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SUMMARY

During construction, especially of tunnels, vefien there is a need to change the tender technical
documents, i.e. the documents upon which the oetg&in permit is obtained and the tender is
announced. The main reason for the change ofrdestation is, above all, unsuficient geotechnical
investigations due to which technical solutionsd acalculations are inadequate. Very rearly
documentation is changed due to errors in theutatlon if the techncal review of documentation is
correctly done. The paper presents an exampleeoftiange of documentation during construction and
the reasons for that.
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INTRODUCTION

Construction of geotechnical objects, especiallganground ones, is followed by a large number of
problems during design, and also later, during tanson. The most frequent problems are
unsufficient and inadequate geotechnical investgat Investors of structures pay unsufficient
attention to investigations. Namely, during plamnof financial investment funds the Investors are
devoting unsufficient funds to investigations befoconstruction. With such funds performed
investigations are unsufficient for required legéldesign, and also, some investigations are nem ev
done. With such level of input data based on ingasons the design stage begins.The Investor then
turns the design to reviewers for revision. Nowpiimciple, there are two characteristic situations
one is that the reviewers do the revision in aamirway and point out to Investor that it is neaegs

to perform additional investigation upon which theeumentation is then improved.

The second case (which is characteristic for Seabthsurrounding states) is that the Investor rce
the reviewers to give the positive assessment wittomments and detailed revision. After such
revision the Investor obtains the construction peamd announces the tender for construction.df th

Investor reserves enough funds and time for ingastins and design (at the beginning or due to
suggestions of reviewers), in most cases thereishange of documentation during construction.
Changes in design are most often initiated at #ugiest of Contructor company which is forced to
negotiate low prices for construction works (whishafrequent situation in Serbia and surrounding
states) and to engage another design company te maktionalization of design, but without the

standard legal procedure. Result of this is usudiey bad quality of constructed object and very
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quickly the sanation of the structure is neededhdf Investor after the reviewers findings does not
assign financial funds for additional investigaspiustified changes in design are inevitable, with
substantial losses for Investor.

In such cases additional investigations are peddrituring construction, which complicates design
and construction. It is particularly necessary tihparticipants in realization of the project poout

to Investor about the necessary time to do invatitigs and to make the correct design and revision
of design. If it is done under the pressure of shad unrealistic time, the results are devastatng
investment and the quality of the structure. Theestor realizes that finally, but unfortunately too
late. This is repeating over years in Serbia ambanding states.

This paper is presenting various changes in teehmdocumentation during construction, due to
unsufficient level of investigation before desigrogess, using as the example changes of tender
documentation related to tunnel Sarlah. The pajser presents situation when changes of tender
documentation are justified.

CAUSES OF CHANGES OF TENDER DOCUMENTS

During construction of underground structures offiethe most important causes of changes of
thechnical documents are inadequate and unsuffigi@otechnical investigations. Geotechnical
investigations influence determination of rock prees, determination of plastification zones,
analysis of effects of underground and surface rsatietermination of effects upon surface objects,
slope stability etc.

Determination of rock pressures, i.e. effects afkranass upon the structure, comes first when
determining excavation phases and when dimensidhiagunnel support. At later phases it affects
dimensions of the final structure. When dimensigrtime tunnel support one determines the types of
support and defines the sections of various tyffebe investigations are inadequate designer may
make the first mistake in determination of sectemgths, and also may make a mistake in selecfion o
support elements of various types. Determinatioplastification zones is of particular importanoce f
displacements of the rock mass in excavation asml thie rock mass around the tunnel. The types of
support depend upon the magnitude of plastificatimmes, since the plastification zones and pressure
that appear are mutually dependant. It is partibulaecessary to emphasise that determination of
plastification zones is of a vital importance irtedenination of anchoring lengths when applying the
contemporary tunneling methods. The plastificatoone is also of a vital importance when
determining geotechnical meassures for improverogtiie rock mass around the tunnel excavation:
freezing, injections etc.

For geotechnical objects, especially undergrourespgreat problems during construction represents
the presence of water (surface or underground).pFesence of water determines the technology of
construction, design of measures to prevent diaha® of underground and especially surface waters.
It is not rare that during construction of a tunimethe soil above the tunnel landslides appeag,tdu
disturbance of the water regime, and also maytiealying of springs and other phenomena.

Also, during construction of tunnels (especiallplgtw ones), the settlements and damages of surface
structures may appear. During design of a tunredigther must pay due attention to such aspects of
construction.

