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1 - I nt r oduct i on 
 
A LGA operates si nce more than 60 years i n the f i el d of  ci vi l  engineeri ng and si nce 
more than 30 years i n the speci f i c f i el d of  anti sei smi c devi ces.  
In thi s short paper the sei smi c i sol ators, whi ch are a category of  al l  the anti sei smi c 
devi ces, i s treated i n parti cul ar. When appl i cabl e, the sei smi c i sol ati on techni que 
can provi de the hi ghest sei smi c protecti on, not onl y of  the structure i tsel f  but of  
the non structural  parts and of  i ts content al so. 
Thi s paper aims to provi de the Desi gner wi th a guide to sel ect the appl i cable 
Standard and to sel ect the most perf ormi ng sei smic i sol ati on sol uti on. 
 
2 - Appl i cabl e Standar ds 
 
The European Communi ty i s provi ded now wi th the most updated and I  woul d al so 
add the best i ndeed Standard for the desi gn of  structures subj ected to the sei smi c 
ri sk. The appl i cabl e Standards f or the desi gn of  a base i sol ated structure are the 
fol l owi ng: 

·  EN 1998 (Eurocode 8). Thi s i s the general  Standard for the desi gn of  al l  
ki nd of  structures. I t  shal l  be appl i ed i n conjuncti on wi th the nati onal  rul es 
to def i ne the earthquake i ntensi ty.  

·  prEN15129. Thi s i s a pre-standard. I t means that i t i s an of f i ci al  document 
approved by the techni cal  commi ttee who draf ted i t (CEN TC 340) and 
theref ore of f i ci al l y di str i buted by CEN. Thi s document al ready passed the 
foreseen publ i c enqui ry and wi l l  undergo the formal  vote procedure f rom  
6/11/2008 to 6/01/2009 af ter that, i f  the resul t wi l l  be posi t i ve, wi l l  become 
a Harmoni zed European Standard. Harmoni zed European Standard means 
that the descri bed anti sei smi c products wi l l  be CE marked i n accordance 
wi th the foreseen procedure and the Standard i tsel f  wi l l  be compul sory i n al l  
CEN member states. However, even i n the actual  status of  pre-standard, 
prEN15129 can be f ul l y uti l i zed, because EN 1998-2, whi ch i s an approved 
and publ i shed European Standard, at Clause 7.5.2.1 states: “ A l l  i sol ators 
shal l  conform to prEN15129:200X  (anti sei smic Devi ces) or be covered by an 
ETA  (European Techni cal  Approval )” . 

·  EN 1337. Thi s i s the Harmoni zed European Standard on Structural  Beari ngs. 
I t  i s compul sory i n al l  European Countri es and al l  the structural  beari ngs 
shal l  be CE marked. The desi gner of  an i sol ati on system shal l  take i nto 
account thi s Standard because very of ten base i sol ators are combined wi th 
structural  beari ngs. I n parti cul ar EN1337 states that any beari ng shal l  al l ow 
one rotati on at l east:  therefore are expressl y prohi bi ted sl i ders whi ch are not 
combined wi th a rotati ng el ement.  
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3 – Ant i sei smic st r ategi es and t ypes of  ant i sei smi c devi ces  
 
The f ol l owing are the fundamental  anti sei smic strategi es: 

·  Peri od shi f t 
·  Energy di ssi pat i on 

The peri od shi f t, as i t appears evi dent l ooki ng at a response spectrum gi ven by the 
standards, provi des a reducti on of  the accel erat i on transmi tted to the structure, 
causing however an i ncrease of  the di spl acement between the structure and the 
foundati ons or between the structural  components.  
The energy di ssi pat i on, i n addi ti on to a f urther reducti on of  the accel erati on, 
provi des a reducti on of  the rel ati ve di spl acement. 
The systems provi di ng a peri od shi f t are based on ei ther one of  the fol l owi ng 
physi cal  pri nci pl es:  

·  El asti c systems that store the energy produced by the di spl acement under the 
form of  el asti c energy  

·  Pendulum systems that store the energy produced by the di spl acement under 
the form of  potenti al  energy  

The systems provi di ng energy di ssi pat i on are based on ei ther one of  the fol l owing 
physi cal  pri nci pl es: 

·  Y i el d of  metal s  
·  V i scosi ty of  f l ui ds or rubbers 
·  Fri cti on 
·  El ectri c resi stance 

A  cl assi f i cati on of  the anti sei smic devi ces may be performance ori ented, l i ke the 
one gi ven i n prEN 15129: 

·  Ri gi d Connect i ons 
o  Restrai ns (Fi xed or movabl e shear keys) 
o  Shock Transmissi on Uni ts 

·  Vel oci t y I ndependent  Devi ces 
o  L i near Devi ces 
o  Non L i near Devi ces 

·  Vel oci t y Dependant  Devi ces 
·  I sol ator s 

o  Sl i ders 
o  Rubber and Lead Rubber Beari ngs (Low or hi gh dampi ng) 
o  Pendulums 

In the above cl assi f i cati on the ri gi d connecti ons are those not i nf l uenci ng the 
response spectrum. They simpl y react ri gi dl y to the earthquake (restrai ns) or 
di str i bute the reacti on produced by the earthquake i n pre-determined l ocati ons of  
the structure (shock transmi ssi on uni ts).  
The l i near devi ces have an essenti al l y el asti c behaviour and therefore can provi de 
a peri od shi f t  wi thout a si gni f i cant energy di ssi pati on. 
The non l i near devi ces can provi de a si gni f i cant energy di ssi pat i on, l i ke i n 
parti cul ar the hystereti c dampers. They cause a reducti on of  the accel erati on on 
the structure wi th l i mi ted di spl acement. 
Some non l i near devi ces, l i ke f or i nstance those based on the use of  shape memory 
al l oys, don’ t  provi de a si gni f i cant energy di ssi pati on but l imi t the maximum force 
that may be generated by the earthquake. Therefore they can grant a better re-
centri ng capaci ty i n respect of  the hystereti c devi ces but they pay thi s pl us wi th a 
hi gher rel ati ve di spl acement i n case of  earthquake.  
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The vel oci ty dependant devi ces are f requentl y based on the use of  oi l  hydraul i c 
cyl i nders than can provi de di f f erent performances i n f uncti on of  the adopted 
hydraul i c ci rcui t.  
In the  prEN 15129 are def i ned as sei smic i sol ators the devi ces or the combi nati on 
of  devi ces provi di ng the fol l owing f our f uncti ons:  

