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The information contained in these Guidelines is strictly for the private use of the intended recipient
in relation to works or projects of SA Water.

These Guidelines have been prepared for SA Waterds
representation as to the quality, accuracy or suitability of the information for any other purpose.

It is the responsibility of the users of these Guidelines to ensure that the application of information is
appropriate and that any designs based on these Gui
comply with all relevant Australian Standards, Acts and regulations. Users of these Guidelines

accept sole responsibility for interpretation and use of the information contained in these

Guidelines.

SA Water and its officers accept no liability for any loss or damage caused by reliance on these

Guidelines whether caused by error, omission, misdirection, misstatement, misinterpretation or

negligence of SA Water.

Users should independently verify the accuracy, fitness for purpose and application of information

contained in these Guidelines.

The currency of these Guidelines should be checked prior to use.

No Changes Required In the January 2007 Edition

The following lists the major changes to the December 2004 edition of TG 10j:

1. Nil
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Section 1: Scope

Section 2: Pipe Anchor Block Outlets

Sometimes it is considered necessary to find alternative anchoring systems for
block outlets, in particular whether the valve could be braced to the wall of the
sump.

The sump is unlikely to be able to resist the thrust, particularly with the bigger
pipes (the drawings you gave showed that up to 200 diameter may be used).
Such sumps are generally designed to resist only light, uniform, external loads
which put the sump wall into compression. They are not designed to resist local
internal thrust. The situation is made worse by the fact that the thrust would be
near the base of the sump and that the base is unrestrained. There would also be
the difficulty of ensuring adequate compaction of the backfill outside of the sump.

Two alternatives appear possible:

1. Make the MSCL #Aspecial o | onger so that
away from the disturbed ground near both the sump and the growers
connection.

2. The main disadvantage would be that even with this approach it might still
be difficult to find undisturbed or sufficiently strong/dense ground.

3. Use a cast-in-place base slab for the sump, and design the base slab to act
as the anchor. The valve would be bolted to the slab on a standard
pedestal. The sump would simply sit on the base slab.

This approach would have the advantage that the anchor would simply be a
mass of unreinforced concrete poured into fresh excavation prior to any
pipelaying. This would provide the best possible conditions for anchoring (deep,
confined and undisturbed), simplify the MSCL special, require no formwork, and
require no special care to be taken during the pipe trench excavation and
backfilling.

This fATechni cal Not ed was prepared by Ed Cc
(Ex Principal Engineer Geotechnical)

Section 3: Temporary Fire Plug End Anchors

3.1 Geotechnical Recommendations

Below are the recommendations put forward by Ed Collingham, Ex Principal
Engineer concerning temporary fireplug dead ends and anchors.
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THE SITUATION

A temporary fireplug dead end requires a thrust block. The thrust block usually
bears on a puddle flange around a specially cast extension pipe immediately
upstream of the fireplug.

When the trench downstream of the fireplug is reopened (to continue the main)
the main is usually pressurised. If the distance between the thrust block and the
open trench is too short there is a risk that the soil stresses from the block will
cause the walls of the open trench to collapse inwards.

SOLUTIONS

It would be possible to come up with a set of special thrust block designs to
eliminate this risk. They would need to take into account pipe size, design head,
trench width, trench wall soil type etc. They would be considerably larger than
standard thrust blocks for dead ends.

The recommended alternative solution is to ensure that the thrust block is
sufficiently far upstream of the open trench that the stresses in the soil have
effectively dissipated. A standard thrust block can then be used.

RECOMMENDATION

| have calculated this distance required between the thrust block and the open
trench for 100, 150 and 200 mm diameter mains based on:

o A distance between the thrust block and the open trench of three times the
width of the bearing area of the thrust block on undisturbed natural soil.

o Thrust block dimensions appropriate for a design head of 140 m, a trench
wall soil safe bearing capacity of 50 kPa, and the shape restrictions to be
recommended for standard thrust blocks in the Blue Book.

J The assumption that the fireplug will also be uncovered while the
connection is being made.

J The assumption that the upstream face of the anchor block is as close as
possible to the upstream flange of the special (ie about 150 mm).

With these criteria, and for these pipe sizes, the required safe distance can be
achieved by casting the anchor around one maximum standard length extension
pipe, and adding one more maximum standard length extension between it and
the fireplug.

