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Some critical geotechnical issues in MENA

Geotechnical Investigation Practices:

NTKINS

» Clients often see Gl as mandatory without appreciating its benefits

Quality of investigation is very variable

Gl interpretation (GIR) is often produced by GI contractors

Gl contractors often provide the only supervision themselves

Gl standards and methods used on projects are often very low

Geotechnical Design issues:

« Contract specifications often demand use a mixture of codes
« Approval bodies often misunderstand the difference between soil and rock
« Approval bodies staff often is not specialised in geotechnical engineering

« Geotechnical design is often done by the Gl contractor

Gl = Ground Investigation
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Common geotechnical approach in MENA t£
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An approach to reduce risk and construction costs t£
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MENA geotechnical practices are getting better

 D&B contracts are becoming more common
* Field data used in back-analysis to validate geotechnical parameters

» Gl contractors are getting more experienced and invest in
newer/better plant

» The benefits of Gl supervision by a specialist consultant is more
accepted and even mandated in some cases

» Clients are now better informed and have more experienced staff

» Unforeseen ground conditions are getting recognised as a latent
condition

NTKINS



Benefit of Gl specification and supervision by
specialist consultant

Conventional single tube core barrel Rotary coring with double tube
core barrel (and plastic lining)

NTKINS

Two sites a few kilometres
away from each other,
at similar depth

Non intact core recovered as medium to Weak to medium strong, off-white to pale
coarse gravel of weak dolomitic limestone yellow Limestone with inclusions of silt/clay




Benefit of specialist consultant in Gl specification t£
and supervision ~
Conventional single tube core barrel Rotary coring with double tube 'Z
core barrel (and plastic lining)
Non intact core recovered as medium to Weak to medium strong, off-white to pale
coarse gravel of weak dolomitic limestone yellow Limestone with inclusions of silt/clay
Rock modelled as soill Rock modelled as rock
Low strength/stiffness High strength/stiffness
Conservative Design Cost Efficient Design
Pile design often to AASHTO Pile design for Carbonate rock




Benefit of specialist consultant in Gl specification
and supervision
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Pile design in weak carbonate rocks

The limitations of AASHTO for pile design in MENA

Based on a 35 years old correlation

It does not take account of the recent research and fully
Instrumented pile load tests

Not suitable for carbonate rocks that are predominant in MENA

AASHTO r,,, correlation it is the most conservative published
method when compared with correlations for carbonate rocks,

Gives artificially low t,,, for RQD<50%

NTKINS

Table 10.4.6.5-1—Estimation of ROD ‘ E,/E, _

E, Based on RQD (percent) Closed Joints Open Joints
" N 100 1.00 0.60
(after O’Neill and Reese, 1999) 20 70 =
50 0.15 0.10
20 0.05 0.05

\ J

|

Table 10.8.3.5.4b-1—Estimation of o E,JE, o

(O’Neill and Reese, 1999) 1.0 1.0

0.5 0.8

0.3 0.7

0.1 0.55

0.05 0.45 10
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Pile design in weak carbonate rocks - t,,,..=f(c,.)

Year | Name Recommended 7, Comments

1985

1987

1997

2010
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0.375%c, c.<1MPa
Necdnam  0375+0.1875%0.1) o=LawPa (I8 EUINE 00
0.750 c.>3MPa
Rowe and  0.45%(,)05 Regular Based on large numbgr of field
: R tests on weak rocks with no
Armitage  0.60*(c.) Rough : S
open discontinuities
Zhang &  0.40%(c.)°% Smooth Re(_:ommendatlon base ona
T L review of numerous available
Einstein  0.80*(c.) Rough : :
relationships
Based on Horvath & Kenney.
*ny kP * 0.5 ’
AASHTO  0.65%™p,"(54/Pa) 1979 for Shale and Mudstone
Legend:
R Unconfined Compressive Strength (UCS)
Ol Reduction factor to account for jointing in rock

P, Atmospheric Pressure (0.101 MPa)
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Pile design in weak carbonate rocks = cost savings

Conventional AASHTO

FuLs=4,400kN

!

preliminary testing

FuLs=4,400kN

!

(V)
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Carbonate rocks method confirmed by §
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Skin

friction
ignored
1

Socket
Length
4m

End
bearing
ignored

1. = 350 kPa

(__

@=1.0m

Concrete saving
=4.7m? per pile

Soil

Rock
UCS=2.0MPa




Can we account for end bearing resistance?

e YES!
 There are many methods available to estimate the end bearing
resistance of a pile socketed into weak rock, for example:
- AASHTO LRFD: g, = 2.5%c,

Zhang & Einstein, 1998: dp = (3.0 t0 6.6)*(c,)°

| J
I

For 6. = 2.0MPa
4,200kPa < Qp < 9,300kPa

|

Supplementary ultimate load bearing
capacity for a 1.0m diameter pile:

— o
— — _———

—

23,300kN to 7,300kN"_~

-

Same order of magnitude than
skin friction contribution
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Can we account for end bearing resistance?

Necessary precautions to account for end bearing

AASHTO LRFD

C10.8.3.5.4c

If end bearing in the rock is to be relied upon,
and wet construction methods are used, bottom clean-
out procedures such as airlifts should be specified to
ensure removal of loose material before concrete
placement.