·  Support the wei ght of  the structures. 
·  Provi de l ateral  di spl acement capabi l i ty. 
·  Provi de re-centri ng capabi l i ty 
·  Di ssi pate energy 

The fol l owi ng i s a type ori ented cl assi f i cati on of  the most commonl y uti l i zed 
i sol ators: 

·  Hi gh Damping Rubber Beari ngs (HDRB) 
·  Lead Rubber Beari ngs (LRB) 
·  Hysteret i c devi ces (combined wi th sl i di ng beari ngs) (HY) 
·  V i scous Dampers (combined wi th sl i di ng beari ngs and an el asti c system) 

(V D)  
·  Sl i di ng Pendul um i sol ators (SP) 

 
We wi l l  descri be the f i rst f our types, showing some of  the most important 
appl i cati ons i n the next chapter. The sl i di ng pendulum, whi ch represents the most 
updated and i nnovati ve product recentl y devel oped by A LGA , wi l l  be more 
exhausti vel y treated i n chapter 5.  
 
4 - I sol ator s 
 
4.1-  High Damping Rubber  Bear i ngs 
 
They have been developed by Prof . Jim Kel l ey at the Uni versi ty of  Cal i f orni a i n 
Berkeley i n 1985. The f i rst appl i cati on i n Europe have been perf ormed by A LGA  
for the bui l di ngs complex of  the tel ephone company Tel ecom i n A ncona i n 1987, 
havi ng Prof  K el l y as a consul tant (see f i g. 1) 
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Fi g. 1 - The bui l di ng compl ex of  the Tel ecom tel ephone company: the f i rst base 
i sol ated structure i n I tal y, year 1987 
 
Hi gh Dampi ng Rubber Beari ngs are si mi l ar to rubber beari ngs but wi th some 
important di f f erence: 

·  The uti l i zed rubber, thanks to some addi ti ves added to the compound, 
di ssi pates energy when subj ected to cycl i c shear deformati ons. 

·  The uti l i zed rubber has superi or mechani cal  properti es i n compari son wi th 
that of  the standard el astomeri c beari ngs and can support shear 
deformati ons over 3. 

·  The rubber i sol ators cannot transf er the hori zontal  f orces by f r i cti on but  
shal l  be provi ded wi th anchors or other type of  mechani cal  f i x i ng. 

A LGA has devel oped and tested 3 types of  compounds wi th shear modulus of  0,4, 
0,8 and 1,4 MPa wi th equi val ent vi scous damping up to 16%. 
Starti ng f rom 1987 they have been used i n many appl i cati ons worl dwide for 
bri dges, bui l di ngs, i ndustri al  structures and museum obj ects.  
The l ack of  space avai l abl e f or thi s paper doesn’ t al l ow to l i st them al l  but we 
shal l  l imi t  oursel ves to menti on the most important onl y: 
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Fi g. 2 – The bri dge over the ri ver Tagus at Santarem, Portugal , 4 km l ong, i s base 
i sol ated wi th HDRB 
 
The bri dge over the ri ver Tagus i n Santarem, Portugal , (see f i g. 2) i s the l ongest 
bri dge i n the worl d (4 km) base i sol ated wi th thi s technol ogy. The NATO A i r 
Force South Headquarters (see f i g. 3), currentl y under constructi on, uti l i zes 383 
bi g si ze i sol ators combined wi th 128 hystereti c sl i ders and i s the bi ggest base 
i sol ated bui l di ng i n Europe.  
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Fi g. 2 – The NA TO A i r Force South Headquarter near Napl es uti l i zes 383 bi g si ze 
i sol ators. I t  i s the bi ggest base i sol ated bui l di ng i n Europe 
 

 
4. 2 – Lead Rubber  Bear i ngs 
 
They are simi l ar to the previ ous ones but the energy di ssi pati on i s provi ded by one 
or more l ead pl ugs i nserted i n the rubber beari ng and subjected to shear 
deformati on.  
The l ead i s capable to undergo pl asti c deformati ons di ssi pati ng energy wi thout 
bei ng damaged i n an i rreversi bl e way. A f ter a pl ast i c def ormati on cycl e i s abl e to 
re-crystal l i ze reverti ng to the i ni t i al  condi ti ons. 
They have been devel oped i n 1978 i n New Zealand but have been uti l i zed i n 
Europe several  years l ater. 
In compari son wi th the hi gh dampi ng rubber beari ngs they have some advantage 
and some di sadvantage. The advantages: 

·  They can di ssi pate more energy (up to 28% and more of  equi val ent vi scous 
damping)  

·  A t comparabl e perf ormance they are cheaper  
·  The l ead pl ug may be a sui tabl e restrai n i n the servi ce condi ti ons (wi nd, 

braki ng of  vehi cl es, etc.)  
As di sadvantages we can menti on: 

·  Si nce the energy di ssi pati on i s concentrated i n the l ead pl ug, under certai n 
condi ti ons the heath generated may cause i rreversi bl e damages of  the 
i sol ator.  
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·  Lead i s toxi c and envi ronment unf ri endl y and therefore requi res parti cul ar 
care for i ts handl i ng and wasti ng.  

Actual l y the European Standard i nexpl i cabl y promotes the l ead rubber beari ngs, 
i gnori ng thei r di sadvantages, so that thei r appl i cati ons are i ncreasi ng. 
 

  
Fi g. 4 – 5 The A i rport of  Antal ya, Turkey, retrof i tted by use of  LRB 
  
Among the numerous appl i cati on performed by A LGA  we can menti on the most 
important: the sei smic retrof i tt i ng of  the Antal ya A i rport i n Turkey that has been 
perf ormed cutti ng the concrete col umns and i nserti ng the l ead rubber beari ngs 
wi thout i nterrupti ng the ai rport operati on (see f i g 4-5). 
 