Details are tabulated below:

@ SAWater TG10j - Pipelines.docx 10 January 2007 Page

PLANNING & INFRASTRUCTURE

Issued by: Manager Engineering Uncontrolled on printing | 7 of 52




Table 3.1: Recommended Distance of Fireplug Thrustblock from Open Channel.

Main
(mm)

Diameter || Required Distance (mm) | Recommended Available
Extension Pipes Distance (mm)

100

900 760 for anchor 1170
plus 1 x 760

150

1500 1120 for anchor 1790
plus 1 x 1120

200

1800 1065 for anchor 1680
plus 1 x 1065 (near enough)

3.2

Further Geotechnical Recommendations

Below are further recommendations put forward by Ed Collingham, Ex Principal
Engineer concerning temporary fireplug dead ends and anchors.

BACKGROUND

The Water Supply Construction Manual and DS9 are currently being upgraded by
the Water Systems section of ESG. | am providing the geotechnical input to this
upgrade.

Your formal approval is requested for a change in the installation procedure for
anchors at all in-line stop valves and temporary fireplug dead ends.

All stop valves and temporary fireplug dead ends on rubber-ring joint pipes
require an anchor. The anchor is usually poured around a standard-length
extension pipe specially cast with a puddle flange. Bolted flanged joints are
therefore found immediately upstream and downstream of the anchor. The
current DS9 calls for all joints on a main to be left exposed during the pressure
test to allow them to be inspected for leakage. This means that the trench must
be left open downstream of the anchor to allow inspection of the joint.

Geotechnically, it is not possible to design an anchor of acceptable size or shape
(except for the smallest main diameters) to cope with an unsupported open
trench downstream of it. The Principal Engineer Pipelines and Structures, D G
Kerry, in his minute dated 3.12.93, makes recommendations for pressure testing
which require that all of the embedment (including that over the joints) be placed
before the test (ie to 150 mm above the top of the pipe). While | concur with his
recommendations, the placement of the embedment alone would not significantly
improve the support given to an anchor.

The trench downstream of any anchor must therefore be either strutted or
completely backfilled to the surface with properly compacted material during the
pressure test and under operating conditions.

From our discussions on 3.12.92 | understand that you prefer complete
backfilling instead of strutting on the grounds that strutting introduces a new
technique which may not be done adequately or at all. | concur.

For in-line stop valves (which would not normally be exhumed without first being
isolated) it will be sufficient to use the standard puddle flanged extension pipe
and to specify that the trench be fully backfilled for a certain distance downstream
of the anchor prior to testing.
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For temporary fireplug dead ends however, it is expected that the trench
downstream will be reopened while the main is in service (ie when the time
comes to connect in the extension main). We therefore need to ensure that the
anchor is sufficiently far upstream of the open trench that the stresses in the soil
have effectively dissipated. A standard anchor can then be used.

RECOMMENDATIONS

1.

2.

That the required minimum length of trench to be kept backfilled
downstream of a temporary fireplug dead end anchor be achieved by using
a long fabricated mild steel special, which could include both the puddle
flange and the fireplug tee, and thus reduce rather than increase the
number of bolted joints (as discussed).

That the minimum lengths be as follows:

Table 3.2: Minimum Length of Trench Downstream of Fireplug Dead End Anchor.

Nominal Pipe Diameter Minimum Length of Trench to be Kept Backfilled

Downstream of a Temporary Fireplug Dead End

Anchor
100 mm 1200 mm
150 mm 1600 mm
200 mm 2100 mm

These lengths are based on:

Anchor dimensions appropriate for a test head of 140 m (in accordance
with DGK recommendations), a trench wall soil allowable horizontal bearing
pressure (AHBP) of 50 kPa, and the shape restrictions to be recommended
for thrust blocks and anchors in the Water Supply Manual.

A distance between the downstream face of the anchor and the open
trench of between three and four times the width of the bearing area of the
anchor on undisturbed natural soil (varies with shape of bearing area).