The second very important cause of changes of temhdocumentation during construction is
inadequate technical solution which may be a apnsece of the following factors:

* Inadequate and insufficient investigations

* Inexperience of a designer

* Forcing the deadlines for making the technical deeotation by the Investor
* Poorly done revision of the technical documentation
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The third very frequent reason for changes in teelhrdocumentation is the low contract price of

construction, so the Contractor is trying to chaagd rationalize design solution. Such approach is
unjustified in most cases if the documentationdgrectly done. This usually leads to solutions that
cause poor quality of constructed structure. Exoaptly, justified cause of the change of technical

documentation, initialized by the Contructor, maythe case of inadequate technical solution which
appears during construction.

CONSEQUENCES OF CHANGES OF TECHNICAL DOCUMENTATION

Consequences of changes in technical documentatigrbe positive and negative. Consequences are
positive if improved technical solution is obtainby changes in documentation and in that case
request for changes in documentation is justififdrequests are unjustified (with purpose of
rationalization), the consequences are negativee shre obtained technical solution is worse.

If the changes are considered from the financipeetsand form aspect of dynamics of construction,
consequences are in most cases negative (highstrection price, longer construction time).

EXAMPLE OF THE CHANGE OF TENDER DOCUMENTS RELATEDO TUNNEL SARLAH

As an example of the justified change of the temlb@uments this paper presents the change of tender
documents of the tunnel Sarlah. In order to deteemmeasons for the change in documentation, the
Contractor made analysis and calculation usingipet geotechnical data upon which the tender
documentation was made, and also with geotechmiatd obtained by additional investigations.
Calculation was done considering tunnel profilest #wre between the profiles 320A and 325 in the
tender documents.

Investigation upon which the teneder documents weade are unsufficient. In the entrance zone of
the tunnel only one drill hole was made, B 225,rupdich, as well as other sources, the geotechnical
soil profile was made and design parameters wetdedd.

The following deposits were isolated:

« Quaternary deluvial deposits’®

« Pleistocene lake deposits (PI)

«  Flysch complex - cretaceous sandstones, limestama$and shalesk’)
« Massive limestone (§)

Contructor particularly pointed out the followingfetiencies in the design tender documents:

« The total number of bore holes is inadequate fersignificance of the object

e There are no bore holes in the area of the entjamidal. Hole B 225 has unsufficient depth

e Laboratory tests paid little attention to deforniéoparameters

« Performed geophysical investigations and indireseasment of the deformation modulus led
to overestimated values, and thus to design ofeiqaate support. By insight into tabulated
values of geotechnical parameters one might cordhdt the deformation modulusis in the
range of 0.6-14.0 GPa

During construction works additional geotechnicadeistigations were made (holes G6, G7, G8, G8A,
G9 and G9A) in the section from profile 319 to @ef327. Based upon additional geotechnical
investigations new parameters were determined updich the changes of design tender
documentation were made. In that, ten deposits isetated, [1]:

« GU 1- Quaternary deluvial deposits, from hard to/\veard clays (8",g)
«  GU 2- Quaternary deluvial deposits, from sand amage (& *p)
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* GU 3- Pliocene-Pleistocene lake and aluvial depdBit)

»  GU 4- Flysch of Upper Cretaceous (siltstongi £-P)

« GU 5- Flysch of Upper Cretaceous (sandstos#),{-G)

e GU 6- Flysch of Upper Cretaceous (clearly changéddjtionally weakened rock) K ,>*

y pp y g y

e GU 7- Flysch of Upper Cretaceous (totaly changedy weakened rockM(f***)

e GU 8- Limestones of Upper Cretaceous (massiveta$jidractured crystalline limestone)
(K%

¢ GU 8a- Limestones of Upper Cretaceous(massivekebroock) (ka)

e GU 9- Limestones of Lower Cretaceous (rock thatemwent intensive tectonic activity)
(K ¥<)

During additional investigations a detailed anaysi deformability was done and, based upon that,
the change in tunnel support.

Additional investigations were of the outmost infaoice for determination of the real state of the
geological medium — rock mass. The model obtaingdadiditional investigations significantly
deviates from the model according to tender docusnierthe following:

* In the tender documents four geological environsiemtre isolated, while after additional
investigations ten environments were isolated @sipusly presented)

« Differences in geological environments are in lowa and depths of various layers, which
led to changes in supports

e Strength parameters in tender documents were direatad, as already pointed out

If one makes a comparative analysis of geotechmiasameters in tender documents and additional
investigations, one may conclude that the largesiations are related to values of cohesion and
especially to deformation modulus, Tables 1 and 2.