 
Fi g. 6 – Renderi ng of  the arch bri dge of  the Basarab overpass, currentl y under 
constructi on i n Bucharest by the consorti um A stal di  FCC 
 
An other important appl i cati on performed by A LGA  i s the base i sol ati on of  the 
arch span of  the Basarab bri dge i n Bucharest, currentl y under construct i on by the 



 8 

consorti um Astal di  FCC. Thi s structure i s base i sol ated by the use of  4 bi g si ze 
l ead rubber beari ngs of  1100 mm di ameter (see f i g. 6) 
 
 
4.3 – Hysteret i c i sol ator s 
 
Thi s ki nd of  i sol ators uti l i zes the yi el d of  metal s, normal l y steel , to di ssi pate 
energy. To real i ze an i sol ator the hystereti c damper i s combined to a sl i di ng 
beari ng supporti ng the wei ght of  the structure and al l owing the rel ati ve 
di spl acement.  
The f i rst hystereti c dampers have been devel oped i n New Zealand i n year 1974. 
The f i rst European appl i cati on has been performed by A LGA i n year 1980 for 
several  bri dges i n the M otorway Udine – Tarvi si o. A f ter the f i rst appl i cati on 
A LGA greatl y improved the technology i n order to obtai n a better resi stance to the 
l ow cycl e f ati gue and a perf ectl y symmetri c behaviour. From the research 
perf ormed two devi ces wi th parti cul arl y sui tabl e geometry and parti cul arl y 
sui tabl e steel  qual i ty, wi th E and C shapes, have been patented i n year 1979 by V . 
Ciampi  and A . M ari oni . 
The most important appl i cati on of  hystereti c i sol ators, worl dwide, sti l l  remai n the 
Mortai ol o vi aduct on the L i vorno – Cecina M otorway, 10 km l ong.  
 

  
Fi g. 7-8 – Isol ators wi th hystereti c dampers and hydraul i c shock transmi ssi on 
uni ts uti l i zed i n M ortai ol o vi aduct on the L i vorno – Ceci na M otorway: the l ongest 
base i sol ated bri dge i n the worl d 
 
For thi s appl i cati on the hystereti c dampers are combined wi th a sl i di ng pot beari ng 
supporti ng the verti cal  l oad and al l owing the di spl acements and hydraul i c shock 
transmi ssi on uni ts to al l ow the l ongi tudi nal  sl ow movements of  the bri dge and to 
transfer the l ongi tudi nal  f orce i n case of  earthquake (see Fi g. 7-8). 
Through the combinati on of  C el ements wi th radi al  symmetry  i t  i s possi bl e to 
obtai n mul ti di recti onal  hystereti c dampers wi th uni f orm response i n the vari ous 
di recti ons. Thi s ki nd of  devi ce has been appl i ed, i n combinati on wi th f ree sl i di ng 
beari ngs, f or the base i sol ati on of  the Bolu vi aduct on the Istanbul  Ankara 
Motorway i n Turkey. Thi s vi aducts became f amous because i n 1999 was hi t by an 
earthquake of  7,4 magni tude wi th epi centre very cl ose to the bri dge and ground 
accel erati ons over 0,8g, more then twi ce the desi gn ones. In spi te of  the 
unf oreseen earthquake i ntensi ty the vi aduct, al though seri ousl y damaged, di dn’ t 
col l apse thanks to the hystereti c dampers. 
In f i gure 9 i s shown a devi ce simi l ar to those i nstal l ed i n the Bol u vi aduct duri ng 
the qual i f i cat i on tests performed i n A LGA ’ s l aboratory. 
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Fi g. 9 – Type test on the 
mul ti di rect i onal  hystereti c dampers 
for the Bol u vi aduct i n Turkey at 
A LGA ’ s l aboratory. 

Fog. 10 – The Bolu vi aduct i n Turkey 
survi ved a 7,4 magni tude earthquake thanks 
to the hystereti c dampers suppl i ed by 
A LGA 

 
One of  the l atest i mportant appl i cati ons of  hystereti c dampers si mi l ar to those 
i nstal l ed on the Mortai ol o vi aduct i s the Tauri ano vi aduct on the M eduna ri ver. 
The vi aduct i s conti nuous and has a total  l ength of  900 m wi thout i ntermedi ate 
j oi nts (see f i g 11). 
 

 
Fi g. 11 – The Tauri ano vi aduct on the Meduna ri ver, bui l t i n year 2007, uti l i zes 
hystereti c dampers combined wi th pot beari ngs and shock transmissi on uni ts. 
 
 
 
 
4.4 – Hydraul i c Devi ces 
 
Thi s ki nd of  devi ces has a stri ctl y vel oci ty dependent behavi our. They can provi de 
di f f erent performances i n f unct i on of  thei r hydraul i c ci rcui t but always consi st of  
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a steel  cyl i nder wi th a pi ston di vi di ng i t i n two chambers f i l l ed wi th oi l . The 
cyl i nder at one si de and the pi ston at the other one are connected through spheri cal  
hi nges at two structural  parts between whi ch the earthquake wi l l  generate a 
di spl acement. The di spl acement f orces the oi l  to f l ow f rom one chamber to the 
other though the hydraul i c ci rcui t. 
 

  
Fi g. 12-13  - Shock Transmissi on Uni ts f or the Paksey Bri dge i n Bangladesh 
 
Thei r behaviour, i n a si mpl i f i ed way not taki ng i nto account the oi l  
compressi bi l i ty, can be represented by the fol l owi ng equati on: 
 

