
Underground Space Use: Analysis o the A stand Lessons for the Future - Erdem & Solak (eds) 
© 2005 Taylor & Francis Group, London, ISBN 04 1537 452 9 

Gotthard Ba Tunn I Scdrun ection mast 1ing qu ezmg r ck zon 

Heinz Ehrbar 

1llpTra11 l( Gotth ,d Lu/. L11cernc, 1•1i::: rla11d 

ar the main tunnel f hc G ttharct Ba e Tu el i llJlder on tru ion. 
In tl,e central e ti n fS drun lar, z 1es with ·qucczin, r ·k ar prcdictcd. 'f he project take the high orc s 
and the 11eces ary de ormations into a count. F r th ro k Sl1ppor -r el rib · ar th m in elcme L . pe ial on 
. it te we carried ut he k the effe tivene f t c cho en ro k upport 

F D 1\ 
REGARD 
IMPLEM 

N 

de been d -
n, on I h 

Lntcr if (Tl n 
Garve , . Z - 1. In both
2011 . qu ezin • ro k c ted to bc
en ountcred. 
Thc main uesti n during de i ti n 
ar : 

1. \ ith what type f gr und c n iti n arc w eo -
fr ntcd?

2. \l;h t phenomena ould hinder thc uc ·o.:-·ful n-
lru io f tunncl?

GoHh•.rd ßau Tunn•I 

,d'-<1,-1. g.0l09t, 1 fK 1 

Fig re 1 hard Ba e nncl, ge I gi al ri k z nes. 

. \ hat e he n truc i aal m a ure \·er ornc 
at. a tunncl can bc on­
ptable ost. 

In · · 
L. <111s th e q u -

ti und b ati n fthc 

p in i
e:

1 �xplor tion 
u or the rock rnass based on thc colo -

rati n
nt f \ ith rcgard t c a-
the 1111

- Determination o ti o 
etemunatio11 o ort 

- Dctcrmin:1tio11 o o ex avation 
rrninati n o ment for con t 

tional aid · 
- Def111it1011 of th radial and l ngitudmal pro e­

ures c n tru ti n �cqu n e)

G nhefd lJ.Mit Tuiw•I 
- -

8upp�•t1ng 
n.thods 

Fig re . , ner.il IJnnin� pr edurc. 

R0<k 

dncnption 

-



2 CO STRUCTIONAL FOUNDATION 

2.1 Geological exploration

The owner AlpTransit Gotthard Ltd. (ATG) already 
decided at an early stage to explore the geologicaUy 
di:fficult zones with extensive test-bore campaigns and 
other investigations. Tue following test-bore campaigns 
were conducted: 

1991: 
1991: 
1993: 
1997: 
1997/98: 

Diagonal bore SB 1 
Diagonal bore SB 2 
Diagonal bore SB 3.1 
Diagonal bore SB 4.1 
Diagonal bore SB 3.2 

L = 838m 
L = 543m 
L = 780m 
L = 1750m 
L = 1716m 

Tue Urseren Garvera zone was not explored with 
te t bores. However, since this tectonic unit had been 
traversed during construction of the headrace tunnel 
for the Vorderrhein hydropower eherne, and when 
building the Gotthard road tunnel, sufficient knowl­
edge and experience was available. 

During the construction phase, horizontal lest 
bores are made in both of the single-track tunnels, to 
the north a well as to the south. Depending on the 
rock conditions, the test bores are either percussion or 
core bores. Tue length of the bores varies between 
36 m for the percussion bores and from 150 m up to 
400 m (in the region of the Nalps dam) fore the core 
bores. Depending on the evaluation of the potential 
hazard of water ingress, the te t bores are protected 
with preventers. 

2.2 Description of the rock situation

Tue test bores to the north have indicated that the 
1.1 km Iong Tavetscb Intermediate Massif North con­
sists to approximately 70% ofsoft, kakiritic rocks dis­
playing ductile fracture behaviour. Approximately 30% 
of the rock is hard and displays brittle facture behav­
ior. Hard and soft rocks altemate in narrow vertical 
layers. Where the material resemble loo e rock, it is 
saturated with water. 