& sAWater
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3.3 Dimensions for In-Line Stop Valves & Temporary Dead End Fireplugs
Table 3.3: Dimensions for In-Line Stop Valves & Temporary Dead End Fireplugs.
Nominal SOIL CLASSIFICATION (See Notes 1 and 2)
Pipe
Diameter
Stiff Clay Very Stiff Clay Hard Clay
Medium Dense Clean Sand Dense Clean Sand/Gravel Sound Rock
Decomposed Rock
(50 kPa AHBP) (3) (100 kPa AHBP) (3) (200 kPa AHBP) (3)
ANCHOR BLOCK DIMENSIONS ANCHOR BLOCK DIMENSIONS ANCHOR BLOCK DIMENSIONS
w ! H ! T w ! H ! T w | H | T
mm . mm L omm mm . mm L omm mm . mm . mm
100 mm 300 600 300 300 600 300 300 600 300
150 mm 500 700 300 300 600 300 300 700 300
200 mm 600 1000 300 400 . 800 i 300 300 700 300
250 mm 2000total + 1150 1 300 500 900 300 300 800 300
300 mm Anchor exceeds max standard width: 500 1300 .+ 350 400 900 . 350*
special design required or : : | |
use Tyton-Lok joints. : : | |
375 mm 500 . 1500 . 400 500 . 1000 . 400*

Reinforcing - Y16 bars both faces at 140 mm centres for all anchors, except 100 mm centres where indicated by *.
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3.4 Anchor Block Dimensions for In-Line Stop Valves & Temporary Dead End

Fireplugs

Table 3.4: Anchor Block dimensions for In-line Stop Valves & Temporary Dead-end Fireplugs

Nominal
Pipe
Diameter
Very Soft, Soft or Firm Clay
Loose Clean Sand
Domestic Refuse
Uncompacted Fill
ANCHOR BLOCK DIMENSIONS
w ! H ! T w ! H ! T
mm ! mm ! mm mm ! mm ! mm
100 mm Standard anchors cannot be used - ! !
arrange for geotechnical site ! !
investigation and special design or use ! !
Tyton-Lok joints. | |
For domestic refuse and : :
uncompacted fill, a geotechnical site | |
investigation and special design is ! !
essential. ' :
150 mm ! !
200 mm ! !
250 mm ! !
300 mm ! !
375 mm ! !
NOTES:
1. For soil classification guidelines refer to drawing ###.
2. If the watertable is, or could rise, close to the surface then downgrade the
soil classification to the next weakest soil on the left in the above table.
3. AHBP = Allowable Horizontal Bearing Pressure.
4.  Total anchor block width = trench width plus 2 times W.
5. Maximum standard anchor block width = 2000 mm.
6.  Trench must be fully backfilled or strutted to surface downstream of anchor
block for a minimum distance of 4 times W during the pressure test.
7.  Anchor blocks designed for a test pressure of 1.4 MPa (140 m head).
8.  DICL pipe with Tyton-Lok joints may be used instead of anchor blocks.
This ATechnical Not edo was prepared by
(Ex Principal Engineer Geotechnical)
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Section 4: Valve Anchor Design

4.1

4.2

Below are the recommendations put forward by Ed Collingham, Ex Principal
Engineer concerning the Woolpunda SIS-Bore 14 Valve Anchor Design.

Allowable Horizontal Bearing Pressure for The Ground

Based on your photos and our discussion | would judge the ground at pipe depth
to be equivalent to dense sand/gravel.

For a normal Blue Book (BB) anchor design the allowable horizontal bearing
pressure (AHBP) for such a soil would be 100 kPa.

But note that the BB AHBPs are based on 750 mm pipe cover and keeping the
pull-out at the first RRJ to less than 10 mm. At Bore 14 it is understood that the
depth to the top of the pipe is 1400 mm, which is a depth increase to the centre
line of the pipe of 70% over the BB standard. This would permit the AHBP to be
increased somewhat.

Anchor Design (See Following Diagram)

This anchor is a special design, not a standard BB design, because:
1. The head on the valve will not exceed 100 m (BB standard is 140 m).

2.  The excavations for the pipe trench and the anchor have already been dug
and are both over the normal BB size. (The anchor thickness is 600 mm
compared to a BB standard of 350 mm, and the trench width is 1550 mm
compared to a BB standard of 650 mm).

3. The thrust will only be in one direction. (The BB allows thrust from both
directions.)

Note that the extra thickness would
c a p a ciimonre ahan compensating for the increased in span caused by the
oversize trench width.

