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The leading international name in inspection, certification AF pl u S

and specialized HSE services for diverse industries.

We offer our expertise and services in the following fields:

Vendor Surveillance

Local Third Party Inspection & Certification

Supply of Specialist Personnel

Management Systems Certification

Project Quality Management

Advanced & Conventional Non Destructive Testing (NDT)
Rig Inspection & Commissioning

Remote Visual Camera/CCTV Inspection Services

HSE Training & Consultancy

Lifting Equipment Inspection, including Operator and Rigger Training, and Certification
Training for all Scaffolding Categories & Scaffolding Inspections
Rope Access

3D Laser Scanning & As-built Modeling

MEP Commissioning Management and HVAC TAB Services
Qualifying of Welders and Welding Procedures
International SALEM

Pavement Management

Building & Civil Works

Environmental Services

Instrumentation & Monitoring

Geotechnical Engineering

Energy Efficiency

Electrical Testing & Commissioning

Telecommunication Services

Aerial Inspection Services

AIMS and HSEMS Consulting Services

Offices in the Middle East:

Qatar: +974 4435 2850 Oman: +968 2460 7448 UAE: +971 2550 2600 Kuwait: +965 2398 6464
Saudi Arabia: +966 3 839 4292 Bahrain: +973 1718 0245 Iraq: +971 506188745

applusvelosi.com

info.gatar@applusvelosi.com
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Qatar Petroleum Development Co., Ltd. (Japan)

mail:

doha@qgpd-jp.com

E

Website:
www.gpd-jp.com
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Tokyo Head Office
Tennouzu Central Tower
2-2-24, Higashi-Sinagawa
Shinagawa-ku, Tokyo

Tel: +81-3-6718-0950

Doha Office

2nd Floor, IBA Building
C-Ring Road

P.O. Box: 8923, Doha, Qatar
Tel: +974-44669340

Fax: +974-44669321
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Examples with Different Diaphragm Wall Arrangement

Diaphragm walls serve as shor- tura member. Raft foundation is completing the digphragm (re-
ing as well as permanent struc-  proceeding in dry condition after  taining) wall.

Diaphragm wall forms cylindrical shafts efficiently using the ordinary hydrofraises.



Reinforcement

placement

Thereinforcement cageisthen lifted
by proper number and adequate cra-
neage and inserted in thetrench. The
cageislikely fabricated as one piece
with coupler or welded splices. The
cage is suspended in its final posi-
tion by adequate pipes on top of the
guide wall to ensure that the bottom
of the cage will have the adequate
concrete cover and will not protrude
into the soil which may initiate cor-
rosion.

cage

Tremie Pipe Place-

ment and Concreting
Concrete casting using tremie pipes
To avoid concrete segregation due
to the large depth of diaphragm
wall and the existence of high wa
ter table, concrete casting is carried
out using tremie pipes. For primary
panels exceeding 6-0 m length three
tremie pipes should be used to en-
sure proper spreading of concrete on
the entire cross section of the trench.
The bottom of the tremie pipes must
be lowered as much as possible in
the trench. The tremie pipes should
then remain covered by concrete at
al times until the end of casting.
With the progress of casting and
therise of concrete level, the tremie
pipes are raised and 3-meter pipeis
dismantled and the funnel is fixed
again. Meanwhile, the excess slur-
ry displaced by concrete out of the
trench is pumped back to the slurry
tank for recycling and reuse in a
new trench. The polluted concrete
above the cut-off level are removed
after concrete hardening while the
concrete strength is still low. This
will reduce the effort of demolish-
ing the hardened concrete.

Endstop Removal, if
Installed

After concrete casting and before
concrete hardening the endstops are

stage Quality Control Checks

Excavation Quality of the dlurry, verticality and width of the
trench, trench depth, sand content at the toe of the
trench

Cage Fabrication Accuracy of positioning the steel reinforcement,
bracing and stiffeners, suspension bars, spacers,
foam (block -out) for tie rods, hooks for lifting,
couplersor steel welding, pipesfor ultrasonic test-
ing are inserted

Concreting Quality of concrete (slump) and volume vs depth
follow up

Continuity To avoid cold joints in the same panel, proper ver-

tical interlocking between primary and secondary
panelsif end joints are used

28 days after con-
creting

Cube testing for strength, cross-hole ultrasonic
logging for concrete integrity and homogeneity

After dredging or
excavating the sea-
sideor airside

Joints quality (diverswere hired in Al Sukhna Port
to conduct this check), leakage, defectsin concrete
such as segregation, honeycombing

removed leaving shear-key joints.

Quality Control

Quality control checks that should
be carried out at each stage of op-
erations are as follows:

Applications

* Quay walls construction in ports.

* Permanent and temporary founda-
tion walls for deep basements.

* Retaining earth structure for cut

and cover subway tunnels and high-
ways.

