small in comparison to the flood volume and any
space that was created would have been filled prior to ex-
periencing the peak flood flows.

nsuri 1 Sioge Hydrograph

T

FESS Frad FEAL i FE ol ] ] ol ] TREF

il 260 0 208 d Ei oW 1200 oo
zong

Estimoted time of resarvair levels higher than the top of core wall (shown at ELSRE.8 feed NGVD).

Sauree: Loke Dalhl Indapendent Panel of Empinear Repar.

Cause of dam breach

From the eyewitness descriptions, photographic and video
evidence and limited excavation investigation, the cause of
the dam breach was internal erosion in the embankment
coupled with overtopping flow.

The internal erosion was most likely caused by a seepage
path initiated along differential settlement of the embank-
ment material adjacent to the core wall.

The failure mode was triggered by reservoir levels that ex-
ceeded the top elevation of the concrete core wall, which
was exacerbated by the inability to open the third gate be-
yond the 4.25 feet measured in the post breach investiga-
tion.

The location and design of the concrete core wall and the
fact that it did not extend to the crest of the dam created
more favorable conditions for internal erosion of embank-
ment materials once the reservoir reached the elevation
corresponding to the top of the core wall.

The IPE believes that any flood of sufficient magnitude to
raise the reservoir above the top of the concrete core wall
for a more than several hours would have resulted in the
embankment experiencing piping/internal erosion.

If internal erosion did not occur, the duration of 16 hours
and maximum depth of 1.4 feet of overtopping predicted by
the flood model (with one gate malfunctioning) would have
likely caused a breach via overtopping and headcutting ero-
sion.

Overtopping erosion to the point of breach was predicted
with WINDAM, a NRCS erosion program. A summary of the
WINDAM analysis is included in the full IPE Report.

Several other factors that would add to the likelihood of
overtopping erosion are the downstream slope of 1V:2H,
erosion features located at the toe as described in recent
inspection reports, the rock toe and inclusion of the 1920’s
roadbed, unknown (but likely low) insitu soil densities and
the trees and vegetation on the downstream slope.

Conversely, if the dam had not experienced overtopping
flows above the original dam crest elevation (this would
have required that Gate 3 was fully functional July 22-24,
2010 flood event), it is possible that the internal erosion
mechanism by itself would have lead to the breach of the
dam.

Recommendations and lessons learned

The scope of the panel’s investigation was limited. Several
recommendations were made that will add to a better un-
derstanding of the breach at Delhi Dam:

e Investigate the remaining sinkhole and the flow path
from the sinkhole to its terminus.

e Conduct a complete investigation of the remnant of the
embankment, 1967 berm and foundation soils including
but not limited to classification of soil and critical material
properties.

The IPE also made recommendations that address issues
related to managing dam safety issues and a dam safety
program:

e More consistent approaches should be developed for clas-
sifying dams according to hazard and achieving compli-
ance with the associated design standards. The DNR clas-
sified Delhi Dam as moderate hazard, but Ashton Engi-
neering classified the dam as low hazard. This has an im-
pact on the design flood standard that is applied to dams.

e Dam inspectors performing inspections for the DNR and
consulting engineering firms performing dam safety
evaluations should have strong backgrounds in dam en-
gineering and potential failure modes analysis. There
were design weaknesses at Delhi Dam that an experi-
enced dam engineer should have recognized, which likely
would have led to additional investigations.

e The failure of Gate 3 to fully operate during the flood
appears to have been caused by the failure to complete
concrete repairs behind the left gate guide. Education
and enforcement mechanisms are needed to clearly iden-
tify critical dam safety issues and their impacts and to
ensure these issues are resolved quickly.

e Review/update the estimated return period for the July
2010 flood event based on historical inflows at Delhi
Dam.

What’'s next?
The Lake Delhi Recreation Association is currently planning
to reconstruct the dam and potentially restore hydroelectric

power generation.

The funding source for this rebuilding effort is still un-
known. The LDRA is beginning the process of a full engi-
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neering study to determine alternatives for dam reconstruc-
tion.

The Iowa DNR dam safety program continues to improve its
program with dam owner outreach and additional staff for
breach evaluation and mapping.

ASDSO has recently formed a committee to evaluate failure
investigations of Delhi Dam and other dams which have
failed with the goal of improving the current practice of
investigating dam failures.

This article appeared in the Journal of Dam Safety Issue 9.2
and is reprinted with permission from the Association of
State Dam Safety Officials (www.damsafety.org).
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RCC Dam Design: Analyzing Stress and Stability
Ernest K. Schrader

The author — who has been involved in the design and
construction of more than 100 RCC dams in 35 countries —
shares recommendations on how best to conduct stress and
stability analyses when designing an RCC dam.

One important area of consideration in designing an RCC
dam is stress and stability analysis. This involves including
provisions for proper control for thermal stresses. Without
proper thermal control, cracking can occur that leads to
unacceptable leakage and potential for failure by sliding or
overturning. Properly performing stress and stability analy-
ses for a variety of situations and dam sections is critical to
the design of any dam, including RCC. By using the proper
methods and evaluating the relevant parameters, designers
can ensure an RCC dam will provide adequate safety and
stability under all foreseeable conditions.

Temperature studies and thermal control

Because thermal volume changes in concrete can lead to
increased stresses or cracking, the design of any concrete
dam (whether conventional concrete or RCC) should include
provisions for dealing with the inherent temperature
changes and resulting volume changes of any concrete
mass. The principal concerns related to cracking in RCC and
other concrete gravity dams are stability of the structure,
appearance, durability, and leakage control. Although it is
not usually a critical factor in structural stability, uncon-
trolled leakage through transverse cracks in a concrete dam
can result in an undesirable loss of water from the reser-
voir, create operational and/or maintenance problems, and
be visually undesirable. Leakage can be extremely difficult
to control.

Typically, thermal stresses and associated volume changes
result in transverse cracking of the concrete structure.
However, RCC dams experiencing high thermal stresses
also may exhibit unseen cracking parallel to the axis of the
dam. This type of cracking has occurred in both conven-
tional concrete and RCC dams and can have serious impli-
cations with regard to structure and stability. A dam with
this type of cracking probably will be safe and stable for
normal load conditions if the crack is closed and does not
contain water, although with reduced factors of safety.
However, experience has shown that this type of cracking
can jeopardize sliding and overturning stability if the crack
opens and fills with water. The source of water can be the
foundation, seepage through lift joints, monolith joints with
failed waterstops, or transverse cracks.

When attempting to predict the degree of cracking a struc-
ture may experience, a number of factors should be evalu-
ated. Simple analyses that combine very generalized condi-
tions yield very general results. Complex analyses combine
very specific determination of conditions to yield more ex-
acting results. At a minimum, dam designers should con-
sider daily and monthly ambient temperature fluctuations,
the conditions during construction for aggregate production
and RCC mixing that lead to the temperature range at
which RCC will be placed, a realistic placing schedule, and
realistic material properties. In many cases, the results of a
thermal study are key to determining mixture proportions,
construction schedule, and cooling and jointing require-
ments.

More so than for conventional concrete dams, comprehen-
sive, state-of-the-art analyses that account for the time-
dependent effects of temperature — including adiabatic
heat rise, ambient climatic conditions, simulated construc-
tion operations, and time variant material properties — are
necessary to properly analyze thermal issues in RCC dams.
This is partly because each RCC lift is relatively thin (usu-
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ally 1 foot), with a small mass compared to the exposed
surface area. By contrast, conventional mass concrete typi-
cally is placed in thick lifts (usually 5 feet), with a large
mass compared to the exposed surface area. Also, RCC
material properties typically are much more dependant on
maturity and load than conventional concrete. As a result,
RCC thermal analyses typically require more detail. Various
analytical methods, ranging from hand computations to
more sophisticated finite element methods (FEM), are
available to provide an estimate of the temperature and
thermal stress or strain distributions throughout a struc-
ture. The U.S. Army Corps of Engineers and others have
published information on temperature evaluations unique to
RCC.?

Placing concrete at night is one effective way to minimize
thermal stresses during construction of a roller-compacted-
concrete dam.

Specific actions can be effective in minimizing thermal
stresses in RCC dams. These include substituting pozzolan
for some of the cement, limiting RCC placement to cool
weather, placing RCC at night, lowering the placing tem-
perature, and providing appropriate formed jointing. When
the option is available, selecting an aggregate of low elastic
modulus and low coefficient of thermal expansion also is
helpful. The American Concrete Institute, in a 2007 report,
discusses cooling options that have been effective for RCC.?

The exposure of relatively thin lifts of RCC during initial
hydration may contribute to an increase or decrease in
peak temperatures, depending on ambient conditions and
the length of exposure. Each situation must be separately
and carefully evaluated. For example:

e While placing RCC during a hot time period, the surface
of the concrete absorbs heat from the sun. This increases
the temperature of the mixture at a rate that may be
greater than the rate at which heat from internal hydra-
tion is generated. The longer the surface is exposed, the
more solar energy is absorbed, which can produce a
higher peak internal temperature. Faster placement in
this situation will help reduce internal temperatures.

e With RCC placement during cooler times of the year, the
large exposed RCC lift surface loses heat to the atmos-
phere. Also, materials going into the mix, as well as the
mix itself on the way to the placement, are naturally pre-
cooled. This results in lower placing temperatures and,
consequently, lower peak temperatures. If the time inter-
val until placement of the next lift is long, some of the
early heat from hydration can be dissipated to the at-
mosphere. But if the peak temperature does not occur
before placement of the next lift, faster placing can re-
duce the beneficial effect of losing heat to the atmos-
phere.
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Methods for stress and stability analysis

Approaches to stress and stability analysis for RCC dams
are similar to those used for conventional concrete struc-
tures. However, for RCC, there is added emphasis on ten-
sile strength and shear properties of the horizontal lift
joints, and on non-linear stress-strain behavior.

With regard to horizontal lift joints, some RCC dams have
lift joints with cross slope or “dip” of 5 degrees or more, to
facilitate surface drainage during construction. The effect of
this dip on stability does exist but is minimal. It effectively
adds or subtracts about 1 or 2 degrees from the coefficient
of friction for the lift surface, depending on whether the lift
surface slopes upward (positive benefit) or downward
(negative effect) when going from the upstream to down-
stream face. Technically, it is better to have a slight upward
slope from upstream to downstream. However, some prac-
titioners find that a horizontal cross slope is much easier to
construct, so they prefer no slope, while other practitioners
have found the cross slope to be beneficial for clean-up and
surface drainage, without any real effect on constructabil-
ity.

During initial design of an RCC dam, designers perform
static stress analysis. For dams in wide canyons, or with
contraction joints that will be open, a two-dimensional
gravity or FEM analysis is adequate to calculate stresses.

More complex methods of analysis — such as the trial-load
twist method or three-dimensional FEM — have been used.
These are mostly applied for large dams, dams with high
earthquake loadings, and dams located in narrow “V” can-
yons where even a straight axis orientation can have three-
dimensional benefits with reduced stresses and improved
stability.

For dams in seismically active areas, a dynamic stability
analysis is necessary using a two- or three-dimensional
FEM, whichever is appropriate for the site conditions and
canyon shape. Special attention must be given to consider-
ing whether the monolith joints will be open or closed. The
monolith joints will tend to open due to thermal contrac-
tion, with more opening for wider joint spacings and greater
thermal gradients. However, the joints will tend to typically
be tighter at the foundation and wider higher up in the
dam. They also can close due to three-dimensional effects
from a curved axis or a straight axis dam in a narrow “V”
canyon. Closed joints will impart more three-dimensional
benefits, whereas open joints cannot easily transfer these
three-dimensional effects from one monolith to the other.

Unless there is site-specific justification, recommended
safety factors to be applied for the complete range of load-
ing conditions for RCC dams should be the same as for con-
ventional concrete dams.

Shear-friction factor

For the purposes of this discussion, the focus will be on
shear within an RCC dam. Foundation shear and stability
should be evaluated as a related but separate issue.*®

As with a conventional concrete gravity section, resistance
to sliding within an RCC section depends on cohesion, the
confining stress on the potential failure plane, and the coef-
ficient of sliding friction along the failure plane. In addition
to sliding or shear along lift joints, shear through the mass
(crossing lift joints) also should be considered, especially if
there are thinned sections in the mass, such as at an ex-
tended toe. However, the typical controlling shear plane will
be along the weakest lift joint relative to applied sliding
force, as it is for conventional concrete dams. However,
RCC has many more lift surfaces than traditionally placed
mass concrete, and RCC is more likely to have lower cohe-
sion at the lift surface than traditionally placed internally
vibrated concrete (IVC) (especially with leaner mixes and

with excessive lift joint maturity). Thus, the probability of at
least some weak lift surfaces can be greater with RCC than
with IVC. This is minimized through proper mix designs,
construction equipment and procedures, concrete set re-
tarding admixture, and diligent inspection.

Fortunately, the friction component of shear resistance
along lift surfaces is essentially unaffected by the type of
mix, maturity, and marginal construction. However, the
cohesion component of sliding shear resistance along lift
joints is very sensitive to: content and quality of cementi-
tious materials; construction means, methods, and quality;
and lift joint maturity, including initial set time of the mix.

The classic structural design parameter of the shear-friction
factor (SFF) is a measure of a dam’s stability against slid-
ing. The SFF on any horizontal plane in the dam is the same
for RCC as it is for conventionally placed IVC. That is:

Equation 1:
SFF = (cA + (N - U) tan w)/T
where:

c is unit cohesion;

A is the area of cross section;

N is the component of confining force normal to the
sliding surface;

U is the uplift force acting on the cross section;

w is the angle of sliding friction; and

T is the driving force parallel to the sliding surface.

Most design criteria require a minimum SFF of safety
against sliding of 2 to 4, based on normal high headwater
and low tailwater conditions. This can drop to 1.5 to 2 un-
der flood conditions, and typically is defined as greater than
1 for seismic loads. Although it is not considered by most
codes and authorities, a true “fail safe” criterion for stability
of an RCC dam is that the SFF of safety against sliding is
greater than 1 for all load conditions, using a cohesion
value of zero and a realistic residual friction angle after
sliding, with realistic uplift for debonded lift joints. Prece-
dents exist for this very conservative design approach. The
most notable is the design of the new Saluda Dam on the
Saluda River in South Carolina, United States.®

Shear properties at lift surfaces depend on a number of
factors, including mixture properties, joint preparation,
elapsed time from mixing to compaction, and lift exposure
conditions (lift joint maturity). Actual values used in final
designs should be based on tests of the materials to be
used or estimated from tests on RCC mixtures from other
projects with similar aggregates, cementitious material con-
tent, aggregate gradations, and joint preparation. As with
any dam design, the designer of RCC structures should be
confident that design assumptions are realistically achiev-
able with the anticipated construction conditions and avail-
able materials.

For initial planning purposes, a conservative value of lift
joint cohesion of 5 percent of the design compressive
strength with a coefficient of friction of 1 (corresponding to
a w friction angle of 45 degrees) is generally used. This
should be adjusted as site-specific mixes and material
properties are better evaluated. Cohesion tends to be
slightly lower for dry consistency RCC mixes and slightly
higher for wetter consistency mixes. Where bedding mix is
used, the cohesion value will be essentially the same as
that value of the unjointed RCC mass, which typically is
weaker than the bedding. This normally approximates at
least 10 percent of the compressive strength of the un-
jointed RCC.
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Determining design values for shear

Design values for shear strength at lift joints can be deter-
mined in several ways. Drilled cores can be removed from
RCC test placements and tested in shear and direct tension,
but this is difficult, costly, and time-consuming. Drilling at
an angle minimizes lift joint de-bonding and damage, but
makes direct shear testing of the sample more complicated.
If cores are drilled at two different angles steeper than the
friction angle, the cores can be tested in a compression
machine to determine the actual friction angle and cohe-
sion.

Individual specimens can be fabricated in the laboratory
with simulated lift joints if the mixture is of a consistency
and the aggregate is of a size that permits fabrication of
representative individual samples. It is imperative that
these specimens represent the true full-scale conditions.
Care is needed to realistically correlate laboratory-prepared
samples to what will be achieved in the field.

At many RCC dams, realistic lift joint shear tests have been
performed by using a series of large blocks of the total RCC
mixture cut from test placements compacted with full-scale
equipment or walk-behind rollers that simulate the energy
of a large roller.®” Various lift joint maturities and surface
conditions of the actual mixture for the project are evalu-
ated and used to confirm or modify the design and con-
struction controls. For example, a comprehensive series of
tests was performed for Saluda Dam, where the design was
based on residual shear strength after sliding.®

In-situ direct shear tests also have been performed at vari-
ous confining loads on blocks cut into field placements
made with full production equipment and procedures. They
also can be done by shearing blocks at saw cuts made into
an RCC gallery floor.

In all cases, shear testing of RCC is delicate and unique.
Testing requires experienced personnel, special equipment,
and special procedures. In-situ tests are probably the most
difficult, requiring extra care and attention to details.

Shear property estimates and shear analyses should take
into account several key factors, including:

e It is not reasonable that an isolated section of an RCC
dam would slide away, leaving behind another portion of
the dam that remains bonded at a lift joint. Conse-
quently, over-reaction should be avoided if a FEM analy-
sis indicates that shear stress exceeds shear strength
(with the appropriate factor of safety) for a small portion
of a large lift surface;

e Estimated shear strengths should include appropriate
consideration for the reasonable amount of debonded
area to be expected on lift joints;

e When a “back-analysis” is done using results of cores or
shear blocks extracted from a dam, the percent of
debonded lift joints should be considered. A debonded lift
joint typically will have the same friction as bonded
joints, but it has no cohesion or tensile capacity. After
excluding cores that were broken by mechanical forces of
coring or handling, the remainder of debonded cores
should be assigned a cohesion value of “zero” when the
average cohesion is calculated; and

e One unacceptable lift joint is all that is required for fail-
ure. It is inappropriate to average good values from ad-
jacent lifts with bad values from a clearly identifiable bad
lift joint.

Non-linear stress-strain behavior

RCC mixtures, especially those with low cementitious con-
tents, tend to havenon-linear stress-strain behavior with
strain softening (see Figure 1). That is, at increasing stress
levels the material deforms or strains more than it does for
the same unit increase in stress at a lower stress level.
Strain softening occurs similarly in both tension and com-
pression. This can have the beneficial effect of decreasing
peak stresses that otherwise would occur in isolated areas
such as the toe or heel of a high dam, and at other stress
concentrations that usually are related to earthquakes. As
deformation in the area of high stress increases with in-
creasing load, very little added stress occurs. Instead, most
of the stress that would have been added to this area if the
concrete had linear elastic properties is re-distributed to
adjacent areas of lower stress.
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Roller-compacted concrete exhibits a specific type of stress-
strain behavior. At higher levels of stress, the rate of in-
crease becomes slower for every increment of increasing

strain (or deformation). This behavior results in less stress

for increasing deformation, as well as in a redistribution of
stress to areas of lower stress within the mass.

Examples of this situation include reductions in peak stress
for the non-linear properties of RCC at Mujib Dam on the
Mujib River in Jordan.® This dam was completed in 2003,
primarily to impound water for irrigation.

Uplift and upstream watertightness

Proper estimates of uplift within the dam are essential, re-
gardless of whether it is constructed with conventional con-
crete or RCC. Recent practice and industry guidelines have
established that the designer should evaluate impervious-
ness at the upstream face based on precedent, trial sec-
tions, and experience for the method being used to estab-
lish the expected degree of watertightness and uplift control
on each project.® This is a change from the past practice of
assuming 100 percent uplift at the upstream face and 67
percent reduction of uplift at the drilled drains. If the pro-
cedure to be used to estimate uplift (with the anticipated
degree of quality control) demonstrates that uplift will be
less than 100 percent near the upstream face, it may be
appropriate to use this reduced uplift in the stress and sta-
bility analysis.

As an example, consider a dam design with a proper imper-
vious upstream watertight barrier with face drains. When
this type of system is properly designed and installed, it
allows total control of uplift pressures at the upstream face.
A conservative approach initially was taken in the design of
earlier RCC dams using this system, by applying 50 percent
uplift reduction at the upstream face, with 67 percent addi-
tional reduction at drilled internal drains within the mass of
the RCC. This results in significant improvements in stability
and reduction of heel stresses.®
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However, experience and performance of this type of sys-
tem (an impervious upstream membrane or facing used in
conjunction with a drain between the facing and RCC to
relieve any pressure that may migrate past the facing) has
shown reliable 100 percent reduction of uplift at the up-
stream membrane when properly designed and con-
structed. Thus, the 50 percent reduction of uplift at the face
is overly conservative.

Many RCC dams are constructed with stair-stepped spill-
ways, using formed RCC, grout-enriched RCC, or conven-
tional IVC for the steps. The horizontal lift joint surface
between steps is typically not watertight. Any lift joint
seepage that migrates to the downstream face normally
can escape along the lift joint. In some cases, drains have
been installed through the steps to assure that uplift pres-
sure can escape. If the pressure cannot escape — for ex-
ample, if a continuous slab of concrete is used to create a
smooth conventional spillway over the RCC — uplift is
trapped on the RCC lift joint behind the slab. The design
should address the implications of this potential increased
uplift both within the mass and against the spillway slab, or
drainage should be provided under the slab.