aVCF ´=  
Where: 
F i s the force appl i ed to the pi ston 
C i s a constant depending f rom the physi cal  – geometri cal  characteri sti cs of  the 
devi ce  
�  i s an exponent rangi ng between 0,01 and 2 (wi th f orce i n kN and vel oci ty i n m/s) 
depending f rom the adopted hydraul i c ci rcui t . 
Devi ces wi th exponent 2 are uti l i zed wi th the aim of  maximi zi ng the behaviour 
di f f erence  at l ow vel oci ty (wi th mi nimum reacti on for sl ow movements due to 
temperature, creep and shri nkage) and hi gh vel oci ty (wi th maximum reacti on for 
earthquake condi ti ons). These devi ces are normal l y cal l ed Shock Transmissi on 
Uni ts and belongs to the Ri gi d Connecti on Devi ces category as descri ber by 
prEN15129. They are not sui tabl e to di ssi pate l arge energy quanti t i es.  
I f  the mai n scope of  the devi ces i s the di ssi pati on of  energy then the exponent 
shal l  be as l ow as possi bl e: 0,15 or l ower, unti l  nearl y zero. Thi s can be obtai ned 
through a sui tabl e hydraul i c ci rcui t . These devi ces are normal l y cal l ed V i scous 
Dampers and bel ongs to the category of  Vel oci ty Dependant Devi ces as descri bed 
i n prEN15129.  
They can be uti l i zed for several  appl i cati ons but, to be i ntegrated i n a sei smi c 
i sol ati on system they shal l  be combined to other devi ces support i ng the wei ght of  
the structure and provi di ng a re-centri ng force. In some cases the re-centri ng force 
may be generated by the structure i tsel f  through the el asti ci ty of  one pi er or of  one 
f rame. 
A l so hydraul i c devi ces wi th re-centri ng capaci ty are avai l abl e. thei r behaviour i s 
descri bed by prEN15129 and they are named vi sco-el asti c dampers. 
Wi thi n several  appl i cati ons of  hydraul i c devi ces perf ormed by A LGA (the f i rst one 
dated back to year 1974 for the Fi umarel l a del  Noce V i aduct i n Cal abri a) we can 
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menti on the devi ces for Paksey Bri dge i n Bangl adesh, that are important f or thei r 
desi gn force (1800 kN) and thei r stroke (800 mm) (See f i g. 12-13). 
A l so i n Romani a there i s an important appl i cati on of  hydraul i c devi ces 
manuf actured by A LGA  under constructi on: the Basarab cabl e stayed bri dge, 
currentl y under constructi on by the consorti um Astal di  FCC (see f i g. 14). I t wi l l  
i ncorporate: 

·  4 V i scous dampers wi th 2500 kN desi gn force; 500 mm stroke; 0,15 
exponent and l imi ti ng val ve assuri ng the f i xi ty of  the system up to the 
desi gn force. These devi ces wi l l  be i nstal l ed i n the main pi er 

·  8 V i scous dampers wi th 3750 kN desi gn force; 550 mm stroke; 0,15 
exponent. These devi ces wi l l  be i nstal l ed i n the abutment 

 

 
Fi g. 14 – Renderi ng of  the cable stayed bri dge of  the Basarab overpass, currentl y 
under constructi on i n Bucharest by the consorti um A stal di  FCC 
 
5 – Sl i di ng Pendulum I sol ator s 
 
5.1 – General  Featur es 
 
A LGAPEND sei smic i sol ators are the resul t of  the most updated technology. They 
have been developed starti ng f rom an i dea born i n the USA i n the ei ghti es 
implemented by the most updated research i n the f i el d of  syntheti c materi al s wi th 
l ow or control l ed f ri cti on. 
Thei r main characteri sti cs are the f ol l owi ng: 

·  They al l ow the rel ati ve di spl acement of  the structure i n respect of  the 
foundati ons fol l owi ng one or two spheri cal  surf aces. 

·  The radi us of  the spheri cal  surfaces determines the natural  peri od of  the 
structure. 

·  The natural  peri od i s i ndependent f rom the mass of  the structure. 
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·  The f ri cti on coef f i ci ent of  the sl i di ng surf ace determi nes the equi val ent 
f ri cti on damping of  the i sol ati on system 

·  They are sel f  re-centri ng af ter a sei smic event 
A LGAPEND i sol ators are based on the appl i cat i on of  a seri es of  sl i di ng materi al s 
cal l ed X L IDE® , whi ch are the resul t of  a research program appointed by A LGA to 
Pol i tecni co di  M i l ano and protected by i nternati onal  patent. The X L IDE®  
control l ed f r i cti on materi al s have the f ol l owing pecul i ar characteri sti cs: 

·  Control l ed f ri cti on coef f i ci ent means that the actual  f r i ct i on wi l l  correspond 
to the speci f i ed one wi thi n a narrow tol erance. Besi des the f r i ct i on 
coef f i ci ent wi l l  not be af f ected by the envi ronmental  temperature. 

·  X L IDE®  sl i di ng materi al s have an outstanding resi stance to wear and to hi gh 
temperature. Thi s properti es make them parti cul arl y sui tabl e as energy 
di ssi pati ng el ements based on f ri cti on wi th excepti onal  performances. 

·  X L IDE®  sl i di ng materi al s have a very hi gh characteri sti c compressi ve 
strength, more than twi ce that of  PTFE. Therefore i t i s possi bl e to greatl y 
reduce the dimensi ons of  the devi ces wi th a cost savi ng desi gn. 

A LGAPEND i sol ators may be desi gned fol l owi ng three basi c types: 
1. Wi th one main spheri cal  sl i di ng surf ace, that may be at the top or at the 

bottom of  the devi ce, connected to a spheri cal  hi nge (see f i g. 15). 
2. Wi th two main spheri cal  surfaces wi t an i nterposed point rocker 

art i cul ati on. Wi th thi s f eature i t i s possi bl e to mini mi ze the dimensions 
i n pl an of  the i sol ator and the eccentri ci ty caused by the hori zontal  
di spl acement (Thi s sol uti on i s protected by an i nternati onal  patent) (see 
f i g. 16). 

3. Wi th two perpendi cul ar cyl i ndri cal  surfaces, one on top and the other at 
the bottom, wi th two perpendi cul ar cyl i ndri cal  arti cul ati ons i nterposed. 
Wi th thi s sol uti on, properl y sel ecti ng the f ri cti on materi al s, i t  i s possi bl e 
to have two di f f erent behavi ours of  the devi ce i n the two perpendi cul ar 
di recti ons (Thi s sol uti on i s protected by an i nternati onal  patent) (see f i g. 
17). 

