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* Geotechnical Risk — an important aspect of
large-scale engineering projects.

« Ground conditions — the variable nature of
soll/rock and potential geo-hazards means
geotechnical risk must be carefully managed

« Water Engineering Projects — BLP involvement in
two large-scale water engineering projects -
management of geotechnical risk
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Strategic Tunnel Enhancement
Programme (STEP) Link Sewer

: _ Lusail City - Doha
Projects LSO01 & LS02; Abu Dhabi
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STEI’ LINK SEWEII PROJECT

T e
43 OFFICE CITY UNK SEWER

MPS 13LINK SEWER

Contract LS02
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STEP Geology

Superficial Deposits

High Groundwater Table

Rock - Interbedded layers of
* Mudstone/Calcilutite
« Siltstone/Calcisiltite
* Gypsum
« Sandstone
 Calcarenite

Thickness and sequence of rock varies
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STEP - Geotechnical Risk

Karst - cavity/dissolution features in carbonate rock

Geotechnical Risk Management



STEP Geology

627 675 T2 7T 813 o67 315 36D 1011 ",
— pas T T o T e g Bt

Depth _lteration 4 AMS oror = 7.7 %
3.00 510 530 147
0.615 N e R S e dhl i e
1.8
zza
335
422

608

7ERB e
Rem Sectson
--- ------:l------

o270

Ly e

Ura electrode spacing 3.00 m

Re'sdalmy m uhvn o

STAngiSwasT prg: Luwn-3

ltcration 3 AMS crror .°
483.0 S3).H STP.0 627.0 G75.0 723.8 T71.0 8$15.0 0 215.0 963.8 1811

septh
3 1.0 99.8 147
= - .

7s.0
ITnuerse Model Resistiuvity Section

- :]-—
o.6n0 1.

3.53
l'cictl-it’ in ohm.m Unit electrade spacing 3 .80 m.

jDepth Iteration O RAMS crror a
e S51.8 9.0 N7 . 195.. Zh3 .0 291.8 339.8 387 . I 1o 1859 1107 m.

e o - e - - + =0

8 675.8 723.9 771.0 B$19.90 S67.8 915.8 963.0

an.8

75.0

Inuverze Model Rosistiwity Section
---------E_ -—-
o.1ze e.zre se -5 s.29
sictistty 3in ohn.n Unit electrade spacing 200 m.

CAVITIES

Geotechnical Risk Management




I ——————
STEP - Geotechnical Risk

 Water inflow - inundation

 Ground Movement due to water inflow /
dewatering / ground loss

« Overall / Local stability of excavations
« Aggressive ground conditions due to high salinity
« Swelling and creep of gypsum
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STEP - Construction procedures

Project shafts required support of superficial
soils and groundwater control

« Caissons or secant pile walls were installed
through the superficial deposits to provide
support to the upper parts of the shaft &
groundwater cut off

« Below the caissons/secant piles circular
excavations in rock were undertaken

blp
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STEP - Shaft Construction
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STEP - Geotechnical Risk

» Addressed risk by;

—RiIsk Assessment of karst features
—Additional S| at each shaft location
—Detalled Interpretation of Sl results

—Temporary works design outlining level of rock
support required to ensure stability of shafts

—Temporary works design resulted in four rock
support categories
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STEP - Geotechnical Risk

Categories of Rock support for shaft
excavations

—Category 0: minimum shotcrete thickness of 50mm

—Category 1: 100mm of shotcrete applied to form a
hoop around the circumference of the shaft

—Category 2: 100mm of shotcrete with mesh
reinforcement applied to form a hoop around the
circumference of the shaft

—Category 3: Systematic rock bolting with a
minimum shotcrete thickness of 200mm
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STEP - Shaft Support

INTERNAL DIA.
REFER TABLE 1
| | STEP-L1-BL-GEN-Q-1557

[ OVERBURDEN SOLS | FOR SHAFT CONSTRICTION OF

TYPE 1C OR 2B, REFER TO DWG
STEP-L1-BL-GEN-Q-1558

CAISSON (TYPE 1C) OR
SECANT PILES (TYPE 2B) TO
SUPPORT _OVERBURDEN SOWLS

) FOR ROCK QUALITY
- | ASSESSMENT REFER TO TABLE 1
‘ - ON m

T | STEP-L1-BL-GEN~-Q-1557

ABC & D ABC & D
[ e, D\

SEE DETALS 1 TO 4
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STEP - Geotechnical Risk