Tensile strengths

Low-cementitious-content RCC with drier consistency typi-
cally has low, but adequate, lift joint tensile strength in
most of the dam with no special joint treatment. Although it
varies from dam to dam, with lift joint maturity, and with
the degree of inspection, the overall long-term average lift
joint strength for these types of mixes tends to be about 30
to 80 percent of the unjointed RCC tensile strength. Lower
percentages are applicable to leaner mixes, older lift joint
maturities, shorter set times, and more damage or con-
tamination at the lift surface. Higher percentages are appli-
cable to higher cementitious content mixes, younger lift
joint maturities, longer set times, and better-quality lift
surfaces. When bedding mix (mortar or concrete) is used
between lift joints, the lift joint typically will achieve 100
percent of the tensile strength of the unjointed RCC.

Drains (see arrow) installed through the steps of stair-
stepped spillways provide an outlet for escape of uplift
pressure in roller-compacted-concrete dams.

Lift joint bonding is of interest from the perspectives of
tensile strength (usually under earthquake load), cohesion
for sliding resistance, and watertightness. Static strengths
are discussed below. Tests of various concrete mixes have
shown that the dynamic or fast-loading strength applicable
to earthquakes is higher, with the dynamic increase factor
(DIF) being greater for faster loads and for lower strength
concrete and lower for slower loads and higher strength
concrete. Without site-specific test data, RCC typically is
assumed to have a DIF of 150 percent of the static tensile
strength. Interestingly, tests of lower-strength concretes

show the DIF to be higher than for higher-strength con-
cretes. Tests also have shown that the DIF increases dra-
matically at very rapid rates of loading.

Additional considerations for lift joints

RCC mixtures that exhibit bleeding of mix water contain
more water than is necessary for optimum performance.
Water contents should not extend into this range. Eliminat-
ing the occurrence of bleed water in the mix is one of the
purposes of trial mixing during the design phase (recom-
mended) or just prior to construction. The water content of
the mixture depends on the characteristics of the materials
being used, primarily the quality of the aggregate fines and
pozzolanic materials. Bleed water can deposit laitance on
the surface of the RCC lift. In sufficient quantity, laitance
can seriously degrade the shear performance of the lift.
Where bleeding occurs in mixtures with high cementitious
contents, an increase in laitance deposition is possible. This
should be avoided.

One example of such a phenomenon is during recent
evaluations of density, compaction, and lift joint quality at
Saluda Dam. The test section lift joints showed
the appearance of good bond with wetter consistency RCC
containing 125 to 175 pounds of cement per cubic yard,
plus a similar amount of fly ash, no retarder, and no forced
cooling (but placed in generally mild conditions). Visual
examination of saw cuts through the cross section of mass
placements indicated excellent bond with good contact be-
tween lifts. However, when one set of saw cut blocks was
removed for testing, the blocks debonded where there was
just slight evidence of laitance. This occurred at the surface
of mixtures with lower VeBe times and mixes that tended to
bleed. No other test blocks separated at the lift.

To achieve shear properties approaching that of parent
concrete, it is critical that lifts be placed before the “initial
set” of the underlying lift. Highly workable RCC containing
high proportions of cementitious materials can achieve high
shear performance without supplemental bedding mortar
only if placement is done on surfaces that have not yet set.
Many factors contribute to the setting characteristics of RCC
surfaces. Examples include the chemical composition of the
cement, fineness of the cement, amount of pozzolan that is
used, temperature of the mix when it is placed, ambient
temperature, effectiveness of moist cure prior to placing
the next layer of RCC, and effectiveness and quantity of
any admixtures.

Dr. Schrader may be reached at Schrader Consulting, 1474
Blue Creek Road, Walla Walla, WA 99362 USA; (1) 509-
529-1210; E-mail: eschrader@columbiaenergylic.com.

Ernie Schrader, PhD, P.E., is a consultant with more than
30 years of experience in roller-compacted concrete (RCC).
He has been involved in more than 30 RCC dams that are
complete and operational, several under construction, and
many undergoing design and feasibility studies. The pro-
jects range from the world’s highest and largest to the
smallest RCC dams.
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dwToypagieg anod To ppdaypa Cingino otnv ITalAia MNpokeitar yia iBikeg (IBNE : aAnikdg aiyaypog, OUYYEVNG Tou
KPNTIKOU KpI-KPI), MOU TOUG apETel va TpwVE Bpua, AEIXNAVEG
Kdl va yAgipouv To aAdTi anod Tnv eniPpAaveia Tou GPAyHaroc.
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NMPOKYPH=EIz
BPABEIQN KAI
AIATQNIZMQN T'IA
FEEQTEXNIKOY2
MHXANIKOYZ

XOopEWYTE HE T0...8313AKTOPIKO OAG
A1EOVIG d1ayWVIOHOG-NPOKANGCH Yia VEOUG EPEUVNTEG.

H eniotAun @avtalel Bapetn ota patia noAAwv avepwnwy,
EVQ) MEPIKEC POPEC €vag KATOXOG JIOAKTOPIKOU TITAOU dev
Jnopei va eEnynosl oxedov oc kaveva yUpw TOU TI, OTO Ka-
A0, €ival auTtd pe To onoio aoxoAnenke. Ma va BeATIwOE! Ta
npdyuarta, €va anod Td Kopugaia EMIOTAPOVIKAG MNEPIOdIKA
oTov kOOHOo, To “Science”, unooTtnpilel €va npwTdTUNO diE-
oOvr diaywVviopod Pe TiTAO «XopeWTe TO JIBAKTOPIKO 0AC», WE
okono va dwoel oe KABe veapd €peuvnTr] KAl PEAAOVTIKO
€NIOTAMOVA TNV €uKaipia va €Enynosl To BEPa TwV onoud®v
TOU O€ OUYYEVEIC Kal piAoug yE€oa and pia Mio oIkeia «yAWo-
oa», auTr Tou Xopou!

10 diaywviopo «Dance Your Ph.D», mou yiveral (€T0G yia
NEUNTN POPA, UMOPEI VA CUMUETEXEI KAOE KATOXOG O10aKTO-
pIkoU 1 onoiog Ndn epyaleral yia va anoKThoel €va TETOIO
avwTaTo TiTAO, 0 onolodnnoTe Nedio TNG BETIKAC ENICTAKMNG,
and onoladnnoTe Xwpa. APKei OMNoIog CUHHETEXEI va €XEl TN
d1a6gon -Kal TNV IKAvOTNTA- va XOPEWEl PE TETOIO TPOMO Mou
ol KIVAOEIG TOU va avTavakAouv TNV oucia Tou €nigTnHovi-
KoU €pyou Tou Kal, napdAAnAa, va €xouv pia dikn Toug al-
oBnTikn agia.

O1 evdiapepdpevol Hnopouv va eunveuoTolv and Tn douAeld
TOV NEPUOIVOV @IvaAioT atn dielBuvaon
http://news.sciencemag.org/sciencenow/2010/09/dance-
your-phd-finalists-announce.html kar pera va unoBdAouv
online, péxpl TIG 10 OkTwPpiou, éva Bivreo SIKAG Toug dnui-
oupyiag oTtn SietBuvon http://gonzolabs.org/dance/. O ka-
TOXOG N POITNTNAG 510AKTOPIKOU HMOPEI va XOPEVUEI HOVOG TOU
N Ye napéa (aAAa o idiog dev Pnopei va Kavel anAwg Tnv
Xopoypagia kal HETA va PNV XOPEWEL...).

O1 @ivaAioT o kdBe pia anod TIG TEOOEPIG ENIOTNHOVIKESG Ka-
Thyopieg (Quaikn, Xnueia, BloAoyia, KOIVWVIKEC E€MICTAMEG)
Ba kepdicouv ano 500 doAdpia, v 0 TEAIKOG HEYAAOG VIKN-
TAG 6a napsl aAAa 500 doAdpia. EninAgov, 8a Ta&idewsl, pe
oAa Ta ££0da nAnpwpéva, oTic BpuEéAAec yia va napako-
AouBnoel Tn d1EBvoUg PAKNG naykoouia ekdAAWoN KaivoTo-
Miag TEDxBrussels, nou 6a npayuaTonoin®ei oTig 22 Nogu-
Bpiou otn BeAyikn npwTelouaoa.

(www.kathimerini.gr, 31.08.2011 pe nAnpogopieg and AME-
MME)
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NMPOZEXEIZ>
FEQTEXNIKEz
EKAHAQZEIZ

Ma TIg NaAQIOTEPEG KATAXWPNOEIG NEPIOTOTEPEG NANPOPOPI-
€C MNopouv va avalnTnbouv oTa nponyoUpeva TeUXn Tou
«nepI0dIKoU» KAl OTIG NApaTIBENEVEC I0TOTEAIDEG.

XIV Panamerican Conference on Soil Mechanics and Geo-
technical Engineering (October) & V PanAmerican Confer-
ence on Learning and Teaching of Geotechnical Engineering
& 64th Canadian Geotechnical Conference, Toronto, On-
tario, Canada, 2 - 6 October 2011, www.panam-cgc2011.ca

SARDINIA 2011, Thirteenth International Waste Manage-
ment and Landfill Symposium, 3 - 7 October 2011, S. Mar-
gherita di Pula, Cagliari, Italy,
www.sardiniasymposium.it/sardinia2011

The Second World Landslide Forum, “Putting Science into
Practice”, 3 - 9 October 2011, FAO Headquarters, Rome,
www.wlf2.org

Technical Meeting TC207 “Soil-structure Interaction and
Retaining Walls”, October 5-8, 2011, Dubrovnik, Croatia,
www.georec.spb.ru/tc207/2011-Croatia

4th Japan - Greece Workshop “Seismic Design of Founda-
tions, Innovations in Seismic Design, and Protection of Cul-
tural Heritage”, October 6 (Thu) - 7 (Fri), 2011, Kobe, Ja-
pan, www.civil.tohoku-gakuin.ac.jp/yoshida/4IGW

International Conference on Geotechnics for Sustainable
Development GEOTEC HANOI 2011, 6 - 7 October 2011,
Hanoi, Vietnam, www.geotechn2011.vn

Landslides and Geo-Environment, Geotechnical Symposium
in Balkan Region, October 2011, Tirana, Albania,
fatos.cenalia@gmail.com, erjon.bukaci@gmail.com

60th Geomechanics Colloquy, October 13th and 14th, 2011,
Salzburg, Austria, www.oegg.at/index.php?id=20&L=2

IBSBI 2011 International Conference on Bridges and Soil-
Bridge Interaction, 13-15 October 2011, Athens, Greece,
http://ibsbi2011.ntua.gr

H ocupBoAn Tng Texvikng NewAoyiag ora €pya
avantugng kai unodopng oTn Bopeio EAAGda

Jag yvwaronoloUpe OTI n EAAnvIkn Emimponn Texvikng le-
wAoyiag (EETI), Tng EAANvIkAG FewAoyikng Etaipeiag (E-
I'E), nou unayerar otn Algbvr) ‘Evwon Texvikng MewAoyiag
kar MepiBadAhovTtoc (IAEG), npoTiBerar oto nAaicio Twv
JIET®V NUEPIdWV NMOU NpayuaTonolel Kal g€ ouvduaouo HE
TOV £0pTAguo TwV 60 xpoOvwv Tng EFE, va ulonoinosl Thv

enodpevn nuepida Tng otnv noAn Tng Oecoalovikng, uno
TNV alyida Tou K. Ypunoupyou Ynodopwv, MeTagopwv Kai
AIKTUWV.

AVTIKEIYEVO TNG nuepidag, mou Ba npayuartonoinBei orto
Au@IBéaTtpo «Baoilelo¢ KupialonouAoc» (MeTewpooko-
neio) Tou rewAoyikoU TuApaTog Tou ApioToTeAsiou Mave-
nioTnuiou @ecoalovikng Tnv Mapaokeun 14" OkTwRpiou
Tou 2011, civai: "H oupBoAn 1ng Texvikng lewAoyiag ora
Epya avantuéng kai unodouncg arn Bopeio EAAGda", okono
O€ €XEl TNV EVNHUEPWON TWV CUVADEAPWV YEWAOYWV AAAG
Kal TWV PNXavikov otn Bopeia EAAGda ava@opikd MPe TIG
€EENIEEIG TWV AVTIKEINEVWV TNG TEXVIKNG YEWAOYIiag aAAa
Kal TNV avraAiayn anoyewv.

Se auth Ba CUPPETEXOUV WE napouacidaslc dopeic (Onwg n
AEH A.E., To ITME, To ATTikO MeTpO, n Eyvaria 0ddg A.E,
To ITZAK kai n AEH ANANEQZIMES), Maveniotnuia (Mew-
AoyikO Tunua ApioToTéAelou kal MoAuTeXVIKR ZX0AR Anpo-
KpiTeEIOU), MeAeTNTEG (eKMPOOWNOI TOU SUAAOYOU FeEwAO-
ywv MeAeTnTwv EAAGSag, GEODATA, NEQINQZH), kabwg
kal Texvikeg Etaipeieg (EAANVIKOG Xpuadg A.E. kal Koivo-
npa&ia KaTaokeung TwV €pywv Tou MeTpd Oegoalovikng).
Eniong, 6a TiunBei o Av. Kab. EMIM A. P6log yia Tn cuuBo-
A Tou otnv avanTugn Tng TexVikng MewAoyiag. Zag npo-
okaAoUpE yia TNV napakoAouBnaon Tng nuepidac.
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2nd ISRM International Young Scholars' Symposium on
Rock Mechanics, Beijing, China, October 14-16, 2011,
www.isrm2011.com

Beijing 2011, 12 International Congress on Rock Mechan-
ics — Harmonizing Rock Mechanics and the Environment, 16
- 21 October 2011, Beijing, China, www.isrm2011.com

HYDRO 2011 “Practical Solutions for a Sustainable Future”,
Prague, Czech Republic, 17-19 October 2011,
www.hydropower-dams.com

2011 AFTES Congress “Espaces Souterrains de Demain”,
Lyon, France, 17 - 19 October 2011,
www.aftes.asso.fr/congres presentation-organisation.html

International Conference on Deep Foundations and Prob-
lems of Underground Space Development, 18 - 19 October
2011, Perm - Ufa, Russia, Contact: spstf@pstu.ac.ru

LANDFILL 2011 Waste Management Facilities - The New
Order, 18 - 20 October 2011, Durban, South Africa. Con-
ference Chairman: JohnPa@dmws.durban.gov.za

XI INTERNATIONAL CONFERENCE UNDERGROUND INFRA-
STRUCTURE OF URBAN AREAS, 26-27 October 2011 Wro-
claw - Poland, www.uiua2011.pwr.wroc.pl

WCCE-ECCE-TCCE Joint Conference 2 SEISMIC PROTEC-
TION OF CULTURAL HERITAGE, October 31 - November 1,
2011 Antalya, Turkey, www.imo.org.tr/spch

3° MANEAAHNIO >YNEAPIO OAOMOIIAZ NoéuPplog 2011,
NaTpa, http://portal.tee.gr/portal/page/portal/INTER RELA
TIONS/INT REL P/SYNEDRIA EKDHLWSEIS/2011/30dopoii

as
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TAILINGS AND MINE WASTE 2011
November 6-9, 2011, Vancouver, Canada
www.tailingsandminewaste2011.org

The Conference objective is to provide a forum for present-
ing the state of the art with respect to mill tailings and
mine waste, and to discuss current and future issues facing
the mining and environmental communities.

Tailings and Mine Waste '11 is part of a series of symposia
on mill tailings management started at Colorado State Uni-
versity in 1978. The primary purpose of the Conference is
to provide a forum for members of the mining community,
engineers and scientists serving the mining industry, regu-
latory groups, and other interest groups concerned with
environmental issues related to tailings and mine waste
management. Issues of environmental science and engi-
neering, geochemistry, geotechnics, hydrogeology, milling,
mining, mining engineering, tailings management, and
other topics related to tailings and mine waste will be cov-
ered in focused sessions.

The program will include sessions by practitioners and rec-
ognized experts on the general themes of the Conference.
The Conference also will include exhibits of equipment and
instrumentation and short courses. Proceedings of the Con-
ference will be published and available at the time of the
event. Authors of all papers included in the Proceedings will
be allowed to make oral presentations at the Conference.

Conference Themes:

Tailings

Waste rock, ore and other mined materials
Containment systems

Contaminated controls

Permitting

Water management

Life cycle management, sustainability, green engineering,
etc.

For additional information and sponsorship inquires, please
contact the Conference Secretariat, InfoMine at the coordi-
nates below. Please ask for either Shahzia Noorally (ext.
262) or Zoe Mullard (ext. 296).

InfoMine Inc.

Suite 900, 580 Hornby Street Vancouver, BC Canada V6C
3B6

Tel: +1 604 683 2037 Email: tmw2011@infomine.com
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ICAGE 2011 International Conference on Advances in Geo-
technical Engineering, 7" - 9™ November, 2011 - Perth,
Australia, http://www.icage2011.com.au
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ITA COSUF Workshop and AG-meetings
Amsterdam and Amersfoort, The Netherlands
14-15 November 2011

ITA COSUF Workshop and AG-meetings in Amsterdam and
Amersfoort in The Netherlands - 14-15 November 2011
hosted by Arcadis and Efectis.

The workshop will include a technical visit to the Amster-
dam metro, including the new North-South Line.

The provisional programme is as follows:

Monday 14 November afternoon: Workshop with presenta-
tions and technical visit in Amsterdam, including the Central
Railway Station

Monday 14 November evening: joint dinner in Amersfoort
Tuesday 15 November morning: AG-meetings in Amersfoort

CONTACT & ORGANISATION:

ITA-COSUF c/o EPFL - Bat. GC - Station 18, CH-1015
Lausanne, Switzerland

Fax: +41 21 693 41 53, Tel: +41 21 693 23 10
Email: secretariat(at)ita-aites.org
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AP-UNSAT 2011 5th Asia-Pacific Conference on Unsaturated
Soils, 14 - 16 November 2011, Pattaya, Thailand
www.unsat.eng.ku.ac.th

SI11 9% International Conference on Shock & Impact Loads
on Structures, 16 - 18 November 2011, Fukuoka, Japan,
WWwWWw.cipremier.com

GEOMAT 2011 First International Conference on Geotech-
nique, Construction Materials and Environment, Tsu City,
Mie, Japan, November 21-23, 2011,
http://gipremi.webs.com

2011 ICKGSS International Conference on Sustainable Ap-
plication of Geosynthetics Technology Commemoration of
10™ Anniversary of Korean Geosynthetics Society Founda-
tion, 23 - 24 November 2011, Seoul, South Korea, Contact:
hyjeon@inha.ac.kr
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Geotechnical Engineering Conferences of Torino
(XXIII Edition)

EARTH RETAINING STRUCTURES AND SLOPE STABI-
LIZATION: THEORY, DESIGN AND APPLICATIONS
23-24 November 2011, Torino, Italy
www.cgttorino.org

Retaining structures, with particular reference to the sys-
tems for slope stabilization, can be considered among the
most delicate and difficult geotechnical engineering applica-
tions. Role of pore fluids in static and dynamic conditions,
soil-structure interaction, displacements of retaining struc-
tures and nearby buildings, admissible displacement design
method in seismic conditions, are some of the issues cur-
rently discussed and debated in the geotechnical commu-
nity, also accounting for the recent Italian construction
regulations (NTC 2008) and their interpretation.

On the basis of the most advanced theoretical and experi-
mental state of the art, this CGT edition is aimed at an-
swering the main questions which the geotechnical designer
has to face.

The first session of the Conference program deals with the
theoretical issues concerning the evaluation of earth and
pore fluid pressure, under static, dynamic, drained and
undrained conditions.

The following sessions are devoted to applicative topics.
Design methods for gravity walls, diaphragms, reinforced
earth retaining structures and soil nailing are illustrated.

A specific session is focused on slope stabilization, including
applicative examples relative to landfills. The new technolo-
gies are the topic of the last session, which deals with dia-
phragms, secant pile walls, anchors and drainage systems.

Therefore, the Conference program provides a complete
and updated picture of the advances in the design and con-
struction technologies of earth retaining structures and
slope stabilization methods from both theoretical and appli-
cative point of view.

Organizing Secretariat

AXEA Conferences and Events

Via Caboto, 44

10129 Torino - Italy

Tel. (+39) 011.599.498 (+39) 011.591.871

Fax 011.590.833

e-mail: info@cgttorino.org, www.axeacongress.com

o3 D

EUCEET Association Conference “New trends and challenges
in civil engieering education”, November 24-25, 2011,
Patras, Greece, www.euceet.upatras.gr
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| PILING

& DEEP
| FounDaTIONS
201

Piling & Deep Foundations Australasia
28 30 November, 2011 Brisbane, Australia

—482914&MAC CE

The Piling and Deep Foundations Australasiaconference is
an exclusive event that will discuss the latest challenges,
opportunities and solutions to optimise site investigation
to select, design and insert the best pile type for your
projects. Uniting the leading experts from piling contrac-
tors, geotechnical engineers, structural engineers, asset
owners, pile driving equipment providers, solution provid-
ers and service providers, you will gain the opportunity to
network and discover how they are currently innovating
and shaping the future of piling and deep foundations
within Australasia.