 

   
Fi g. 15 – Sl i di ng Pendulum 
Isol ator wi th one sl i di ng 
surf ace 

Fi g. 16 – Sl i di ng 
Pendulum Isol ator havi ng 
two sl i di ng surf aces 

Fi g. 17 – Sl i di ng 
Pendulum Isol ator 
havi ng two cyl i ndri cal  
perpendi cul ar sl i di ng 
surf aces. 

 
The choi ce of  the type of  Sl i di ng Pendul um Isol ator i s depending f rom the detai l s 
of  the structure i n whi ch i t shal l  be adopted, f rom the al l owable di spl acement of  
the resul tant and f rom the geometri cal  space avai l abl e.  
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Fi g. 18 – Di spl acement of  the resul tant 
wi th a sl i di ng pendul um i sol ator wi th 
one sl i di ng surface 

Fi g. 19 – Di spl acement of  the resul tant 
wi th a sl i di ng pendul um i sol ator wi th 
two sl i di ng surf aces 

 
For i nstance a sl i di ng pendul um i sol ator wi th one sl i di ng surf ace as shown i n f i g. 
18 would be sui tabl e i n a vi aduct f or whi ch the di spl acement of  the resul tant 
wi thi n the superstructure normal l y doesn’ t create any problem. For the use i n 
bui l di ngs normal l y the i sol ator i s i nstal l ed upsi de down i n order to have the 
di spl acement of  the resul tant i n the foundati on and not i n the col umn.  
In certai n cases i t  may be sui tabl e the sl i di ng pendulum wi th two sl i di ng surf aces, 
provi di ng a hal ved di spl acement of  the resul tant both i n the substructure and i n the 
superstructure (see f i g. 19).  
The use of  the sl i di ng pendul um wi th two perpendi cul ar cyl i ndri cal  sl i di ng 
surf aces as represented i n f i g. 11 may be parti cul arl y sui tabl e i n the bri dges i n 
order to di f f erenti ate the behavi our of  the structure duri ng an earthquake i n the 
two di recti ons. For i nstance the desi gner may wi sh to i ncrease the energy 
di ssi pati on i n transverse di recti on i n order to l imi t the transverse di spl acement i n 
the expansion j oi nts, al though having a hi gher transversal  f orce i n case of  
earthquake. Normal l y thi s greater f orce can be absorbed wi thout any probl em by 
the pi ers i f  they are l arger i n the transversal  di recti on. 
 
5.2 – Mathemati cal  model  
 
Being 
 

• T  Natural  peri od di sregardi ng f ri cti on 
• T ef f  Ef fecti ve peri od 
• g Gravi ty accel erati on  
• µ Dynami c f ri cti on coef f i ci ent 
• V  V erti cal  l oad 
• R Radius of  the sl i di ng surf ace or surfaces 
• D Desi gn di spl acement 
• K ef f  Ef f ecti ve sti f f ness 
• xxxx equi val ent vi scous damping 
• h di stance between the centre of  the hi nge and the sl i di ng surf aces f or the 

i sol ators wi th 2 sl i di ng surf aces 
Wi th reference to f i g. 20 we obtai n: 
 
 
 
 
 

V V

e=D

V V

e=D/2

e=D/2
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Fi g. 20 – Geometri cal  def i ni t i ons for sl i di ng pendul um i sol ators 

 
For the i sol ators wi th one sl i di ng surf ace: 
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For the i sol ators wi th two sl i di ng surf aces: 
 
 
 
 
The other expressi ons f or the i sol ators wi th two sl i di ng surf aces are simi l ar to the 
above ones repl aci ng R wi th 2(R-h) as appropri ate. 
 
5.3 -  Sl i di ng Mater i al s XLI DE®  
 
X L IDE®  sl i di ng materi al  has been devel oped wi th di f f erent f ri cti on coef f i ci ents 
f or the di f f erent appl i cati ons: f or the spheri cal  beari ngs A LGA SFERON and for 
the spheri cal  hi nges of  the A LGAPEND devi ces i s uti l i zed X L IDE®  sl i di ng 
materi al  wi th a very l ow f ri cti on coef f i ci ent, smal l er than 0,02. For the speci al  
appl i cati ons l i ke A LGAPEND are uti l i zed X L IDE®  materi al s wi th a f ri cti on 
coef f i ci ent of  0,02, 0,06, 0,10 and 0,20 and a tol erance of  �  10%. 
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Since energy di ssi pati on produces heath, the X L IDE®  sl i di ng materi al s wi th 
control l ed f ri cti on have been devel oped and tested i n order to provi de a sui tabl e 
resi stance to the wear and the heath generated duri ng a sei smi c event.  
The heath generated duri ng a sei smi c event i s Q=Cµpvt where: 

• C i s a constant depending on the materi al  properti es 
• µ  i s the f ri cti on coef f i ci ent 
• p  i s the pressure on the sl i di ng materi al  
• v i s the vel oci ty 
• t  i s the durati on of  the sei smi c event 

In the fol l owing tabl e are l i sted f or the vari ous X L IDE®   control l ed f ri cti on 
materi al s the al l owable desi gn pressures p, assumi ng a sei smi c event of  20 second 
durati on wi th an average speed of  500 mm/s. 
 

µ p (M Pa) 
0,02 135 
0,06 50 
0,10 30 
0,20 15 

 
I n addi t i on X L IDE® : 
·  i s envi ronment f r i end 
·  non toxi c 
·  bio-compati bl e 
·  resi stant to almost al l  aggressi ve agents 
·  practi cal l y i ndestructi bl e 

 
5.4 – Refer ence Standard 
 
A LGAPEND i sol ators are conf ormi ng to the requi rements of  the European 
Standard EN 1998 (Eurocode 8) and to the pre-standard prEN 15129. 
In addi t i on they are conformi ng to AASHTO 
. 
5.5 – Labor ator y tests 
 