2.3 A sessment of the rock mass

The assessment of the rock serves to forecast the 
composition and behavior of the rock which will be 
encountered when constructing the underground cav­
ity. This evaluation, a weil as an evaluation of the 
rock in relation to water and gas, was made project­
specifically based on known hazard scenarios. 

In the Tavetsch Intermediate Massif (Nortb) as 
well as in the Urseren Garvera zone, the predominant 
hazard is the phenomenon of squeezing rock. 

In view ofthe high overburden of900m and more, 
as weil a the fact that the rock is saturated with water, 
the squeezing condition are classified as extreme. 
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Figure 3. Sedrun section, longitudinal geological profile. 
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Figure 4. Hazard scenario" queezing rock". 

The phenomenon of squeezing rock will manifest itself 
both radially as weil as at the work-face as a tendency 
of the excavated cavity to converge. In the longitudinal 
direction, given the expected alternation of different 
vertical layers of roclc, the phenomenon will be accen­
tuated as potential instabilities at the workface. 

3 CONSTRUCTIONAL MEASURES 

Expericnce of tunnel construction indicates that rock 
pressure decreases as the amount of rock deformation 
increases. The amount of constructional resistance 
needing to be applied can therefore be substantially 
reduced if a certain amount of deformation is permitted. 
However, in the case of strongly squeezing rock such 
as occurs in the Sedrun section, permitting greater 
deformation alone is insufficient to achieve a stable 
situation. 

Despite permitting deformations of the order of 
several decimeters, extremely massive supporting 
forces mu t be applied to keep the excavated cavity 



Figure 5. xperieoce ftunnelling in queezing rocl<. 
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open. With ut pennitting deformatioo , it wouJd be 
technicall practically impos ible to create the for 
needed to keep the ·cavated er ecti n peo. 

3.1 Design ofthe ross section 

Tbe pe ification fi r the high- peed railway lin in 
the GBT tipulate a minimum free air cro s secti n 
Fair of 41.0 m2. Th high force oo the constructton 
expected from the true rock prc sure demand a struc­
turall optimal form. For thi reason. thr ugh-out th 
entire cdrun secti n the only cross section whi h 
can be u ed for thc ingle-track tunnel i a circlc, 
whereas in ection with fav ra Je geol gical condi­
tioo th b e ofth tunnel i made flat to i t con-

3.2 Mining engin ring m tlzods of support 

onsideratioos based on the principles of rock mechan­
ics resultcd in a con ept being ought whicb would 
fulfill th condition pecifi t the Sedrun ituati n 
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i.e. concept which w uld allow a high degree of
deformation but also pr vide a high level of utward
re i tance when completed.

In their earch both wner and project engineers 
endcavored to find a olution ba ed oo proven tech­
nology. The tcchnique applied in crman coal mines 
of u ing deformable tcel inserts with Tou aint­
Heintzmann TH) ecti n fulfilled ehe p cified 
requirements. 

After excavation ofthc cavity tw teel ring in erts 
each consi ting of eight egmen are a embled to 
form two con entric ring . Tue join can slid over 
each other to a predefined limired exteot, which 
allow the overall system to deform radially. Wheo 
füll compre tbe y tem attain a m ·unum 
lo d-bearing pre ure of approx. 1. MPa. 

The insertion process is hown idealized and ym­
metrical in Fi . 5. Howcver, tbi idealized ituation 
will rarely be a hieved in practice. Tue GBT project 
allow a degree of tolerance for uneven def, rmation, 
which in the mining indu try lead t the term • wun­
ming inserts'. 
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Figure 9. Comparison of tunnel support system. 

In the most extreme case, the steel rings are 
inserted practically 'shoulder to shoulder'. In addi• 
tion to the steel inserts, the system is also reinforced 
with a sy tematic radial anchoring using up to 25 m of 
anchor per tunnel meter. Tue tunnel face i also 
ancbored to a similar extent. 