Main focus :

e Designing, testing and implementing sustainable piling &
deep foundations that will ensure the infallible integrity
for the life of the structure

e Designing cost effective means for constructing deep
foundations

e Improving the safety of deep foundations in difficult
geotechnical conditions

e Overcoming base resistance through innovative testing
systems

® Solving piling problems during the construction phase

e Educating all stakeholders involved in construction pro-
jects the importance of piling and deep foundations

e Interact with target business partners within the net-
working sessions

e Key national and international piling case studies
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International Symposium on Advances in Ground Technol-
ogy and Geo-Information (IS-AGTG), 1-2 December 2011,
Singapore, www.is-agtg.com

SGCC2011 International Symposium on Sustainable Geo-
syn-thetics and Green Technology for Climate Change (Re-
tirement Symposium for Prof. Dennes T. Bergado), 7 to 8
December 2011, Bangkok, Thailand,
www.set.ait.ac.th/acsig/sgcc2011

X™ Regional Rock Mechanics Symposium, 08-09 December
2011, Ankara, Turkey,
www.tukmd.org.tr/sempozyumlar/index eng.php

4th International Conference on Grouting and Deep Mixing,
February 15-18, 2012, New Orleans, Louisiana, USA,
www.grout2012.org

3rd International Seminar on Earthworks in Europe, 19 - 20
March, 2012, Berlin, Germany,
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www.fgsv.de/veranstaltungen international.htmI?&tx jullee
vents pil[showUid]=85&cHash=4153b585bc
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Practices and Trends for Financing and Contracting
Tunnels and Underground Works
22-23 March 2012, Athens
www.tunnelcontracts2012.com

H EAAnvikn Enmimponr Znpdyywv kai Ynoyeiwv ‘Epywv
(E.E.Z.Y.E.) opyavwvel otnv ABnva, éva dinuepo OieBVEG
oupnooio pe B¢ua “Practices and Trends for Financing
and Contracting Tunnels and Underground Works"”. Oi
£pPYACieg TOU CUMNOGIOU, TO OMoio €XEl TNV €NiCNUN UNOCTN -
pIEN TNg AlgBvouc ‘Evwong Znpayywv (ITA), 6a disEaxBouv
Tnv MepnTtn 22 kai Mapaokeury 23 MapTiou 2012. Enionun
yA®Wooa Tou cuunoaiou gival Ta ayyAikd. 'Exouv kAnBsi, wg
NPOOKEKANUEVOI OMIANTEG, Kal €xouv anodexBei Tnv npoo-
KANGON, OIAKEKPIYEVOI, MAYKOOMIWG, EMMEIPOYVMUOVEG OMNWG
ol k. Martin Knights, Arnold Dix, Joe Huse, Robert Galler,
Heinz Ehrbar, evw 6a kdvouv €niong napouciacsic wé npo-
OKEKANHEVOI OUIANTEG oI K. Zépylog Aapnponoulog (Mevi-
KOG MpappaTteag Suyxpnuatodotolpevwy Epywv) kal Mewp-
yio¢ KoAuBdg (wg exnpoownog Twv AlapBpwTiKwv Tapeginv
kal Tou Tapeiou Zuvoxnc). ©®a undap&ouv eniong napouaia-
O€IG KAl OMINIEG ano XpnpaTodoTikoug popeic TG Eupwnai-
kAG 'Evwong, Tpansleg, aocpalioTIKEG €TAIPEIisS, evw Ba vyi-
vouv anod Xwpeg HEAN TnG ITA, aAAd kal KABe ev3laPePOUEVO
PUOIKO 1 VOMIKO nNPOOWMO, NMAPOUCIACEIC EUMEIPIOV, AKO-
AouBoUpevwVv NPakTIK®V, aAAd Kal vVEwv 1I0ewv Kal npoTd-
OEWV.

To B¢épa Tou cupnoociou, 1B1aiTeEpa enikaipo oTn (pAacn nou
BpiokeTal onpepa n eAANVIKnA oikovopia, napoucialel peydio
evOIaQEPOV YIa TN XWPA Hag, kabwg undapxsl auavopevn
nieon yia Tn XpnuaTodoTnon TwWV UMoYeEiwv €pywv. MioTel-
OUME OTI TO oUpPNOoIo Ba anoTeAéoel €va xpnoigo forum yia
TNV napouaciaon kal avadeifn Twv BEATIOTWV MPAKTIK®OV Kdl
TAOEWV yia Tn XpnuatoddTnon kai cupBaacionoinon Twv U-
novyeiwv €pywv kai 6a cUPBAAAEl aTNV KAAUTEPN NPOCEYYION
OAWV TWV oUVAPWV {NTNHATWV.

To A.Z. Tng E.E.Z.Y.E. ka1 n OpyavwTikiy EniTponn Tou Zu-
Jnooiou, KaAoUPE Kal napoTpUVoOUME KABe evdlapepPOPEVO
Qopea 1 puaikd npdowno, va unoBaiAel epyacia npog na-
pouadiacn aAAd Kdl va CUPMETACXEl OTIC £PYACIEC TOU OU-
pnogiou.

MPOGEZMIEZ YNOBOAHZ EPFAZIQN:

YnoBoAn TitAou kai nepiAnwng (¢wg 200 Aggeig) 15 O-
KTwRpiou 2011

Anodoxn nepiAnwng 1 NoguBpiou 2011

YnoBoAn TeAIkoU keigévou 31 AskepBpiou 2011

MNep1oodTEPEG NANPOPOPIEG OTNV 10TOCEAIdA TOU CUHNOGIOU :
www.tunnelcontracts2012.com
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6th Colloquium “Rock Mechanics - Theory and Practice” with
“Vienna-Leopold-Miller Lecture”, 22-23 March 2012, Vi-
enna, Austria, christine.cerny@tuwien.ac.at

GeoCongress 2012 State of the Art and Practice in Geo-
technical Engineering, Oakland, California, USA, March 25-
29, 2012, www.geocongress2012.org

TERRA 2012 XIth International Conference on the Study
and Conservation of Earthen Architecture Heritage, 22 - 27
April 2012, Lima, Peru,
http://congreso.pucp.edu.pe/terra2012/index.htm

GEOAMERICAS 2012 II Pan-American Congress on Geosyn-
thetics, Lima, Perq, 2 - 5 May 2012
WWW.igsperu.org

16™ Nordik Geotechnical Meeting, 9-12 May, 2012,
Copenhagen, Denmark www.ngm2012.dk

ITA-AITES WTC 2012 “Tunnelling and Underground Space
for a global Society”, Bangkok, Thailand, 18 to 23 May,
2012, www.wtc2012.com

Fifth International Symposium on Contaminated Sediments:
Restoration of Aquatic Environment, May 23 - 25 2012,
Montreal, QC, Canada,
www.astm.org/SYMPOSIA/filtrexx40.cgi?+-

P+EVENT ID+1857+/usr6/htdocs/astm.org/SYMPOSIA/callf

orpapers.frm

EUROCK 2012 - ISRM European Regional Symposium -
Rock Engineering and Technology, 27 - 30 May 2012,
Stockholm, Sweden, www.eurock2012.com.

SECOND INTERNATIONAL CONFERENCE ON PERFORM-
ANCE-BASED DESIGN IN EARTHQUAKE GEOTECHNICAL
ENGINEERING, May 28-30, 2012, Taormina, Italy,
www.associazionegeotecnica.it

INTERNATIONAL SYMPOSIUM & SHORT COURSES TC 211
IS-GI Brussels 2012 Recent Research, Advances & Execu-
tion Aspects of GROUND IMPROVEMENT WORKS, 30 May -
1 June 2012, Brussels, Belgium, www.bbri.be/go/IS-GI-
2012

12" Baltic Sea Geotechnical Conference “Infrastructure in
the Baltic Sea Region”, Rostock, Germany, 31 May - 2
June, 2012, www.12bsgc.de
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80th Annual Meeting 24th ICOLD Congress
June, 2nd to 5th, 2012 June, 6th to 8th, 2012
http://icold2012kyoto.or

The CIGB-ICOLD Organizing Committee for ICOLD 2012
Kyoto is pleased to invite professionals, managers and deci-
sion makers from the international dam community to the
International Symposium on DAMS FOR A CHANGING
WORLD, Need for Knowledge Transfer across the Genera-
tion & the World. The Symposium will be held on June 5
during the 80th Annual Meeting and the 24th Congress
from June 2 to 8, 2012.

Papers are invited related to themes listed below.

(1) Impacts of Climate Change on Dams and the Benefits
from Dams

e Role of dams in the adaptation to climate change

e Assessment of climate change impacts on water re-
sources and floods

e Climate change impacts on water storage facilities
and its mitigation

e Role of hydropower in a low carbon society

e Guidance and polices on climate change adaptation
planning

e Research needs for a more reliable knowledge on
climate change

e The impact of climate change on dam safety
e The role of dams in mitigating storm floods

e The monitoring and operation of dams during flood
(2) Dams for Meeting Increasing Demand of Growing
World Population

e Food, energy and water - needs for dams in devel-
oped and developing countries

e Coexistence of dams with society and the environ-
ment

Management of reservoir sedimentation
Financial aspects of dams
Institutional, planning and regulatory aspects

The benefits of dams and new technologies in
provid-ing potable water supply
(3) Knowledge & Technology Transfer in Dam Engineering

e Knowledge transfer & succession planning
e Transfer of information across the world
e Methods of information transfer to the next genera-
tion
e Case studies of technology transfers
(4) Advanced Technologies for Construction of Dams

e Recent development in RCC dams and hardfill (CSG)
dams

e Recent development in embankment dams

e Recent development in appurtenant structures
(5) New Techniques to Prevent and Manage Incidents &
Accidents

e Information and communication technology for op-
eration and monitoring

e Technologies to prevent accidents and incidents
e Remedial technologies

e Case studies
(6) Earthquakes

e Recent strong earthquakes and the behavior of dams

TA NEA THZ EEEEI'M - Ap. 39 — ZENNTEMBPIOZ 2011

® Lessons from case histories of dams and appurtenant
structures subject to earthquakes

e New methodologies to predict causative faults and
earthquake ground motions

e Design and operation of hydraulic structures to resist
earthquakes

e Emergency measures taken after earthquakes

e Performance monitoring for seismic events

(7) Geotechnical Aspects of Dam Foundations

e New techniques in exploration and evaluation

e Treatment technologies: efficiency and long-term
performance

e Treatment of difficult geological conditions

e Design technologies for dams on weak foundations
(8) Others

Organizing Committee, ICOLD 2012 Kyoto

Address: Toranomon-Yatsuka Bldg. 8F., 1-1-11, Atago,
Minato-ku, Tokyo 105-0002 Japan

Tel: (81-3)3459-0946 Fax: (81-3)3459-0948

E-Mail: contact@icold2012kyoto.org
URL: http://icold2012kyoto.org
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ISL 2012 NASL 11th International Symposium on Land-
slides, 3 + 8 June 2012, Banff, Alta, Canada,
corey.froese@ercb.ca, www.ISL-NASL2012.ca
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ASTM Symposium on Dynamic Testing of Soil and Rock:
Field and Laboratory, June 28 - 29 2012, San Diego, CA,
USA, www.astm.org/D18symp0612.htm
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Protection and Restoration of the Environment XI
July 3-6, 2012, Thessaloniki, Greece
www.prell.org

“Protection and Restoration of the Environment” is a well-
known series of international conferences, which started in
1992, in Thessaloniki, Greece. Since then they have been
organized jointly by one American and one Greek University
every two years. In 2012, which marks the twentieth anni-
versary of the Conference series, it will take place in Thes-
saloniki again. Organizers are the Stevens Center for Envi-
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ronmental Engineering of the Stevens Institute of Technol-
ogy, USA and the Division of Hydraulics and Environmental
Engineering, together with the Environment Council of the
Aristotle University of Thessaloniki, Greece.

Thessaloniki is an inspiring place for an environmental con-
ference: It is a large city, facing many environmental prob-
lems, but, at the same time, it is situated in the middle of
an area of undisputable beauty, which exhibits the envi-
ronmental quality that we have to preserve for future gen-
erations. Moreover, it is located in a rather small distance
from Stagira, the birthplace of Aristotle, and Mount Athos.
Aristotle contributed decisively to the formation of scientific
thought, while Mount Athos represents the spirit and the
moral discipline, which are indispensable for the restoration
of the environment.

The conference is timely, too. In the middle of a financial
crisis, it serves as a reminder that protection of the envi-
ronment is not a luxury, that could be temporarily disre-
garded, but a basic prerequisite for a viable future.

Main topics

Air quality and contamination control

Cultural and social issues

Ecotoxicology

Environmental economics

Environmental education

Environmental fluid mechanics

Environmental geotechnology

Environmental health

Environmental impact assessment and risk analysis

Environmental law and policy

Global environmental changes Indoor air pollution

Natural treatment systems Protection and restoration of

ecosystems

e Protection and restoration of coastal zone and open sea
waters

e Sediment transport and erosion control

e Soft energy sources

e Solid waste management Sustainable architecture, plan-
ning and development

e Transport and fate of pollutants in the environment-
mathematical and numerical modelling

e Waste minimization and pollution prevention

o Wastewater treatment and management

e Water resources management and contamination control

For more information:

Christodoulatos C., Stevens Institute of Technology e-mail:
Christos.Christodoulatos@stevens.edu

K.L. Katsifarakis, Department of Civil Engineering, A.U.Th.,
Greece, e-mail: klkats@civil.auth.gr

Koutsospyros M, Stevens Institute of Technology, e-mail:
AKoutsospyros@newhaven.edu

N. Theodossiou, Department of Civil Engineering, A.U.Th.,
Greece, e-mail: niktheod@civil.auth.gr
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Shaking the Foundations of Geo-engineering Edaucation,
International Conference on Geotechnical Engineering Edu-
cation, 4-6 July 2012, NUI Galway, Galway, Ireland,
bryan.mccabe@nuigalway.ie

ANZ 2012 “Ground Engineering in a Changing World” 11th
Australia-New Zealand Conference on Geomechanics, Mel-

bourne, Australia, 15-18 July 2012,
www.anz2012.com.au
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A Symposium on
EXPERIMENTAL STUDIES WITH GEOSYNTHETICS
In Conjunction with
15" INTERNATIONAL CONFERENCE ON
EXPERIMENTAL MECHANICS (ICEM15)
Porto, Portugal, July 22-27, 2012
http: aginas.fe.up.pt/clme/icem15

In the last decades geosynthetics have been used success-
fully in different areas of civil engineering, namely, geo-
technical engineering, environmental engineering, hydraulic
engineering and transportation engineering. Although sev-
eral studies have been carried out on experimental charac-
terization of geosynthetics properties and its behaviour on
usual applications, it is of the utmost importance to develop
research, and to discuss the results, to a better under-
standing of the real improvement achieved with geosyn-
thetics use. This symposium is focused at discussion of the
most recent developments in experimental characterization
of geosynthetics and field applications behaviour.

The purpose of this symposium is that researchers, design-
ers, manufacturers, applicators and other persons who are
interested in this field exchange their experiences related to
experimental studies involving geosynthetic materials. Pa-
pers concentrating on geosynthetic testing and properties,
soilgeosynthetic interaction, durability, drainage and filtra-
tion tests, reduced scale models, large scale laboratory and
field tests are welcome to this symposium.

For additional information, please contact either of the fol-
lowing:

Prof. Castorina Silva Vieira

Faculdade de Engenharia — Universidade do Porto
Departamento de Engenharia Civil

Rua Dr. Roberto Frias, 4200-465 Porto, Portugal
Tel: +351 225081586; Fax: +351 225081446
E-mail: cvieira@fe.up.pt

Prof. J.F. Silva Gomes

Faculdade de Engenharia — Universidade do Porto
Rua Dr. Roberto Frias, 4200-465 Porto, Portugal
Tel: 351-91 725 89 50; Fax: 351-22 508 17 71
E-mail: sg@fe.up.pt
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Geotechnique Themed Issue 2012 “Offshore Geotechnics”,
www.geotechnigue-ice.com

34th International Geological Congress 5 + 15 August 2012,
Brisbane, Australia, http://www.ga.gov.au/igc2012

ICSE-6, 6th International Conference on Scour and Erosion,
27-31 August 2012, Paris, France, www.icse-6.com

2nd International Conference on Transportation Geotech-
nics, 10 - 12 September 2012, Sapporo, Hokkaido, Japan,
http://congress.coop.hokudai.ac.jp/tc3conference/index.ht
ml
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7th International Conference in
Offshore Site Investigation and Geotechnics:
Integrated Geotechnologies, Present and Future
12-14 September 2012, London, United Kingdom

The Offshore Site Investigation and Geotechnics (OSIG)
Group of the SUT is pleased to announce its 7th Interna-
tional Conference, “Integrated Geotechnologies - Present
and Future”.

The needs of the offshore industry have evolved substan-
tially since the first conference held in 1979. While founda-
tion developments continue to be important, there is now
greater emphasis on integrating marine geology, geophys-
ics and geotechnics. New challenges are being presented in
geohazard assessments and geotechnical aspects of renew-
able energy, deepwater developments, floating production,
pipelines, subsea tie backs and new environmental condi-
tions.

Organizer: TC209, SUT - OSIG

Contact person: Peter Allan

Geomarine Ltd, A2 Grainger Prestwick Park

NE20 9S]J NEWCASTLE UPON TYNE

England

Tel. 44 (0) 191 4537900

E-mail: peter.allan@geomarine.co.uk; zenon@tamu.edu

(C- -0

EUROGEOS - 5th European Geosynthetics Conference, 16 -
19 September 2012, Valencia, Spain, www.eurogeo5.org
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IS-Kanazawa 2012
The 9th International Conference on
Testing and Design Methods for Deep Foundations
18-20 September 2012, Kanazawa, Japan
http://is-kanazawa2012.j

Foundation design is changing from conventional design
methods to design frameworks such as limit state ap-
proaches; performance-based design; load and resistance
factor design or probabilistic design. In this context, load
tests of single piles and plate-load tests on a construction
site are necessary as 'element tests' for design of founda-
tion systems such as pile groups (and rafts). The number of
tests on site is also a key factor in the foundation design.
Hence, the role of dynamic tests including rapid load and

vibratory test methods are becoming increasingly important
in the processes of the new design frameworks.

The objective of the conference is to provide an interna-
tional forum for practitioners, academics and researchers
from various countries to share and disseminate their
knowledge, experience and expertise in the field of pile
engineering. Emphasis will be placed on the effective use of
pile testing applied to design of foundation systems.

The word "Testing" covers the full range of test methods
including Dynamic Load Testing (DLT), Rapid Load Testing
(RLT), Sonic Integrity Testing (SIT), other integrity testing,
Static Load Testing (SLT), ground investigations and related
numerical and physical modeling while "Design" implies the
use of the test and experimental results in the design of
whole foundation systems such as pile groups and piled raft
foundations.

The conference will also include papers relating to the test-
ing of shallow foundations and informative case histories
involving 'testing' and 'design’.

1. Application of stress-wave theory to piles

1. 1. Wave mechanics applied to pile engineering

1. 2. Relationship between static resistance to driving
and long-term static soil resistance

1. 3. Case histories involving measurement and analysis
of stress waves

1. 4. Dynamic monitoring of driven piles

1. 5. Numerical and physical modeling of dynamic soil-
pile interaction

1. 6. High-strain dynamic testing

1. 7. Low-strain dynamic testing

1. 8. Rapid load testing

1. 9. Monitoring and analysis of vibratory driven piles

1.10. Correlation of dynamic and static pile load tests

1.11. Quality assurance of deep foundations using dy-

namic methods

1.12. Incorporation of dynamic testing into design codes
and testing standards

1.13. Ground vibrations (environmental impact) induced
by pile motions

1.14. Drivability analysis for impact and vibratory ham-
mers

1.15. Dynamic horizontal load testing

2.0ther pile load test and analysis methods

Static load testing

Osterberg cell tests

Horizontal load testing

Tension load testing

Numerical and physical modeling of static soil-pile
interaction

2.6. New test methods for deep foundations

NNV
UhWN R

3.Pile integrity test methods other than sonic integrity
(low-strain) testing

4.Testing other than pile testing

4.1. Static and dynamic plate load testing
4.2. Dynamic methods for ground investigations

5.Use of test results in the design of a foundation system
(such as a pile group, piled raft, etc.)

5. 1. Construction control of piles

5. 2. Testing programs of quality control techniques for
piling projects

5. 3. Re-use of existing old foundations

5. 4. Applying pile test results to design of piled founda-
tions

5. 5. Design of foundation systems based on reliability,
probabilistic, or statistical approaches
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5. 6. Design of foundation systems based on perform-
ance-based design approach

5. 7. Application of pile test results to design in an LRFD
context

5. 8. Statistical methods for designing test programs
and evaluating test results

5. 9. Economic considerations for deep foundation de-
sign and testing

5.10. Environmental considerations for deep foundation
design and testing

5.11. Correlation of results of pile tests, soil tests, and
site investigations

5.12. Incorporation of pile testing into design codes and
testing standards

6.Testing and design methods for energy piles
7.Case histories involving testing and design
8.0thers

For questions about the Conference, please contact:

E-mail: office@ is-kanazawa2012.jp
(matsumot@t.kanazawa-u.ac.jp)

Homepage: http://www.is-kanazawa2012.jp

Address: IS-Kanazawa 2012 Organizing Committee
Att. Prof. Tatsunori Matsumoto

Department of Civil Engineering, Kanazawa University,
Kanazawa, 920-1192, JAPAN

Phone and Fax: (+81) 76-234-4625
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ISC’ 4 4th International Conference on Geotechnical and
Geophysical Site Characterization, September 18-21, 2012,
Porto de Galinhas, Pernambuco - Brazil, www.isc-4.com

SAHC 2011, 8™ International Conference on Structural
Analysis of Historical Constructions, October 15 - 17, 2012,
Wroclaw, Poland, www.sahc2012.org

7™ Asian Rock Mechanics Symposium, 15-17 October 2012,
Seoul, Korea, www.arms7.com

International Conference on Ground Improvement and
Ground Control: Transport Infrastructure Development and
Natural Hazards Mitigation, 30 Oct - 2 Nov 2012, Wollon-
gong, Australia www.icgiwollongong.com

ACUUS 2012 13th World Conference of the Associated
Research Centers for the Urban Underground Space
Underground Space Development - Opportunities and
Challenges, 7 - 9 November 2012, Singapore,
www.acuus2012.com

32. Baugrundtagung with exhibition “Geotechnik®, Mainz,
Germany, 26 - 29 November 2012

GEOSYNTHETICS ASIA 2012 (GA2012) 5th Asian Regional
Conference on Geosynthetics, Bangkok, Thailand, 10 - 14
December 2012, www.set.ait.ac.th/acsig/igs-thailand

First International Congress FedIGS, 12 - 15 November
2012, Hong Kong - China, www.fedigs.org/HongKong2012

GA2012 - Geosynthetics Asia 2012 5th Asian Regional Con-
ference on Geosynthetics, 10 - 14 December 2012, Bang-
kok, Thailand, www.set.ait.ac.th/acsig/GA2012
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Geotechnical Special Publication, ASCE "“Foundation Engi-
neering in the Face of Uncertainty”. Abstracts to Mohamad
H. Hussein at: MHussein@pile.com.