tmr:mnu EXTREMELY vear — viay axr, txe,
":H;,’!’/ —=
12
z et o020 = ""l; / 2. .‘:
0 - HH ™ 22 (g/ od 15430
i 20} g 32° 28 = ?oc ) ol0 5 T3 20
e 8 >
5 +} 38 9 ° 0 . O (<] 18 1
\ s 034 4] :
= : CAT W ° g M carn ) leATl o, | s
o S PP st =
.
' / ” wo* '
2 1
= 36 -
> /
T
o/ ‘. e - L1 e -4 . . 100 *e 400 we
ROD J, J,
ROCK MASS QUAaLITY =

bip
Geotechnical Risk Management




Deriving temporary support category

Shaft Q Requirement (GSI Requirement)

diameter

(m)
Category 0* | Category | Category Il Category Il
Min Max Min Max Min

13.0/14.0 4.0 (32) 4.0 (32) 1.0 (21) 1.0 (21) 0.1 (4) <0.1(4)
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Deriving temporary support category
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STEP - Geotechnical Risk

 Avital aspect to managing the risk requires
visual inspections / monitoring of the rock
conditions: Encountered v
Expected.(validation)

* Visual assessment (validation) ensured the
appropriate rock support measures applied.

« Monitoring of performance — convergence,
Instrumentation, groundwater inflows.
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STEP - Geotechnical Risk

When / If Cavities encountered during
shaft excavation:

« Contingency measures to deal with cavities If
/ when encountered

« Additional Investigation measures required to
access extent and any further mitigation
measures

« Geotechnical Risk posed cavities is
managed.
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STEP - Geotechnical Risk

Cavity encountered in shaft Cavity Mitigation
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Introduction- Lusail City

e Construction of 15 No. deep stormwater shafts

— Excavation of deep storm water shafts form part
of the Micro-tunnel works serving the storm water

networ
— Shatft o

K for Lusall City
epths ranging from 14.9m to 30.7m

— Shaft d

lameters of 13m and 14m

— Adjacent and parallel to a sunken expressway.
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I ——————
Lusail Project includes bulk excavation

e Surficial marine sands

— Simsima Limestone
Formation

— Midra Shale Formation
— Rus Formation

« Majority of shaft
excavation
undertaken in s T A e ek
Simsima Limestone Simsima Limestone in open cut
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Stable Simsima cutslopes.
With mesh face protection

to catch any freed clasts.
o Overlying uncemented
marine sands laid back

at 1v:2h. Stormwater drains
run parallel to left of shot at
7-8m below the base of

the cut.
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Lusail - Construction procedures

* For this project circular shafts were excavated
vertically

 Unconsolidated marine sands were removed and
set back a safe distance from the edge of the
excavation in rock

« Superficial deposits trimmed back at an angle of
1V:2H, as for the adjacent open cuts.

* Vertical excavations in rock then undertaken

blp
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L.,
Lusail — Gonstruction procedures

m i 13/14m /_

ROCK QUALITY ASSESSMENT
BASED ON VISUAL INSPECTIONS

I\ ABC & D\

SEE DETAILS 170 4
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L.,
16.9m Shaft
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o Karst dissolution features, in Simsima
limestone In particular

« Water inflows
« Overall stability of excavation
 Local stablility of excavation

bip’
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Typical occasional void.
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L.,
Interconnected Gavity

Geotechnical Risk Management



N
Lusail - Geotechnical Risk
» Addressed risk by;

— Risk Assessment of karst features

— Detailed Interpretation of Sl results &
validation by inspection of excavation faces

— Temporary works design outlining level of rock
support required to ensure stability of shafts

— Temporary works design resulted in four rock
support categories
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* What category OF Rock Support is required?
— Visual Inspection of shaft excavation

— '‘Rate’ the rock mass based on the Geological
Strength Index (GSI) system.

— Based on the results of this inspection the GSI
value can be correlated to a Q value (similar
to that used for STEP) and a category of
support can be assigned to the shaft

blp
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« Categories of support for shaft excavations
— Category 0: No support required

— Category 1: 100mm of shotcrete applied to
form a hoop around the circumference of the
shaft

— Category 2: 100mm of shotcrete with mesh
reinforcement applied to form a hoop around
the circumference of the shaft

— Category 3: Systematic rock bolting with a
minimum shotcrete thickness of 200mm
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Lusail Shafts - Rock Support

