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ABSTRACT

Tunnelexcavations one of the most important achievements of modern engineering.
One of the most important problems, which has preoccupied researishtase
stability as the movement of the surrounding rock mass can lead to failure of the

overlying structures and uttly networks.

Thepurpose of thishesisis to evaluate the optimal characteristics of the front support
with fiberglass with simultarais or noruse offorepolingand in particular to identify
what should be the optimal overlap area during their apmittdi contribute as much

as possible.

For theelaborationof this thesis threedimensional anakeswere performed in the
software Simlia ABAQUS v.2018. A 3D simulation was created in the software for
which its geometric characteristics were defined, while the half tunnel was simulated
for economy of volume and time. In addition, results were obtdmredifferent soil

types, heightsrad horizontal soil stresses factor

Among the results extracted were extrusion, surfeséical displacementgyround
volume loss, plastiz o n widtls, andworking rate These quantities were studied
based on the safety factor Georgiou et al. (20203, fasction of thdiberglassgridé s
density, thesurfaceheight and th@orizontal soil stresses factde.

Thesis is completedwith the overall correlation of the ressiltvith the safety factor
Finding the optimal overlagreaof fiberglass and the forrtian of typesfor calculating
the width of the plastizonefor the unsupported opening and the loss of ground volume

in each casas also presented
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TUNNEL BEHAVIOUR CHART (TBC) FOR ROCK MASSES (V. Marinos)*

OVERBURDEN (H)
(Rock masses for up to several hundreds metres**)
ROCK MASS STRUCTURE Small overburden Large overburden
(As in GSI, Hoek & Marinos, 2000)
INTACT ROCK STRENGTH (o0,) INTACT ROCK STRENGTH (0,)
Indicative limit: 0~ 15 Mpa Indicative limit: o,~ 15 Mpa
Low o, I High o, Low o, I High o,

1 n

INTACT OR MASSIVE

Intact rock specimens or massive
in situ rock with few

widely spaced discontinuities

< 7| BLOCKY
*+| Well interlocked undisturbed
< rock mass consisting of blocks
formed by three orthogonal
| intersecting discontinuity sets

@l
@l
OVERBURDEN (H) LIMIT: ~150 m

~/| VERY BLOCKY

Interlocked, partially disturbed
§ rock mass with multi-faceted
angular blocks formed by four
or more discontinuity sets

<

H LIMIT: ~100 m

- BLOCKY/DISTURBED/SEAMY

!| Folded with angular blocks formed

X #1 by many intersecting discontinuity

'| sets. Persistence of bedding planes

¥ or schistosity. It is understood that
*| the rock mass is disturbed and

anisotropy can be developed

8141 DISINTEGRATED

Poorly interlocked, heavily broken
rock mass with mixture of angular
324 and rounded rock pieces

. LAMINATED/FOLIATED/SHEARED|
&) Laminated or foliated and tectonically
sheared weak rock mass. Foliation
prevails over any other discontinuity
set, resulting in complete lack of
(! blockiness (this drawing scale is not
LARANLIAN compared with the other’s drawing scales)

OVERBURDEN (H) LIMIT: ~70 m

Tunnel rock mass behaviour types (St, Wg, Sh, Sq, Rv, Ch) as defined in figure 3
The engineering geological behaviour may be also controlled by two or three different mechanisms (e.g. Sh-Ch)

Notes:

* The data used in the TBC were obtained from tunnels excavated by the conventional method with top heading and
bench in a non-urban environment with the overburden cover up to several hundred metres (generally not exceeding
500m) with a tunnel diameter=12m

**The chart does not refer to very high overburden (e.g. many hundreds of m or >1000m), where the scale and
the mechanism of failure may differ

€ The limit-ranges of the uniaxial compressive strength (o,) of the intact rock and the overburden thickness (H) are
indicative. This is done to avoid standardisation by an inexperienced user. The purpose of this diagram is to
predict the failure mechanism of several common rock mass types.

€ The surface condition of discontinuities, the second component to the GSI system, mainly affect the intensity of the
failure phenomenon

« High clay presence along the discontinuities or zones in the rock mass may shift the gravity driven behaviour types
towards the vertical axis of the chart (e.g. from Wg[9] to Ch [13])

¢« Groundwater presence mainly affects the factor of safety and not the behaviour txpe Though, in some cases, such as
“Blocky-Disturbed” & "Disintegrated” rock mass, the groundwater presence may "shift” a Chimney (Ch) or Ravelling
(Rv) behaviour type to Flowing ground (Fl)

« Cases number 4, 8 and 12 may develop brittle failures (Br) when overburden increases considerably (e.g. >800 m)
depending on the intact rock strength

« The illustrations of the tunnel are sketches; this shape corresponds to the usual top heading

Ko o B3@BCi Tunnel Behaviour Chart z U} a,2@12)
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Ground conditions Ground support method in | 1 rough width parameter,
tunnels constant, K

[ Sulf fissured clay ~ Shield or none 0.4-0.5

Glacial deposits Shield in frec air 0.5-0.6

Glacial deposits Shield in compressed air 0.5-0.6

Recent silty clay deposits Shield 1n free air 0.6-0.7
(C, = 10 - 40 KN/m?)

Recent silty clay deposits | Shield in compressed air 0.6 - 0.7
(C, = 10 - 40 KN/m?)
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NAdrog Naxog ®oprio Bpalong
Width Thickness Breaking load

mm mm kN

FL 30x4 30 4,0 120
DURGLASS FL® - GLASSPREE®

FL 30x5 30 50 150

FL 30x7 30 7,0 210 &E_IGI-TOfBopr . ASTM D 792 1,9 gr/em®

FL 35x5 s 5,0 175 RPREIIE WO

FL 35x7 3s 7,0 245 NepiexTikdTnTa OF iveg valou > 70 %
Glass fiber content

FL 40x4 40 4,0 160

FL 40x5 40 5,0 200 E@eAxuaTin avIoXf  , crm b 3916 750 - 1.000 MPa
Tensile strength

FL 40x6 40 6,0 240 E

FL 40x6,5 40 65 260 METpo eEAaoTIKOTTES 4 oy b 3916 40 GPa
Elastic modulus

FL 40x7 40 7,0 280

FL 40x7,5 40 7,5 300 Sy Sycnron ASTM D 3916 >3%
Elongation

FL 40x8 40 8,0 320
A : 2

FL 40x9 a0 9,0 360 Alavpach avioxs > 100 Mpa
Shear strength

FL 40x10 40 10,0 400

FL 40x12 40 12,0 480

FL 40x15 40 15,0 600
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