Geotechnical Special Publication, ASCE "SOUND GEOTECH-
NICAL RESEARCH TO PRACTICE",
http://web.engr.oregonstate.edu/~armin/index_files/Holtz
GSP

3 O

Themed Issue on
Geotechnical Challenges for Renewable Energy
Developments

Geotechnical Engineering will publish a themed issue on the
subject of Geotechnical Challenges for Renewable Energy
Developments in 2013.

The issue will focus on the following topics associated with
the geotechnical engineering practice in the field of renew-
able energy development:

Case histories
Geotechnical investigation and monitoring
Geotechnical analysis and modelling

Innovative foundation systems for offshore and onshore
wind farms

Geotechnics of pipelines and cable transmission systems
® Barrages

e Geotechnical aspects of ocean wave and ocean current
projects
e Geothermal energy

Those who wish to publish should send a breief aoutline of
their paper to ben.ramster@icepublishing.com by 30" No-
vember 2011.
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Fifth International Conference on Forensic Engineering
Informing the Future with Lessons from the Past, 15-17
April 2013, London, United Kingdom, http://ice-
forensicengineering.com

3 O
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Conference to Commemorate the Legacy of Ralph B. Peck,
7th International Conference on Case Histories in Geotech-
nical Engineering & Soil Dynamics and Symposium in Honor
of Clyde Baker, Chicago, USA, April/May, 2013,
http://7icchge.mst.edu
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ITA-AITES WTC 2013 “Underground - the way to the fu-
ture”, Geneva, Switzerland, 10 to 17 May 2013,
www.wtc2013.ch/congress

(C- -0

Effective and Sustainable Hydraulic Fracturing -
an ISRM Specialized Conference
20-22 May 2013, Brisbane, Queensland, Australia

The Conference will focus on three technical themes:

1. Advancing Effectiveness presenting the latest advances
in simulation, theory, field and laboratory experimentation,
and case studies with an emphasis on petroleum resources

2. Exploring Versatility presenting methods and lessons
from a diversity of application domains

3. Promoting Sustainability driving toward differentiation
between real and perceived risks, deployment of viable
controls, and beneficial public engagement.

Contact Person: Dr Andrew Bunger

Private Bag 10, Clayton South VIC 3169, Australia
Telephone: +61 3 9545 8334

Fax: +61 3 9545 8331

E-mail: andrew.bunger@csiro.au
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18" International Conference on Soil Mechanics and Geo-
technical Engineering “Challenges and Innovations in Geo-
technics”, 1 - 5 September 2013, Paris, France
www.paris2013-icsmge.org

Géotechnique Symposium in Print on Bio- and Chemo-
Mechanical Processes in Geotechnical Engineering,
www.elabs10.com/content/2010001471/SIP%202013.pdf
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EUROCK 2013
ISRM European Regional Symposium
Rock Mechanics for Resources, Energy and En-
vironment
23-26 September 2013, Wroclaw, Poland

Contact Person: Prof. Dariusz Lydzba
Address: Wroclaw University of Technology
Faculty of Civil Engineering

Department of Geotechnics and Hydrotechnics
9, Plac Grunwaldzki

PL-50-377 Wroclaw

Telephone: (+48) 71 320 48 14

Fax: (+48) 71 320 48 14

E-mail: dariusz.lydzba@pwr.wroc.pl

(C- 4R -0)

ANDORRA 2014 14th International Winter Road Congress
2014, 4-7 February 2014, Andorra la Vella (Andorra),
www.aipcrandorra2014.org

8th European Conference “Numerical Methods in Geotechni-
cal Engineering”, Delft, The Netherlands, 18-20 juni 2014,
www.numge2014.org

10th International Conference on Geosynthetics - 10ICG,
Berlin, Germany, 21 - 25 September 2014 www.10icg-
berlin.com
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13" ISRM International Congress on Rock Mechanics
Innovations in Applied and Theoretical
Rock Mechanics
29 April - 6 May 2015, Montreal, Canada

The Congress of the ISRM "Innovations in Applied and
Theoretical Rock Mechanics" will take place on 29 April to 6
May 2015 and will be chaired by Prof. Ferri Hassani.

Contact Person: Prof. Ferri Hassani

Address: Department of Mining and Materials Engineering
McGill University

3450 University, Adams Building, Room 109

Montreal, QC, Canada H3A 2A7

Telephone: + 514 398 8060

Fax: + 514 398 5016

E-mail: ferri.hassani@cGill.ca
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ISRM

Valedictory Message from
Professor John A Hudson
ISRM President, 2007 - 2011

My four-year tenure as ISRM President began at the end of
the ISRM Lisbon Congress in 2007 and will finish at the end
of the ISRM Beijing Congress, i.e., at about 18.00 on Friday
21 October in 2011. So, I am saying goodbye now through
this Newsletter, which is the last during my Presidential
period.

It was an honour to have been voted into the Presidential
position and I hope that, together with the 2007-2011
ISRM Board, I have served you all well. My theme was
modernisation and we have indeed implemented almost 30
initiatives over the four years, including

e the launch of the ISRM Virtual Library hosted at
www.OnePetro.org,

the creation of ISRM Fellows,

the introduction of the ISRM Annual Lecture,

running ISRM Lecture Tours and ISRM Field Trips,
ensuring that the ISRM Commissions are productive, and
organising the ISRM 50-year Anniversary celebrations,

the full list being given on page 6 of the 2010 ISRM News
Journal.

One needs a great deal of help to achieve all these goals
and I wish to especially acknowledge the ISRM Board
members for their inspiration, resourcefulness and support
in the generation and implementation of the initiatives.
Additionally, the ISRM Secretariat headed by Dr Luis Lamas
has provided invaluable advice, assistance and hard work
over the four years.

Finally, I should like to assure all ISRM members that my
successor, Professor Xia-Ting Feng of the Institute of Rock
and Soil Mechanics, Chinese Academy of Sciences, will pro-
vide exemplary ISRM Presidential leadership for the next
four-year period.

(/’/pmwm

Election of the Regional ISRM Vice Presidents
2011-2015

Election of the ISRM Regional Vice Presidents 2011-2015
will take place at the Council meeting to be held on 17 Oc-
tober 2011 in Beijing, China. As part of the current ISRM
Board’s modernisation programme, the Board wishes to
ensure that ISRM members have the opportunity to learn
about the candidates experience and intentions. Accord-
ingly, we have asked the candidates to provide 10 minute
videos of their background and intentions. These videos are
available on the ISRM website, from where the candidates
nomination documents can be also downloaded.

Nominated for VP Europe

Prof. Frederic Pellet, France

ISRM 50th Anniversary Young Members' Slide
Show Competition
"The Future Directions for Engineering Rock
Mechanics"

Six excellent slide shows were submitted to the competi-
tion open to young members of the ISRM to present their
vision of The Future Directions for Engineering Rock Me-
chanics. Candidates were asked to prepare a fully explana-
tory PowerPoint slide show explaining, illustrating and justi-
fying their ideas.
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Dr Ricardo Resende from Portugal won the competition and
you can click on the following web page
http://www.isrm.net/fotos/editor2/nl15/ricardoresende fut
ure for erm.pdf to dowload his winning slide show.

On the occasion of the 50th

“  ISRM Anniversary

nlation by Ricardo

Ricardo is a member of the ISRM Young Members' Presi-
dential Group and he will make a presentation based on his
winning slide show at the Second ISRM International Young
Scholars' Symposium on Rock Mechanics, which will take
place in Beijing, China, on 14-16 October 2011, immedi-
ately preceding the 12th ISRM International Congress.

Networking among Underground Research
Laboratories is for a New ISRM Commission,
2011-2015

The new ISRM Commission is to be launched at Workshop
WS5 on 17 October 2011, associated with the Beijing Con-
gress.

All of you are welcomed to attend, participate, and contrib-
ute to WS5 on Monday 17 October 2011, right before the
technical sessions of the Congress during 18-21 October at
Beijing. We will have lectures and discussion/updates to
address the needs and logistics of the initiative for a world-
wide networking effort among Underground Research Labo-
ratories (URLs). It will be an informal and informative gath-
ering during a very busy day with concurrent short courses,
workshops, commissions, and executive meetings. You can
certainly drop in for the WS5 lectures and topical discus-
sions and provide your inputs. Even if you have schedule
conflicts, we welcome your inputs for the new Commission
scope and contributions to the Workshop Proceeding which
will be published in an ISRM Book series. Please feel free to
contact Joe Wang jswang@lbl.gov for any details. We ap-
preciate your indications and considerations for availabil-
ities to participate in the workshop, to help in formulating
the Commission, and to indicate your interests.

The New URL Networking Commission concept is a rela-
tively recent development, endorsed by John A. Hudson
and Xia-Ting Feng, our current and incoming Presidents.
You are invited to provide inputs to the Commission scope
and to nominate potential Commissioners for consideration
by John Hudson and Xia-Ting Feng at the Beijing Congress.
We are seeking supports from regional and national groups,
from ISRM community at large, and from other related
fields.

As indicated below, and to be updated on the Congress web
site
(http://www.isrm2011.com/upload/shortcourse/WS5.pdf),

the WS5 agenda has 5 technical sessions to cover 10 topics
that are listed in the original workshop announcement. In
the morning sessions, we will cover rock mechanics chal-
lenges in deep facilities, deep underground laboratories
primarily for physics searches, and URLs designated for
radioactive waste assessment. We then have afternoon
sessions on site characterization, couple process testing,
and inter-disciplinary studies. We will have both a pre-
commission briefing at the beginning of first session, and a
last session on discussions of initiatives to kick off the new
Commission. The Workshop Proceedings with preprints,
presentations, and proposals files hyperlinked will be peri-
odically updated on http://dl.dropbox.com/u/7798101/URL-
NetworkPPP/TemperateISRM2011.doc.

We are looking forward to meeting you at the Workshop,
throughout the Congress, and to receiving your indications
of interests and inputs in the months and years to come.
The World Network of URLs and a call for integration by
Professor Charles Fairhurst at the Deep Underground Sci-
ence and Engineering Laboratory (DUSEL) Research Asso-
ciation 2010 meeting are illustrated below.

Joseph S.Y. Wang

DUSEL

Yucca Mountain

(Closed)

Need to integrate DUSEL into World Network of URL's

Need Experimental Verification of Models in Different Rock Types
(especially sedimentary )

*)

Networks of Underground Research Laboratories for
International, Inter-disciplinary Innovations

Proceedings of an International Society for Rock Mechanics
Workshop on
17 October 2011, Beijing, China
associated with the ISRM 12" International Congress on
Rock Mechanics

Underground Research Laboratories (URLs) were initially
developed in the 1970s in Sweden for thermal and hydro-
logical responses to emplacements of spent nuclear materi-
als. Over a dozen URLs have since been and established
and planned worldwide for studying coupled thermal-
hydrological-mechanical-chemical-biological or THMCB
processes. Similar number of underground facilities has
been developed for physics research, mostly at great
depths along roadway tunnels and in mine levels. There are
growing interests to use underground laboratories for en-
ergy and environmental studies and with emphasis in multi-
disciplinary and inter-disciplinary approaches. This URL
workshop discusses if networking among underground labo-
ratories can be further developed from state of knowledge
gained from past experience, current status of operation,
and evolving plans. The original list of topics planned to be
discussed is given in Table 1.
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Table 1. Topics Planned for the URL Workshop

1 From Sweden to China’s Competent, Barely Fractured
Sites and Deep Tunnels

2 Challenge and Progress of Design of Wide-Span Cav-
erns at Depths
Physics Deep Labs for Search of Rare Events from the

3 Birth of the Universe (including geodynamics studies,
)

4 URL Programs in Hard and Soft Rocks: Similarities
and Differences
Underground Injection and Withdrawal Assessments

5 (including CO2 sequestration, shale gas production,
)

6 Fractured Rock Characterizations in Japanese, Euro-
pean and North American Sites

7 From Tuff to Metamorphic Rocks at Depths — Coupled
THMCB Testing and Modeling

8 Bio-Seismic Coupling and Search of the Origin of Life
Hydro-Mechanical Coupled Tests and Induced Seis-

9 L C .
micity, Seismic-EM Couplings

10 | From Underground, Surface, to Ionosphere
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INTERNATIONAL TUNNELLING AND
UNDERGROUND SPACE ASSOCIATION

Message from In Mo LEE, ITA President
Dear ITA Colleagues

The 37th ITA General Assembly and
World Tunnel Congress 2011 were held
in May 20th~26th in the beautiful city of
Helsinki. Thanks to the great effort of the
Finnish Tunnelling Association, it was
really a successful Congress with 1405
registered participants.

I am also very pleased to inform you that besides 58 exist-
ing member nations, six new countries, Azerbaijan, Bela-
rus, United Arab Emirates, Nepal, Panama, and Serbia,
joined us as an ITA family in the General Assembly ending
up with 64 member nations. Moreover, besides ten existing
prime sponsors, BASF, HERRENKNECHT, IMPLENIA, CATER-
PILLAR (LOVAT), MAPEI, MOT, NORMET, ROBBINS, SIKA,
and STC, two new companies, ATLAS COPCO and SANDVIK,
joined the category of prime sponsors. Moreover, besides
three active ITA committees, ITA COSUF, ITA CUS, and ITA
CET, a new committee, ITA TECH was established and ap-
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proved in the General Assembly so that it will enable ITA to
stay ahead of market and technology development. I be-
lieve all of these examples clearly self-prove that we have
been stepping into widening the horizon of ITA, and hope
that this effort continues for the forthcoming year until we
meet again in Bangkok Congress.

I wish you have a wonderful summer (or winter in the
Southern Hemisphere) holiday.

In-Mo Lee
President of ITA 2010-2013

Thirty Seventh Annual Meeting - Helsinki 2011

The International Tunnelling and Underground Space Asso-
ciation held its thirty seventh meeting in Helsinki, Finland,
from 20 to 25 May 2011, in conjunction with the World
Tunnel Congress 2011 "Underground Space in the service
of a sustainable society" organised by ITA, the Finnish Tun-
nelling Association and the Finnish Association of Civil Engi-
neers — RIL. More than 1400 persons participated to the
Congress. 49 of the 64 Member Nations participated or
were represented in the General Assembly, including 5
proxy.

MEMBER NATIONS PRESENT OR REPRESENTED

South Africa, Germany, Argentina, Australia, Austria, Azer-
baijan, Belarus, Belgium, Bosnia and Herzegovina, Brazil,,
Canada, Chile, China, Colombia, Republic of Korea, Croatia,
Denmark, Egypt, Spain, United States of America, Finland,
France, Greece, Hungary, India, Indonesia, Iran, Italy, Ja-
pan, Laos, Malaysia, Mexico, Montenegro, Nepal, Norway,
The Netherlands, Poland, Portugal, Romania, United King-
dom, Russia, Singapore, Slovakia, Slovenia, Sweden, Swit-
zerland, Czech Republic, Thailand, Turkey

MEMBER NATIONS NOT PRESENT

Algeria, Saudi Arabia, Bulgaria, United Arab Emirates,
Iceland, Israel, Kazakhstan, Lesotho, Morocco, Panama,
Peru, Serbia, Ukraine, Venezuela, Vietham.

MEMBERSHIP

The Association has registered the membership of six new
Member Nations, Azerbaijan, Belarus, United Arab Emir-
ates, Nepal, Panama and Serbia, and 20 new Affiliate Mem-
bers (15 Corporate Members and 5 Individual Members);
the total results to 64 Member Nations and 310 Affiliate
Members (187 Corporate Members and 123 Individual
Members) taking into account some resignations.

NEXT ANNUAL MEETINGS

e Bangkok, Thailand, from 18 to 23 May, 2012, during the
ITA - AITES WTC 2012 “Tunnelling and Underground
Space for a global Society”

e Geneva, Switzerland, from 31 May to 5 June 2013, during
the ITA - AITES WTC 2013 “Underground - the way to
the future”

e Sao Paulo, Brazil, from 9 to 15 May, 2014, during the ITA
- AITES WTC 2014 “Tunnels for Better Living”
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GeoWorld
Dear members of the ISSMGE,

My name is Dimitrios Zekkos and I am the Chair of the
Board-level Innovation and Development Committee (IDC)
of the ISSMGE. You recently received an announcement
from the ISSMGE President about the development of Ge-
oworld (GW). Geoworld is a new, free, professional net-
working platform for professionals, companies and profes-
sional organizations in the geoengineering profession that
was developed jointly by ISSMGE and Geoengineer.org. It
promotes professional networking, collaborations and in-
formation dissemination at a global scale. The following
video briefly announces and describes Geoworld:
http://www.youtube.com/watch?v=MRYA-
mMSGCw&feature=player embedded

Geoworld was officially announced two weeks ago and is
already experiencing a major influx of geotechnical engi-
neers who are registering as members. There are already
over 600 individuals, and 22 companies registered and 42
professional groups formed.

The ISSMGE has a profile page on GW and has already cre-
ated a page for each of the Technical Committees. This
means that each of the ISSMGE Technical Committees can
promote its activities through Geoworld to the geotechnical
profession. If your committee has a website already, the
Geoworld page can be used to promote updates of this
website. If not, you can use the GW page as the TC web-
page. Your TC GW page allows geotechnical engineers to
register to it and follow all the news, updates, announce-
ments, and files that your committee posts there. It is like
an embedded mailing list of individuals who are interested
on the domain of the TC. Through GW each of the TCs is
empowered independently to promote its activities and
reach out to the geo-professionals who have expressed
interest in them. In the future, when your TC releases a
publication, wishes to promote a conference, or simply
wants to make an announcement, it will have the ability to
immediately target an audience of interested geotechnical
engineers worldwide. This means that as members of the
TC, you have more tools at your disposal to engage partici-
pation in your committee and organize activities. In addi-
tion to announcements, you can use the GW page to host
files, host forums, promote conferences, compile a list of
publications, or host videos, photos. All information is
automatically indexed and searchable by GW members. The
IDC and the Geoengineer.org staff are here to support you
in taking full advantage of these opportunities. You can
contact me directly or the Geoengineer.org Information
Technology staff at it@geoengineer.org for assistance. In
addition, if there are additional needs/features that you
would like to see incorporated, we will include them in our
priority list. We are currently working on a number of new
features for GW and we expect many more valuable fea-
tures to be added in the near future.

You will receive an invitation from the ISSMGE to join Ge-
oworld soon after this e-mail. By accepting you can create
an account and establish your professional network. Creat-
ing your account should be very easy. You can then join the
TCs of your interest as well as other professional groups.
You can also form new groups to support your professional
activities.

To support this experience, Geoengineer.org has a created
a series of “How-to” instruction videos
(http://www.mygeoworld.info/pg/expages/read/Instruction

s/ / tips
(http://www.mygeoworld.info/pg/expages/read/Tips/ ), and
a list of Frequently-Asked-Questions (FAQ)
(http://www.mygeoworld.info/pg/expages/read/FAQ/).

We hope that you will find this a new, unique and valuable
tool for your professional activities. Feel free to contact me
if you have any questions,

Regards,

Dimitrios Zekkos

Chair of ISSMGE Innovation and Development Committee
(IDC)

http://www.mygeoworld.info/pg/profile/zekkos
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Studying the Japan quake's impact on soil will
improve building design

The 11 March quake that hit Japan weakened subsur-
face materials by as much as 70 percent; that nonlin-
ear response from the top layer of the Earth's crust
affected how the movement of faults deep beneath
the surface was delivered to buildings, bridges, and
other structures; understanding how the soil re-
sponds to powerful earthquakes could be important
to engineers and architects designing future build-
ings to withstand the level of acceleration measured
in this quake

Quake caused soil liquifaction and loss of density // Source:
factsanddetails.com

Japan’s 11 March Tohoku Earthquake is among the strong-
est ever recorded, and because it struck one of the world’s
most heavily instrumented seismic zones, this natural dis-
aster is providing scientists with a treasure trove of data on
rare magnitude 9 earthquakes. Among the new information
is what is believed to be the first study of how a shock this
powerful affects the rock and soil beneath the surface.

Analyzing data from multiple measurement stations, scien-
tists at the Georgia Institute of Technology found that the
quake weakened subsurface materials by as much as 70
percent. That nonlinear response from the top layer of the
Earth’s crust affected how the movement of faults deep
beneath the surface was delivered to buildings, bridges and
other structures.

Understanding how the soil responds to powerful earth-
quakes could be important to engineers and architects de-
signing future buildings to withstand the level of accelera-
tion measured in this quake. The information will also help
seismologists develop new models to predict the effects of
these rare and extremely powerful events.