After the steel rings have been inserted, they are 
permanently concreted into place with shotcrete. 

The overall supporting concept in the Sedrun sec• 
tion is modular, so as to allow optimal deployment of 
the associated machinery. 

3.3 Constructional aids 

Constructional aids are measures which enable driv• 
ing under exceptional conditions by improving the 
rock (increased strength, rigidity, reduced permeabil• 
ity, etc.) and assuring the stability ofthe tunnel face. 

In the main contract for the construction of the 
Sedrun Section, the following measures are foreseen: 

long advance drainage; 
grouting (individual grouting, grouting shields, 
grouting bodies); 
reinforcement oftunnel-face anchors and lances; 

- re-profiling if necessary.

3.4 Construction procedure 

The procedures for creating the profile are based on 
the following consideration 

The exploratory bores which have been made in 
the TIM (North), and the associated laboratory tests, 
indicate that in the TIM (N orth) an extreme amount of 
squeezing must be expected. Quick closure ofthe ring 
is therefore essential to keep the cro ection open. 
For this reason, in the Sedrun section full-face excava­
tion will always be used followed by immediate ring 
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Figure 10. Construction procedure. 

closure. The procedure for closing the ring will be as 
follows: 

After each advance, the steel rings are inserted 
(2 X TH 44, minimum distance 33 cm). 
12 m long radial anchors are inserted to form an 
anchoring system. 
18 m long tunnel-face anchors are inserted after 
every 6 m of advance. 
When the füll length of the sliding join has been 
taken up, the circular force in thc steel insert and 
with it the risk of buckling, increases. For perfect 
embedment, and to ensure the füll load-bearing 
capacity, the steel rings are then completely shot­
creted in. In the project, it is assumed that the 
insertion phase is completed 75 m behind the tun­
nel face. 
Within this distance of 75 m it is stipulated that 
over the entire cross section additional supporting 
measures must be pos ible, namely 

insertion of additional steel ring 
re•anchoring during the deformation process 
application of a shotcrete lin.ing after the defor­
mation proces is complete. 

For this construction procedure to be possible, some 
major logistical chaUenges have to be mastered. The 
driving equipment must be capable of coping with 
enormously different dimensions (e.g. tunnel face 
from 65 m2 to 135 m2). Also, the limited amount of 
space in the temporary base of the tunnel re tricts the 
extent to which machines can pass each other. 
Because of this, large parts of the installations are 
placed on a following hanging plat-form. 

For installation of thc steel rings, as well as for var­
ious tasks at the tunnel face, so-called tunnellining 
machines are being used for the fir t time in railway 
tunnel con truction. These machine allow insertion 
of steel inserts using two working platfonns and a 
manipulator arm; application ofthe tunnel-face sealing 
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from the work platform by mcan of spray nozzlc · 
cutting the tunnel-face an h to length v ith 
bydraulic pin r . 

uch installations for in erti n of teel upp rt 
are u ed in mining, but not with the dimcnsion 
required on the edrun section where a weight f 50 
tones ha to b uspended from verhead rail . 

Tue tunnel-lining machine i augmented with a 
ackup suspen i n platfonn from tbe RO A mpany. 

4 INNOVATIV IN SITU T · TS OR 
STEEL RJB UPPORT 

The con e t de cribed a e i tated, b d n 
aJready known technology. However in the edrun 

ction, tunnel cro ections of up to 13 m diameter 
must be excavated. ince expcri ·nce witb such large 
dimension is lacking, critical qu tioning of imp rtant 
assumptions uch as for example, the insertion pr -
cedure and the umed load-bearing capacity of the 

eel ring in rt wa nece sary b fi re implementati n. 
The owner, AlpTransit Gotthard Ltd., thcrcfore 

decided to contractually re-quire the contract r to 
perform a suitability evaluation f the proposed sy -
tem. In consequence, tests ordered by ATG wer p r­
formed on the construction ite at a scale of 1 : 1. 