Table 1.Characteristics of isolated rock masses

Poisson
5 C P E
Formation |y (kN/m7) ratio
(kPa) (®) (GPa)

v

Quaternary | 4 54 20 20 - 22 0.6-07 0.3
deposits (d¥™) ) ; ' ;

Pliocene —

Pleistocene lake 19 30 22 1.0 0.3

deposits (PI)

Flysch complex| ) o5 100 26 - 28 50-60 |025-0.28
(3,4K%) ’ ' ' '
Massive

. 5 25 - 27 100 - 300 40 - 44 10.7 —14.0 0.24—-0.26

limestone (K1)

Consequences of changes of input data accordiagdiional investigations are the changed values
of displacements, width of plastic zones and csessional forces.
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Table 2. Characteristics of isolated rock massemgladditional geotechnical investigations

Engineering — £ EorE Poisson
O i Y C ¢ or Em|
Geological GSI GS_I m; ratio
(design) |(MPa) (GPa)|(kN/m?)|(kPa)| (°) | (GPa)
Unit v
GU-1 - - - - - 19 20 25.0 | 0.020 0.30
GU-2 - - - - - 21 5 32.0 | 0.040 0.30
GU-3 - - - - - 19.5 30 23.0 | 0.050 0.30
GU-4 25-35 25 12 8 9 24 65 33.0 | 0.400 0.30
GU-5 30-40 30 25 14 12 25 100 | 42.0 | 0.600 0.30
GU-6 15-25 18 5] 6 5 24 40 25.0 | 0.200 0.30
GU-7 - - - - - 21.5 10 32.0 | 0.050 0.30
> 45, typically|
GU-8 _ 50 40 12 20 25 240 47 2.150 0.25
65-80
GU-8a 25-45 30 30 10 15 25 129 | 38.9 | 0.660 0.25
GU-9 15-25 15 20 9 8 24 64 | 34.2 | 0.313 0.30

Displacements

Results of displacement analysis for each profileghe mentioned section (from profile 320A to
profile 325) are presented in this paper, for bmtkes: according to tender documents and according
to additional investigations, [2,3,8], Table 3.

Plastic zones

Results of plastic zone analysis for each profiléhie mentioned section (from profile 320A to plefi
325) are presented in this paper in the similarmaaas for displacements, for both cases: according
to tender documents and according to additionadtigations, [2,3,4,5,6,7,8], Table 4.

Table 3. Displacements — Tender & Final Design

Tender Design Final Design
Max. Displacement (cm) Max. Displacement (cm)
Cross | Tunnel T
- k op Top
Section | tube ’ Surface | Crown | Heading B;ge(;' Surface | Crown | Heading 2?;;2
Sides Sides
0.5 ~3.2 ~3.9 ~3.3 ~2.0 ~1.8 ~2.4 ~1.7 ~0.9
Left
1.0 ~2.1 ~2. 7 ~2.5 ~2.1 ~1.1 ~1.6 ~1.5 ~1.4
320A
0.5 ~1.9 ~2.2 ~1.7 ~1.0 ~1.8 ~2.2 ~1.5 ~0.6
Right
1.0 ~1.3 ~1.7 ~1.3 ~1.0 ~1.3 ~1.7 ~1.3 ~0.8
0.5 ~2.0 ~4.8 ~3.9 ~1.4 ~1.4 ~3.2 ~2.1 ~0.9
Left
204 1.0 ~1.3 ~3.7 ~3.1 ~2.0 ~1.0 ~2.3 ~1.8 ~1.0
0.5 ~1.6 ~2.3 ~1.8 ~0.7 ~1.5 ~2.2 ~1.7 ~0.6
Right
1.0 ~1.0 ~1.9 ~1.8 ~1.1 ~0.9 ~1.7 ~1.6 ~0.9
0.5 ~4.3 ~8.6 ~ 77 ~1.0 ~2.1 ~4.5 ~3.5 ~1.5
Left
125 1.0 ~2.8 ~7.6 ~7.0 ~d 4 ~1.4 ~3.4 ~2.9 ~2.1
0.5 ~1.1 ~2.1 ~1.7 ~0.7 ~1.1 ~2.0 ~1.6 ~0.5
Right [—
1.0 ~1.2 ~1.9 ~1.7 ~1.0 ~0.9 ~1.7 ~1.5 ~0.9
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Table 4. Plastic zone Width — Tender & Final Design