“The degree of nonlinearity in the soil strength was among
the largest ever observed,” said Zhigang Peng, an associate
professor in Georgia Tech’s School of Earth and Atmos-
pheric Sciences. “This is perhaps not too surprising because
the ground shaking generated by this earthquake - accel-
eration as much as three times the Earth’s gravity - is also
among the highest ever observed.”
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A Georgia Tech release reports that the findings were re-
ported in a special issue of the journal Earth, Planets and
Space (EPS). The research was sponsored the National Sci-
ence Foundation (NSF) and by the Southern California
Earthquake Center (SCEC).

Peng and graduate student Chunquan Wu were among the
first scientists to examine data recorded by the high-quality
seismometers that are part of the Japanese Strong Motion
Network KIK-Net. The stations have accelerometers both on
the surface and in boreholes located on bedrock far be-
neath it.

The researchers chose to study data from six stations that
have strong velocity contrasts between the surface soil lay-
ers and the underlying bedrock.

“In this study, we were trying to understand the relation-
ship between soil nonlinearity and peak ground acceleration
(PGA), which is a measure the ground shaking,” said Wu.
“"We want to understand what parameters control this kind
of response.”

By comparing data on the acceleration of motion from sen-
sors on the bedrock to comparable information from surface
sensors, they were able to study how the properties of the
researchers computed the spectral ratios of each pair of
station measurements, and then used the ratios to track
the temporal changes in the soil response at various sites
at different levels of peak ground acceleration.

“The shear modulus of the soil was reduced as much as 70
percent during the strongest shaking,” Wu explained. “Typi-
cally, near the surface you have soil and several layers of
sedimentary rock. Below that, you have bedrock, which is
much harder than the surface material. When seismic
waves propagate, the top layers of soil can amplify them.”

Nonlinear response from soils is not unusual, though it var-
ies depending on their composition. Similar but smaller
effects have been seen in other earthquake-prone areas
such as California and Turkey, Wu said. The shallow layers
of the Earth’s upper crust can be complex, composed of
varying types of soil, clay particles, gravel and larger rock
layered in sediments.

Because the 11 March quake lasted an unusually long time
and generated a wide range of ground motions of greatly
varying strengths, it provided an unprecedented data set to
scientists interested in studying nonlinear soil behavior.

Beyond the immediate effect of the strongest shock, the
researchers were interested in how the soils recover their
strength after the shaking stops. That recovery time can
vary from fractions of a second to several years, Wu said.

"It is still not clear whether there could be longer recovery
times at certain sites,” Wu noted. “This is a function of soil
type and other factors.”

If the soils are very porous, water can lengthen the recov-
ery. “For porous media, the ground shaking could cause
water to go into the pores, which will also reduce the shear
modulus of the soil. If water is involved, the recovery time
will be much longer.”

Soil response to aftershocks, which ranged up to magnitude
7.9 after the main Tohoku earthquake, was also studied.

Information developed by the Georgia Tech researchers will
be provided to seismologists developing new hazard models
of very powerful earthquakes. Knowing how soils respond
to strong shaking is also important to predicting how mo-
tion deep within the Earth will be translated to structures
built on the surface.
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“Understanding how soil loses and regains its strength dur-
ing and after large earthquakes is crucial for better under-
standing and predicting strong ground motions,” Peng
noted. “This, in turn, would help earthquake engineers to
improve the design of buildings and foundations, and could
ultimately help to protect people in future earthquakes.”

(HomelandSecurityNewsWire.com, 19 July 2011)
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A gap opens under Big Dig tunnel due to sinking soil
Contracting soil in Big Dig tunnel causes more
problems

State transportation officials revealed today that soil thaw-
ing underneath a Big Dig tunnel has created a gap filled
with water about nine feet below the roadway. But they
said they are monitoring the issue and it does not pose any
risk to the traveling public.

Work crews chemically froze the soil 11 years ago so that it
would not cave in as they dug into the ground and built the
tunnel, which connects Interstate 90 to the Ted Williams
Tunnel near South Station.

Engineers always anticipated that, as the ground thawed
over the years, it would contract. However, it has receded
twice as much as initially anticipated and then filled with
water because the area is below the water table, officials
said.

“We would not be letting cars go through there... if there
were any [safety] issue whatsoever,” said Richard A.
Davey, the general manager of the MBTA, who takes over
as state transportation secretary next month.

“"We have to manage the situation, and that's what we're
going to do,” Davey said. “So whatever it was that was
incorrect or mis-assumed back in 1995 [when the tunnel
plans were drafted] we don’t know. But what we are fo-
cused on is managing the situation.”

The issue is the latest problem for the Big Dig, which has
been under intense public scrutiny since 2006 when a sec-
tion of the same tunnel, officially known as the Interstate
90 Connector, collapsed and killed a Jamaica Plain woman.

More recently, engineers have had to battle water leaks
throughout the system and have had to secure thousands
of tunnel light fixtures after one of them fell from the ceil-
ing of the O’Neill Tunnel in February. This most recent
problem is unrelated to the water leaks in the tunnels.

State officials have spent $15 million so far to monitor the
soil thawing above and below the I-90 Connector, and have
budgeted $10 million more for repairs. The money comes
from a fund set up by the Big Dig’s contractors.

When the area is completely thawed, at the end of 2013 or
beginning of 2014, crews will suck out the water from un-
derneath the tunnel and fill the gap with concrete.

Officials said they do not know the exact size of the space
underneath the tunnel, because it is 60 feet below ground
and hidden below the roadway. They said it could grow in
size as the ground continues to thaw and recede over the
next two years.

To assure themselves that the tunnel is safe, they con-
ducted tests that assume the worst-case scenario: that the
gap is the size of the tunnel itself. Even if the gap were that

big — and engineers do not believe that it is — the tunnel
would hold, much like like a bridge over a river, state offi-
cials said.

Officials had already disclosed in February 2010 that soil
above the tunnel was shifting as it thawed, creating poten-
tial problems for the commuter rail and Amtrak tracks that
run into South Station. But today was the first time officials
revealed that ground thawing below the tunnel was also a
cause for concern.

That ground has already damaged a 345-foot drainage pipe
that runs between the eastbound and westbound sections
of the tunnel. Several years ago, the pipe fell 8 feet out of
alignment, as the ground below it contracted, officials said
today. Workers built a bypass system for that pipe, at a
cost of $1.2 million, and will need to replace the pipe itself
once the soil is completely thawed.

The ground has been thawing since 2002, when work crews
finished building the tunnel and stopped pumping saline
coolant into the earth. Officials said they believed that the
entire area would have thawed by now. They said they do
not know whether engineering errors are to blame for the
ground contracting more than initially projected.

“It's another issue that we have to monitor so that we can
react if anything does manifest itself,” said Frank DePaola,
the state’s acting highway administrator. “So far, there has
been no indication of stress or strain within the tunnel sec-
tions itself.”

While the damaged pipe has been the biggest problem to
date, the receding ground has caused other problems in the
area. Crews had to reinforce a high-voltage electrical duct
for the Red Line to prevent the duct from sagging, as the
ground below it contracts. They also repaved part of the
parking lot for the US Postal Service facility near South Sta-
tion, because the pavement there had buckled.

Officials pledged to continue monitoring the tunnel by con-
ducting monthly inspections of the ground surface, which
gives them an indication of how fast the soil below is thaw-
ing. Inspectors have also been ordered to regularly check
the I-90 Connector’s joints, walls, roof, and concrete for
any signs of movement.

State officials are paying for the monitoring and repairs by
tapping the $485 million settlement that Bechtel/Parsons
Brinckerhoff -- the firms that designed and managed the
Big Dig -- agreed to pay in 2008 to avoid criminal charges
and civil liability stemming from leaks, the fatal ceiling col-
lapse, and other flaws that plagued the project in the past.

(Michael Levenson / The Boston Globe / Metro Desk, August
8, 2011)

(C- 4R -0)

Bear River Canal Break Affects Thousands

COLFAX, Calif. -- The Placer County Water Agency is asking
38,000 customers to conserve treated water after a section
of a PG&E water canal broke.

The general manager of the water agency, David Breninger,
told KCRA 3 the break would directly affect 4,000 custom-
ers who rely on canal water for watering the their lawns
and feeding livestock or watering crops.
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The canal break is located near the town of Colfax. The
Bear River Canal runs from Rollins Lake to Folsom Lake.

PG&E said a landslide took out a large section the canal
that sits high on a hillside above the Bear River.

Engineers for PG&E have inspected the damage and are
formulating a plan for repair, according to spokesman Paul
Moreno.

The repair will likely take several weeks, according to Mo-
reno. During that time the water agency said residents
should plan on rolling 24-hour outages for non-treated wa-
ter.

“Without (the water), it's going to be a problem,” said
Sandie Phillips, a Colfax resident who uses irrigation water
on the 6 acres of land she owns.

Phillips also needs the water for her horses and her garden.
She is already planning not to plant as much until the canal
is fixed.

While she can use her drinking water to feed the horses, it’s
too expensive to use for watering her land.

“The bill goes up with everything else,” said Phillips. “Be-
tween gas prices and food prices -- now the water is going
to go up.”

(Richard Sharp / KCRA-TV (Sacramento, Calif.), 19 AnpiA
2011)
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How genetic engineering of bacteria can be
used to repair concrete

The pace of change in the development of new materials
has been accelerating for at least a couple of decades. Even
people who make it a point to keep themselves informed
find themselves falling behind.

While all kinds of construction materials have changed,
nowhere has the change been bigger or faster than in ce-
ment and concrete.

You just get acclimated to the changes that polymer chem-
istry brought to the concrete industry and nanotechnology
begins to creep into the conversation. You get used to
reading about genetically modified food and then, all of a
sudden, you read about that kind of bioengineering applied
to repairing cracked concrete.

It seems that a team of students at a British university has
used genetic modification to develop a way to repair fine
cracks. Their achievement holds the promise of prolonged
life for concrete structures and a reduction impact that they
will have on the environment over the life of the structures.

Ever hear of Bacillus subtilis? Most of us haven’t. Appar-
ently it's a bacterium commonly found in most soils. But
the students from the University of Newcastle, tweaked its
genetic properties and turned it into an amazing little thing
that’s at the heart of what the students are calling Bacilla-
Filla.

It's not a product yet, but it might become one two or three
years down the road.

The nine students, from half a dozen academic disciplines,
have performed a neat trick. They've genetically modified
bacteria that grow only when they come in contact with
concrete. Then they “swim” down fine cracks in the con-
crete and produce a mixture of calcium carbonate and a
bacterial glue to “knit” the concrete back together.

As the bacteria grow, they produce three types of cells. One
type produces crystals of calcium carbonate; one develops
filament-like cells that serve as reinforcing fibres, and the
third produces glue that acts as a binding agent and fills
the gap. Ultimately, the repair cures to the same strength
as the surrounding concrete.

The students built a safeguard into BacillaFilla: It only ger-
minates when in contact with concrete — triggered by the
material’s pH. And it has a built-in self-destruct gene so it
wouldn't be able to survive should it escape into environ-
ment at large.

The calcium carbonate produced expands at the same rate
as concrete, making it an ideal filler material. The B. subtilis
filaments have a tensile strength similar to the synthetic
fibres used in fibre-reinforced concrete. The student’s back-
grounds include computer science, civil engineering, bioin-
formatics, microbiology and biochemistry.

Cement and concrete have a bad environmental reputation.
Globally, their manufacture accounts for about five per cent
of all man-made carbon dioxide emissions. Extending build-
ing life will spread those emissions over a longer life cycle,
with the result that a building’s carbon footprint would be
smaller.
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While BacillaFilla could be used just about anywhere, one
thinks immediately of the damage done by earthquakes,
often resulting in the razing of many buildings that could be
repaired. It would also be useful in the maintenance and
repair of heritage buildings, and also for extending the life
of public infrastructure.

The nine British students won an international gold medal
for their work. The idea of the competition was to get to-
gether a team of students from a variety of backgrounds to
design and genetically engineer a bacterium to do some-
thing novel and useful. More than 130 teams entered,
which means a lot of good young minds are working in the
field.

That should mean we can look forward to more innovative
ideas and products making their way to market. It's going
to be fun to watch.

Korky Koroluk / Daily Commercial News, September 29,
2011)
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Video:
Geotechnical investigation of the
March 11, 2011 Tohoku Earthquake, Japan

The NSF funded Geotechnical Extreme Events Reconnais-
sance (GEER) team has provided a preliminary report and
some amazing photos and video of the damage to various
regions of Japan affected by the moment magnitude 9.0
earthquake that struck on March 11, 2011. Read on to see
some amazing photos and video of the liquefaction damage
related to the Tohoku Earthquake in Japan. (Photos
from Oregon State Flickr)

In coordination with the Japanese Geotechnical Society, the
first group of GEER members, consisting of Ross Boulanger
(Team Leader), Scott Ashford, Jennifer Donahue, and Jona-
than Stewart visited sites in the Kanto Plain region during
the period of March 26 to April 1, 2011. Their trip was con-
strained by time available as well as the need to stay clear
of ongoing humanitarian operations as well as the limited
by the crisis at the Dai-ichi nuclear power plant in Fuku-
shima. They focused their efforts on documenting the dam-
age to various facilities, with special attention given to evi-
dence of damage that will be cleaned up quickly or vanish
because of natural processes.

The amount of liquefaction related damage shown in their
photos and video is simply staggering. They show sea-
ports, water treatment plants, residential buildings, and
town and village main streets that are covered in sand that
boiled up from the ground as a result of the strong shak-
ing. Buildings and structures have tilted, and some settled
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by as much as a meter or two. There is even photos show-
ing a sewer line that floated up to the surface when the soil
around it liquefied.

The data that was collected by this and other GEER teams
and the follow-up analysis will allow geotechnical engineers
and others to learn from the tragic events and hopefully
lead to safer, more earthquake resistant designs.

Video of Liquefaction Damage from the 2011 Japan Earth-
quake

http://www.youtube.com/v/ryTkUY 49Lk?version=3
http://www.youtube.com/watch?v=ryTkUY 49Lk

GEOTECHNICAL EXTREME EVENTS RECONNAISSANCE

Download the Geotechnical Quick Report on the Kanto
Plain Region during the March 11, 2011, Off Pacific
Coast of Tohoku Earthquake, Japan by Scott A. Ashford,
Ross W. Boulanger, Jennifer L. Donahue, and Jonathan P.
Stewart - April 5, 2011

http://www.geerassociation.org/GEER Post%20EQ%?20Re
orts/Tohoku Japan 2011/Cover Tohoku 2011.html

(Randy Post, Thursday, 28 April 2011)
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Evrunwolakda ®daivopeva PeuoTonoinong ornv
Ianwvia ApkeTég HUEPEG HETA TOV ZEICHO

KukAo@opei oTo diadikTuo video To onoio napouacialel ¢ai-
VOWEVA PEUCTONOINONG APKETEC NUEPEG (ONwG IoxupifovTal)
META TOV ogiopd Tng 11" Maptiou 2011. MnopsiTal va To
deiTe YEOw TNG 10TooEAIdag Tng EEEEMM (PeuoTtonoinon Ia-
nwviacg).

B€Baia dAAog sival o oTdxog Tou video, aAAd via gudc apkei
auTo nou BAEMOULE...
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Quake study may lead to safer building designs

CARBONDALE, Ill. -- Pluck a guitar string, and it will vibrate
at a certain rate, creating pitch based on how fast or slow
these oscillations occur. This vibration rate, or frequency,
depends on several factors, including the structure of the
string and its length.

Like guitar strings, building have frequencies, too. So when
the earth moves violently during an earthquake, buildings
also vibrate at their frequency, which is also based on fac-
tors such as structure, size and the type of ground in which
it is anchored. In an earthquake, those vibrations can prove
catastrophic.
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The phenomenon, known as fundamental frequency, is a
fairly well understood variable in the world of engineering
earthquake-resistant structures. But there are many other
variables -- perhaps 20 or more -- that are not.

Two researchers at Southern Illinois University Carbondale
are hoping to change that by crunching earthquake data
gathered from the United States and around the world and
combining it with imaging technology and software. What
comes out the other side of this effort could potentially
change building codes everywhere and allow engineers to
build better, safer structures to withstand earthquakes.

Jale Tezcan, assistant professor of civil and environmental
engineering, and Qiang Cheng, assistant professor of com-
puter science, recently received a three-year, $260,000
federal grant form the National Science Foundation aimed
at preventing structural damage like the kind Japan suf-
fered this spring. The two researchers, along with graduate
students, have begun pulling data together and formulating
software to analyze and it.

“This is a really a creative way of looking at this problem,”
Tezcan said. “We are converting earthquake signals into
pictures and applying image processing techniques to
them.”

The research could fill a critical gap in the knowledge set
that engineers use when designing earthquake resistance
into new structures.

When they design buildings, engineers typically rely on
recorded earthquake signals to ensure their buildings can
take the stress of future temblors. Often, however, engi-
neers must rely on data from earthquakes that occur in
such seismic hotspots as California, even if they are design-
ing a building for Southern Illinois.

But when it comes to how earthquakes cause damage, one
size far from fits all.

Instead, many factors -- soil types, bedrock depth, plate
locations and boundaries and others -- can affect how
earthquake energy travels, dissipates and ultimately im-
pacts structures. And ultimately, how it affects structures.

“The problem is we don’t have enough earthquakes here
that are large enough to provide such test signals,” Tezcan
said. “So what happens is engineers just look at earthquake
signals from California, make some adjustments based on
building codes and go from there. There are a few dozen
variables. But building codes only use three or four. That’s
really unrealistic because everything is different.”

California, for instance, is located along a plate boundary.
The motion that occurs during a quake, therefore, would be
different in character than one that occurs in the Midwest.
The geological conditions also are very different. California’s
bedrock lies deep, which tends to isolate quake energy
nearer to its source. In the Midwest, however, quake en-
ergy tends to travel much further. An earthquake that
originated near Southern Illinois a few years back, Tezcan
said, was felt as far away as Florida.

“A strong earthquake here would impact six to seven
states,” she said. “Our goal is to provide engineers with
more realistic earthquake signals so they have better sce-
narios to design their structures.”

To do this, Tezcan and Cheng will look at both the better-
understood variables such as magnitude, distance and soil
types, as well as the many that are not as well known,
through the prism of their new approach.

“Magnitude is important, of course, as is distance and soil
type as some tend to amplify seismic energy while others
do not,” Tezcan said. “But there are other variables too,

some of which probably haven’t even been discovered yet
and some that researchers think may even be more impor-
tant” than the ones that are known.

These other variables include factors such as the depth at
which the focus of the quake occurs, as well as whether the
motion is toward or away from structures.

The variables basically live in an array of databases kept
both at home and abroad. In the United States, the U.S.
Geological Survey keeps extensive tabs on quake variables,
yet the information is not used in building codes because
little is known about their effects on structures.

After gathering the USGS data, as well as data from
Europe, Japan and other areas, the researchers will use
computer analysis to take the quake signals, apply them to
variables and turn them into pictures to figure out which
variables are the most important to engineers.

Tezcan will collect the databases while Cheng will put the
data through programs and processes he is creating that
will identify patterns in earthquake signals using imaging
technology, basically turning the signals into visual repre-
sentation that researchers can interpret.

After that, Tezcan will use the data to create models that
engineers will be able to apply to their unique geological
situations. The work also will quantify uncertainty, which
will help engineers make calculations, as well.

One key aspect will examine a quake’s amplitude as dis-
tributed over time and frequency. This might potentially tell
an engineer what type of destructive fundamental frequen-
cies a quake might put out in a certain area, bringing the
vibrating guitar string example back into focus.

“Every structure likes to vibrate at a certain frequency, and
if the earthquake provides that particular frequency the
buildings become really happy,” and move back and forth
more readily, Tezcan said. The work will alert engineers to
such hazards, allowing them to design buildings to avoid or
withstand such issues.

“We will create some scenarios of ground motions for re-
gions,” Tezcan said. “Even though there are not enough
actually earthquakes to test, we hope this will allow engi-
neers to apply the model in other areas, too.”

(Tim Crosby / The Saluki Times, Southern Illinois University
Carbondale, July 6, 2011)
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Victoria University building breaks new ground
New earthquake-dampening technology
distinguishes university building

Victoria University's Alan MacDiarmid building has been
nominated as a finalist in the Association of Consulting En-
gineers annual Innovate awards for its pioneering use of
new earthquake damping technology.

It is the first multi-storey building in New Zealand to be
built using precast seismic structural systems (PRESSS)
which use un-bonded post-tensioning to allow controlled
rocking of joints.
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This softens the blow of an earthquake, springing the build-
ing back to upright without significant structural damage
even after a major earthquake.

Dunning Thornton were engineering designers for the build-
ing which was described as being flexible and using a sys-
tem that reduced movement almost as much as base-
isolation but at a fraction of the cost.

The same system has recently been proven in Christchurch,
where it was used in the new Southern Cross Hospital en-
doscopy building in Richmond.

Although it sustained minor damage from the February 22
earthquake it was soon operational and put to use as a
supplementary triage centre for Christchurch Hospital.

Other Wellington finalists in the Innovate awards are:

Beca for its work on three complex projects, the SH2
Dowse to Petone highway upgrade, Zealandia - The Karori
Sanctuary Experience and the International Passenger
Terminal stage two at Wellington Airport

Aurecon for the clearance assessment for the Johnsonville
rail tunnel which allowed larger units to replace the 1930s
English electric trains that had been in service for the past
80 years.

The awards recognise innovation in engineering structures,
processes and services.

Convenor of judges Allan Leahy said the projects ranged
from hospital design to wastewater, farming and leisure
projects.