The sl i di ng materi al s of  the X L IDE®  seri es have been subj ected to both stati c and 
dynami c tests at the l aboratori es of  Pol i tecni co di  M i l ano and at A LGA  l aboratory. 
Ful l  scal e dynamic tests have been perf ormed at the Eucentre l aboratory at the 
Pavi a Uni versi ty. They have been made i n accordance to the requi rements of  prEN 
15129 (see f i g. 21). 
Si nce the heath generated duri ng the tests i s rel evant, i t  i s very important to 
perf orm ful l  scal e tests appl yi ng the desi gn l oads and vel oci t i es, f or a peri od 
equi val ent to the durati on of  an earthquake. A LGAPEND i sol ators have been 
subj ected to l oad cycl es much greater than a si ngl e earthquake event wi thout 
suf f eri ng any damage. Duri ng some of  the test thermo-graphi c pi ctures have been 
taken i n order to veri f y the temperature l evel  reached (se  f i g. 22)  
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Fi g. 21 – Dynami c test on a sl i di ng 
pendul um wi th one sl i di ng surf ace at 
Eucentre - Pavi a 

Fi g. 22 – Thermography executed 
duri ng a dynami c test on a sl i di ng 
pendul um wi th two sl i di ng surfaces at 
Eucentre - Pavi a 

 
 
The f ol l owing l oad – def l ecti on pl ot i s a typi cal  test output (see f i g. 23) 
 

 
Fi g. 23 – Typi cal  l oad – di spl acement pl ot obtai ned duri ng the dynami c tests on a 
sl i di ng pendulum wi th one sl i di ng surf ace at Eucentre - Pavi a 
 
5.6 -  Accessor i es 
 
When the f i xi ty of  the structure under servi ce condi ti ons shal l  be granted, l i ke f or 
i nstance for rai lway or road bri dges, or i n bui l di ngs subj ect to a strong wind 
acti on, the A LGAPEND i sol ators may be provi ded of  so cal l ed mechani cal  f uses. 
Fuses are ri gi d connecti ons that grant the f i xi ty of  the structure up to a pre-
determined hori zontal  l oad. When thi s l imi t i s reached the fuses wi l l  break of f , 
al l owing the structure to move and the i sol ators to perform thei r duty. Fuses may 
be f i xed i n al l  di recti ons or uni di recti onal . The l atter are sui tabl e f or the bri dges 
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where i s necessary to grant the l ongi tudi nal  movement of  the beams due to 
temperature vari ati ons, creep and shri nkage. 
 
5.7 – Examples of appl i cati on 
 
The greatest appl i cat i on currentl y under constructi on i s the sei smic i sol ati on of  the 
Golden Ear Bri dge. I t i s a great complex of  bri dges, ramps and overpasses crossi ng 
a sea channel  cal l ed Gol den Ear near to Vancouver, i n Canada. In f i gure 24 i s 
shown a renderi ng of  the bri dge, currentl y under construct i on. In f i gure 25 are 
shown some of  the sl i di ng pendulum i sol ators f or the Golden Y ear bri dge duri ng 
the manufacturi ng phase. 
 

  
Fi g. 24 – Renderi ng of  the Golden Ear Bri dge currentl y 
under constructi on i n V ancouver 

Fi g. 25 – M anufacturi ng 
phase of  the sl i di ng 
pendul um i sol ators f or 
the Golden Ear Bri dge 

 
6 – Design pr ocedur e and per f or mance check  of  t he di f f er ent  i sol ator  t ypes  
 
6.1 Design procedur e for  sl i di ng pendul um i sol ator s 
 
In accordance wi th EN 1998-2 sl i di ng pendul um i sol ators may be model l ed as 
l i near equi val ent i f  the equi val ent vi scous dampi ng i s �  30%. 
Thi s requi rement i s met i f  the f ri cti on coef f i ci ent f ul f i l s the f ol l owing condi ti on:  
 
 
 
For i nstance: wi th D=300 mm, R=3979 mm we get: µ � 0,067. 
In other words the l i near desi gn may be perf ormed i f  the f ri cti on coef f i ci ent of  the 
sl i di ng surf aces i s not too bi g. 
The other requi rements of  the EN 1998-2 to perform the l i near anal ysi s are 
practi cal l y always met. 
In parti cul ar the requi rement of  coi nci dence of  the mass barycentre and the 
sti f f ness barycentre i s always automati cal l y sati sf i ed because the sti f f ness of  the 

RD /89,0£m
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sl i di ng pendul um i sol ators i s proporti onal  to the wei ght and therefore to the mass 
of  the supported structure   
 
 
 
 
Of  course the non l i near anal ysi s i s al ways admi tted.  
For the desi gn of  a structure wi th sl i di ng pendul um i sol ators normal l y one can 
start assumi ng a radi us of  the sl i di ng surf aces and a f ri cti on coef f i ci ent sel ecti ng 
among the val ues recommended by the manuf acturer.  
The f ri cti on coef f i ci ent recommended by A LGA are l i sted at paragraph 5.3, and 
the recommended radi i  are l i sted i n the tabl e here bel ow. They correspond to 
natural  peri ods of  3, 4 and 5 seconds di sregardi ng the f ri cti on.. 
 

R(m) T(s) 
2,238 3 
3,979 4 
6,218 5 

 
To perf orm the l i near anal ysi s one can use the formul as gi ven at paragraph 5.2 to 
compute the val ues of  the sti f f ness, ef f ecti ve peri od and equi val ent vi scous 
dampi ng. Si nce these val ues are f uncti on of  the desi gn di spl acement D whi ch i s 
not i ni t i al l y known, i t i s possi bl e to operate through an i terati ve method, choosi ng 
a tri al  val ue of  D, computi ng i n f uncti on of  i t  the val ues of  the sti f f ness, ef f ecti ve 
peri od and equi val ent vi scous dampi ng. In thi s way one can get, through the 
response spectrum a new val ue of  D, computi ng the new val ues i n f uncti on of  i t  
and so on unti l  the procedure converges to a stabl e val ue, that happens very 
qui ckl y. 
I f  the condi t i ons to perf orm the l i near anal ysi s are not met, the most common 
sof twares f or the executi on of  the non l i near anal ysi s avai l abl e on the market 
si mpl y al l ow to model  the sl i di ng pendul um i sol ators through thei r f undamental  
parameters: the radi us and the f ri cti on coef f i ci ent. 
. 
6.2 – Compar i son of the per formances of var i ous types of i sol ator s 
 
For thi s compari son are taken i nto consi derati on Hi gh Dampi ng Rubber Beari ngs, 
Sl i di ng Pendul um Isol ators and Hysteret i c I sol ators. I sol ati on systems i ncl udi ng 
V i scous Dampers are not consi dered because thei r appl i cati on i s subj ected to too 
many desi gn f actors. 
The f ol l owi ng i nput data are consi dered, assumi ng the response spectrum i n 
accordance wi th the I tal i an Standard gi ven i n f i gure 26. 
. 