Tender Design Final Design
Cross | Tunnel K Plastic Zone Width (m) Plastic Zone Width (m)
Section | tube Crown Sides Floor Crown Sides Floor
0.5 ~0.0 ~5.0 ~0.0 ~0.0 ~2.7 ~0.0
Left
1.0 ~0.5 ~4.8 ~4.3 ~0.6 ~2.2 ~3.0
320A
0.5 ~0.0 ~3.5 ~1.8 ~0.0 ~3.7 ~1.5
Right
10 ~0.0 ~3.2 ~3.0 ~0.0 ~3.4 ~]1.2
0.5 ~0.7 ~3.5 ~1.1 ~0.0 ~2.6 ~0.0
Left
1:40 ~2.5 ~2.5 ~3.7 ~0.0 ~2.3 ~2 .4
324
0.5 ~0.0 ~3.5 ~1.3 ~0.0 ~3.2 ~1.2
Right
1.0 ~1.7 ~1.8 ~1.5 ~1.6 ~2.4 ~1.0
0.5 ~3.5 ~6.0 ~1.2 ~1.0 ~5.0 ~0.0
Left
1.0 ~4.0 ~6.0 ~53 ~2.2 ~2.9 ~3.5
325
0.5 ~0.0 ~d 5 ~1.1 ~0.0 ~3.8 ~1.1
Right -
1.0 ~1.9 ~2.9 ~1.6 ~1.3 ~2.9 ~1.5

Capacityofsupport — analysisof cross-sectionaldsm@nd stresses

Due to limited length of the paper, cross-sectifomaes and stresses are presented in Tables 5 and 6
for only one profile — 320A, for both tunnel tukesd for k=1, [8].

Table 5. Section 320A, Left tube,Tender designindl design, ko=1.00.
Comparison of Max. stresses at the internal anereat side of shotcrete

N M Q Shot. Thick. T Tee
(kN) (kNm) (kN) {(m) (MPa) (MPa)
340.9 19.2 17.7 0.15 7.39 -2.84
Tender

531.3 -16.5 =144 0.15 -0.86 7.95

s 384.1 18.3 18.9 0.25 3.29 -0.22
inal
2399 -68.1 -43.1 0.25 -5.58 7.50

Table 6. Section 320A, Right tube, Tender desighFinal design, ko=1.00.
Comparison of Max. stresses at the internal angreat side of shotcrete [4]

MN M Q Shot. Thick. L [
(kN) (kNm) (kN) (m) (MPa) (MPa)
677.9 9.9 10.9 0.15 7.16 1.88
Tender
814.8 -13.0 -9.7 0.15 1.97 8.90
679.6 16.0 16.0 0.20 5.80 0.99
Final
602.7 -20.1 -27.6 0.20 0.00 6.03
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Due to changes of input parameters and obtainedtse®r cross-sectional forces, stresses and
deformation quantities (displacements, width ofsfitazones) the corresponding changes of support
types and support elements are made. Changeseas ¢fsupports are not presented in this paper.

CONCLUSION

The paper present a concise analysis of causes candequences of changes in technical
documentation during construction works. This isstitated by example of the justified changes in
technical documentation of the tunnel Sarlah aeddhowing is pointed out:

- Displacements at the soil surface are greatemvitienel supports are calculated using parameters
obtained from the tender documentation with respeafisplacements obtained when supports are
changed due to parameters from additional invesige. Some dispalcements obtained from tender
documents may cause negative consequences atltherfice.

- Plastic zones which are formed in the case opsup obtained by tender documents require wider
area around tunnel when compared to plastic zonethe case of supports due to additional
investigations. It should be pointed out that imsoccases anchors, as support elements, are not long
enough outside of the plastic zone.

- Values of stresses at the inner and outer sidshofcrete concrete support are substantially highe
acording to analysis due to tender documents.

As a result of the previous discussion the charigegport type is inevitable.
(Received August 2015, accepted October 2015)
LITERATURE

[1] Highway E-80 — Section 5a - Sarlah Tunnel —ddgjroject of the Tunnel, Jaroslav Cerni, Beog2d,0.

[2] Highway E-80 — Section 5a - Sarlah Tunnel - &¢&pn the Geotechnical Evaluation and the Finadigre
of the Tunnel, Jaroslaverni, Beograd, 2013.

[3] Geotechnical Evaluation of Additional Site Irstigation - SarlahTunnel,submitted by Aktor S.A13.

[4] bDuki¢, B. D. (2004). Geotehtke klasifikacije za povrSinske radove u rudarstguatevinarstvu. Rudarski
institut, Tuzla.

[5] buri¢, N. (2011). HidrogeoloSka i inZenjerskogeoloSk#&raivanja. Grdevinski fakultet Subotica,
Tehniki institut Bijeljina, Subotica, Bijeljina.

[6] Simi¢, D., Kleczek Z. (1989). Osnovi mehanike stena.askb—geoloski fakultet, Beograd.

[7]1 Stevi, M. (1991). Mehanika tla i stijena. Rudarsko—gé&idakultet, Tuzla.

[8] Sarlah Tunnel, Entrance Portal (modificationdtte revised design of thetunnels entrance poftsiarch
2014)", submitted by Aktor S.A., 2014.

Technical Institute Bijeljina, Archives for TechaiSciences. Year VII °N3. 49