"These are New Zealand firms, delivering innovative,
groundbreaking and often unique technical solutions to
many complex projects which benefit millions of people in
New Zealand and beyond in their everyday lives," Leahy
said.

The Dominion Post (New Zealand) (7/19)
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A1adpaocTikf 3pacTNPIOTNTA YiAd HIKPOUG KAl HEYAAoug
Ze10M0i, TOOUVAMI & HETPA NpooTaciag oTto Mou-
ogio duoiknG IoTopiag AnoAIBwpévou Adooug
NécoBou

Mpocopoiwan Tou Peyalou ogiopol TNG Ianwviag kar aAAwv
IOXUPWV OEICU®V and Tnv EAAGda kar 6Ao Tov KOOHO Mno-
poUV va BIOOOUV Ol €NIOKENTEC Tou AnoAIBwpevou Adooug
oTn osIopIkn Tpanela Tou Mouaeiou.

«Zelodoi, Toouvaul & PETpa npooTtaciac» ival To B€ua Tng
BepIvnc dpaaTnpIOTATAC Yia HIKpoUC Kal yeydAouc Tou Mou-
oeiou duaikng IoTopiag AnoAiBwuévou Aacoug AEoBou, OTo
onoio pnopoUV va GUUHETEXOUV Ol EMICKEMNTEG TOU AMoAIBw-
Mévou Adooug nou Ba enIoKEPTOUV QETOG TO KAAOKAipI TO
Siypl TNg AéoBou. To npdypappa Ba uAlonoisital yia 6Ao Tov
AlUyouaTo.

To eknaldeuTIKO NpOypappa Tou Mouosiou «Zelouoi, ToOOu-
vayl & peTpa npoortaciac» eivalr €va ouvapnaoTiko Tagidl
OTOV KOOUO TWV COEIOPWV KAl EMIKEVTPWVETAl OTNV MPOETOI-
Jaoia kal Ta PETPA MpooTaciag mplv, Karta Tn didpkeia Kai
META anod éva oeIouo.

Ol CUMMETEXOVTEC YivovTal yia Aiyo «ogiodoAdyol», kal ava-
KaAUnNTouv NANPOYOPIES yia TOUC OsIgPoUC, HEDA anod noiki-

Aa spyalsia kal dpaoTnpldTATEG YE TNV KaBodnynon Twv €-
nioTnUOVwY Tou Mouoeiou. 'EVvoIeG ONWG prypara, Toouva-
M1, peuaTonoinon €da®wyv, KabiZnoeig, KATanTWOoEIG YivovTal
nePIOCOOTEPO KATAVONTEG KAl TOUG YVWPIJOUV TIG OUVENEIEG
TWV CEICPWV NMOU NMOAAEC POPEC €ival MIO KATAGTPOPIKEG Kal
ano Toug idloug Toug geIoUoUG.

KaivoTtopia Tou npoypdpparog €ivalr n Biopartikn epneipia
oTn osIopIkn Tpansla Tou Mouaceiou. O1 ouppeTExovTeG {ouv
To peyaho oeiopd Tng lanwviag kabwg kai dAAoug 16xupoUGg
osiopoUg and Tnv EAAGda kal 0Ao Tov kOOHO, OMWG O OEl-
opog Tng Kolavng, Tng Kahigpopviag, Tng TaiBav, Tou Ipdv
Nnou £X0OUV MNPOKAAEDEl HEYAAEG KATAOTPOYPEG.

H epneipia TNG OEIOUIKAG Kivnong oTtn osiodikn Tpanela Tou
Mouoeiou (QEPVEI TOUG OUHHETEXOVTEG OE €NAPN HE TO @al-
VOUEVO TOU oeiopoU Kal BonBa ortnv anoBoAr Tou aicbnua-
ToG navikou. MapdAAnAa emiTpénel va GuVEIdNTOMOINOOUV
TNV avaykn 0wWoTNAG NPOETOILACIAg yia TNV AVTIUET®MICN TOU
OEIoHIKOU KIVOUVOU.

(TRAVELLING NEWS, 4 AuyouoTou 2011)
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"Earthquake cushion" could reduce shaking of
buildings
Tire-Soil Mixture Buffers From Quakes

University of Hong Kong Researchers Develop Cushion
Aimed at Impoverished Markets in Seismic Hot Zones

The damage from the March 11 earthquake in Japan,
though devastating, could have been far worse. Thanks to
Japan's hefty investment in earthquake-resilient technol-
ogy—from steel bracing to hydraulic shock absorbers—
after the Kobe quake of 1995, many buildings withstood
the temblor.

Developing countries, which lack the resources and tech-
nology to effectively prepare for earthquakes, are much
more vulnerable. However, researchers at the University
of Hong Kong have developed a low-cost earthquake
"cushion" geared toward impoverished countries situated
in seismic hot zones like Pakistan, India and Bangladesh.

The Earthquake Cushion—a finalist in the Asian Innovation
Awards—is made of soil and tire chips that form a layer
below and around a building's foundation and reduce
earthquake shaking by 50% on average, according to the
university's in-house computer simulations.
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"It's a lot like the airbag in a vehicle, which prevents oc-
cupants from striking the interior objects," explains Dr.
Hing-Ho Tsang, principal investigator behind the cushion,
also called the "Geotechnical Seismic Isolation System."

The cushion acts as a buffer between earthquake waves
and a building. The rubber in the cushion attracts seismic
waves and damps them. Rubber, known for its energy
absorption, is often used for vibration control and to
dampen automotive components.

"This is a paradigm shift," said Dr. Tsang, since there is
no other earthquake protection technology that operates
in this way. The cushion dissipates seismic energy before
the waves reach a building's foundation. This differs from
the traditional earthquake proofing—like laminated rubber
bearings—which are installed between a building and its
foundation. As a result, the bearings are a part of the
structure and seismic waves can still potentially damage a
building before they are dissipated, explained Dr. Tsang.

In the past decade, an average of 60,000 people a year
have died from earthquakes. The vast majority was in
impoverished countries, the journal Nature reported re-
cently. The 2010 earthquake in Haiti leveled more than
100,000 buildings. The majority of the roughly 300,000
people killed were crushed under the rubble.

That's why "low-cost earthquake protection methods are
desperately needed and the earthquake cushion is a
promising one," said Dr. Tsang. By using recycled tire
shreds, the earthquake cushion costs roughly "5% of total
construction costs to install and doesn't require advanced
technology," he said.

For example, a three-story building that's 10 meters wide
costs roughly $63,000 to build in mainland China. The
Earthquake Cushion would cost about an additional
$3,100. "This small cost would go toward excavation,
deposition and compaction of the rubber-soil mixture," Dr.
Tsang said. To install laminated rubber bearings—a more
common earthquake-protection method in developed
countries—would typically cost 10% of the total construc-
tion cost, Dr. Tsang said.

The earthquake cushion is also environmentally friendly
since it uses tires that otherwise collect in landfills or are
burned. Used tires are banned from landfills in the Euro-
pean Union and several states in the U.S., further fueling
the charge to generate alternative uses for the tire stock-
pile. Each year, about 800 million rubber tires are dis-
carded, with that number expected to grow as car sales
increase in emerging markets.

Engineers have long used scrap tires for highway em-
bankments in the U.S., but the impact on local ecology
remains the subject of debate. One fear is groundwater
contamination as tire chips, like those Dr. Tsang plans to
use in his product, leach out manganese and iron. Dr.
Tsang responded that manganese is already naturally
present in ground water in many areas. The iron-level
increase from tire chips is just enough to change the taste
of the water, but not enough to become toxic, he said,
citing a series of related field and lab studies documented
in a 2008 article from the University of Massachusetts,
Lowell.

The earthquake cushion is still going through preliminary
tests to gauge its effectiveness and safety before it is
used on buildings. To date, the university has run com-
puter simulations that track the cushion's performance
against actual earthquake models, including the 7.8-
magnitude earthquake that struck Chile in 1985. Re-
searchers varied the number of building stories and width
of the cushion. In all cases the cushion effectively reduced
both horizontal and vertical ground motion by 40%-60%.

Hing-Ho Tsang says the earthquake cushion, made of a mix
of recycled tires and soil, could reduce shaking by 50% on
average. Above, a specimen of the cushion materials.

Still, some experts question the real-life application of the
cushion including Masataka Fukushima, director of Japan
Structural Consultants Association. A taller building using
an earthquake cushion could still fall during a quake since
the cushion does not provide enough support spanning
the height of the building, "but if the building is low-rise,
it could be OK," he said.

Hong Kong University researchers found the cushion is
most effective when it is at least 5 meters thick and used
for medium-rise buildings between five and 20 stories.
They have not done simulations on buildings taller than
this so have not confirmed if there is any limit, said Dr.
Tsang.

In 2009, the University of Hong Kong lined up with a re-
search group at Central South University in China to con-
duct a small-scale shaking table test, simulating the
weight of one and two story houses respectively, which
confirmed the computer-based results.

The next challenge: conducting enough successful ex-
periments to get the "skeptical construction industry” to
accept the innovation, said Dr. Tsang. But, the researcher
remains optimistic. "In the past, drivers thought that us-
ing seat belts alone is adequate, but nowadays the use of
airbags becomes a standard," he said. "New ideas are
always met with resistance."

(Linda Blake / The Wall Street Journal, September 7, 2011)
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US scientists testing earthquake early warning

PASADENA, Calif. (AP) — Elizabeth Cochran was sitting in
her office when her computer suddenly sounded an alarm.

Beep. Beep. Beep.

A map of California on her screen lit up with a red dot, sig-
naling an earthquake had struck. A clock next to the map
counted down the seconds until shock waves fanning out
from the epicenter north of Los Angeles reached her loca-
tion in Pasadena: 5-4-3-2-1.

Right on cue, Cochran felt her chair quiver ever so slightly
from a magnitude-4.2 that rumbled through Southern Cali-
fornia on Sept. 1.
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"If T hadn't known it was an earthquake, I would have
thought it was a truck going by," she said.

After years of lagging behind Japan, Mexico and other
quake-prone countries, the U.S. government has been qui-
etly testing an earthquake early warning system in Califor-
nia since February. Cochran belongs to an exclusive club of
scientists who receive a heads up every time the state
shakes.

The alert system is still crude and messages are not yet
broadcast to residents or businesses.

This Sept. 13, 2011 photo shows Anthony Guarino Jr., a
seismic analyst at the California Institute of Technology,
demonstrating an early earthquake warning system in Pa-
sadena, Calif. The U.S. government has been testing an
alert system in California that may someday warn residents
and businesses that an earthquake has hit. It's still in the
test phase and only about 30 scientists have been hand-
picked to receive the warnings. The project is headed by
the U.S. Geological Survey based on computer code devel-
oped by the California Institute of Technology and Univer-
sity of California, Berkeley.

With more testing and funding, researchers hope to build a
public warning system similar to the Japanese that has
been credited with saving lives during the March 11 magni-
tude-9 disaster.

Since earthquakes are unpredictable, supporters of early
warning say it's the next best thing to prepare people and
the commercial sector before the ground rocks. Even a 5-
second advance notice can be precious, they contend.

"You want to get under a sturdy table before things start
falling off the wall," said University of California, Berkeley
seismologist Richard Allen, a project participant. "We don't
want people to start running out of buildings."

Early warning is designed to sense the first pulses of en-
ergy after a fault breaks and estimate the magnitude based
on limited information. This is possible because of the dif-
ferent speeds at which seismic waves travel.

A sprawling web of underground sensors can detect the
faster-moving and less damaging primary or "P" waves
before the secondary "S" waves that can cause buildings to
pancake. A warning is issued ahead of the arrival of the
stronger waves.

How much warning — a few seconds to tens of seconds —
depends on the distance from the epicenter. The farther
away, the more lead time.

Project chief Doug Given of the U.S. Geological Survey
ticked off actions that can be taken: Trains can be slowed
or stopped. Air traffic controllers can halt takeoffs and land-
ings. Power plants and factories can close valves. School-
children can dive under their desks and cover their heads.

Early warning is useless at the quake's origin because the
tremors radiate out almost simultaneously.

Japan invested in a public alert system after the deadly
1995 magnitude-6.9 Kobe earthquake. Development began
in 2000. Seven years and $500 million later, Japan unveiled
the world's first early warning network. Parts of Mexico,
Taiwan and Turkey also have embraced early warning, but
their systems are less sophisticated.

The Japanese got their big test in March when a massive
quake hit off the northeast coast and spawned a tsunami. A
public emergency announcement was sent out 8 seconds
after sensors detected the first inkling of the quake, inter-
rupting regular TV and radio programming, and buzzing cell
phones.

Millions received 5 to 40 seconds of warning depending on
how far they were from the epicenter. Tokyo — about 230
miles away — got about 10 to 30 seconds of notice before
high-rises swayed. A dozen trains were stopped in their
tracks without derailing.

There were glitches. Sensors underestimated the quake at
a magnitude-8.1 when it was actually 22 times stronger.
Because of the error, warnings were not sent to certain
cities. The jolt was so violent that it knocked 55 seismic
stations offline and there were no warnings sent for after-
shocks for several hours.

Still, in a hearing before a House subcommittee a week
after the disaster, USGS director Marcia McNutt told law-
makers the Japanese early warning system saved thou-
sands of lives. McNutt also acknowledged the financial cloud
surrounding the U.S. effort.

"Shame on us if we do not learn from their misfortune," she
testified.

Since 2006, the U.S. has been testing three alert systems
and launched a prototype internally known as "ShakeAlert"
in February, a month before the Japan devastation. For
now, messages are only blasted out to about 30 scientists
at the USGS, California Institute of Technology and Univer-
sity of California, Berkeley, where they are working out
software bugs on a shoestring budget.

Where possible, the U.S. has borrowed aspects of Japan's
warning system. Researchers said it's not possible to just
replicate it because of differences in the countries' seismic
sensor networks.

"It's not perfect," said Berkeley's Allen of the U.S. effort.
"Frankly, it's stuck together with duct tape, but it's opera-
tional."

The next steps are to partner with businesses to test the
system in the real world later this year and work on a more
robust network. The Southern California Earthquake Center,
made up of 55 research institutions worldwide, has been
chosen to independently rate how it's working.

Technology hurdles aside, the work suffers from lack of
funding. The USGS has spent $2 million on the project and
is seeking help from private foundations and industry
groups. Scientists estimate it will cost $80 million over five
years to create a statewide public alert system and millions
more annually to maintain it.

"That's tough in this budget environment when there are
lots of trade-offs that have to be considered," said David
Applegate, associate director for natural hazards at USGS
headquarters, adding that he remained hopeful.

It's been a long wait for Caltech engineering professor Tom
Heaton, who has studied early warning for more than three
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decades and finally got it running in his house on his 60th
birthday.

This Sept. 13, 2011 photo shows a demonstration of an
early earthquake warning system at the California Instution
of Technology in Pasadena, Calif. This computer model dis-
plays a replication of the 6.7 magnitude Northridge Earth-

quake of 1994.

"My hope is that it happens before I die. That's my goal,"
Heaton said.

To date, the alerts only pop up on the selected scientists'
computers, which is an impractical way to warn because it
depends upon being online. Scientists envision eventually
broadcasting messages through TV, radio and cell phones.

Since the prototype went live, users have hardly felt any
shaking because the quakes are either too weak or too dis-
tant. Occasionally, they get notice of a jolt that they care
about like the magnitude-4.2 centered near Newhall, a bed-
room community about 25 miles north of downtown Los
Angeles.

Though a mild tremble by seismic standards, it rattled
nerves across a wide swath.

Cochran, who recently left the academic world to join the
USGS in Pasadena, has been running the program in the
background for about a month before the Newhall rumble.
She has grown used to the constant pinging whenever the
ground heaves. The Newhall quake caught her interest be-
cause the countdown was short — a sign that it occurred
close by.

So Cochran sat still and waited for the shaking. Had it been
stronger, she would have ducked under her desk.

"It was the first time that I had gotten a warning and actu-
ally felt it," she said.

(Alicia Chanc / Associated Press Science, Sep 20, 2011)
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ENAIAG®EPONTA -
AOINA

Avakataokeun Z1d3npodpoliknG FpapKHng

MapakoAouBeioTe oTNV MNAPAKATW I0TOCEAIdA TNV OXedOV
NAAPWG AUTOMNOINUEVN AVAKATAOKEUN O10NPOSPOMIKNG YPAM-
HAG.
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left&plugins=sharing&sharing.link=http://file.gip.ru/video/x
3UWWolQ/aefcO0a75 kak kladut relsi.html&sharing.code=
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‘Evag KaTtanAnKTIKOG 10TOX®POG!!
KivnOeiTe 0TO XWPOXPOVO TOU NAIaKoU Hag ou-
OTAHATOG

ZTNOTE TO TNAEOKOMNIO 0AG COE OMOIOJNMNOTE NAAVNATN TOU Kal
napaTtnpnoTE To NApov, To Nape BV kal To PEAAOV.

http://www.solarsystemscope.com

o3 O

Kai eyévero {wn

ZTnv apxaiotepn napalia Tng 'ng, véol unown-
@Iol yia Ta apXaioTepa anoAidmpara

AVAPEDA OTOUG KOKKOUG AUHOU TNG apxXdlioTeEPNG aKToypau-
MAC nou diaTtnpeiTal oTnv enigpaveia Tng Mg, naiaioBioAoyol
avakdAuyav oxnuaTiopoUg nou ¢aiveral OTI gival Ta apxaio-
Tepa anoAlBwpara nou €xouv PBpebei wg onuepa: PovokUT-
Tapol opyaviopoi 3,4 dICEKATOUHUPIWV ETWV, Ol onoiol PHAAl-
oTa TpEpovTav nibavoTaTa pe Bsidl.

H 'n oxnuaTioTnke npiv ano 4,6 digskaToppupia xpodvia Kai
(aiveralr 0TI KATOIKAONKE vwpig oTnV 10TOpia TNG: XNHIKEG
evdeieic unodeikvUouv OTI Ol MPWTOI HIKPOOPYAVIOUOI E-
qavioTnkav npiv and 3,5 digekaToppupia xpovia, 6Tav ako-
Ma n atpdéo@aipa dev nepigixe oxedov kabdAou ofuyovo (To
0Euyovo napaxenke noAU apydTepa anod Ta QuTa).

Mapd auTég Tig evdeielg, OPWG, N avakaAuywn anoABwua-
Twv nou Ba anodeikvuav Tnv UNapgn autwv TwV opyavi-
oWV €ival eEalpeTika dUOKOAN undBean.

To kaAUTepo, I0WC PEPOG yia TNV avalATnon TETOIWV anoAl-
BwHATWV €ival 0 IXNUATIONOG STPEAET aTn AUTIKR AuaTpaAi-
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a, Jia apxaia napaAia nou onuepa €xel PeTakivnBei oTnv
evdoxwpa, Ekei eixav Bpebei To 1980 dopég nou BUMIlav
BakTnpia, nAikiag 3,5 di0. ET®V, Ol OMOIEg OUWG anodeixbnke
TeAIKA OTI €ixav avopyavn npogAguon.

O1 Bpaxol Tou ZxnuaTiopoU STpEAEl oTnv AuaTpalia eival
and Ta apxaldTepa TUAKATA Tou yhivou @AoloU nou diaTn-
pouvTal wg onuepa (Mnyr: NASA/Abigail Allwood)

>Tnv idia neploxn avakaAlueBnke Twpa &vag vEog unoywnei-
0C yia Ta apxaloTepa anoAB®parta Tou KOOWOU, O 0mMoiog
napouaialeral otnv eniBewpnon Nature Geoscience.

O1 enipaxeg dopéG -a@aipidia kal papdia- €xouv PRKog ano 5
£w¢ 80 HIKPOUETPA (EKATOUHUPIOOTA TOU WETPOU), MEPInou
000 Ta onuepiva Baktnpla. Eival nAouaoia o avBpaka kai Ta
TOIXWHATA TOUG £XOUV OMOIOMOPPO MNAXOG, XAPAKTNPIOTIKA
nou evioxUouv Tnv nmBavoTnTa va unv €xouv avopyavn
npogAEUON.

To evdiagépov €ival OTI YEoa kal yUpw anod auTeg TIG DOHEG
gvTonioTnkav Hikpookonikoi kpUoTaAAol Besiikou c1dApou,
ONw¢ oupBaivel Kal Pe PEPIKA aUyxpova BakThpia, Ta onoia
avtAoUv evépyela ano TNV avaywyn BeioUXwV EVOOEWV OE
BEIKEG EVWOEIG.

Kal autod agrivel avoixTd To eVOEXOMEVO Ol MPWTOI KATOIKOI
TOU NAQVATN va TPEPOVTAV ANOKAEIOTIKA HE AQVOPYAVESG EVD-
OEIG.

(Newsroom AOA, 22 Auy. 2011)
Nature Geoscience | Letter

Microfossils of sulphur-metabolizing cells in
3.4-billion-year-old rocks of Western Australia

David Wacey, Matt R. Kilburn, Martin Saunders, John CIiff &
Martin D. Brasier

Sulphur isotope data from early Archaean rocks suggest
that microbes with metabolisms based on sulphur existed
almost 3.5 billion years ago, leading to suggestions that the
earliest microbial ecosystems were sulphur-based.