* Permanent walls for deep launch-
ing and receiving shafts, evenin cir-
cular shapes, for tunnel access and
shafts for deep sewers.

e Permanent cut-off walls through
the core of earth dams.

* In congested areas for retention
systems and permanent foundation
walls.

e Deep ground water barriers
through and under dams.



Guide walls have to
be used for the follow-

ing four reasons.

1. They are installed exactly on the
edges of the diaphragm wall to iden-
tify the excavation limits and ensure
trenching goes along the preplanned
layout.

2. They serve as a verticality guide
by confining the hydrofraise guide
frame.

3. They support the steel cage before
and during concreting and distribut-
ing itsload on awide area.

4. They support the upper portion of
the trench against surcharge result-
ing from nearby traffic especially
the concrete mixers.

The guide walls can be cast in-situ.
Sometimes, precast guide walls are
used and moved along the path of
the diaphragm wall which will re-
duce the costs associated with con-
struction.

Bentonite Preparation
Before the cutter operation, a pre-
excavation using normal excavator
or grab should be done to ensure
that bentonite mud will fill the shal-
low trench and the cutter>s mud
pump will befully submerged under
the bentonite slurry before the hy-
drofraise start working.

Panel Excavation of Primary Panels
Normally, the primary panelsare ex-
cavated in stages or multiple bites.
They are excavated by two inde-
pendent main bites separated from
each other and then followed by ex-
cavating the remaining intermediate
bite. The depth of the trench must be
checked.

InAl SukhnaPort, the primary panel
length was 6.6m and the hydrofraise
frame was 2.8m. Hence, the first
and second main bites had a length
of 2.8m each and the intermediate
bite was 1.0m only. The same se-
quence can be followed when the
diaphragm walls are L or T-shaped.

Preexcavation

=
=

Instaliation of reinforcement

Slurry Feeding, Panel
Cleaning and Slurry De-

sanding

Slurry feeding into the trench will
continue during the cutter operation
until the trench is complete. The ex-
cavated materialswith slurry arecir-
culated through the pumps to a de-
sander in which dlurry is separated
from the excavated soil. The slurry
is sent back to the trench while the
excavated soil is collected and piled
up for disposal away from site.

Final Panel Desanding

and Endstop insertion
Prior to placing the concrete the

dlurry density, viscosity, pH and
sand content must be checked. If
the properties do not meet the re-
quirements, the dlurry is pumped
from the trench bottom into the de-
sander for cleaning. In some cases,
it is necessary to pump fresh slurry
into the trench in order to acceler-
ate the concrete casting. Endstops
areinserted at the edges of the panel
width along the full height of the
panel. Sometimes the endstops are
not used when the cutter cuts por-
tion of the primary panel concrete
while cutting the secondary panel
trench. This type of joint is called
«over-cut joint», which is secure
and considered as a standard form
of acceptable construction joint.
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thickness and the interchangeable
guide frames. The Hydrofraises
(sometimes called hydromills) can
meet walls design from 0.60m width
and can exceed 2.0m width.

e Whether hard rock or soft soils
geologies are encountered, different
Hydrofraises are available to match
every soil condition and demand.
This is achieved by different mod-
els of teeth fitted to the two cutting
whesls.

* The walls are entirely constructed
from the original formation level
and can be completed prior to com-
mencing any excavation.

* Where groundwater precludes the
use of conventional earth retention
systems, diaphragm walls can be
constructed and a low permeabil-
ity grouted plug can be provided at
the diaphragm wall toes in order to
eliminate or minimize the dewater-
ing until the raft foundations are
completed and the weight of the
structure exceeds the uplift forces.

e [f there is a deep excavation at the
edge of an existing structure and
ground water is present or the near-

—
—

by structure foundations are going
to be affected, diaphragm walls are
often used as the most technically
reliable and economically favorable
option. The walls are very stiff that
helps reduce the settlements of the
adjacent structures.

e It produces the least vibration and
noise levels amongst all available
techniques. Therefore, it is used
widely in constructions in the vi-
cinity of the historic buildings and
monuments.

* The system is flexible in plan lay-
out. Circular shafts or any other
shapes can be executed.

* Construction time for basements is
considerably reduced.

e It sustains vertical and horizontal
loads and can be anchored easily to
horizontal slabs.

e It acts as water barrier as it pre-
vents seepage.

e Diaphragm wall system provides
economic solutions in cases where
temporary shoring and permanent
support are combined and integrated
in the design as one structure.
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Disadvantages

e It is relatively costly system in
small jobs like shallow basements.
* Operations need special equipment
(hydrofraises), speciaized person-
nel for operations and particular
plants required for bentonite and
desanding.

* Site laboratory should be provided
to monitor bentonite properties and
sand suspended in the trench.
Sequence of Work

Simple schematic diagram showing
the sequence (after Bauer)

Pre-trenching to
Remove any

Obstructions

Before starting the trenching exca
vation activities, the site must be
cleared from any obstructions along
the path of the diaphragm walls
and the nearby areas necessary for
equipment maneuvering.