The thrust on the valve would be about 90 kN (9 tonne). For an anchor height of
900 mm the total bearing area will be about 1.8 square metres, implying a
horizontal bearing pressure of about 50 kPa i which is comfortable.
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Reinforcement

Thrust Collar
Thrust Direc tion

Figure 1: lllustration of Anchor Design.

Reinforcement:

Vertical reinforcement: Y12 bars at 150 c/c*.

Horizontal reinforcement: Y16 bars at 140 c/c*.

Ensure equal and maximum number of bars above and below pipes.

Cut bars less than 300 long may be omitted.

Minimum cover 75 mm. Use Grade 20 concrete.

*Bar size and spacing can be adapted to materials on hand i contact if
alternatives preferred.

Thrust Collar:
As per Standard Drawing 75 2A (extract below):

Table 4.1: Thrust Collar standard details.

pipe plate thickness | collar width | collar thickness | weld size*

5mm 100 mm 12 mm 5mm

6 mm 150 mm 16 mm 5mm

*The weld on the inside of the anchor must be a recessed fillet weld to present a
flat thrust face to the concrete. The weld on the outside may be a normal fillet
weld.

This ATechnical Not edo was prepared by
(Ex Principal Engineer Geotechnical)

@ SA Water TG10j - Pipelines.docx 10 January 2007 Page
Issued by: Manager Engineering Uncontrolled on printing | 13 of 52

PLANNING & INFRASTRUCTURE

Ed



Section 5: Embedment i How it works

VERTICALLY LOADED FREE PIPE

allowable deflection
typically 3% of D
for pressure pipe

Figure 5.1: Pipe Deflection under Loads.

A pipe loaded by trench fill and traffic will squash down vertically and bulge out
sideways.

The pipe itself could be designed to support the entire trench fill and traffic loads -
but it would need to have a very thick wall.

VERTICALLY LOADED PIPE WITH SIDE SUPPORT

2 e

Figure 5.2: Reduced Deflection of Pipe Embedded in Soil.

It is usually more efficient to rely on the material at the sides of the pipe to
provide some lateral resistance to the bulging.

This is known as fAiside supporto.

Side support reduces the vertical deflection for a given load and so allows a
thinner pipe wall to be used.
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Figure 5.3: The Spring Analogy for Side Support.

The side support may be thought of as coming from elastic springs.

The net side spring stiffness that the pipe feels depends on the stiffness of both
the pipe embedment and the stiffness of th
soil moduluso) .

bl bl

Lower density Higher density
Lower stiffness Higher stiffness
(or modulus) or modulus)

Figure 5.4: Pipe Embedment Stiffness (or Modulus).

Usually little can be done about the stiffness of the trench wall material (the
Anative soil moduluso), so the designer is
pi pe embedment materi al (the fiembedment soi

The embedment soil modulus depends on the nature of the material (eg whether
it is a silty sand or a gravel) and on its density.
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High density
Settles around pipe
Side support retained

Very low éensity
Compresses with pipe
Gives no side support

Figure 5.5: Minimum Practical Limit for Density of Pipe Embedment.

The density of the pipe embedment material must always be sufficient that it
does not settle around the pipe under its self weight or under the trench fill or
traffic loading. If it is loose enough to do this it is also too loose to provide proper
side support.

If side support is placed and Place and compact

compacted in one lift it will
push the pipe down with it -
defeating the purpose of the
side support. Also it cannot
be evenly dense.

side support in layers.
Pipe stays round.
Density is uniform.

Figure 5.6: lllustration of Why Side Support Must be Uniform.

5.1 What Native Soil Modulus to Design For
o Native soil modulus is likely to be very variable.
e SA Water TG10j - Pipelines.docx 10 January 2007 Page
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o Little can usually be done economically to improve it.

J It has less of an influence on pipe design than the embedment soll
modulus.
J It is difficult to measure in the field.

o So it is generally reasonable to use a conservative value from established
correlations with other soil parameters.

o Table 3.2 in AS/NZS 2566.1:1998 gives correlations between soil type,
density and modulus.

o Natur al soils can have densities below t
say 90% of standard MDD), so Table 3.2 gives correlations for as low as
85% of standard MDD.