However, morphological evidence for these sulphur-meta-
bolizing bacteria has been elusive. Here we report the
presence of microstructures from the 3.4-billion-year-old
Strelley Pool Formation in Western Australia that are asso-
ciated with micrometre-sized pyrite crystals. The micro-
structures we identify exhibit indicators of biological affini-
ty, including hollow cell lumens, carbonaceous cell walls
enriched in nitrogen, taphonomic degradation, organization
into chains and clusters, and 8*C values of —33 to —46%o
Vienna PeeDee Belemnite (VPDB). We therefore identify
them as microfossils of spheroidal and ellipsoidal cells and
tubular sheaths demonstrating the organization of multiple
cells. The associated pyrite crystals have A®*S values
between —1.65 and +1.43%o and &3S values ranging from

ZeAida 48



—12 to +6%o Vienna Canyon Diablo Troilite (VCDT)>. We
interpret the pyrite crystals as the metabolic by-products of
these cells, which would have employed sulphate-reduction
and sulphur-disproportion-ation pathways. These micro-
fossils are about 200 million years older than previously
described microfossils from Palaeoarchaean siliciclastic
environments.

Figures at a glance

Figure 1: Examples of spheroidal/ellipsoidal microfossils
from the SPF (samples SP9D2, SPE1, SPV3a-c).close

a,b,e, Clusters of cells, some showing cell wall rupturing
(arrows in a,b), folding or invagination (arrow in e). c,d,h,
Chains of cells with cellular divisions (arrows). f,i-j, Cells
attached to detrital quartz grains, exhibiting cell wall
rupturing...

Figure 2: Examples of hollow, tubular, sheath-like
microfossils from the SPF (samples SPV3a-c).close

a, Tubes (arrows) extending away from a detrital quartz
grain (dashed surface). b, Three partially degraded aligned
tubes (1-3). ¢, Tube with a split wall (arrow), co-occurring
with clusters of spheroidal microfossils. d, Montaged
transverse cross-se...

Figure 3: Microfossil walls and quartz grain boundaries
(sample SPV3b).close
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a,b, Bright-field- and energy-filtered-TEM images of a
partial cell wall (from Fig. 1f). Carbon is confined to the
curved cell wall. Multiple micro-quartz grains infill the cell
interior, confirmed by selected area electron diffraction
patterns (1-4)...

Figure 4: Spatial relationships between microfossils and
pyrite (SP9D2a-b, SPV3b).close

a, Partial microfossil walls (black arrows) intermixed with
pyrite coating quartz grains. Pyrite (right image, white)
occurs as 1-100pm grains exterior to the microfossils and
as nano-grains within microfossil walls (white arrows). b,
TEM images of a...

(Nature Geoscience, Published online 21 August 2011)
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O1 aAyopIOHol KOVTa OTNV KuplapXia TOu KOCHOU

Edv nepIpEVETE KANola nposidonoinon 0TI 0 unoAoyi-
OTAG gag £yIvE eNITEAOUG NiIo €EUNVOG AnNoO £004G, TOTE
oKePTEITE TO §ava.

Mnv nepipyévere évav unepunoloyloTy ONwG otnv Taivia
«2001: Oduooela Tou AIACTAPATOG» va 0ag NANPOPOpPEi OTI
0l UNNPECIeg Nag wg avBpwnol €xouv EenepaaTei.

STV APAyuaTIKOTATA O NAEKTPOVIKOI NYEMOVEC pAG £XOUV
ndn Napel Tov €AeyXo Kal To KAVOUV WE €vav TPOMo noAu nio
unoyelo an' OTI pag £xel Osi€sl OAPEPA N €NIGTNUOVIKR (av-
Tacia. To 6nAo nou exouv eniAeEel yia va pag enipAndolv
gival ol aAyopiBuol.

Niow and kabe «&Eunvn» unnpsoia oto AladikTuo BpiokeTal

€vag akopn nio «€Eunvog» kwdikog. And Toug anAoug uno-
AoyiopoUc nou Bpiokouv noia BiIBAia kal Taivieg 8a pnopoul-
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oav va pag evola@Epouv €W TIG UMNNPECieg avelpeong ¢i-
Awv oTo Facebook kai Tic ynxavég avalnTnong autog o odn-
yO¢ €ival navrtoU yUpw pag oto AiadikTuo. AuToi ol adparol
unoAoyigpoi gival nou avaAapBavouv oAoéva Kal NEPICOOTE-
PO TOV £AEyX0 OTOV TPOMO WE TOV onoio aAAnAenidpolpe He
TOV NAEKTPOVIKO HAG KOOHO.

>Tnv ekdnAwaon Tou TEDGIobal nou npaypaTtonoindnke Tov
nPonyoUUEVO PRva, o €1dIKOG 0ToUuG alyopiBpouc KEBIV SAEI-
Biv nposidonoinoe OTI «Ta Yadnuartika nou Xpnaoihonoliouyv ol
UMNOAOYIOTEG yid va anogacifouv ndvw ot didagopa BepaTta»
£xouv «d1€108UaEl 0 OAOUG TOUG TOUEIG TNG wNG Hac».

wifa

HOLLYwpoD

Qg napdadelypa avagepe Ta POUNOT - KABAPIOTEG Nou oXedI-
alouv Tov KaAuTepo duvarto TPOMO yia va KAvouv Tig duo-
AgIEG Tou omiTioU Kal Toug 31adIkTuakoUG EUNopIkoUc aAyo-
pIBpouc nou olyd olyd anoktouv Tov €Aeyxo ortn Wall
Street. «[pd@oupe ekeiva Ta npdyparta nou Oev PNOPOUNE
nAgov va dlaBacoups» TOVIOE 0 K. ZAERBIV Kal npooBeoe:
«Kataotioape kati dUokoAo va JdiaBAacoupe. XAodue Tnv
aiobnon Tou TI MPAyuaTika oupBaivel o AUTO TOV KOOMO
Mou KaTaoKEuaoaue».

«Mnopei o1 unoAoyIloTEG va eival nio €Eunvol and Toug av-
Bpwnoug waoToco dev £xouv Tnv idia aioBnon ThG npoo-
NTIKAG KAl auTo €YIVE 0APEG OTOV KWOIKa BEoniong TIHWV
oTnv Amazon, woTe 0 KWAIKAG va KNPUEEl NOAEWO oToV €au-
TO TOU, €va €NeICOBIO MOU OUVERN HOAIG NpIv Aiyoug PRveg»
ENECNMAVE O K. ZAERIV.

‘000 NepPIOoOTEPO £EeAiooeTal évag KWdIKAg, TO00 eEanAwve-
Tal 0€ OAOUG TOUG TOMEIG TNG {wNAG Mag, cupnepIAapBavopé-
VOU TWV MOAITIOUIK®OV HAC NPOTINATEWY.

O aAyopiBuog nou xpnoiyonolsital otnv 1oToosAida Netflix,
onou voikiafovTal Taivieg, ivar unelBuvog yia To 60% TwV
EVOIKIAOEWV, EV® HEI®VETAl OAO Kal MEPICCOTEPO N KPITIKA
pag ikavoTnTa kai n d1adoon anod oToua o aTOPa autoU Tou
(PAIVOUEVOU MOU 0 K. ZALIBIV AnOKAAEl «(PUOIKF TOU MOAITI-
OHOoU».

H BpeTavikn etaipeia Epagogix xpnoiponolsi auth Tnv 19€a,
aAyopiBuoug nou npoBAEnouv nola ival n cuvtayn piag eni-
TuXNMEVNG Taiviag.

Xpnoiyonolsi d1APOpeC PNETPATEIC - TO GEVAPIO, N MAOKM, Ol
oTap kai n TonoBecia - Ta avapelyvUel KAl Ta GUYKPIVEI HE
AAAEG Talvieg mou €xouv neTUXEl KAl TV NOpPEia Toug oTa Ta-
peia, npokeigévou va npoBAewel ndoa AepTtd Ba BydAel n
Taivia.

SUpQwva Pe Tov disubuvTrh TG Epagogix Nik Mévi, To oU-
oTnpa autd «Bonbnoe Ta oToUVTIO va anogacicouv av Ba
KAvouv Wia Taivia f ox1».

Se pia nepinTwon yia pia Talvia Ye KO0TOG napaywyng 180
EKATOHHUPIOV Alp®V, 0 alydpiBuog npoéBAcwe OT1 Ba £pep-
ve MOAIC 30 ekaToppupla Aipeg oTa Tapeia PYe anoTEAECHA TO
nNpOTEKT va akupweoei.

MNa pia aAAn Taivia o aAyopibuog Bprike OTI Ta kéPdn 6a
ATav Ta idla €dv TOV YUVAIKEIO NpWTAYWVIOTIKO pOAO ava-
AapBave n akpifonAnpwpevn oTap f pia anAn kai nio eénvn
nBomnoiog.

Eival pia «kAIVIKA» npooéyyion yia Tn dnuioupyia piag Tai-
viag nou evoxAnoe noAAoug nou nioTelouv OTI Ba npenel va
gival yia mio dnuioupyikn diadikaaia.
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H puoTikn cuvTayn

O npwToG Kal PeyaAUTEPOG OTap TwV AAYOpIOUwWV e€ival n
Google. O d1Gonpog PUCTIKOG KwdIKag odnynoe Tnv €Taipeia
oTNV NpWTIA KAl GAPEPA €ival and TIC MO I0XUPEC OTOV KO-
opo.

Kaveic dev ap@ioBntei 0TI To cUOTNMA TNG €TAlpEiag €xel
kavel Tn diadikTuakn avalntnon nio sUKOAnN, wWoTOCOo Ol €Mi-
KPITEG avapwTIOUVTAl MOIO €ival TO KOOTOG.

>10 BIBAio Tou «H @olUoka Tou QiATpapiopartoc», o 'EAl Ma-
piCep avapwTieTal o€ nolo Babuo o aiyopiBuog Tng Google
£XEl XPNOIYOMNOIACEI TA MNPOCWNIKA HAC OeOOHEVA MPOKEIME-
vou va Jdiagoppwaoel autd nou PAénoupe oTo AladikTuo
oUPPWVA HE TIC NPOCWNIKEG KOG MNPOTIMATEIC.

Ev Tw peTa&l, pia npoo@atn €psuva WuxXoAoywv oto Mave-
nioTrpio KoAoUpnia unodeikvUel 6T oTadiaka aAAalel o Tpo-
no¢ mou OoKEPTOVTAl ol avBpwnol kabwg augaveral n eEap-
TNON Hag and TIG pnxaveg avalitnong yia va Bpoupe pia
anavrnon.

«And Tn dnuIoupyia Twv pnxavwyv avalTnong, EXOUNE ava-
dlopyavwaoel Tov TpOno e Tov onoio BupodpacTe. Ol eykeEPa-
Aoi pag Bacifovtal oTo AladikTuO TN MVAKMN TOUG ME Tov id1o
TpONno nou Bacifovral oTn PvApn €vog Qiloug, evog ouyyevn
N €vOC OUvePYATnN» avagQepel n ouyypagéag Tng €kbesong,
MnéTol Znapoou kai unoypappidel: «0Ogo nepvdael o kaipog,
yvwpifoupe nou pnopoUpe va BpoUue nAnpo@opisc an' Ot
va TIg dIaTnpoUlE UEiG o1 idIoI».

AAAG Kal OTIG XPNHUATIOTNPIAKEG AYOPEG, 0 KWOIKAG KUPIAPXEI
kKabw¢ npoonaboUpe va eAéyEoupe Toug aAyopiBuoug mou
unoAoyifouv kai ano®acifouv TI va ayopdooupe Kai Ti OXl.

Ixedov 10 70% Twv ouvailiaywv otn Wall Street npaypa-
TonoloUvTal MEOW TOU «ualpou KouTioU» 1 aAAIWG TWV aA-
YOPIOUIKOV GUVAAAay®V.

AuTO onpaivel 6T yali e Toug XPNUATIOTEG Kal TOUG Tpane-
Gitec epyalovTal NnAEov XIAIAGdeC pabnuaTikoi Kal pualiKoi.

ANAG akOun kai pia npoBAewn anod évav alyopiBuo, nou
unooTnpileTal 0 KWJIIKEG nMou dnuioupyouv ol avBpwnol,
dev e€ao@alilouv 0TI OAaG Ba KUANCOUV ONAAd.

AuTO ouveBN oTIc 6 Maiou 2010 oTav oTig 14:45 npokAnen-
KE €va Yyn@lako kpay, nou odnynoe TIG ayopeG o eAeUBepn
NTOON Yia NEVTE AENTA Kal dnNUIOUPYMVTAG £va NPoowpivo
XA0¢. YnaiTiog ATav o aAyopiOPog nou xpnoigonolouds évag
xpnoigonololoe €vag XpnuaTiotnG. O aAydpiBuog mouAnoe
75.000 petoxég a&iag 2,6 dioek. Alpwv og WOAIG 20 AenTd,
NPOKAA®VTAG TOUG UMOAOINOUG aAyopiOuouc va akoAouBn-

OouVv.

O1 aAyopiBuol gival oag Toug xpnuaTioTeg otn Wall Street Tn
dekaeTia Tou 1980 Xwpig OPWG va €XOuv AnaITAOEIG OE Hi-
0BoUc¢, dwpa Kal caunavieg.
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2TIg HMA n etaipeia Spread Networks TonoBerei éva KaAw-
310 oNTIKWV VWV, nou Ba ouvdéel To Zikayo pe TN Néa Yop-
kN (1327 xAW.) Kal B6a eEAATTOOEl TO XPOVO TWV GUVAAAQYQV
KaTa 3 d€kaTa Tou DEUTEPOAENTOU.

Ev Tw peTa&U, eToipdaderal kai n oUvSEon ONTIKWV IVOV UETA-
&0 Tng Néag Zkwrtiag oTtov Kavadd kal Tou ZOWEPCET OTn
BpeTavia, nou Ba €Eunnpetei Toug aAyopliBuIKoUG XpnuarTi-
oTEC, Ol onoiol Ba oTEAvouv PeTOXEG and To Aovdivo otn Nea
Yopkn kal ndAl niow og POAIC 60 XIANIOOTG TOU OEUTEPOAE-
nTou.

KaBwg o1 aAyopiBuor eEanAwvouv Tnv nippon pag nepa anod
TIC MNXAVEG Kal dlapopPwvouv To nepIBailov yUpw Toug,
iowg €xel €pBel 0 kaipdg va pdaboupe nooa akpiBwg yvwpi-
Couv Kal edv €XOUNE aKOUN TOV XPOVO VA TOUC TIOATEUOULE.

(www.kathimerini.gr, 23-08-11 pe nAnpogopieg anoé BBC)
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Continuously reinforced concrete pavement to
enhance Calif. highway

STOCKTON - Not all roads are created equal, and the
$122.1 million project to improve Interstate 5 is building a
type of surface that is rare in California and expected to
last a long time.

Made from concrete reinforced with steel, the new pave-
ment is estimated to last 40 years, according to the Califor-
nia Department of Transportation.

It's a concrete road, not asphalt, but that's not what makes
it different.

Concrete roads in the state are more commonly built with
breaks - called joints - that help keep the surface from
cracking as the concrete changes shape. Using reinforcing
steel makes this project different.

"It's one, continuous smooth pour," said Martha Dadala,
design manager with Rajappan and Meyer, a San Jose en-
gineering company working on the project. "There are no
joints, so it is a smooth ride."

A concrete road with no joints will crack, and so will con-
crete roads reinforced with steel, said John T. Harvey, di-
rector of the University of California Pavement Research
Center. But that's not necessarily a bad thing, he said.

"The steel holds the cracks really tight and close," he said.
"It makes the cracks not a problem."

The type of roadway - known as "continuously reinforced
concrete pavement" - is in wider use outside of California.

It took off elsewhere, because road building started earlier
in California - before the advancement of the technology
made this method a sure thing. "It's a high-reward, high-
risk pavement," Harvey said. "If you build it wrong, you
don't get long life."

In 1948, an experimental section of the type of concrete
road was built by the city of Fairfield on what is now Inter-
state 80, Harvey said. It was taken out two years ago.
"That was a very long time with some very smooth pave-
ment."

If the I-5 pavement is built right, it will stay smooth for a
long time, too, he said. And a long life, with a low cost for
upkeep, is what transportation officials expect.
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"The intent is we see very minimal,

low-impact mainte-

nance," Caltrans project manager Scott Guidi said.

(The Record (Stockton, Calif.), September 19, 2011)
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Soil Mechanics

Soil Mechanics: A One-
Dimensional Introduction

David Muir Wood

This book teaches the principles of
soil mechanics to undergraduates,
' along with other properties of engi-

‘.. . neering materials, to which the stu-
dents are exposed simultaneously. Using the critical state
method of soil mechanics to study the mechanical behavior
of soils requires the student to consider density alongside
effective stresses, permitting the unification of deformation
and strength characteristics. This unification aids the un-
derstanding of soil mechanics. This book explores a one-
dimensional theme for the presentation of many of the key
concepts of soil mechanics - density, stress, stiffness,
strength, and fluid flow - and includes a chapter on the
analysis of one-dimensional consolidation, which fits nicely
with the theme of the book. It also presents some theoreti-
cal analyses of soil-structure interaction, which can be ana-
lyzed using essentially one-dimensional governing equa-
tions. Examples are given at the end of most chapters, and
suggestions for laboratory exercises or demonstrations are
given.

e This book tries to integrate soil mechanics teaching with
the teaching of other elementary civil engineering subjects
e The book introduces critical state ideas in order to em-
phasize the importance of volume change and density in
soils e The book includes a chapter on soil-structure inter-
action as an integrating subject which is often neglected in
civil engineering degree programs.

(Cambridge University Press, 30.11.2010)

Soil Mechanics Fundamentals

Isao Ishibashi, Hemanta
Hazarika

While many introductory texts on
soil mechanics are available, most
are either lacking in their explana-
tions of soil behavior or provide far
too much information without co-
gent organization. More significantly, few of those texts go
beyond memorization of equations and numbers to provide
a practical understanding of why and how soil mechanics
work.

Based on the authors’ more than 25 years of teaching soil
mechanics to engineering students, Soil Mechanics Fun-
damentals presents a comprehensive introduction to soil
mechanics, with emphasis on the engineering significance
of what soil is, how it behaves, and why it behaves that
way. Concise, yet thorough, the text is organized incremen-

TA NEA THZ EEEEI'M - Ap. 39 — ZENNTEMBPIOZ 2011

tally, with earlier sections serving as the foundation for
more advanced topics. Explaining the varied behavior of
soils through mathematics, physics and chemistry, the text
covers:

Engineering behavior of clays

Unified and AASHTO soil classification systems
Compaction techniques, water flow and effective stress
Stress increments in soil mass and settlement problems

Mohr’s Circle application to soil mechanics and shear
strength

e |ateral earth pressure and bearing capacity theories

Each chapter is accompanied by example and practicing
problems that encourage readers to apply learned concepts
to applications with a full understanding of soil behavior
fundamentals. With this text, engineering professionals as
well as students can confidently determine logical and inno-
vative solutions to challenging situations.

(CRC Press, 13.12.2010)

Understanding Soils in Urban
Environments

Pam Hazelton and Brian Murphy

Soil properties such as water reten-
tion, salinity and acidity are not just
issues for agriculture and forestry.
They are equally as significant in
creating environmental and struc-
tural problems for buildings and other engineering works.
As a greater proportion of the world's population is now
living in cities, and building and related infrastructure de-
velopment continues, these problems assume ever-greater
importance. In addition, existing works contribute to urban
soil erosion and pollution as well as increased levels of ur-
ban runoff.

This book explains how urban soils develop, change and
erode. It describes their physical and chemical properties
and focuses on the specific soil properties that can cause
environmental concern and also affect engineering works. It
also addresses contemporary issues such as green roofs,
urban green space and the man-made urban soils that
these may need to thrive in. It provides a concise introduc-
tion to all aspects of soils in urban environments and will be
extremely useful to students in a wide range of disciplines
from soil science and urban forestry and horticulture, to
planning, engineering, construction and land remediation.

(Earthscan, 08.02.2011)

Stiff Sedimentary Clays: Genesis
and engineering behaviour

Edited by Robert May

Many major cities are built on stiff
sedimentary clays and the increasing
demands for large earthworks, major
foundations, deep excavations and
tunnels, often in close proximity with each other, stretches
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our scientific understanding and engineering skills to their
limits.

The fourteenth Géotechnique Symposium in Print, returned
to geo-materials, focusing on the genesis and engineering
behaviour of stiff sedimentary clays and was divided into
four sessions — Formation and engineering geology of stiff
clays; Laboratory and in situ techniques and their interpre-
tation; Engineering characterisation of stiff clay formations
and material models; and Engineering in stiff clays.

This book includes all the related papers, by leading inter-
national researchers, published in Géotechnique along with
keynote speeches, informal discussions on key submissions
that were presented at the Symposium at the Institution of
Civil Engineers on 14 May 2007 and additional papers, pub-
lished in Géotechnique between 2000 and 2006, which add
further insights on the major topics of the Symposium.

(ICE Bookshop, 24.02.2011)

CONSTRUCTION
PRACTICE

Construction Practice
Brian Cooke

Construction is a highly practical
subject. Students on all built envi-
ronment degree programmes are
expected to know and understand
building technology from both a
theoretical and practlcal standpoint. Construction site visits
are a popular way for students to become acquainted with
the practical aspects of construction, but these visits can
only show students a small proportion of the technology of
construction.

Based around a series of full colour photographic sequen-
ces, augmented by carefully chosen line illustrations and
text, Construction Practice provides students with a com-
prehensive overview of practical construction technology.
The sequences follow a logical progression through the sub-
ject and include contemporary and established practice, as
well as modern methods of construction. The book also
includes some examples of continental European construc-
tion methods where these differ from established UK prac-
tice.