The use of Eq. 10.8.3.5.4¢-1 also requires that there
are no solution cavities or voids below the base of the

drilled shaft.

No base cleaning = GAP

End bearing ignored

Often, programme constraints

do not allow this procedure

Base cleaning = NO GAP
End bearing considered

ACCURATE SKIN FRICTION ESTIMATION IS PARAMOUNT

NTKINS
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The importance of preliminary pile testing for design t£

Conventional approach in MENA

Low quality Gl

\

Specialist Consultant M\
|—
High quality G| <

Conservative skin friction estimate

A4

Conservative pile design

Preliminary pile

Realistic skin l>| test to failure

friction estimate

(O-Cell)

A4

Verification pile test
& Congtruction

|

Refined skin friction
& design update

A

y

Construction

Conservative design is built

No contingency measures if the
verification test fails

Cost-efficient

Design assumptio

design is built

ns and installation

methods verified before construction
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Pile testing solutions

Conventional Test

Reaction System
P=F+Q

Osterberg (O-Cell) Test

O=F=Q=P/2

0:1=F; =(F2+Q3)

Mono directional test

Bi-directional test

NTKINS
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Pile testing solutions

Reinforcement [ QUNCECEHEE
= e

R i mp=

gl

Osterberg (O-Cell) Test

0:1=F; =(F2+Q3)

Bi-directional test

NTKINS
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Osterberg Cell (O-Cell) test — Typical results

0 =F, = (F2+Qy)

Displacement [mm]

Independent measurements of side shear and end bearing
The test results are easier to incorporate in the design
Helps identify improper construction techniques

Conventional reaction system not required

NTKINS

100
80 r
60 + =#—Side Shear - End Bearing =~O-SoftBase
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Ratio of Measured to Estimated ulti

Osterberg Cell (O-Cell) test to avoid overdesign

mate loads — M/E

i
O Ultimate capacity not reached @M 1
‘ Low result due to poor construction E
i
i
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I |
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M/E
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Osterberg Cell (O-Cell) test to avoid overdesign

COST/MN

Ratio of Measured to Estimated ultimate loads — M/E

= = = Conventional

10

TEST LOAD — MN

100

— A —— T -

Wy )

- Y . . W —— - v —

>l ﬂ
Hard Rock

15

10
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M/E
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BS EN 1997-1 & Pile foundations

Eurocode 7 prescribes the following (Clause 7.6.2.1):

“To demonstrate that the pile foundation will support the design load
with adequate safety against compressive failure, the following
iInequality shall be satisfied for all ultimate limit state load cases and
load combinations:”

|:c;d - Rc;d
Where:  F_, is the design axial compression load on a pile or a group of piles

R4 is the design value of R, the compressive resistance of the ground
against a pile, at the ultimate limit state

The design resistance in compression is given by:

ULS shaft resistance ULS base resistance

A A
[ 1

| \
P Yi(Asi X Gsrei) N Ap X qpk
cid Yra X Vs Yra X Vo

Shaft Factor/ \Base Factor

NTKINS

Yrq = Model Factor
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BS EN 1997-1 & Pile foundations

For the design of pile foundations, the UK National Annex to BS EN
1997-1 proposes different set of partial factors that relate to the amount
of in situ pile testing carried out.

Clause A.3.3.2 recommends the following model factors:
«  Without preliminary load test Yra = 1.4
e  With preliminary load test Yra = 1.2

“If serviceability is verified by load tests (preliminary and/or working)
carried out on more than 1% of the constructed piles to loads not less
than 1.5 times the representative loads for which they are designed, the
resistance factors can be reduced:”

For bored piles Vs Vi
*  Without testing 1.6 2.0
o  With testing 1.4 1.7

NTKINS
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BS EN 1997-1 & Pile foundations in MENA

 In MENA:
end bearing is often ignored
Bored piles are often used

 Using BS EN 1997-1 and the UK National Annex leads to savings:

Yra X Ve Saving
FOS without testing 2.24 N/A
FOS with testing to UK NA 1.68 -25%

NTKINS
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Pile design to EC7 and t,.,~f(c.) — cost savings c£
Conventional AASHTO Carbonate rocks method + pile testing to EC7 §
Fuis = 4,400kN | Fuis = 4,400kN Fuis = 3,290kN E
Fe.s = 1,960kN I Fe.s = 2,620kN FeLs = 1,960kN
!
; Soil

131 kPa < 1,,,, < 161 kPa

FOS =224

\ Skin
friction

ignored
1

Socket
Length
=10m

End
bearing
ignored

FOS =1.68

Concrete saving
=4.7m?3 per pile

Tmax — 390 kPa

FOS =1.68

Socket
Length
3m

Rock
UCS=2.0MPa

Concrete saving
=5.5m3 per pile




An approach to reduce risk and construction costs t£
>
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Investment in high quality Gl saves on construction

cost and reduces risk

Total increase in construction cost (%)

100

50

Study based on highway construction

! Upper bound

Geotechnical study cost / Construction tender cost (%)

NTKINS
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