5.2 What Embedment Soil Modulus to Design For

o The embedment soil modulus can be controlled by specifying both the
material and its density.

o Gives the designer flexibility to take account of the cost of materials,
availability of materials, compaction methods, degree of site supervision,
etc

J But it must be recognised that there is a minimum practical limit for
embedment soil density, in that it must be at least sufficiently dense not to
settle vertically down around the pipe under the loads from the trench fill or
traffic. (See sheet 5)

o The embedment should also be sufficiently dense that it does not creep or
permanently compress under the lateral stresses. (Note that soils appear to
have quite a high elastic modulus under the very low-strain cyclic loading
they are subjected to in laboratory modulus tests, but suffer creep under
static loading, and permanent compression under slight overload.)

o Table 3.2 in AS/NZS 2566.1:1998 (and section 3.4 generally) does not alert
the inexperienced designer to these points and so could lead to
inappropriate designs.

o There should be separate tables for native soils and compacted
embedment materials in AS/NZS 2566.1.

o AS/NZS 2566.1 is a design standard. It should not be referenced in
specifications for use by contractors.

This ATechnical Not ed was prepared by Ed Cc
(Ex Principal Engineer Geotechnical)
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Section 6: Embedment Sand i Simple Field Test

Terminology
used in
Overlay pipelaying

Trench Fill

/

Embedment Fill Side Support

/ Bedding

Trench Floor 80 to 150 finished thickness

Figure 6.1: A Simple Field Acceptance Test for Pipe Embedment Sand.

The main requirements for a good pipe embedment sand are:

1. It will be easy to compact in the restricted area around a pipe.
2.  lts ease of compaction will be relatively insensitive to moisture content.
3. If in contact with metal pipe or fittings it has a low specific conductivity.

This simple field test described here checks only for the first two of these
requirements i ie whether the sand will be easy to compact and whether its
ease of compaction will be sensitive to changes in moisture content.

The test relies on the fact that a sand that is free-draining will normally also be
easy to compact and that its compaction will not be sensitive to changes in

moi sture content. This test was found to c
based acceptance criterion for embedment sands i namely that an embedment
sand should be non-plastic andcont ain | ess than about 8% f

defined as material less than 75 micrometre in diameter.)

This test checks the sands on three different criteria T drainage rate, liquefaction
and penetration. The test procedure and a record sheet are presented below.

6.1 Test Procedure
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Step 171 Preparation

Take the sieve and check that the 75 micrometre
mesh is firmly in place and undamaged.

Step 2171 Filling

Fill loosely with the sand to be tested up to the lower
lip.

Step 31 Saturating

Distribute 500 mL of water over the sand in one
continuous, fairly quick, but smooth pour, taking
care to keep the surface reasonably flat.

Step 41 Drainage Rate
Record (in seconds) how long it takes for the water

on top of the sand to disappear.

(Photographs of four examples are presented
below.)
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Step 571 Liquefaction

Wait twenty seconds after the water has cleared
from the surface, then gently tap the whole sieve on
the ground five times.

Record how many seconds it takes for any new
water that appears to disappear again.
(If none appears record zero.)

Step 61 Penetration

Wait at least another five minutes then press the ball
of the thumb into the surface of the sand, using
moderate pressure.

Record whether or not the impression is more than 5
mm deep.

The picture above-left shows an impression that is
less than 5 mm deep. The surface felt firm. (This
sand had 5% fines.)

The picture left shows an impression that is greater
than 5 mm deep. The full depth was completely
sloppy. (This sand had 16% fines.)

Drainage Example 1
This sand had 0% fines in it.

It took less than 5 seconds for the water to clear the
surface.
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surface.

Drainage Example 2

This sand had 5% fines in it.

It took about 45 seconds for the water to clear the

surface.

Drainage Example 3

This sand had 10% fines in it.

It took about 90 seconds for the water to clear the

Drainage Example 4

This sand had 16% fines in it.

Even after 3 hours the surface was still wet.

Table 6.1: Embedment Sand Sample Test results.

Liquefaction
Drainage Rate .
. Penetration
Time taken for Acceptance
Time taken for|{Anewo h f
initial  water  to [ water to disappear I:r)]eptb , ° Three 4= OK
ﬁam Féle disappear (if none record thumbprint
umber zero) Two 4or less
ime in <5 mm | =not OK
second <90s4 time in|<30s4 | depth 4
S >90s6 seconds | >30s6 |inmm >5 mm
6
1 70 15 3 4 OK
2 110 6 40 6 >10 6 not OK
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