(Wiley-Blackwell, 04.03.2011)

OFFSHORE

(e]=og e INI[WAE  Offshore Geotechnical Engineer-
ENGINEERING ing

Mark Randolph and Susan
Gourvenec

Design practice in offshore geotech-
nical engineering has grown out of
onshore practice, but the two appli-
cation areas have tended to diverge over the last thirty
years, driven partly by the scale of the foundation and an-
choring elements used offshore, and partly by fundamental
differences in construction and installation techniques. As a
consequence offshore geotechnical engineering has grown
as a speciality.

MARK RANDOLFH
SUSAN GOURVENEC
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The structure of Offshore Geotechnical Engineering follows
a pattern that mimics the flow of a typical offshore project.
In the early chapters it provides a brief overview of the
marine environment, offshore site investigation techniques
and interpretation of soil behaviour. It proceeds to cover
geotechnical design of piled foundations, shallow founda-
tions and anchoring systems. Three topics are then covered
which require a more multi-disciplinary approach: the de-
sign of mobile drilling rigs, pipelines and geohazards.

This book serves as a framework for undergraduate and
postgraduate courses, and will appeal to professional engi-
neers specialising in the offshore industry.

(Spon Press, 18.03.2011)

Civil Engineering Specification
for the Water Industry, 7th Edi-
tion. (CESWI)

UKWIR (United Kingdom Water
Industry Research) LTD

This is the Specification for use in all
civil engineering contracts let by
Water Undertakers in England,
Wales, Scotland and Northern Ireland. It supersedes the
Sixth Edition (2004) and reflects the water industry's re-
quirement for comprehensive, universal and relevant speci-
fications for civil engineering contracts.

The Specification is based on performance requirements
allowing the Contractor to decide upon his method of work-
ing. This 7th edition has been rewritten to reflect the ex-
perience of the UK Water Industry and the contractors since
the last edition was published, and includes new standards
and working practices, together with new technologies and
more sustainable options.

The eleven sections of the documents are the same, any
additions or changes have been incorporated into these
sections.

(UKWIR, 30.03.2011)

ICE Manual of Geotechnical
Engineering

J. Burland, T. Chapman, H.
Skinner and M. Brown

Written and edited by a wide selec-
tion of leading specialists, ICE
Manual of Geotechnical Engineer-
ing delivers an authoritative and
comprehensive reference providing the core geotechnical
engineering principles, practical techniques, and the major
questions engineers should keep in mind when dealing with
real-world engineering challenges - all within a consistently
coherent framework.

Volume 1 Geotechnical Engineering Principles, Prob-
lematic Soils and Site Investigation
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This volume tackles the principles and provides a solid
grounding in the discipline. Furthermore this volume covers
assessment of the ground and soil properties and issues.

Volume 2 Geotechnical Design, Construction and
Verification

This volume looks at how to apply geotechnical knowledge
in the construction process; tackling onsite, practical situa-
tions, including design.

(ICE Publishing, 21.11.2011)

Monitoring Underground Con-
struction

British Tunnelling Society

Monitoring Underground Construc-
tion is the only guide to the princi-
ples for development, design, im-
plementation and management of
monitoring systems employed to
manage risks in underground construction for clients, pro-
ject managers, designers, contractors and asset owners.

Monitoring is often a key risk mitigation measure for the
control of construction processes and protection of existing
assets affected by excavations. Monitoring Underground
Construction is structured to reflect the main stages in a
project, from objective setting to operation and manage-
ment, and highlights the roles and responsibilities of the
various stakeholders at each stage to help the reader avoid
problems which have historically arisen due to omissions in
these areas. Case studies from a range of projects are in-
cluded to highlight the critical role of strategic and well-
planned monitoring programmes in the success of any un-
derground construction project.

Approaching the subject at the level of key principles, fo-
cusing on setting objectives, strategic planning and the
high level specification of monitoring systems, and based
on experience gained across a variety of projects, Monitor-
ing Underground Construction:

e is applicable to all underground works whatever their
scale or global location

e assists users in managing particular monitoring-related
risks that occur at each stage

e discusses the integration of monitoring information with
works progress data to facilitate interpretation and man-
agement

e covers monitoring undertaken for a range of different
objectives and on behalf of various stakeholders

e includes summary checklists for each stage of the pro-
ject.

Providing best practice guidance on the use of monitoring
systems, Monitoring Underground Construction is relevant
to all those with responsibilities for activities of this type,
including clients, project managers, designers and contrac-
tors. The guide is also a useful reference for third parties
such as insurers and owners or managers of adjacent infra-
structure, who have an interest in underground works.

(ICE Publishing, 07.10.2011)

| Geophysics

An Introduction to Applied and
o M, Reymolds Environmental Geophysics, 2nd
] Edition

John M. Reynolds

An Introduction to Applied and
e Environmental Geophysics, 2™
Edition, describes the rapidly de-
veloping field of near-surface geophysics. The book covers
a range of applications including mineral, hy-drocarbon and
groundwater exploration, and emphasises the use of geo-
physics in civil engineering and in environ-mental investiga-
tions. Following on from the international popularity of the
first edition, this new, revised, and much expanded edition
contains additional case histories, and de-scriptions of geo-
physical techniques not previously included in such text-
books.

The level of mathematics and physics is deliberately kept to
a minimum but is described qualitatively within the text.
Relevant mathematical expressions are separated into bo-
xes to supplement the text. The book is profusely illus-
trated with many figures, photographs and line drawings,
many never previously published. Key source literature is
provided in an extensive reference section; a list of web
addresses for key organisations is also given in an appendix
as a valuable additional resource.

e Covers new techniques such as Magnetic Resonance
Sounding, Controlled- Source EM, shear-wave seismic re-
fraction, and airborne gravity and EM techniques

e Now includes radioactivity surveying and more discus-
sions of down-hole geophysical methods; hydrographic
and Sub-Bottom Profiling surveying; and UneXploded
Ordnance detection

e Expanded to include more forensic, archaeological, gla-
ciological, agricultural and bio-geophysical applications

e Includes more information on physio-chemical properties
of geological, engineering and environmental materials

e Takes a fully global approach

e Companion website with additional resources available
at www.wiley.com/go/reynolds/introduction2e

e Accessible core textbook for undergraduates as well as an
ideal reference for industry professionals

The second edition is ideal for students wanting a broad
introduction to the subject and is also designed for practis-
ing civil and geotechnical engineers, geologists, archaeolo-
gists and environmental scientists who need an overview of
modern geophysical methods relevant to their discipline.
While the first edition was the first textbook to provide such
a comprehensive coverage of environmental geophysics,
the second edition is even more far ranging in terms of
techniques, applications and case histories.

(WILEY-BLACKWELL, April 2011)
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Advances in Rock Dynamics
and Applications

Yingxin Zhou and Jian Zhao
(Editors)

Advances in Rock Dynamica
and Applications

The study of rock dynamics is im-
portant because many rock me-
chanics and rock engineering prob-
lems involve dynamic loading rang-
ing from earthquakes to vibrations and explosions. The
subject deals with the distribution and propagation of loads,
dynamic responses and processes of rocks and rate-
dependent properties, coupled with the physical environ-
ment. Rock dynamics has a wide range of applications in
civil, mining, geological and environmental engineering.
However, due to the additional “4th” dimension of time,
rock dynamics remains, in the discipline of rock mechanics,
a relatively more challenging topic to understand and to
apply, where documented research and knowledge are lim-
ited.

Advances in Rock Dynamics and Applications was published
by CRC Press and provides a summary of the state of the
art in rock dynamics with 18 chapters contributed by indi-
vidual authors from both academia and engineering fields.
The topics of this book are wide-ranging and representa-
tive, covering fundamental theories of fracture dynamics
and wave propagation, rock dynamic properties and testing
methods, numerical modelling of rock dynamic failure, en-
gineering applications in earthquakes, explosion loading
and tunnel response, as well as dynamic rock support.

e Provides a summary of the state-of-the-art in rock dy-
namics with the current knowledge of rock dynamics for
researchers and engineers.

e The topics chosen are wide-ranging, covering fundamen-
tal theories of fracture dynamics and wave propagation,
rock dynamic properties and testing methods, numerical
modelling of rock dynamic failure, engineering applica-
tions in earthquakes, explosion loading and tunnel re-
sponse, as well as dynamic rock support

This book is partially a result of the work of the ISRM
Commission on Rock Dynamics chaired by Dr Yingxin Zhou.

CRC is offering a discount of 15% for all ISRM members
and attendees of the ISRM 12th International Congress on
Rock Mechanics, October 18-21, 2011, Beijing, China. In-
terested readers can use the order form in the leaflet (click
here to download), or go to www.crcpress.com, select the
book and enter the promocode 476GB at checkout to re-
ceive 15% off their purchase. The offer is valid until 31
December 2011.

Book Contents:
1. Introduction

2. An overview of some recent progress in rock dynamics
research

3. Split Hopkinson pressure bar tests of rocks: Advances
in experimental techniques and applications to rock
strength and facture

4. Modified Hopkinson bar technologies applied to the
high strain rate rock tests

5. Wave shaping by special shaped striker in SHPB tests

6. Laboratory compressive and tensile testing of rock dy-
namic properties

7. Penetration and perforation of rock targets by hard
projectiles

8. Incubation time based fracture mechanics and optimi-
zation of energy input in the fracture process of rocks

9. Discontinuous approaches of wave propagation across
rock joints

10. Equivalent medium model with virtual wave source
method for wave propagation analysis in jointed rock
masses

11. Polycrystalline model for heterogeneous rock based on
smoothed particle hydrodynamics method

12. Finite Element Method modeling of rock dynamic failure

13. Discontinuum-based numerical modeling of rock dy-
namic fracturing and failure

14. Manifold and advanced numerical techniques for dis-
continuous dynamic computations

15. Earthquakes as a rock dynamic problem and their ef-
fects on rock engineering structures

16. Constraining paleoseismic PGA using numerical analy-
sis of structural failures in historic masonry structures:
Review of recent results

17. Explosion loading and tunnel response

18. Rock support for underground excavations subjected to
dynamic loads and failure

(CRC Press / Balkema, 2011)

Design Analysis in Rock Mechan-
ics, Second Edition

William G. Pariseau

This comprehensive introduction to
rock mechanics treats the basics of
rock mechanics in a clear and
straightforward manner and dis-
cusses important design problems in terms of the mechan-
ics of materials. Numerous exercises and examples famil-
iarize the reader with solving basic practical problems in
rock mechanics through various design analysis techniques
and their applications. A large selection of problems at the
end of each chapter are available for home assignment, and
a course instructor's solution manual is available for home
assignments that may be selected from the extensive list of
problems given at the end of each chapter.

Explanatory and illustrative in character, this book is an
ideal course book in rock mechanics for undergraduate and
first year graduate students in mining and civil engineering
and a useful introduction to rock mechanics for earth scien-
tists and engineers from other disciplines.

In this second edition important design problems are dis-
cussed from a mechanics of materials approach. Numerous
exercises and examples familiarize the reader with solving
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practical problems in rock mechanics through various de-
sign analysis techniques and their applications.

Major applications addressed are:

e rock slope stability in surface excavations, from planar
block and wedge slides to rotational and toppling failures

e shaft and tunnel stability, ranging from naturally-
supported openings to analysis and design of artificial
support and reinforcement systems

e entries and pillars in stratified ground

e three-dimensional caverns, with emphasis on cable bolt-
ing and backfill

e geometry and forces of chimney caving, combination
support and trough subsidence

e rock bursts and bumps in underground excavations, with
focus on dynamic phenomena and on fast and sometimes
catastrophic failures.

Supporting the main text, appendices provide supplemen-
tary information about rock, joint, and composite proper-
ties, rock mass classification schemes, useful formulas, and
an extensive literature list.

Explanatory and illustrative in character, this book is an
ideal text in rock mechanics applications for undergraduate
and first year graduate students in mining, geological, and
civil engineering and a useful introduction to rock mechan-
ics for earth scientists and engineers from other disciplines.

(CRC Press, September 29, 2011)

The ITA Contractual Framework
Checklist for Subsurface
Construction Contracts

This document identifies the key
contractual practice areas the ITA
believes are fundamental for ensur-
ing the success of subsurface con-
struction projects.

0 TS

The reason that this document has been prepared is be-
cause existing standard forms of construction guidelines
and contracts do not adequately deal with the particularities
of the subsurface environment. The ITA believes that the
application of this framework will enhance the possibility of
achieving the project objectives for all stakeholders.

This publication does not specify how each subject area
should be resolved, for that is almost certainly a matter
peculiar to each project - but recommends that the timely
and appropriate consideration of all the matters raised in
this publication is essential for the successful subsurface
project delivery.

(unopeite va «katefacere» TNV €kBeon and Tnv nA.dL.
http://www.ita-
aites.org/fileadmin/filemounts/general/pdf/ItaAssociation/P
roductAndPublica-
tion/WorkingGroupsPublication/WG3/ITA Report N6 WG3
P.pdf)
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GeoRisk 2011

Geotechnical Risk Assessment
and Management

Geotechnical Special Publication
(GSP) 224

Juang, C.H., Phoon, K.K., Puppala, A.]J., Gree, R.A. and
Fenton, G.A. (Editors)

Proceedings of GeoRisk 2011: Geotechnical Risk Assess-
ment and Management, held in Atlanta, Georgia, June 26-
28, 2011. Sponsored by the Geo-Institute of ASCE.

This Geotechnical Special Publication contains 127 peer-
reviewed papers that address uncertainties in the geologic
environment, covering new and continuing work on geo-
hazard mitigation, uncertainty modeling, and risk assess-
ment and management.

Topics include:

e characterization and modeling of variability of soils across
scales;

earth structures/slopes;
earthquake engineering and soil dynamics;
engineering geology and site characterization;

geotechnical assessment, characterization, and design for
risk management;

hazards/risks;
e |imit state design in geotechnical engineering;

e |oad and resistance factor design (LRFD) for foundation
systems;

e probabilistic/simulation methods;

quantitative risk analysis for embankments, dams, and

slopes;

retaining structures;

risk and reliability in geoenvironmental engineering;

uncertainty analysis; and

uncertainty modeling.

This collection offers researchers and practitioners in all
fields of geotechnical engineering essential information on
identifying and managing risks.

(ASCE Press, 2011)

By _ L)
LABORATORY \
TESTING |
v Laboratory Testing of Soils,

Rocks and Aggregates

. of .
{1 SOILS, ROCKS |

e and A
! AGGREGATES ™ N. Sivakugan, A. Arulrajah and
T .u:--. G‘ . A M.W. BO

Testing rocks and aggregates are
rarely covered in soil testing books
and there are no separate books on
rock or aggregate testing. Laboratory Testing of Soils,
Rocks and Aggregates includes laboratory testing methods
for most tests for soils as well as rocks and aggregates,
which are becoming increasingly common in professional
practice and university teaching. Part A gives a general
overview of laboratory measurements, equipment, units,
safety and standards. Part B covers soil tests from grain
size distribution to consolidation, triaxial and direct shear
tests. Part C covers rock tests, which includes the indirect
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tensile strength test and point load test. Part D covers the
common tests carried out routinely on aggregates, which
includes the aggregate impact value test and Los Angeles
abrasion test. Each test consists of the following descriptive
parts: Objective, Standards, Introduction, Procedure, and
Cost. References are made to ASTM International (ASTM),
Australian (AS), British (BS) and International Society of
Rock Mechanics (ISRM) standards and any differences are
noted.

Key Features:

o Contains virtually all current laboratory tests for soils,
rocks and aggregates in one volume

e Presents the tests with the most concise and reader-
friendly explanation possible, but in adequate detail for
both professionals and students

e Includes references to international standards: ASTM,
ISRM, BS, and AS

e The authors are practicing consulting engineers as well as
university professors — Dr. Sivakugan is the author of the
best-selling book, Geotechnical Engineering: A Practical
Problem Solving Approach

o WAV offers downloadable spreadsheets that can be used
to develop laboratory specific datasheets and easily
modified to your style available from the Web Added
Value Download Resource Center at www.jrosspub.com

(J. ROSS Publishing, July 2011)

Recommendations for

Design and Analysis of Earth
Structures using Geosynthetic
Reinforcements - EBGEO

Deutsche Gesellschaft fiir
Geotechnik e.V. (ed.)

The Recommendations deal with
analysis principles and the applica-
tions of geosynthetics used for re-
inforcement purposes in a range of
foundation systems, ground improvement measures, high-
ways engineering projects, in slopes and retaining struc-
tures, and in landfill engineering.

The completely revised and extended Recommendations
deal with all questions relevant to the planning and dimen-
sioning of geosynthetics-reinforced earth structures. In
addition to the demands on materials and analysis princi-
ples, the applications of geosynthetics in a range of founda-
tion systems, ground improvement measures, highways
engineering projects, in slopes and retaining structures,
and in landfill engineering are discussed.

The Recommendations have been supplemented by the
following sections:

- reinforced earth structures over point or linear bearing
elements,

- foundation systems using geotextile-encased columns,
- bridging subsidence,

- dynamic actions of geosynthetic-reinforced systems.
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The remaining sections have been fundamentally revised
and updated in line with current standards and codes of
practice.

(Ernst & Sohn, April 2011)
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SIMSG [] ISSMGE

ISSMGE Bulletin

Volume 5, Issve 3
June 2011

http://www.issmge.org/web/page.aspx?refid=742

ISSMGE Bulletin

Volume 5, Issue 4
August 2011

KukAho@opnoav To 30 kai 4° Teuxog Tou 5°° Tdpou Tou ISS-
MGE Bulletin (Iouviou kal AuyoucoTou 2011) pe evdiapépo-
vTa véa and Tnv digbvr YEWTEXVIKN KOIVOTNTA Kal apbpa yia
Tov TpiTo peydAo osiopd TnG Néag Znhavdiag kar yia Toug
€0pTACHOUG TWV 75 Xpovwv ano Tnv idpuon Tng ISSMGE,
Kabwg kal To noAU evdiagépov dpBpo «An approach for
poverty reduction by maintaining rural roads in developing
countries»

o3 D

vgen_mm

www.geoengineer.org

KukAho@opnoav Ta Telxn #78, #79 kai #80 Tou Newslet-
ter Tou Geoengineer.org (Mdaiog, IoUviog kal ZenTeuppIog
2011) pe NoAAEC XpROIMEG NANpogoOpiec yia OAa Ta Béuara
TNG YEWTEXVIKNG MNXAVIKNG. YnevBupileTar 611 To Newsletter
€kdideTal and Tov ouvadeA@o kai péAog TnG EEEEMM Anun-
Tpn Zekko (secretariat@geoengineer.org).

O3 D

@ International Society for Rock Mechanics

http://www.isrm.net/adm/newsletter/ver html.ph
?id newsletter=65&ver=1
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KukAo@opnoe To Teuxog 15 / ZenTtépBiog 2011 Tou Newslet-
ter Tng International Society for Rock Mechanics.

O3 D

INTERNATIONAL TUNNELLING AND
UNDERGROUND SPACE ASSOCIATION
ita@news n°40

index.php?id=812&no cache=1

KukAogpopnoe To TeUxog No. 40 - IoUAlog 2011 Twv
ita@news Tng International Tunnelling Association.

(C- 4R -0)

ITACET

Foundation

{Foundation for Education and Training on
Tunnelling and Underground Space Use

http://www.itacet.org/Newsletter/03 2011 /newsle
tter 3 2011.php

KukAo@opnoe 1o Teuxoc No. 8 (IoUAlog 2011) Tou ITACET
Foundation.

O3 D

IGS NIEWS s

http://library.constantcontact.com/download/get/fil

€/1103777414955-79/2011-07-igs-news-f2a.pdf

KukAo@opnoe To Teuxog 2, Volume 27 Twv IGS News pe
nAnpogopieg yia Tnv dpaotnpidotTnTa TnG IGS kar TPv €6vi-
KOV EVOOEWYV HEA®V TNG.

3 O
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Geosynthetics International
www.thomastelford.com/journals

KukAogopnaoav Ta Telxn ap. 2 kal 3 Tou 18 Tépou (Anpi-
Aiou kai Iouviou 2011) Tou nepiodikoU Geosynthetics Inter-
national. NMpdoBaon HEOW TwV I0TOCEAISWV
http://www.icevirtuallibrary.com/content/issue/gein/18/2
Kai
http://www.icevirtuallibrary.com/content/issue/gein/18/3
avTioToixa.

o3 D
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Geotextiles & Geomembranes
www.geosyntheticssociety.org/journals.htm

KukAo@opnoav Ta Teuxn ap. 2, 3 kai 4 Tou 29% Ttopou (A-
npiAiou, Iouviou kai Auyouotou 2011) TOoU nEpPIOdIKOU
Geotextiles & Geomembranes. MNpooBacn YECW TNG I0TOOE-
Aidag www.sciencedirect.com/science/journal/02661144.
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EEEEIM

Topéag FEWMTEXVIKAG TnA. 210.7723434

ZXOAH NMOAITIKQN MHXANIKQN ToTt. 210.7723428

EONIKOY METZOBIOY NMOAYTEXNEIOY HA-AI. secretariat@hssmge.gr ,
MoAuTtexveiounoAn Zwypapou geotech@central.ntua.gr

15780 ZQrPA®OY IoTtoosAida www.hssmge.org (Uno Kataokeun)

«TA NEA THX EEEEMM» Ekd0TNG: XproTog Toatoavipog, TnA. 210.6929484, ToT. 210.6928137, nA-31. pangaea@otenet.gr

«TA NEA THX EEEEMM>» «avapT®vTai» Kal oTnVv 1I0ToogAida www.hssmge.gr
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