ROCK MESH FOR FACE
PROTECTION TO BE

PROVIDED SUBJECT TO
INSPECTION BY GECTECHMICAL
ENGINEER. REFER TO DRAWING
LUS—CPO4B-MYJV-DWG-CV-00600-601

100mm MINIMUM SHOTCRETE
FACING

EXCAVATED ROCK

FACE EXCAVATED ROCK

FACE

ROCK QUALITY REQUIRING

| | ROCK QUALITY REQUIRING
CATEGORY 0 MEASURES

3| | CATEGORY 1 MEASURES

GEOTEXTILE FILTER

S50mme PVC WEEPHOLES AT 2.0m
C/C VERTICALLY & HORIZONTALLY

5

0-0"\ CATEGORY 0 SUPPORT MEASURES 1-1 \ CATEGORY 1 SUPPORT MEASURES

W DETAL 0 W DETAL 1
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Lusail Shafts - Rock Support

| 100 M. ; 200 MIN, ;
| | I 1No. LAYER B785 STRUCTURAL

MESH BETWEEN TOP OF ROCK AND
10m DEPTH IN ROCK. 2No. LAYERS

B785 STRUCTURAL MESH BELOW
10m DEPTH IN ROCK. STRUCTURAL
MESH IN ACCORDANCE WITH
A= EXCAVATED ROCK B54483:1998
o FACE
L 200mm MINIMUM SHOTCRETE
d d FACING
100mm MINIMUM SHOTCRETE EXCAVATED ROCK
} 10m BELOW :
FACING ' FACE
10m BELOW N T0P.QF ROOKe T4 2L o
0P % ROCK 1 1No. LAYER B785 STRUCTURAL - ;
d o MESH BETWEEN TOP OF ROCK AND d|
: 10m DEPTH IN ROCK. 2No. LAYERS - 40N/mm* CEMENTITIOUS
B785 STRUCTURAL MESH BELOW GROUT
10m DEPTH IN ROCK. STRUCTURAL
: MESH IN ACCORDANCE WITH
d o : BS4483:1998
' i R32N DYWIDAG SELF DRILLING
_r T BOLT WITH S51mm¢ CUTTING
) BIT. 1.2m VERTICAL, 2.4m
ROCK QUALITY REQUIRING » HORIZONTAL SPACING & 10°
| CATEGORY 2 MEASURES D e INCLINATION
BRI B ROCK QUALITY REQUIRING
1 ’ ‘] » CATEGORY 3 MEASURES
GEOTEXTILE FILTER '\,
50mm¢ PVC WEEPHOLES AT 2.0m
C/C VERTICALLY & HORIZONTALLY GEOTEXTILE FILTER
50mme PVC WEEPHOLES AT 2.0m
C/C VERTICALLY & HORIZONTALLY
2-2 \ CATEGORY 2 SUPPORT MEASURES 3-3 \ CATEGORY 3 SUPPORT MEASURES
1:5 / DETAL 2 1:5 / DETAL 3
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Rock Description | Range | GSI Value | Q Value Log.Q
Morir Boiod Max 62.5 100 4.61
P Min 40 40 3.69
Max 52.5 40 3.69

Good :
Min 35 10 2.30
_ Max 45 10 2.30

Fair :
Min 25 4 1.39
Max 375 4 1.39

Poor _
Min 15 1 0.00
Max 27.5 1 0.00

Very Poor :
Min 5 0.1 -2.30
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L.,
Typical Textures

Variable matrix
type and
proportion
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 What is GSI? Geological Strength Index

— A rock mass classification system that has been
developed in engineering rock mechanics to meet
the need for reliable input data for designing
tunnels, slopes or foundations in rocks

— GSI was used in this case as there was less SI
Information available at this site than there was at
STEP and this rock mass classification system is
well-recognised for Simsima rock (Fourniadis
2010)
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L.,
TBM hreakthrough
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“Soft-eye” and Thrust block
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S ——————NS———————
Lusail - TBM critical lift.
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« Shaft Walls for convergence.
 Tower Crane bases for settlement.

* Thus far no movements recorded. All
readings within margins of survey error.

bip’
Geotechnical Risk Management




Geotechnical Risk Management @



Geotechnical Risk Management




S ——————NS———————
STEP and Lusail

» Sinking temporary shafts in Carbonates and
Sabkha-like deposits.

* Requires sedimentological understanding.
» |mportance of regular inspections.

« Minimise risk by following careful procedures
and using ‘tried and trusted’ rock mass
classification systems.

» Open shafts/cuts standing 10 months.

blp
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« Sound, integrated geotechnical
assessment and involvement, pays
dividends and provides evidence with
which to reassure both Client and
Contractor.
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