• Sei smi c zone 1 (PGA  = 0,35g) 
• Soi l  type B 
• Natural  peri od of  the i sol ated structure T=2,75 s 
• M ass beard by one i sol ator M =1000 t 
• equi val ent vi scous dampi ng x=16% 
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Fi g. 26 - Accel erati on spectrum for the desi gn exampl e 
 
Wi th a Hi gh Dampi ng Rubber Beari ng one can immedi atel y get the val ue of  the 
requi red sti f f ness through the fol l owi ng f ormula: 
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From the adopted response spectrum the accelerati on i n correspondence of  the 
natural  peri od 2,75 s i s equal  to: 
A  = 1,419 m/s2 
 
Taki ng i nto account the equi val ent vi scous damping of  16%, the accel erat i on i s 
reduced by the f actor: 
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And becomes 
A=0,979 m/s2 (0,1g) 
The desi gn di spl acement resul ts: 
 

m
T
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The above val ue represents one hori zontal  component of  the sei smi c di spl acement. 
To get the total  di spl acement f or the i sol ators, accordi ng to the I tal i an Codes, the 
sei smic di spl acements i n the two di rect i ons shal l  be added vectori al l y and the 
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resul t shal l  be ampl i f i ed by a rel i abi l i ty f actor � x = 1,2. I f  a l i near anal ysi s i s 
perf ormed, accordi ng to the I tal i an Standard, the di spl acement i n the perpendi cul ar 
di recti on i s assumed equal  to 30% of  that i n the pri nci pal  one. I t  resul ts: 
 

mmDDDtot 2573,02,1 2 =+=  
 
The sui tabl e Hi gh Damping Rubber Beari ng, making reference to the A LGA  
catal ogue i s the type HDH.E1000 havi ng the fol l owi ng geometri cal  and mechani cal  
properti es:  

• Rubber di ameter 1000 mm 
• Dimensi ons of  the outer steel  pl ates 1050 x 1050 mm 
• Shear modulus of  the rubber 1,4 M Pa 
• Net rubber thi ckness 210 mm 
• Total  hei ght 428 mm 

 
The desi gn of  the equi val ent Sl i di ng Pendulum Isol ator i s very easy and may be 
perf ormed by the i terati ve method. Assuming the fol l owing val ues of  the radi us 
and the f ri ct i on coef f i ci ent: 

• R=2,5 m  
• µ=0,025 

we get the same val ues of  accelerati on, di spl acement and equi val ent vi scous 
damper obtai ned f or the Hi gh Damping Rubber Beari ng. 
We can use a Sl i di ng Pendulum Isol ator wi th one or two sl i di ng surf aces getti ng 
the fol l owing overal l  dimensi ons of  the devi ces: 
wi th one sl i di ng surf ace 

·  Diameter of  the bottom pl ate 600 mm 
·  Diameter of  the top pl ate 950 mm 
·  Hei ght 190 mm 

wi th two sl i di ng surf aces 
·  Diameter of  the top and bottom pl ates 700 mm 
·  Hei ght 240 mm 

 
Uti l i zi ng a hystereti c i sol ator the compari son i s not exactl y congruent because the 
equi val ent vi scous dampi ng i s much hi gher, of  the order of  40%. Therefore, i f  we 
want an accel erati on equal  to the previ ous cases we wi l l  get a smal l er 
di spl acement, of  the order of  150 mm. In other words we wi l l  have a more 
perf orming i sol ator. 
A  simi l ar resul t woul d be obtai ned uti l i zi ng i sol ators wi th vi scous dampers. 
M aki ng ref erence to the A LGA catal ogue, the Hystereti c I sol ator provi di ng the 
above descri bed perf ormance i s the type PND 10000/150/150-750. 
 
The f our above menti oned i sol ators are represented at the same scal e i n f i gure 27. 
I t appears immedi atel y evi dent that the sl i di ng pendulum i sol ators are much 
smal l er than the others havi ng simi l ar performances. 
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Fi g. 27 – Dimension compari son of  di f f erent types of  i sol ators wi th equi val ent 
perf ormance  
 
In addi t i on to the above i t shal l  be noted that the consi dered Hi gh Damping 
Rubber Beari ngs are near the upper l imi t  of  thei r possi bl e perf ormance. I f  we try 
to i ncrease thei r perf ormance i ncreasi ng the damping, i nserti ng f or i nstance a l ead 
core, the sti f f ness wi l l  i ncrease and theref ore the natural  peri od wi l l  be reduced 
hence reduci ng the ef f i ci ency of  the i sol ati on system. I f  we try to reduce the 
sti f f ness we can i ncrease the thi ckness of  the i sol ator but very soon we wi l l  f ace 
the probl em of  the reduced buckl i ng stabi l i ty;  i n al ternati ve we can use a rubber 
compound wi th reduced shear modulus but i n that case we wi l l  reduce the beari ng 
capaci ty and we wi l l  be obl i ged to i ncrease the di ameter. A l l  these sol uti on wi l l  
impl y a cost i ncrease. 
Uti l i zi ng sl i di ng pendulum i sol ators thei r perf ormances may be easi l y i ncreased 
wi thout i ncreasi ng the cost: to i ncrease the damping i t i s suf f i ci ent to use a sl i di ng 
materi al  wi th hi gher f ri cti on coef f i ci ent; to i ncrease the natural  peri od i t i s 
suf f i ci ent to i ncrease the radi us of  the spheri cal  surf aces. Furthermore i t shal l  be 
noted that, accordi ng to the exi sti ng codes, i ncreasi ng the peri od over 2,5 s does 
not impl y an i ncrease of  the di spl acement. 
From al l  the above consi derati ons i t may be understood that the sl i di ng pendul um 
i sol ators may have a very i nterest i ng perf ormance / pri ce rati o. 
. 
The reduced dimensions of  the sl i di ng pendulum i n compari son wi th other 
i sol ators shal l  not rai se concerns f or the pressure on the concrete. The European 
Standard EN 1992 (Eurocode 2) admi ts hi gh pressures on the concrete provi ded the 
l oaded area i s suf f i ci entl y f ar f rom the edges and the concrete i s sui tabl y 
rei nf orced. 
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In the fol l owi ng tabl e i s shown a tentat i ve qual i tati ve compari son of  costs and 
perf ormances of  the above descri bed devi ces. A re used votes f rom 1 to 5 where the 
vote 5 i s the best so the hi ghest perf ormance or the minimum purchasi ng pri ce or 
maintenance cost. 
A l l  the essenti al  perf ormances of  an i sol ator, wi th the excepti on of  the l oad 
beari ng capabi l i ty, are taken i n consi derati on as wel l  as the i ni t i al  cost and the 
maintenance cost. 
The f ol l owing symbol s are used i n the tabl e: 