Tue principle u ed in the te ts I for the rock pre -
ure to be imulated by mean of inflatable rubber 

cu hions. Such u hions are known in lifting technol­
ogy for liftin heavy weights. 

To gain gr ater familiarity with the ystem, a large 
number of m II tests were perfi rmed o a ingl ring 
egment. Thi llowed the participan to test th n c­

e ary adaptati ns to the ystem with low ouclay. 
The tests bcgan in the autumn of 2003 and were 

completed in pring ?004 
The re ults f tbe tests confinned the thcorcti al 

calcuJations with th predicted curacy. Tue ele ted 
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concept can therefore bc judged to bc suitablc. 
Howe er, the tests also showcd potential limitations 
ofthe y tem. 

In a ub equent !arge te t, two complete t el rings 
with a diameter of 13 m II er loaded to failure. With a 
closing di tance of 60 cm, the knowledge regarding 
compressi n bebavior and 1 ad-bearing capa ity wh.ich 
was gained in the small te t was confirmed. 

At the ame time, a ertain margin for unexpected 
condition and potential for possible op imization, 
wa al o identified. lt be ame evident that the direc­
tion of in ertion of the hape of tbe steel-pr file i of 
only minimal sig:nifican . In practice, the fo us will 
be mainly n optimizing the y tem of sin le rings 
with maller distances bctween the ring , ince the 
addition 1 1 ad-bearing apacity of a double ring i 
not ignificantly greater than that of a ingle ring. 
Everyone invol ed in the project i aware timt, de pite 
the utm st care in preparation, further OJ>timization 
will have l be achieved. F r thi purpose, a permanent 
working gr up with repre ntation of the on truction 
contra to , lhe project engineers the loca1 n tru tion 



management, and the owner has been set up · as to 
be able t re pond swiftly when required. 

It v,,a certainJy right to perform the t ts n the 
con truction site rather than in the laborat ry. Thi 
gave the driving team the opportunity to experience 
for the first time the techniqucs which will have to be 
u ed and the immen e forces which will be encoun­
tercd. This aspect must not under any eircum tance
be undere timated, ince compre ion of the teel
in erts is accompanied by loud noi es which are not
usual in tunnel con truction.

5 0 TRU TlO STATU AND OUTL OK 

ince tbe contract was igned in April 2002, an enor­
m u amount f w rk has be n completed by the 
Tran o edrun on ortium. Fir t, extensi c in 1alla­
tion works had to be done b lh above and below 
ground to makc sy tematic construction w rk at all 

pn ihl . At the . ame time. haft 2 wa unk. and 
lined with firepr f hot rete, thereby be oming the 
first underground tructure to be completed in the 
Sedrun ection. 

ince ovembcr 2003, driving at up to nine work­
place at tunnel level ha pr eeded practically  
unhindered by installation a t i  ities. Between 400 m 
and 700 m of tunn I system were constru ted each 
month at a dept.h of more than 1.5 km under the 
mountain ofTgom. 

In mid- ay 2 , the tran ition zone to th area of 
squeezing rock " a reached in the north, rd drive. 
Until autumn 2004 even in z ne of bad rock quality 
no phenomena of queezing rock occurred at edrun. 
In December 2004 r ck ma e with a high potential 
of queezing were detected in the e pl ratory 
drilling . From the beginning of the year 20 5 the 
con truction proccdure will follow the befor men­
tioned method in the northern drive. 

It i elf-evident that under ondition with highly 
q cezing rock only greatly reduced rates of advance 

are p ible. Wherea in favorable geology advance 
rates of more than 7 m of excavated tunnel per working 
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Figure 14. tatus ofwork, cptcmber 2004. 

day are possible, in squeezing-rock zonc the advance 
rate fall to less than 1.0 m per working day. 

Tue facts a described lead to the fi llowing kcy 
datc · fur llic 1.:uw,trnctioo hcdulc ofLot 360: 

tart of con truction 
haft II unk 
tart dri ing north 

- tart dri in outh
tart dri · ng in
queezing-ro k zone

Breakthrough at north
- Breakthrough at outh
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