Guide Wall Construction or Instal-
lation

HANDYDASYAT
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Three hydrofraises concurrently ex-
cavating diaphragm walls and bar-
retteswhile primary panel steel cage
is lowered in a completed trench -
North Ain Al Sukhna Port, Egypt

Definitions

A diaphragm wall is simply a strip
rectangular pile. Sometimes, the
wall is T or H-shaped for more stiff-
ness. It isareinforced concrete wall
that is cast in panels excavated in
the ground.

Excavation is carried out using hy-
drofraise, which has a long guide
frame fitted on top of the cutting
wheels assembly to guide and when
required steer the machine down
the trench. The guide frame incor-
porates a series of trim plates with
which adjustments can be made to
the equipment inclination in order
to maintain the specified verticality.
The frame has a powerful submers-
ible pump mounted above the cut-
ting wheels that conveys the exca-
vated soil from the trench together
with the supporting fluid to the
desanding plant at the surface for

2

cleaning and re-circulation.
Thetrench isheld open by the use of
supporting slurry during the stages
of excavation, installation of rein-
forcement and concrete casting. The
slurry forms an impervious deposit
(cake) on the vertica walls of the
trench, isolating the hydraulic pres-
sure of the slurry from the surround-
ing soil and ground water, such that
this pressure exerts sufficient out-
ward lateral force to keep the trench
open, i.e. this slurry acts as shoring
to prevent collapse by hydraulic
pressure and thixotropic property.
The slurry consists of either ben-
tonite (very fine type of clay) or
polymers or a mixture of both with
water. The loss of shear strength
and viscosity of the slurry should be
monitored until concreting stage. If
these properties fall below certain
limits, fresh bentonite should be
added and pumped into the trench.
Thediaphragm wall systemisacon-
tinuous R.C. wall that consists of
primary and secondary panels. The
primary panels are excavated and
cast first. The cross sectional dimen-

sions of the primary and secondary
panels were 6.6m x 1.5m and 2.8m
x 1.5m, respectively. Each two pri-
mary panels have a secondary panel
in between.

Normally, the diaphragm walls ex-
tend to large depths and huge earth
pressure is exerted on the wall lat-
erdly from one side. Therefore,
another line of shorter diaphragm
walls called barrettes is constructed
at the back of the main wall and par-
alel to it. The front and back dia-
phragm walls are connected using
high grade stainless steel rods to
minimize the straining actions and
deflection on the deep front walls
and produce economic design. In
basements, horizontal slabs act as
lateral bracing that has the same ef-
fect.

Advantages of Dia-
phragm Wall System

e It can reach large depths exceeding
150m.

* Different widths of walls can be
easily met by changing the wheels



Nonconventional Construction Technologies Using

Diaphragm Walls

Background:

Construction technologies devel-
oped over centuries reflecting the
level of the existing civilization.
Although the diaphragm wall has
been introduced as a construction
technology in 1950s, the number of
engineers exposed to or participated
in implementing this technique

is very limited. Significant develop-
ment in the machinery design had
been achieved in 1980s and contin-
ued since then. However, still until
now quite a lot of engineers have
not even heard about this technique
and its wide applications in the un-
derground constructions.

The key reason for the unawareness
of thistechnique is attributed to two
issues. Firstly, the diaphragm wall
structural design and construction
are not included in the undergradu-

Set up for cutting

oOgphON =

Trench cutter

Cutter mud pump
Desander

Slurry tank 1
Centrifugal pump
Excavated soil

ate education curriculum for civil
engineering students.  Secondly,
there is limited number of compa-
nies that monopolized the fabrica-
tion of the hydrofraise machines,
which are the main equipment for
the diaphragm wall excavation,
such as Bachy Soletanche (France),
Bauer (Germany), Fontec (France),
RODIO (Italy) and Casagrande (It-
aly). These manufacturing compa-
nies, until recent time, worked asthe
sole contractors in this field.

Simple schematic diagram showing
the cutter and plants set-up (after
Bauer)

It gives me pleasure to highlight
this technique briefly in this article
based on my own experience during
the construction of Ain Al Sukhna
Port on the Red Sea in Egypt be-
tween 1998 and 2000. This project
comprised the following:

o O oo~

Centrifugal pump
Bentonite mixer
Bentonite silo
Water

Mohamed S. Ahmed

2000 m of diaphragm walls, 1.5 m
thick and 34 m deep as a front quay
wall.

¢ 1900 m of barrettes, 1.0 m thick
and 15 m deep as anchoring back
wall. Both front and back walls
were connected by 8 cm diameter
stainless steel tie rods.

* All reinforcement of steel cages in
the diaphragm walls were fitted with
corrosion monitoring and protection
system.

Lifting the heaviest cage for the cor-
ner panel by four cranes— North Ain
Al Sukhna Port, Egypt
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