·  HDRB Hi gh Damping Rubber Beari ngs 
·  LRB Lead Rubber Beari ngs 
·  SP Sl i di ng Pendulum Isol ators 
·  HY Hystereti c Damper Isol ators 
·  VD V i scous Damper Isol ators 

 
 HDRB L RB SP HY VD 
Ener gy di ssi pat ed 1 3 3 5 5 
Per i od shi f t  3 3 5 3 3 
Re-cent r i ng capabi l i t y  5 3 4 2 1 
I ni t i al  cost  3 4 5 4 1 
M aintenance cost  5 5 5 4 3 
 
Examini ng the tabl e we can noti ce that the energy di ssi pated i ncreases goi ng f rom 
the HDRB to the V D. Hystereti c I sol ators and V i scous Damper Isol ators are those 
assuri ng the best energy di ssi pati on capabi l i ty and theref ore are normal l y 
pref erred i n bri dges or i n the hi ghl y sei smic areas i n order to reduce as f ar as 
possi bl e the di spl acement. 
The peri od shi f t capabi l i ty i s common to al l  types of  i sol ators but wi th the Sl i di ng 
Pendulum Isol ators thi s i s f or sure much easi er. 
An exact eval uati on of  the re-centri ng capabi l i ty i s surel y not easy: several  
f ormul as are proposed i n vari ous standards, i ncl udi ng EN 1998, but none of  them 
unti l  now has found a general  consensus i n the i nternat i onal  sci enti f i c communi ty. 
M ost of  the formulas unti l  now proposed uti l i zes a stati c approach to the probl em 
whi l st the re-centri ng phenomenon i s a much more complex one,  impl yi ng 
dynami c and energeti c aspects. 
From a qual i tati ve poi nt of  vi ew we can state that the re-centri ng capabi l i ty 
decreases as f ar as the energy di ssi pated i ncreases. 
In the case of  the Sl i di ng Pendulum Isol ators however, due to the curvature of  the 
sl i di ng pl ate, the verti cal  component of  the earthquake pl ays an essenti al  rol e i n 
the re-centri ng. In f act the verti cal  component f aci l i tates the movement of  the 
i sol ator toward the posi t i on of  mi nimum potenti al  energy or, i n other words, 
toward the centre of  the devi ce, duri ng the end phases of  the earthquake. 
Thi s f act has been deepl y i nvesti gated by two Engi neers, Zurl o and Zaccone, i n 
thei r graduati on thesi s at Pol i tecni co di  M i l ano i n 2007. 
We can theref ore assess that the sl i di ng pendul um i sol ators, at equal  val ue of  the 
energy di ssi pati on, are those granti ng the best re-centri ng capabi l i ty. 
For what concerns the i ni t i al  cost, f urther to the previ ous consi derati ons, we can 
assess that the sl i di ng pendulum i sol ators have a very good val ue. 
Concerni ng the maintenance burdens, Hi gh Dampi ng Rubber Beari ngs, Lead 
Rubber Beari ngs and Sl i di ng Pendulums have very l imi ted requi rements, normal l y 
l imi ted to the corrosi on protecti on system of  the external  steel  pl ates, and i n 
addi t i on they don’ t requi re parti cul ar mai ntenance af ter a sei smic event. Hystereti c 
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and V i scous Damper Isol ators normal l y have more compl ex mai ntenance 
requi rements, speci al l y af ter a sei smic event.  
 
7 – Conclusi ons 
 
A  great vari ety of  anti sei smi c devi ces and base i sol ators, whi ch proved thei r 
rel i abi l i ty and ef f i ci ency, i s avai l abl e i n the market. They can sati sf y any desi gn 
requi rement. 
Some devi ce, i ncl udi ng those manufactured by A LGA , conf i rmed thei r good 
perf ormance i n presence of  real  earthquakes: thi s i s i ndeed the most convi nci ng 
test!  
The base i sol ati on, whi ch i s a parti cul ar appl i cati on of  the anti sei smi c devi ces, 
when appl i cabl e, i s surel y the way to get the best protect i on, not onl y f or the 
structure i tsel f , but f or al l  the non structural  parts and for i ts content as wel l . 
A LGA has al ways be i n the vanguard proposing i nnovati ve anti sei smi c devi ces: f or 
i nstance has been the f i rst i n Europe appl yi ng Hystereti c Dampers and Hi gh 
Damping Rubber Beari ngs. 
The most updated resul t of  the research constantl y perf ormed by A LGA  i n 
col l aborati on wi th the main European research centres – i n thi s case Pol i tecni co di  
M i l ano – i s the Sl i di ng Pendul um Isol ator, provi di ng outstanding perf ormances at 
a very i nteresti ng pri ce, wi thout requi r i ng parti cul ar maintenance af ter a sei smi c 
event. 
As a concl usi ve remark we can note that actual l y i n Europe we have probabl y the 
best avai l abl e Standard on sei smi c desi gn, worl dwide. 
A l l  premi ses exi st f or a wide di f f usi on of  the anti sei smi c techniques as i s al ready 
happening i n the most advanced countri es i n thi s f i el d: Japan and Chi na. 
 


